4.2 Water Demand of Irrigation Project

Water demand of irrigation is estimated at peak irrigation requirement of 1.00 fit/sec/ha;
- The irrigation area and water requirement necessary to be developed by the year 2015 for
~ the Base Scenario - Agricultural Expansmn are 60,820 ha and 5,254,000 mr /day,
* respectively . This area and water requirement are the maximum of the three scenarios.
Water requirement for the Conservative Scenario of 3,300,000 m’/day is the lowest of the
three scenarios and corresponds to about 63 % of the Base Scenano - Agncultural

Expansion.
Table 4-11 Requlrement of Irrigation Area and Water in 2015
Present . BaseScenario- - Basa Scenario « Conservative
- § " Situation | - Agricuttural Expansion - Industrialisation ... Scenario
Province |~ (1993) | Developed | Total Devetopad | Total - [)ew.elopn.‘d | . Total

Imrigation Area (Unit : ha) - ' . : :

Lusaka 5670 2720 8,190 2,220 8,390 © 3720 8,390

Copperbelt 19290 10,120 - 19410 8,850 18,140] - "10,70¢ 19,990

Central 6,530 5,000 11,520 50000 - 13,530 . 0 6,330

NWestern ' '5_20 6,590 7,10 3,590 4110 2,550 3,10

Westem ! 7,010 7,010 6,010 " 6010 3510 - 3510

Southem 19,230 8,540 27,110 8,540 ¥ Nexlh 8540 - 27970

_ |Luapula 2,140 12,140 14,280 12,840 14,280 3.140 5,280

Northem 9,140 7,190 16,330 54901 14,630] . 3.4%0 14,630

Eastem . 500 1,510 2010 1,510 2010 i,510 2,010

FTotal 53,020 60,820] 113,840 33,850 106,870 38,200 91,220

lirigation Water Requirement (Unit : 1000m/day) : : :

Lusaka - 490 235 725 235 725 235 725
3 Copperbelt 803 . B 1677 . . 65 1,567 924 1,727
~ Central 564] © 43 996 433 996 0 564

N/Westem 'H 569 1] 30 355 224 269

Westem 0 R 4 606 519 519 303 103

Southern 1,661 738 2,399 738 2399 18 2,399

Luapula 185 1,049 1,234 1,049] 1,234 272 456

Northern 790 621 1411 4M4 - 1,264 474 1,264

Easlem 43 130 REE 130 k3 0 13 173

Total 4,581 5,254 2,835 - 4,652] 9,232 - 3,300 7,881

4.3 Facility Plan of Irrigation Project
" 4.3.1 Design Policy of Irrigation Project
Policies of water resources development for agricultural sector are as follows:

1) Water sources for lrngauon and aqua-culture are to be- mainly surface water.
Although groundwatcr is abstracted - for some 1rngauon projects, the scale of
abstraction is quite small. On the other hand, the sources for livestock breeding are
mainly to be groundwater, because regional distribution of demand is scattered and
volume of mdmdual demand is small. :

2) Low flow Secunty it the case ot‘dwerszon weir of direct intake has been'set to enstre

é‘l‘* the abstraction and compensation discharge even in the occurrence of the worst
drought in five years. In the case of dam development, both for single purpose for

irrigation and multi-purpose dams, low flow security is set against the worst drought
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in ten years as determined for water supply projects for domestic and industeial use:

3) Irngauon projects are classified as followed from aspecls of lypes of pmjects scale of
project size and water sources for projects: .

< Project Typc >

ASIp. Rehablhtétlon PrOJects Rehablhlauon of e*(;stmg lrngahon by the

~ Government for smallholder farmers

- Expansion Projects: Expansion of emstmg irngallon by commercial sector
- New Projects: Newly developed pro;ects in potenllal areas for lrngahon
< Scale of Projects > -
- Large Scale Pro_aec!s Projects targeted for an area of less than 100 ha
- Middle Scale Projects: Projects for an area of beteen 100 ha and 1,000 ha
~ Small Scale Projects: Projects for an area of over 1000 ha
< Sourcc Type >
- Dam Development Project: Pro;ecis usmg developed water from either smglc or
multi-purpose dam development

- Run-of-River Development Project: Projects usmg river water abstraction,
either with or without a weir :

4.3._2 Design Criteria of Irrigation Prbject
{1) Design Year

Design year is set up for IISyear-drought takmg the cost investment for drought into
consideration,

(2) Irrigation Efficacy
- Conveyance Efficiency: - 80%
- Agpplication Efficiency:  60% (for furtosw irrigation)
- Qverall Efficiency: - 50%

- Efficiency in aqua-culture: 100% of apphcatlon efficicncy, then 80% of overall efficiency

(3} Facility Plan

Irrigation facilities are classified into water resource, mtake conveyance and termma!

irrigation facilities. Each facility is composed of following works

Water Resources Facility: ~ Dam'or Diversion Weir

‘Intake Facility: . Pump or Gravity Intake

Conveyance Facility: _ Canal or Pipeline .
Terminal Irrigation Facility: _ Furrm\f Basm or Omrhmd lrnbauc-n o

Requrrcd irrigation facitities are summarised in Table 4 12 and major pro;ecls are lilustraled
in Figure 4-3 and 4-4. The basic considerations for irrigation facnlmcs are as follows:

(a) [)ams,
Dams are selected considering the economical viewpoint, based on following criteria:
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- Multi-purpose : all multi- -purpose darus are selected for irrigation development, laLing_
scale and p055|bil|ty of advanced peri-urban agncuhurc into
consideration.

- Irrigation only : only the dams whose cost COrresponds to an equivalent unit cost of less
‘than US$20,000/ha of irrigable area, and where water can be conveyed
by gravity, are selected. Two dams, namely Lufubu dam (D-1) and
Lundazi dam (D-18) are setected as irrigation development dams.

{b) Diversion Weirs

Diversion weirs have béen considered for abstracting water where the river water depth
becomes shallower than 1.7 metres during drought flow conditions. Standard size of weir is
assumed to be 50 metres width for 1,000 ha of irrigation area. However, where river depth
is adequate for water abstraction, construction of a weir is not necessary. Such development
sites are to be as follows: :

<Possible Projects not premising Diversion Weirs>

- Luapula : River is assumed to be deeper than 1.7 metees during drought flow, (P-
- 45 Luapula)
- Kabompo : 30 small pumps are to be provided along the river. Each intake is small
compared to the river flow. (P-82 Kabompo)
« Zambezi : There aré many rapids and the river is confired in a narrow channct

below Senanga. These rapids are able to act as natural weirs. (P-16
Katima Mulilo, P-84 Ngamb\\e Rapid, P-86 Manto Rapid, P-88 Sioma
Rapid)

- Zambezi Floodplain :  There are many artificial or natural charmels running in the floodplain
and it is possible to intake water at several suitable locations. (P-23
Zambezi Left Bank Floodplain)

- Kafue Floodplain : Kafue River is fully controlled by Kafue Gorge Dam, Water can be .
abstracted without weirs. {0-13 Kaleya Small-holders Irrigation

" Scheme, O-138 Nakambala Sugar Estates, 0-20 Nanga Irrigation

Scheme)

(¢)Pumps and Pipelines

Pump capacily has been considered 1o be 1.0 lit./sec/ha when provided in connection with
night storage reservoir. Standard pump for 1,000 ha of irrigation is considered to have a
capacity of 1.0m3/sec, static head of 100m and serves a single Skm length of stecl plpc This
standard is applied for potential irrigation projects and operational large scale irrigation

- projects.

