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Brief Characterization of the Electric Pouwer
Supply of Zembia

Low-cost production and distribution of electric energy from
hydro-power ie a prime factor in the power supply of Zembias.
The three lsrge hydro-power stations

Station cspscity Yearly generated enerqy

Kariba North epprox. 600 MW epprox. 3300 GWh/e’
Kafue Gorge approx. 900 M epprox. 4200 GWh/e
Victoria approx. 110 Md spprox. 700 Géh/e

produce approx. 96% of all electric energy generated in the
country. The distribution is effectea by means of a national
interconnected grid with volteges between 330 kV and 11kV.

Electric energy is supplied to the consumer At a standard tariff
valid for the entire country and at comparatively very low energy
prices (Ngwee/kwh); this is of special importance for the development
of Zambia.

Zambia owes the low-cost erergy supply to its mejor river
systems:

lambezi end Kafue rivers.

The development of hydro-power in Zambia over the past 25 years
hae progressed so far that s substantisl export of electric
energy from Zembis to neighbouring states, madinly Zimbabwe,
takes place. At present 8 totel of over 40O MW and approx.
3,200 GWh per year is exported, which corresponds to spprox.
64% of Zambie's own requirements.

Activitice..end Orgenizational Set-up

At Hangzhou, China/Manile, Philippines UNIDO Second Seminar-
Workshop/Study Tour held 1n October/November 1980, I reported
about the follow-up sction Zambie was msking in the
development of Mini-hydropower Generation for the rursl

eress 8s 8 result of the recommendations of Kathmendu
Seminar-Workshop held in September 1979,

In recognization to improve life conditions of rurel
populetion in respect of decentrslization of hydro-power
generation and in response to the United Nations Conference
on New and Renewable Saurces of Energy held in Nairobi, Kenye
in August 1981 the National Ensrgy Council end the new
Department of Energy sre now operstionel.
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The National Energy Council is the national forum where
energy projects and policy will be initiated, while the
Department of Energy will be responsible to implement the
decisione of the Energy Council resting with the Minister
for Power to whom the Council is advisory. Rural
Electrification in Zamhia is financed by the Central
Gavernment through the Ministry responsible for power by
grants and esubsidies to Zambie Electricity Supply Corporation
a parastatal organizetion which is at pressnt the sole
urgent for development of rurael electrification which is
executed normally by outside contractors.

Methodology for Feesibility Studiece

Pre-feasibility Study was recently completed on the
development of small-hydro power generation in NaorthWestern
Province of Zambia by Decon, Deutsche Energie-Caonsult of

the Federal Republic of Germany, under tschnicsl assistance
programme between Zambia Government and West Gerwmany Govern-
ment. It is the sccepted decision of the Ministry for
Power to replace the existing small diesel power atations
with SHP or MHG in the rursl North Western Province end the
rest of the rural =zentres of the rest of the Provinces in
Zambism,

The present study wao elaboreted on behalf of ZESCO in the
framework of German Financiel Coopersticn with Zamhis. The
objective of this study, as defined with ZESCO, wes %o
investigate the possibilities and limitetions .of the utiliza-
tion of hydro power in tha Northuest of Zambie with the
purpose to replace the existing diesel powsr etations of the
following townships: :

- Muinilungs
- Kehompo

- Zambezi

- Kamempa

- Kaome

With the exception of Keoma, which oelongs to the Western
Province, all other touwnships ere located in ths North-
Western Province of Zsmbie. Lukulu, located in the Western
Province, & touwnship which up to this dates hass no public
electricity supply was to be included in the study.

The isolataed networks exieting in the sbove townships sre
ell 11/0.4 kV distribution systems fed hy dissel gensrators.
Thaesz nstworks sre sbout 10 years old snd hava been
ccnetructed by 2ESCO. They ere in excallent conditions

and of exemplary technicel as well eas sssthetic construction.




-3 -

The diesel generators, originally used for the supply of thes
townships are USSR-made. In 1971 four each & maximum contlnutun
rating (MCR) of spprox. 110 kil have been installed in Mwinilunge,
Kabompo, Zambezi and Kesempa. These aggregates have meanwhlle
surpassed their ususl service life. Becsuse of insufficient
spare-parts supply and poor service instructions (in Russien.
only) these diesel generators ere in bad condition and have
partially been replaced or complemented by movable unite

of various origin (capacity: approx. 100 - 200 ku).

In order to secure the eclectricity supnly of tha townships of
the project area, a substitute investment over the next two
to three years seems neceassary for replacing almost all
installed diesel generators of the investigated diesel pouer
stations.