{(d) Terminal Ivvigation Method

" Furrow or basin irrigation method is principally applied as a standard terminal irrigation

method in this sludy However, other irri,g,ation methods (overhead irrigation) like as

~ sprinkler or dnp 1mgat10n are also applied in such cases where soils are so permeable that

furrow irrigation is not applicable or particular crops fike flowers are introduced.
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Overhead irrigation wil! be applicd to the projects in Westera and North-western Provinces.
Following 5 projects will be applied with overhead irrigation: :

<Western Province>: 16 : Katima Mutilo, P-84 - Ngambwe Rapid, P-86  Manto Rapid, P-88 :
Sioma Rapid .
<North-westera Province>:P-82 : Kabompo
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Table 4-12 Major Facilities for Irrigation Projects
{Base Scenario - Agricultural Expansion)

Project Catégory! Ireigable Area (ha) Major Facilities for the Project
Project Nanse Gravity| Pumg | Tolal Dam Weir Cadal | Pump | Pipeline | lerigation
. : (m’- s} Method
ASiP Rehabititation Project 10 FEY] 267 . :
N-1 Chipapa 10 10| Small dam open 0 Furrow
-2 [patis 30 80 " [ Fixed Type | pipeline | 0.030]PVC,2km | Furrow
09  Chapula 60 60 Fixed Type | pipeline | 0.060| PVC,2km | Fuerow
0O-14  Buleya Malima 57 57 Fixed Type | pipeline | 0.034|PVC.2km } Furrow
G155  Shelwinda 2 22 Fixed Type | pipetine | 0.004[PVC,2km | Fumow
021 Nakaadabwe 10 10] Small dam pipeline | 0.010] PVC,2km | Furrow
0-28  Makungwa 5 3] Small dam pipeline | 0.0 PVC 2km | Furcow
0-30  Vuu 13 13| Small dam pipeline | 0010 PVC,2km | Furcow
031  Lusowe ) . 10 10} Small dam pipctine } 0.010] PVC,2km Furrow
Expansion of Existing Projects | 3,427| 13,057] 16,454 ’ '
I Nakatoya 0 10 10 Fixed Type 0010} PVC,2km | Furrow
1-2 Mansa Pilot Scheme 0 10 10 Fixed Type 0010 PVC.2km | Furrow
N Chiyabi - 0 10 10 Fixed Type G.OI0|PVC,2km | Furrow
N-§ Kenani Vegetable '8 0 8 Fixed Type | open Q| PVC2km | Furrow
Scheme
H-6 . Chiposa Mubeade 0 10 10 Fived Type 0010|PVC,2km | Furrow
Schéme
N-7 Chémbe Vegetadle 0 10 10 Fixed Type 00101 PVC,2km | Furrow
Scheme :
N-8  Chama Vegetable ¢ 1¢ {0 Fixed Type 0.010|PVC,2km | Furrow
Scheme
01 Chiawa o] 20 20 Fixed Type 0.020]PVC,2km Furrow
Q-2 Chanyanya 0 800 800 no weir 0.200| SP,dkm Furrow
0-3 - Masstock 0} 1,000] 1000 no weir 1.000|SP,5km Cherhead
-5 Kaunga g0 ¢ 80 Fixed Type ACP,5km Fusrow
05  Mpongwe (GW) ol 2200] 2200 sinkhole 2200[SP,1km | Onerhead
0-7 - Munkumpy 2,000 0| 2,000 Gate Type | open ' Overhead
O-11 Ikelénge Pineapple 290 0 290 Gate Type | open _ Furtow
013 Kaleya Small Holders ol 300} - 300 o weir 0.300|SP,1.5%km | Furrow
013 Nakambala Svgar 0y 72,0001 7,000 no weir 7.000| 8P, 35k Furcow
" Estates
0-20 Nanga 0] 1,140] 1140 no weir 1.140|SP,5.7km  {GCverhead
0-22  Kawambwa Tea 0 47 47 Fixed Type 0.047|SP,0.25km |Overhead
O-24  Muolumbi Coflce &0 0 60 Fixed Typc{ opén Furcow
025 Lukulue Nosh 89 0 989 Gate Type | open Furrow
027 Kateshi Coflee 0 490 490 Fixed Type 2.5 294 | Overhead
Potential Irvigation Project
Dam Project 8,430] 6,590] 15,070 _
D-1 Lufubu 2.000 1.000| lrrization open, siphon Furcow
D-7 Mutundu 1,560 1,560] Muli-Pur. 1.560| SP.10km Fureow
D-i¢  Kafubu 4,220| - 4,220| Mulsi-Pur. 4.220|SP,20km | Fumrow
D-16 Chongwe 0 810 810] Multi-Pur. 0810 SP,10km - | Fur,Dnp
D-18  Lundaz 1,480 1,480] Krrigatioa open, siphon . I Furrow
 Run-of-River Project 35005 25,%00F 29,000 ’ .
P-1 Machiya 50007 5000 Gale Type | pipeline] $.000{5SP,25km Furrow
P79 Mwombeshi 500]  s00] 1,000 Gate Type | pipeline | 0.500]1SP,2.5kni | Furrow
P80 Muwinilunga 1,150 LiIso| 2300 Gate Type | pipeline | LUSO|SP575km | Furfow
P82 Kabompo : | 3000|3000 noweir | pipcline | 3.000|5P.15km  {sprinkier
P16 Katima Mulilo §,000] 1,000 soweir | pipeling | 1.000]$P,5km sprinkler
P23 Zsmbezi F.plain {LeRt Jooo] 3,000 noweir | ?5km | 3.105 Basin
Bank)
P-81  MNgambwe Ropid 1,000]  £,000 noweir Jpipeline | 1.000]SP,5kwm sprinkler
P86 Manto Rapid 10601 1,000 noweir | pipeling ] 1.000]SP.5km sprinkfer
P88  Sioma Rapid 1,006 1,000 noweir | pipeline | 1L.OOG]ST,5%m sprinkler
P-37 - Mushota fsfand 1,000 1,000] 2,000 Gate Type | pipelice | 1.000]58,5km Fusrow
<45 Luapula 2,000] - 2,000 noweir | pipeline | 2.000]SP,1m Fustow
P52 Chinakila 8350 850 1,700 Gate Type | pipeltine | 0.850]SP4.25km | Fuprow
P65 Chilbula South 5,000 3,000 Gate Type | pipeline | 5.000|SP.15knr Fursow
Total ’ 15,417F 45,404 60,821 '

52




ELL125

ELL12G .

ELLU.L;Jl

Pumping Station -
ANl

: R &3 i
e e Ty, ey 0 /.';/-i—- -hh
LA oy
" INTAKE FACILITIES
A

™
N

)

TOTAL RENGTH .

-—

e,

L A
Ry

" ‘.S,\‘:\s-

STONE PITCHING §

__FLOQD_BED

_
|
1

a——

WITH FLAME

GENERAL PLAN s+ 1: 4000

* BL1.128

Pumping Station
g o . TOTAL LENGTH ... .s S
chf_ss_oo 2000 FIXER WEIR . _ .. FLOOD BED .
i SCOURING SLUICE
|: '} EL29s.
I
. EL3L12 . -
O .
o NiWLY,17
SLOPE DETRITUS _ _  Flaid W £
ORIGINATED  SILTSTONE | ~ Sl Wayg ELLYS, SIS
. /. CREST £11,124. n_ TR I
K-1xi6% o® Eal A C A R At g 1) -
[ | . ] -
_ il Y -
T v ;_{._'_.____.__._.__ﬂ_.,.__,_.__._-___'f'
Ji H
[
- ;, S .
W LAY ‘AND.FINE SAND - &
L WITH PESBLE K1 x102 1210
5.+ 1:4000

SILTSTONE - :
{IMPERVIOUS BEDROCK)

Figure 4-3 Machiya Diversion Weir

B

s

SLOPE OETRITUS
ORIGINATED SILTSTONE

Ked w02 21073

. MACHIYA
IRRIGATION PROJECT

[ . e

| JAPAN INTERKATIONAL COOPERATION AGENCY




1) (_Zhongive .

£
»

~al

TEEE APV O - .--
3) Mutundu Dam [rrigation Project g y

-y

e S I e T At P iy b

SCALE 1:100.000
HETRES 1000 ¢ ' 1 1 s s 7 ' ' 1 KROMETRES
W=m=) | SR e B e =3 '

Figure 4-4° Plan of Irrigation Projects of Multipurpose Dam Development

1. 54






CHAPTER 5 COST ESTIMATION OF IRRIGATION PROJECTS

5.1  Cost Estimation of Model Area

~ For estimating construction costs of proposed projects, some model areas are supposed.

Costs are estimated using January 1995 prices. Foreign éxchange rate at that time was 610
Kwacha for one US Dollar. ~Estimated costs show the approximate scale of projects,
including direct construction and engineering services costs, but excluding land acquisition
and contingency costs

S.1.1 ‘Basic Unit Cost of Irrigation Project

For estimating development cost of irrigation project, following basic unit costs are applied:

~ Land ReciamaliOn : ' USS{OOOIhﬂ (tands for new reclamation)
Land Consotidation : 1iS$2,000/ha (fands aré utilised as farm presently) -
Excavation: .- K2,000/m’ (swampy bulldozer)

Terminal Trrigation Facilities '
Furrow Irrigation: US$1,200/ha
Overhead Irrigation:  US$1,500/ha

Low Lift Pump: US$1,500/set (Q=5.0 lit/sec, H = Tm, 0.75 KW)
Electricity : K23/Kwh
Bam Cost : US$37.5/m’

5.1.2 Standard Cost of Run-of-River Development Project

Cost of the projects has been estimated based on the model area assumed to meet the local
conditions where pumps and weirs aré required. Project scale is assumed for 1,000ha scale
of irrigation project. The cost is mostly based on this estimation.

<Assumed Cost for 1,000 ha scale Pump Trrigation Project>
Purnps (incld. house and related) M'USS 510 (USS$ 5,100/ha)

Pipe cost M'USS 6.00  (US$ 6,000/ha)
Diversion dam MUSS 250  (US$ 2.500/ha)
Total ' M’US$13.60  (US$13,600/ha)

<Pump Operation Cost>
Electricity and Operator Cost  M'USS$ 0.22/yr . (US$ 220/ha)

<O/M Cost of Facilities>: 2% of facility cost per annum
<Replacement>: 20 years for pumps and pipeline
<Assumed Condition>: :
Pumps , ~ H=100m, Q = 1.00 m*/sec
Pipeline (steel pipe) ' L=5km
- Terminal irrigation system - Furrow or Basin frrigation

{Note) 1) Land consolidation cost to be added to above cost.
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5.1.3 Standard Cost of Floodplain Development Péoject -

<Assumed Cost for 100 ha scale Development> _
Land consotidation: US$4,000/ha * 100ha USS 400,000

Intake canal: US$120/m * 5,000 m  US$ 600,000

Canalisation: US$1.200/ha * 100ha  * US$ 120,000 (field canal) -
Pumps: - US$1,500/set * 40 sets ~ USS 60,000 -

Total : USS$1,180,00 (USS$11,800/ha)

<Punip Operation Cost>
Electricity and Operator Cost
<O/M Cost of Facilities>:
<Replacement>:
<Assumed Condilion>
Pumps =
- Intake canal
Terminal irrigation system
Water requir¢iment:

Flood protection:

- US$9,700/100ha (USS$97/ha)
2% of capitat cost
20 years for pumps and pipeline

40 low lift pumps/100ha (H =7m, Q =S lit/sec/set) -
L =5 km for 100ha (d = 3.5m, B = 2.0m bo&tom)

* Basin Irrigation
+2.00 fiv/sec/ha -

. {average of rice and végetables in dry season)
No particular flood protection facilities

I 56



@

5.2 Cost Estiﬁmtiou of Irrigation Project

5.2.1 Total Construchon Cost ol‘lrngahon Pro;ect

Total COnstmcuon COSi of lrngahon pro;ecis amounis to USS 1,190 miltion in the Base
Scenario-Agricultural Expansion, comprising US$ 6.55 million {0.55%) for the ASIP

Rehabihtauon Project, US$-301 million (25%) for Existing Expansion Project, US$ 281
million (24%) for the Dam Project and. USS 601 million (50%) for the Run-of-River
Irrigation Project. ‘Total construction cost in the Base Scenario-Industriatisation and in the
Conservative Scenario are US$ 956 million and US$ 763 million, respectively, or 80% and

64%, compared 10 that in the Base Scenario- Anncullural Expansion.