The values cver the pesst year of annual pcek load, energy
guneraticn and load factor are es follows:

Installed Pesk Annual Electric Annual

Capacity Load Energy Load R

(kVA) (kW) Generation Factor ‘
(Mwh/a) (%)
Mwinilunge B12 300 957 37
Kabompo 725 290 1,036 b1
Zambezi 1.050 310 1,360 50
Kasempa 750 290 900 27
Kaoma 490 240 808 38

Since the installed capacity is insufficient to meet the
demand and the peak load therefore limited by means of load
shedding, the values for Kaoma can only ke compared to a
certain degrec with thosc of the other towns.

The increase of the annual electric energy generation of
the townshipe over the past years was mostly in the rate of
2 to 3 % but, partially even lower. The high portion of
productively used clectricity (approx. 80 to 90 %) ie »
characteristic feature of all townships. The socio-econhomy
of the project area is marked by

very sparse populatiaon

- dominating importance of subsistence agriculture

- very few production centres with very few enployed labourers
- bad traffic roads and great distances between the places

- sufficient public health end educetional institutions

- the supply of the populetion with foodatuffe and everydsy
consuner goods needs to be {mproved
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A strong migration trend of the masle population in the project
area to the Copperbelt end Lusaka is to be noted.

The load forecast for the inveatigated townships was worked cut
on the basis of an annuel increasc of 2% p.a. for the first

ten years and of 3% p.a. for the remaining 15 years up to

the forecast horizont.

Mwinilunga : © epprox. 4SS0 ku
Kabampo : appraox. 520 kW
Zambezi : approx. 560 ki
Kasempa : approx. 580 kW
Kaoma : approx. 410 kU
Lukulu : epprox. 250 kU

The concentrated support of the field studies by ZESCO
(making available an sirpldre, cross-country cers, etc.) made
it poseible inspite of difficult traffic conditions to obtain
a comprehensive view of the possibilities to uvtilize hydro
power in the project area.

Characteristic for the North-west of Zambla is & terrain
escending to an sltitude of up to 500 m above the typicel
Zambian Plateau and heavier rainfells. This results in
relatively fair conditions for the construction of hydro
power stations; these conditions become, however, less
favourahle further south.

Although the rivers in this rcgion ellow in part for en
expansion of the plant cepacity up to 20 or 30 MW, the sites
proposed have purposely been adapted to the locasl demends.
Two sizes typical for the power stations have been chasen:

Size 1: Instuiind capacity: approx. 50 to 200 ku

Size 2: Installed capacity: epprox.500 to 2,000 kW

All hydrc power stetions have been foreceen as run-off
river power atations in aorder to meet the following
requirements:

- a8 little disruption of the countryside as posaible

-~ a8 little detractinn from the use of the site sround the
power stations

- avoidance of extcnseive water reservoirs (high veporization)
- low construction costs per site

- limitation of the dimensions of flood protection instslle-
tions,

When selecting the sitcs special attention hes been pald to
their proximity ta the loed centres in order to minimize the
coct for the negesnary tranamission lincs.
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In this atudy the following hydro power station sites have
been investigsted in more deteil:

1) Mwinilunge Bridge (2 x 600 kW)

2) Kahompo-Manyings Bridge (1 x 100 ku)

3) Kabompo-Chakota Falls (2 x 600 kW)

4) Zembezi-Chavuma Falls (2 x 600 kW)

5) Kanempa 8ridge (alternatively 1 x 100 kU
or 1 x 230 ku).

Standardized power house structures, edepted to the turbines
installed, have been propused as far as possible for the
development of the sites. Materiels available at the site
will be used for dem structures. For all plants the share
of local currency is abave 60%.

The relstion of discherge (Q) to height of fall (H) permits
the installation of three types of turbines:

- Flouw-through Turbines (type: Ossberger)

- Francie-Shaft-Turbines

- HKaplen-Tube-Turbines.

With regard to the basic conception the proposed structures

and equipment are construed in form of a “MAT-technique®
(mechanical asssembly technique). Therefore they cen be utilized

with slight modifications at any ather hydro power station
site in the project area.

For the hydro power stations the following investment cost
including transmission lines to the townships to be supplied
have been estimated:

K 3.12

1. Muwinilunga Bridge : 8.8 million DM =

2. M;nvinga Bridge : 4,6 million DM = K 1.63
3. Chekate Falls : 9.3 milllon DM = K 3.30
4, Chavume Falla : 14.0 million DM = K 7.96
5. HKasempa Oridge : 4.7 million DM = K 1.66
5a. liasempa Bridge

- Alternative - : 5.7 million DM = K 1.0

The connection of the townships to the national grid hee also
been evaluated under the caloulstion :of profitability. It
wac found, however, that the dynamic generation cost to 9]
expccted are three times exceeding those of leolated nctworks
with diesel generators. This alternative has therefore

been given further consideration in other calculations.