{

' Table 5-1 Total COnS'truciioll Cés‘t of Irngalio'n Proj ect ~ (Unit: USS miltion)
. _Base Scenario - Agricullura) Expansion ~
Provinee . “ASIP Existing | Multipurpose |~ frrigation | Run of River Total
. Rehabilitation| Expansion | Dam Project | Dam Project Project s
Lusaka 0.09 . 38.64 EINE] - - 1347
Copperbelt _ 3.21 63.82 163.58 ] - 230.67
Central - - < - 103.40 103.40
NAVestern - 246 - - 200.90 203.36
Western - o.21 - - 103.18 103.39
Southern 2.42 175.12 - - - 171.54
Luapia - 10.80 - 56.96 6501 132,71
Northern - 10.31 - - 128.18 138.49
Eastern 0.77 . - 26.13 - 26.590
- Total - 6,55 301.36 198.32 83.09 600.67 1,189.89
Base Scenario - Industrialisation
Provine ASIP Existing | Multipucpose |  Lrrigation  § Run of River Total
' Rehabiritation| Expansion | Dam Project | Pam Project Project
Lusaka -0.09 38.64 34 H - - 73.47
Copperbelt 3.27 63.82 123.33 - T 19032
Central - - - - 1063.40 163.40
N/Western - 2.46 - - 48.11 50.57
Weslern - 021 - - - 87.12 87.33
Southern - 242 175.12 - - - -~ 172.54
Luapula - 13,80 - 56.96 63.01 132,77
Northern - 10310 - - 103.49 11271
Eastern -~ 0.77 S . - 26.13 - 26.90
Total 6.55 301.36 158.07 83.09 407.04 1956.10
_ Conservative Scenario '
Proviioe ASIP . Existing | Multipurpose |  lrrigation | Run of River Total
Rehabirilationf Expansion | Dam Project | Dam Project Project
Lusaka 0.09 38.64 341 - - 1347
Copperbell T3 63.82 179.91 . - 247.00
Cenlral . - - - - 0,00
N/Weslern - 246 - - 33.53° 35.99
Weslern - 0.21 - - 48.51 48.72
_ |Southesn 242 -175.12 - - - 177.54
‘|Luapula - 1080 4 - 2015 39,95
ANonthern .« 10.31 s - 103.40 113,71
Eastern 0.1 - - 26,13 - 26,90
~ Total 6.55 363.36 214.65 26,13 214.59 763.28
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Direct construction cost of irrigation prOJecls mcludes those for source developmenl (dam
or divérsion weir), conveyance facility: (pump plpe!me} land " consdlidation (new %
reclamation or improvement of emsnng farm) and termmal ungatton facility (furrow or
sprinkler). S '

Umt costs of i 1rngauon projects fot land 4rea and water are US$ 19 600 fha and US$ 226_
fn’/day in the Base Scenarlo Agncultural Expansmn

Table 5- 2 Unit Conslruct:on Cost and Water Cost of Irngalmn Progcct

" Base Scenario- | -Base Scenario- Conservative Séenario
Agncullural Expansion Industrialisation
1) briztion Projocts : R | o SRR BT

« Irrigated Area (ha) . : 603821 ] 153851 T80
- Iirigated Water (1000m’/day) . 5356 | . 4654 3,300
- Const. Cost (US$ million) ' 1,189.98 - - . 936,10 5 - 16327
« Unit Const. Cost (US$ha) ‘ 19600 172900 | 20000
< Unit Water Cost (US$/m3day) ons - b 205 ' 24
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‘Construction costs and water cost for irrigation projects are shown in Table 5-3.

- Table 5-3 Water Cost by Type of Irrigation Project

- Base Seenano- . S o .
_ _ Agricill_hirél Exj’)ansiop_ ‘ : [E{?:lii‘:‘;::n 7 . CP“S’:N"“": Scenario.
Provinee Deseloped] Const. | Unit  [Devefoped] Const. | Unit * [Developed| .Const. | - Unit -
Water | Cost | Price | Woter | Cost | Prieg | Waer | Cost | Price
(1000m” {yss (ussy | (1000m” f5q¢ (usgs | (1000m” lj5 (uss/
132y) | intiony { m3tdayy | 99 | wittiony | m3tday) | 799D | mittion) | m3rday)
Lusaka 2350 73.47] 31264 235 713.47] 312,64 235 713.47] 31264
Chongiwe Dant 70| 3474 496.29 70| 34.7| 49629 70] 3373 496.29
ASIP Rehabilitation t| o009 - voe0l 1| o009 9000 o 009 -90.00J
Extension Projext . 164] - 38.64) 231561 164 38.64] 235.61 164] 38641 23561
Copperbelt 874 23067 263.92 765] 190.42] 24892 924| 2147.00] 267.32
Kafubu Dam 365] 10349 28353 300, 83835 279.50 83| 107.78] 279.95
Mutundu Dam 135] 6009 45.1t 09| 39.48] 43867 164 72.13| 439.82
ASIP Rehabilitation 120 327 2712350 12| 3.27] 27250 12y 327 27250
Extension Project 363 63.82] 17331 363] 63.824 17531 363 6382 17581
Central 132] 10340 239.35 132 10340 23933 of o000 600
New Project P-1 432] 103.40] 239.35 132| 103.40] 239.35 o o000 eoo
" [North-western 569] 203.36] 357.40 310] 5057 163.13 2240 3599 160.67
- {Extension Project 25 2.46] 9340 25 246] 98.40 25 246] 9840
New Project P-79 86| 14.58] 169.53 86| 14.58] 169.53 o| o000} 000
P30 199 - 33.53] 168.99 199 33.53] 16849 199] 33.53] 16849
p-82 259 15279} 58992 0 0.00 0.00 0 0.00 0.00
Western 606] 103.35] 170.61 st9| - 87.33] 168.27 303  48.72] 16079
@ Extension Project : 1 0.23] 210.00 1 0.21] 21000 1 0.21] 21000
L4 NewProject P-16 | 86| 16.06] 186.74] ~  g6] 16.06| 18674 86| 16.06] 186.74
P23 26| 3894l 14920f . 263 3894 14920 216] 3245 150.23
P34 s6| 16.06] 18673 86} 16.060 186.74 of o000 0.0
P-36 s6|  1606] 18674 . © 0.00 0.00 of 000] 000
P-38 86| 16.06] 186.74 sl 16.06] 1861 ol 000 000
Southern _ 738| 177.54] 24057 738] 177.54] 210.57 738] 177.54] 24057
ASIP Rehabilitation 8| 2.42] 30250 gl 242 30250 gl 242 302.50
Extension Project 730{ 175.12] 239.89 730{ 175.12] 239.89 730] 175120 239.39
Luapula 1050 13277 12645 10500 132770 126450 0 272 39.95 146.88
Lufubu Dam 605} 56.96] 9415 605] s696| 94.15f 0] 000 0.00
Extension Project 99 10.80{ 10909 991 1080 109.09 “99 10830 109.09
New Project P-37 173 29.18) 168.50 123|  29.15] 168.50 173}  29.15| 168.50
1. P-15 173 35.86] 207.28 173] 35.86] 207.28 o] o000] 000
Northern 621t 13849 22301 a4 13y 23989 0 47| 7| 239.89
Extension Project $2] 10.303] 245.36 $2) 10308 24536 - 42| 1031 24548
New Projéct P-52° 147] 24.78] 168.57 of .00 Q.O{ﬂ o  0.00{ 0.00
| P-63 432| 103.40] 239.35 432] - 103.40{ 239.33 432] 103.40} 239.35].
- [Eastern I 130] 2690} 20692 130] 26.90] 206.92 t30] 26.90] 206.92
- |Lundazi Dam 128] - 26.13] 20414 - 1281  26.13] 20414 128)  26.13| 20414
ASIP Rehabilitation 2] 0.77] 383.00 2 0.77] - 385.00 2 0.77] -385.00
Total 5,256 1,189.98]  226.40] - 4,654] 956.10] 205.44] 3,300} 763.28] 231.30
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5.2.2 le’s!ruclion and O/M Costs of Iidividua! Project