The findings of the study prove the cexpected strong dependency
of the dynamic generation cost from the rate of interest.
With a rate of 8 % the hydro power ustations
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- Mwinilunge Bridge (Alternative 3.1)
- Chekata Falls (Alternative 3.3)
- HKesempe Bridge (Alternative 3.5a)

are more favourable than diesel power stations only.

With regard to ite economicel opceration the Chevume Fells power
ctation ouffers from the great distance (75 km) to the

township of Zembezi es its principle load demsnd. Poseibly

the fecasibility study will show more favourable results since
the estimates of investment costs include high contingencies
because of the uncertainties of the basic data.

The following dynamic generation cost (DM/Mh) heve been
calculated:

Interest rate Interest rate
8 % 5%
Hydro Diesel Hydro Diesel
i Power  Pouwer Powcr Pnower
1, Manyinga Bridge 838 806 767 807
2. Chavuma Falls 825 770 635 776
3. HKasempa Bridge 315 867 818 854

Finilend has advanced technology in the design and economic
application of MHG power peneration units which could find
exteneive une in remote sreas of the Third World Countries
which havz no local designing end menufacturing technological

base of MHG equipment.

Finiland desions and menufacturcs Kaplan turbines for low-
head application and somc francio turhines for medium heads,
#s well es gates and other structures for hydro electric
power stations. The capacity of turbines ranges from

100 kW to 50 MW. Under technicol agreement with Finiland.
A project team of expcrts will arrive in lamhia st tha
beginning of March 1783 to cerry out a Feasibility Study
in the rest of the country on Power Syotem Development for
4-5 months period. Except in Western Province were Norwaey
might carry out 8 Feasihility Study on Mini-hydropower
gencration (Rural Electrification).

Teohniquaes far determining limits of vooto reduction
compa.ible viability and utility - Recommendations

The preceeding comments hove shown that the slx townships
investigated in the North-ueotern Province end Wnstern
Province will have to be essesserd differently with regerd

to alternatives to the electric energy supply from diesel
generstors.
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The following ascertainment is vaelid for ell locations:

when connecting the places invectigated to the national aric
the dynamic generaotion costs arec 4o high that within a
measurable time this alternative can not be considered an
ecanomical one, although sccording to information obtained
from 2ESCO genereting and trancmisnion costs within this grid
erc to be calculated with 14.1& DM/Mwh (0.52 Ngwee/kWh). At
an 8 % disccunting rate these costs are three times above
thase io be exnected for the supply from dicael generators

in isolatecd networks, cven though when teking into accaunt

e 2% annual actual price increase for the diesel oil over

25 years. These ascerteinments need verification if in future

- the energy and power demend produces over meny years
high groutn ratcs in the invesntigated townships which
are way above the average of all of Zambia.

- the annual incrcasc of the coste for diesel oil is
substantially higher than the general cost of living
in Zambis

- the maxiwmum powcr demand amounts to at leest 2 My and
the energy demand to at least 7 Gwh/e in each place.

Due to the geographical location of the townships the
assessment of the use of mini hydro power for the places in
the North-Weat Province is basicelly positive.

For cach of the other pleces one or ceveral possisilities for
the use of hydro power have heen evaluated. The findings show
a strong dependence of the slternatives upan the reate of
interest.

‘At an interest rate of 8% and 5 % the following dynamic

generation cost (DM/MWh) have been calculated:

Intercst rate Interest rate
8% 5%
Hydra Diesel Hydro Diesel
Power Power Power Power
1. Mwinilunge Bridge 790 792 G1b 791
2. Manyinga Bridge 833 806 767 807
3. Chakata Falls 783 806 612 807
4, Chavuma Falls nB25 77m 635 776
5. Haocmpa Oridge 915 867 218 0b
5a. Kansempa Bridge
- Alternastive - 81b 367 683 0ok

taking @n interest rate of 8% an ban: for evaluation the
following order of priority results.
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1. Kabompo - Alternative 3.3 - Hydro Power Station Chakata
Falls (instelled cepacity: 1,200 kuW)-

2. Muwinilunga - Alternative 3.1 - Hydro Power Station
Mwinilunge Bridge (instelled cepacity: 1,200 ku)

3. Kescmpe - Alternative 3.5a - Hudro Power Station Kaasempa
Bridge (inatalled capacity: 230 kW)

4. Zambezi - Alternative 3.4 - Hydro Power Station Chavuma
Falls (installed copacity: 1,200 kW)

5. lebompo - Alternative 3.2 - Hydro Pouwer Station Chakata
Falls (installed capacity: 1,200 kW)