Construction cost of each project has been calculated togethér with project benefit. The
results are summarised in Table 5-4. . Project cost of ¢ath project is shown only for Base
Scenario- - Agricultural Expansion, ‘because Base Scenario- Agncultural Expansion is
maximal in development scale among three scenarios and covering all proposed projects.
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Table 5-4 Summary of Cost and Benefit of Irrigation Project
o _ : (Base Scenano Agricultural Expansion) (1/2)
% Project T Bene-

Category ~ Project Name T:: Céi::i' fwésmad Re:;lz:z;e .(:);l Benfit Pm;w-sédund| lf:;eg;
. ey |oeruss) | oussy | MuUss) | (1000USShT)
<Mulllpurpose Dany Profects> 1 : - ) -
Tusaka N : I :
D16, Chongwe 810 31.58 347N 403 s10] 6917 Veg(70%%) Maize
Copperbelt ‘ : . ‘ . Flower(30%3)| .
D10 Kafubu 42300 . 9408 10349 252 2810]° 27050| - Veg-Veg Maize
7 ¢ Mutundu 1,560 3463 6009 796]  1436] 10000] Veg-Veg Forest
Sub-(étal | ¢590] - 180.2% 19832 3361|5086} 43,967
<[rrfgation Dam Profecty> .
Luapula B . _ o .
D-1 - Lufby 7,000 5178 - 3596 0.00] 1.036] 24850 1y Forest
Eastern’ ) N N
D-18  Lundasi 1as0] o 237s]  26a3|  o00|  43s| 9487 Vep-Veg Maize
_ Sub-fotal , . “gAz0l 7853 - E309] - 0.00] 1310} 34,337 -
Dam Profect Total 15070]  28882] 2844l 33.61] &% 78304] -
<ASIF Rehabilitation> e T : -
Lasaka LG o .
N-3 ° Chlpapa .10 6.08] . 063 - 00  ; 64} VYeg-Vep Malze
Copperbelt : o . ) )
N2 Ipafu 20 151 1.66 643 o 48 513  Veg-Veg Majze
09 Chapula ‘ - 60 C1.46 1.61 0.46 42 388)  Vep-Vep Maize
Sub-total - ' - 140 297 32 - 087 90 598 . .
Southern . - . .
014 Bultya Matima 57 1.3% 153 044] 40|  365] VegVeg | Maize
015  Siatwinda Con2 ‘0.55 0.61 S 0.7 16 151]  Veg-Veg Maize
G-21 Nakandbwe 10 - 0.5 0.28 oog] . 7 P64 Veg-Veg Maize
Sub-total 89 A+ 241 - 0.69 631 s
B Easlern : : _ N ) 7 _ B
S;E,‘- 028 Makungwa S8 2013 o 04 0.04 4 32| Veg-Veg Maize
030 -Vuu . 13 032] - 035 6.10 8 331 Veg-Veg Maize
031 fusowe 10 0.3 02w - 008 7 64 Vep-Vep Matze
Sub-total 28] ¢ 030 0 077 0.22 10] 119
Fotal ¢ ' 167 5,94 &8sl - 1.18] - 173  nTi) VegVep Malze
Flpans!ono!‘ Existing Projects -
Lusaka i o - .

01 Chiawa - 20 6374 0.4t4 0.100 12 IO Wheat-GN [Maize
02 Chanyanya g00] 1s.040] 16540 4080] 47|  L$52)Wheat-GN Maize -
O3 Masstock 1o00]  19.100] 21010 .00 602]  1,590)WheatGN  |Maize
05 Kaunga 80| . 0616 0675 0.000] - 12 1551 Wheat GN [ Maize

Sub-total 1,900 35130 38.640]  9.280)F 1.%0} 3686
Copperbeit i :
06 Mpongwe (G/W) 2200 42010| 46220] ir220f 1324]  4.2631Wheat.GN  |Maize
0.7  Munkumpu 2,000 16.000 17.600 0.000 320 3,850 | Wheat-GN | |Maize
Sub-total 41200] saolof &3m0 1120|1648 BB
NfWestern - R R I
O-§1 . Ikelenge Dincapple] - 2290 1.138 2458 0.000]., 45 63| Wheat -GN |Malze
Western R o r -~ |-
4 Nakatoya 10 0.192 0.231 0.050 [ 19]Wheat-GN  [Malze
Southerm _ _
N-4  Chiyabi 0] - 0192 o212 - 0050 6 19| Wheat-GN | Maize
O-13  RalyaSmallllolde ~ 300 5.640 6.200 1.530 179 441 |Sugarcane - [Alaize
0-13  Nakanbata Sugar E.T C7000]  131.600F 144760 35.700]  4172]  10,290]Sugarcane Maize
020 Naga L140] 21790 238500 - 5810 6561  2.21Wheat GN [Maize
Sub-total sAso| 159203 1IRaR2 $3.090] S04 196
Luagula . o
127 MansaPilotScheme] 10} 01492 . 02121 0050 $ 19]Wheat-GN [Maize
MN-5  Kenani Vegetable 84 B 0.060] - 0.070 0.000 1 16| Wheat-GN \Maize
N6 Chiposa Mubede S 10 0.192 0.211 0.050 6 19{Wheat- GN  [Maize
N7 Chembe Vegetabled 10 - 0192 021 0.050 6 19| Wheat- GN  [Maize
N-8 - Chaina VegetableSd  ~ (0 0.191 0.212 0.050 4 19|Wheat-GN ~ [Maize
C 021 Favambiva Tea! 47 osm] 0991 0.240 28 9L Wheat-GN | Maize
©-25 . Mufuinbi Coflee 60 0.461 0312 0.000 9 ti6]Wheat- GN  [Maize
‘025 Lukulu Norh 989 1617 N 0.000 132] 1919 |Wheat-ON  [Maize
Sub-total : 1) 9803 #0997 o410 4] 28l
Northern . :
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Table 5-4 - Summary of Cost and Benefit of Irrigation Project
~(Basé Scenario - Agncultural Expansnon) (2f2)

Category  Project Nang i:a: :_C(n"z;ul Toué,';‘u R;‘:’E_‘;‘“ (::: 'Ber-ﬁt Hopo;‘;‘:m m
. (ha)_ | ofuss) | (vussy {dussy | (omoussan .