6. HKasempa - Alternative 3.5 - Hydro Pouwer Station Kesempa
Bridge (installed capacity: 100 W).

At this intnrest rate of 8% the dynamic gencration cost of
the hydro power stations:

- Menyinga Bridge -Alternative 3.2
- Chavuma Falls -Alternative 3.4
- Kacempa Oridge -Alternative 3.5

are higher than those oncs which are calculated for the supply
from diesel generators. The last three alternatives of the
shouyn priority list cannaot be recommended on the hasis of
these results for a8 further investigation in e feaslibility
gtudy.

when looking at the supply of electric energy as an infra-
structural meesure of speclal importance and thercfore taking
a8 5% interecst rate as the basis for eveluation, then the
order of priority changes as follows:

1. Habompo - Alternative 3.3

Alternative 3.1

2. Muwinilunge

3. Zambezl - Alternative 3.0
4. l'asempa - Alternative 3.58
5. lSabampo -~ Alternative 3.2
6. Hasempn - Alternative 5.5

The diagrams presented chow the following internal rates of
raturn for the investigated Altcrnativees:

- Kasempa Brldge
~ Alternative - : 3.3 %

o)
&=
»

- Chakatae Faells

- Mwinilunga Oridge : 0.1 %
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- Chavume-Falls : 7.2 %
- Manyinga Bridge : 6.7 %
- Kasempa Bridge : 6.3 %

When rating these findings the following uWill heve to be taker
into conoideration:

, - The cost entimates for the hydro power stations include
high contingencias due to the uncerteinties st the
presant planning stege. A feasibility atudy may
poseibly produce more favoureble reaults. ’

- A techno-economical optimization regarding
-- Hhelght of dams
-- @8ize of turbines
-- number of turbines

will have to be determined in & feasibility study. The facts
on hand are insufficient.

- The sites of the hydro pouwer stations may still be slightly
altered in & feasibility study upon claoser explaratinn and
more exact knowledge on the graolagy and tapography.

On the hasie of these results it can be recommended to
investigate the slten of

- Muinilunga Bridge
- Chaksata Falle

- HKasempa Bridge

in the framework of a feesibility study. The site of Chavuma
Falle should also be included, if poesible, in this study.

. It is expected thet more detaliled site inventigations shouw
more favourable recultc for this pouwer gtation.

. Regarding site.survey, neccasary for obtaining the required
detsiled data, ZESCO hes agreed to Pinance the couresponding
topogrephicsl inveetligation.

Centralized and Decentralized MHG Syotems

MHG Systems in Zambis are nectuasary for rural multi purpose
projects especislly that Gnvernment is ectively golng to
introduce village industry. B8ut slthough Zambis may have
1tn own way of epplying the MHG technology, and was pursuing
{ts own RLD projects, it is quite olert to the poesibilitices
of learning from cthers et this Workshop.
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Zambia will were necessary continue to extend centralized
power systems especislly for mejor rursl industry and farming.
At present farm business is done under severasl restricting
scarce factors. An attempt was heing made to select an
optiinum crop-plan for the farms in tho country. There is

need “o analyse various paremeters nf the energy needs for
increased agricutural production in Zambis by irrigation.
Locel Design and Manufacture of equipient and auxiliaries for
u

After completing the current feauvibility studies for MHG.

Government will be asked to decide on the strategy for impla-
mentation of rurbl electrification programme. Oue ta Zambia's
present inexperience in the design and manufacture of
equipment, it might be necessary to approach UNIDO/UNDP to
glve Zambia economic/technical esssiatance in the development
of MHG - It might be time saving to obtain the best design
of MHG equipment from UNIDO for consideration and develop-
ment by Zambie Government.
The creation of Netional Energy Council along with the
Oepartment of Energy will definitely alter the present
attitudes to Rursl Electrification for the better future of
rural childreri in Zambia.

We expect the United Nations Industrial Development Oragani-
zation to support and reinforce national efforts, especially
of developing countries. 08ut developling countries must
ntrengthen their collective self-reliance. Technical
Co-operatinn, the sharing of training facilities, the

exchange of experts and information, joint R L D programmes
including the testing of equipment, mutually beneficial
congultancy and related measures are ways to make self-
reliance 8 reality. A freer flow of technicel information
and a more libel transfer 6f technology from iiigh pressure
areas to depressed regions of tne economic etlas should
become a tenet of new world order.
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