: O-21 KateshCoffee |- dd0] . 9365] 10308 ~ 2.506] 298] . oSi|Wheat-GN - [Malze

Total 16384] 1239535 3013%4)  66580] sIs0] 28547

Potential lrﬂgzlion Projcits : - - o

Cenlral . ) . . o . Sl :

p- 1 Machiys ) 94.00] - 10340] - 28.36] 29%0] 17.750]*n) o

Sub-tolal : 5,000 9400] 103.40] - 23.50] 2980] 17,750

NAVestern ‘ R N

P- 79 Mwombeshi 1,000 1338 14.58) ass] aws]  3ssefhy aew

P- 80 Mwinilunga 2,300 3048 KRN IS ¥y | RERE 751 B 4 {11 5} o e

P- 82 Kabompo -3,000]  13890| © :i82.79) : 63.00] 34d38] 104850]*1) " oew

Sub-total s300| 1826 20090 71.42) 4416 22363

Western . o ' C o :

p- 16 Katima Klulito 1,060 14.60 16.06 “s10) 0 s1E] 3ss0lt farm

P- 23 Zambea Floodplain] 3,000 3540 ‘3394 “180] 1,348 - 8,700|42) . |famm

P~ 84 Ngambws Rapid 1,000 14.60 1606 : 50| 512l 3,550 [fan

P 86 MantoRapid 1,000 1460 16.06 500] s1z] - 35%6]) farm

P~ 88 SiomaRepid | 1.000 14.60 1606] - 5.0 - 512] 38504y farm

Sub-tolat 4,000 9380 103.18] - 2220] 3416] 22900 -

Luapula o . : : c

P~ 37 Mushotalshand " | 2,000 26.50 29450 %a6]  9s0] o 7166]ey new

P~ 43 Luaputa - 2,000 32.60 3586 . -1620fF 1,092 7100041} W

Sub-total 4000 59.10) . 6561  1s30] 1.842] 14200

Nerthern ’ Lo : : S . .

P- 32 Chinikila 1,700 2233 24m) . 434] 3] go3s|) fhew

P- 65 Chilbila South 3,600 9400 103.40] | 2s.50] 2980) . 17,750[4) ew

Subtotal , logt00]  116.33] 88 - 2d84] 3618] 23,788 :

Totel c | 29.000] sdeo0s] 60067 - 164261 T6.532] 101,000

Grand Total o821 108137 1489.98] 266.231 31412 209,562

(Nole) Benefit: s

1) Vegetable: Vege!ab!e R3,509 OOOhatUSSS 410ha
2) *1) Vegetable 20%5, Wheat 40%, Trce Crop 40% = . K2, l64 000 = US$3,530ha
" *2) Wet Season: Rice {160%) + Diy Season: Rive (50%) + Ve, (50%4)
=K303,600haH{K376,000/2 + K1,955,000/2)ha ,
=K503,600/ha + K1,265,500Mha = K1,771,100ha = $2,900ha
3) Wheat - Groundnuis = K1,181,000ha = US$1,930:02
4) Sugarcane = K8$96,200/ha = USS1,470/ha o
) Vegeuble (70%4) « Flower (30%) M ,209,000'ha = Usss smu f
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53  Implementation Schedules of Irrigation Projeéct

Implementation schedules of irrigation development projects is shown in Table 5-9.

Irrigated area is planned in accordance with the Value Added of the sector and projected
demands for agricultural products For the years up to 2000, however, implementation -
priofily is gwen ‘to the ASIP rehabilitation projects and the expansion projects. New
development projects are planned to be implemented after 2000, with the exceptions of the
.Chongwe Dam Project and the Zambezt LeR Bank Flood Plain Development Project: Dam
development is planned to commence afler 2005 because of the required period for training
of technical stafl for the design and operation.

“Table 5- 9 Implemcntatlon Schedule of Irrigation Developmem Prolecls

for Base Scenano Agriculture Developnient
‘ _ : Water ll_ngahon Cost o _ o )
Projéct | Developed | - Area mil. " Implementation Schedule
(1000m¥day)]  (ha) uss| e
12005 [ 2015 | 2005 [ 2015 96197198199100]01102,03104]05[0607:08:09; 10] 111121131 14513
Lusaka Prov. _ 18y w70 e 1347 - e
Chongwe Dam_~ - - 70 70| - s10] ®ip| 3ad) | b 1 i1 i [F 1111
3 e B e BT T BT g s L I : .
Expansion Project 164]  164] 1,900] 1,900] 3244 F I I
Coppérbelt Proy. 3sl si1s] 4340 10,320 23067
Kafubu Dami - ] 4,220 103.93]
Mutundu Dam B S X560 6009 P | F P i f [ i - -
ASIP Rehabilitation NN E =R e
Expansion Project | 363|363 4.200] 4200] 63.82— i b A
g Cenleal Prov. 2] 32| K000 s000] 103400
New Project: P-1 ¢ 432]  432] 5,000 5,000] 103.40 (T S T U DU S S VO Y A T R B
North western Prov. [ 224]  569] 2.590] 6,590] 200.34] _
m_gkpansion Project’ 5] . as] ase| 90| 246 - AR R A R
New Project : P-79 0 85 . - |000 sl T T TN T =
New Project : P-80 19o] 199 2.300] 2300] 33.33) B
New Project ; P-82 o 239 -V 3000] 15279
Western Prov. |  303)  &06] 3.510] 7.010] 10339
Expansion Project T 1 T L BCES #0 S I T S A S B T A
New Project : P-16 86 86] 1,600 1,000] 1604 '
New Project : P-23: T36] 361 1,300] 3800 3sgq| oy AN
New Project : P-34 86 gs| 1,000 1,0000 1eos| ¥ iV T VIR
New Project : P-86. of  &s| | 1.000] eV T
New Project : P-88 0 g6 -] 1,600] 1606 }.
Southern Prov, . | 738]  738] 8.539) 883911754 _
ASIP Rehabilitation ] s, 9| 9| zay Vi TTVUYTIVT
Expansion Project’ 730] 730] 3,430 BA30| s A2t
Luapula Prov, B X X EE X
Lufubu Dam -~ 1o e8|~ & 70000 s69¢| 1 T i I TETTTT
- Expansion Project - $] s} 1,143] sy o) E B W
New Projéct : P-37 173 193] 2,.000] 2,660 903
New Project: P43 | - 9] 173 Y T e e R I I
Northern Prov. is9]  en| 2,198]  7,190{ 13849 -
Fxpansion Droject. | 943 #90] 4%0] to| i TV R U
New Projoct: P.53 T e e e 7 I [ 20 ] 8 £ R
N T T G T G 5 0 O O O S
l - {Eastern Prov, - f + 2| 130 28 1,508 2690} -
@ Lundazi Dan - o i A ] Pl T R
“ASIP Rehabilitation | 2] 2] . 28] - 28 en| TV TN S
“Total . | am0] Lase]area] st st T 15% 0% 19%
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CHAPTER 6 BENEFIT AND CAPACITY TO-PAY OF IRRIGATION PROJECT:

6.1 Benefit of Irrigation Project
6.1.1 Crop Benefit

For evaluating the irrigation pro_lects beneﬁt of the projects are estimated dependmg on
crop benefit.  Crop benefit has been estimated excludmg the water cost from the gross

margin of crops, because water cost is involved in annual repayment of the construction -

cost and annual operation and maintenance (O/M) cost. Gross mafgms of crops, whith are
estimated in the Supporting Report -H, accounting water cost in vanable cost.. Therefore,
crop benefit is estimated excluding water cost from variable cost. Table 6-1 shows benefits
and water cost of crops. Water cost is estimated applying unil water cost of KS0/m® to

irrigation amount of crops. Irrigation amount refers water requirements of crops in Table
23, :

_Table 6-1 Water Cost and C‘ijop' Benefit of Irrigated_ Crop's'

Gross- |Vaciable| Gross flrrigation|  Water _Crop
- Earning | Cost | Margin | Amount Cost - © Benefit
Crops Yield Price : (*1}) ' (*2) L
' ) @ | G&=(-| & (3) = (6)=(3)+(5)
: - . @ | K 50/m3 -
. {ton/ha) | (K/ton) {K1,000/ha) (m3/a) ' (K1,000/ha)
Dry Season Crops . ) ' C
-Vegetables : " . ' T
Tomato | - 2480 166,700{ . 4,134] 2,100] 2034 17050 853 . 2,887
Onion 2000{ 150,000 3,000} 2,363} . 637 11450 571 Lol
Cabbage 20001 150,0001 3,000} 1,053} 19474 10,300 5151 2462
Lettuce 20000 80,0000 1,600 1,059 351 10,300| 5150 1056
Carrots 18.00[ 150,000]  2,700; 1,056) 1644 10,300] 515 2,159
Wheat 507 292,000 1,227 9581 . 269 9,925 496] . 765
Rice = 4.50( 187,500 - 844 773 700 20,200 505 5750
Perennial Crops ' ' - |
Sugarcant | 10800 16900{  1825| 1877 -52| 18,950 S TH - 896]
Coflee 200( 1,530,000(  3,0501 1,129 1,931 12,850 6431 - 2514
Tea 444 no000] 32860 1,324]  1,962] 12,850 61 2,604
Orange 17.50( 1200001 2,100 1,097 1,003 12,850 643 1,646]
Banana L1 2400000 9ol 892  102] 12,850 5 T
Wet Scason Craps : o : ‘ o
Rice 300 187,500 iso| 567 183) 129000 3} . S06
Maize o 5401 92,560 5000 526 26] - 2,300 58 T3l
Potalo 1770} 250,000] - 4425 . 2,071 2358 6,000 300 "2‘,654
Groundnuts 1.84] 441,250 3121 446 66| 1,000 - S0 - 116

(Note} (*1): Vartable cost is rcrcrnng Gross Margin Budget (Appendis-2, Supporting Report-H.)
{*2): Unit water cost of rice is ¢stimated at KSo/m3 (MAFF Estimation) exceptrice.
K25/m3 for rice bcc1 use Jower cost both for c0ns|ruclmn and opcratmru'mmnlcm nee,

Benefit has been estimated based on presenl nmgated yield level because {‘uture in¢rease of
yield depends mostly on improvement of cultivation and improved seeds by research and -

extenston works. In this sludy, any necessary costs such as f‘or extension works are ot
counted.
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6.1.2 Selection of Crops for Irrigation Project

As shown in Table 6-1, crop benefit varies by crops. Vegetables, coffee, tea and potatoes

~ earn high benefit, while maize earn negligible small benefit. Gross margin of miaize is

negative for farmers. Although isrigation 10 maize is certainly necessary as discussed in
Section 2.2, maize is seldom irrigated in the country. Consequently, maize will be excluded
from irrigation taking economical aspect into consideration. S

6.1.3 Crbp Benefit applied for Project Evaluation

Table 6-2 shows the behefit of crops which are considered its introduction into the irrigation

project. o :
Table 6-2 Applied Crop Benefit for the Study -
Crops : Deseriptions Applied
Crops Beaefit - Beaefit
R | -~ (K1000/ha) R
1. Vegetables (Single) Tomato 2,887 - Average =K1,955/ha [ US$3,205/ha
Onion L210 “lor US$3,205/ha )
Cabbage 2,462
¢ |Lettuce 1,056
L Careot T 2,159 .
2. Vegetables (double) N US$3,205/hax 2= | US$6,410/ha
3. Wheat - Groundnut Wheat 763 Total = KL, 181/ha [ US$1,940/ha
- Groundnul 416 or US$1,940 _
4. Tree Crops Coflfce 2,54 - |Average = K2,274/hal US$3,730/a
Tea 2,604 or US$3,730/ha ' :
: QOrange 1,616 {Banana excluded) :
5. Rice-Rice Wet Seas. (100) 506 [Total =K793ha -~ |US$1,300/a
' L ] . |Dry Seas. { 50) 575 or USS1,300/ha :
6. Vegetable (20%),Wheat (40%),| Veg.-Veg {207%) 3,969  |Weighed Ave. US8%3,550/ha
& Tree Crops (30%)  |Wheat- ' K2,164Maor . '
G.hut{d0%) 1,081 | US$3,530/ha
Tree crop(40%) 2,211 Veg-Veg, Weat-Gnut
L ‘ o o Tree Crop assumed
7. W.S.Rice - D.S Rice (50%) |W.S.Rice (100% 506 Weighed Ave. US$2,900/ha
\V.S.Rice - Vegetable ~ (30%) |D.S.Rice (50%) . - 576 K1,771/haor :
. ' Vege.  (50%) 1,955 U§$2,900/ha
8 Sugarcane K896,000 /ha or 1S$1,1,470/ha
' USS1,470/ha _
9 Vegelable (70%)-Flower(30%) |Vegetables (70) -3,909 Weighed Average | US$8,540/ha
: Flower {30%) 8,242 K5,209/ha oc
i IR ' Flower assunied
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For the peri-urban projects, like ASIP Rehabilitation and I\idllipurpq;e Dam Project, double -
cropping of vegetables is applied. Such application is considered as follows:

<Application of Crops>: o o
- ASIP Rehabilitation Project : Vegetables - Vegetables
- Multipurpose Dam Project: Vegetables « Vegetables
in case Chongwe dam, flower is introduced 30% of area
- Existing Expansion Projects: Wheat - Groundnuts
(Sugarcane was applied to Kaleya Small Holder and Nakanbala Sugarcane Estate)
- ]rngauon Dam Project and Run of River Project:
Vegetable (20%), Wheat (40%) Tree Cmps (40%)
Lundazi dam (Vegetable - Vegetable )

~ 6.1.4 Project Benefit
“Total beneﬁt of lrngated crops is summansed in 'lable 6-3. Total benefits of i 1rngated crops
are US$ 210 miltion in Base Scenario- “Agricultural Expansion, US$ 207 ;mlhon in base

scenario-industrialisation; and US$136 miltion per year.

" Table 6-3 Benefit of the Irrlg‘aubh Project

Provinee Base Scenario- Base Scenario- Consenvalive
. Agricultural Industrialisation Scenario -
Expanasion ) . :

. ' ; {US$1,000) .
Lusaka N lO_,667 10,665 10,663
Copperbelt 16,096 37,955 19314
Central . - 17,750 172,730 0
NiWestern - . 98 . 12,278 8,728
Western . 22919 C21,31% 12,444
Southern 13,532 £6,963 16,963
Luapula © 41,268 - 61,288 9318
Norhesn 24,736 . 18,701 18,701
Eastern ] 9,666 1 9.666] | T 9666
Tolal S 09562 206,585] - 136,299

Project benefit is estimated together with project cost in Table 5-4.

6.2 Capacity to-Pay of Irvigation Water

Capacily to-pay of irrigation water has been eshmated for selected irrigation projecis in
Action Plan. Analysis has been given to the ASIP Rehabilitation Projeet, Chongwe Dam
lrrigation Project and Zambezi Floodplain Rice Ircigation Project.

Capacity to-pay is estimated to be born from lotal 2ross margm of‘ crops subtracting
necessary household expenditure. Fatmly fabour is counted as income of househo!d
Therefore, calculated capacity to- -pay is considered to be maximum ofit.

Household expenduure is K600 000 per annum in rural area; and K1,000 000 in - 1}

meltropolitan area. (Supporting Report - H, Section 1.2)  Metcopolitan- household -
expenditure is apphed to the ASIP Rehabilitation Project and Chongwe Dam Irrigation
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Project which are located close to urban ar¢as. On the other hand, rural household
expenditure is applied to the Zambézi floodplain Rice Ircigation Project.

Crops are considered to be Vegelabies for the ASIP Rehabilitation Project and Chongwe
Dam Irrigation Project, and rice and vegetables for the Zambezi Floodplain Rice Irrigation
Pro_|ect.

Cultivation area per household is assumed at 2.00 ha for the ASIP Rehabititation Pro;ect
and Chongwe Dani Irrigation Pro;ecl as standard land allocation. While, in the Zambezi
Floodptain Rice Irsigation Project it is estimated at 1.37 ha per household in average. For
the ASIP Rehabilitation Project, however, irrigated area is limited to 025 ha whtch is
equivalent to one fourth of cultivation area of one houschold.

Under above conditions, takmg family Iabours into consuderauons capacity to-pay is
calculated as shown in Table 6-4 to 6-6. It is estimated a1 K80/m3 or K980,000/ha for
ASIP Rehabilitation Project, K282/m3 or 3,470,000/ha for Chongwe Dam Irrigation Project,
and K49/m3 or K1,440,000/ha for Zambezi Floodplain Rice Irrigation Project

Table 6-4 Capacity to-Pay in ASIP Rehabilitation Project

Composition (Kwachaha)  Water Cropping
Gross . Cross

. ‘ Wk
Cops - ponin og Fixed Cost Margin wiha  Arca(ha)
. =l
() O
Vegetables (Wit seaso 2886500 931,885 1,951615 0.3
Vepetables (Dry seascd 2.836,500 931,835 1,954,615 12,300 025
Rainfod Matz 225743 142500 83243 1.75
Zﬂopw'}t 1233300 7i5,M8 1,122983 2,075 for 2ha
A\\‘tags O\\ned Arca = : 2 haﬁnmscbo!d (aé average in the countryy
Workershouschold = 1.66 /Mouschold {as average in the coualry)
Labour Cost= 500 Kfday
Cultivation Period = 7 moathes (for two vegelables)
Workable days= 244 0%
Value of fmily labour= 122,000 Kwacha _
Water pevessany= 12,300 m¥ha= 3,075 a0 for 0.25ha :
House expendituce= T 1,000,000 Kheuscholdyr in Metropolitan Area (nearby Rural City)
Avalable for Water
GE. Cot M amily o Wl epeditt Cp gy K
: ) flabour income e
1838300 715318 622933 122000 1,244,983 1000000 244983 80 979931

Totalid.25ha
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Table 6-5 Capacity to-Pay in Chongwe Dam Irrigation Project

 Compdsition (Kwachaha)
C Cw . Gross . Fixed  Gross
s Eaming Cost Margin

_ (1)
Tomatoes 4,1 32,5_00
Onions - 3,000,00¢

Cabbage 3,000,000

- Lettuce 1,600,000

Carots 2,706,000 -
“Avcrage 2,386,500 ¢

2cropshyt 5,773,000

@ Q)
1,246,040 2,886,460
1,790,625 1,209,375
538,042 2461958
543,325 . 1,056,475
541,194 2,158,806
931,885 1954615 (forénécrop)
1,863,270 3,909,230

Average Owned Area = 3 ha/houschold {as av erage in th\, countiy)
Workershouschold= “'1.66 Mouschotd (a8 average in lhc., country)
Labouwr Cosi= 500 Kiday
Cultivation Periad = 7 monthes (for two vegelzbles)
Workable days= L2 0%
Valoz of fmily labour= 122000 Kwacha :
Water nocessany= 12,300 m3ha= 24,600 m3intotal
House ekponditure= 1,000,000 K/householdhy in Metropolitan Area
: Available for Water
GE. Cost GM. fﬁ _ h:‘_f’éf;c °‘p"c‘.d"“’ Toal  Km3 KM
11,546,000 3,727,540 7218460 122,000 7040460 1,600,000 6,940,460 ' 282 3470230

8

Table 6-6 Capacity to-Pay in Zambezi Floodplain Rice Irrigation Project

Composition {(Kwachaha)  Water  Croppiog
Gioss Gross

Crps Earsiing Fixed Cost Margin m3mha Arca
1
(i) ) (3);{) 4
Wet Scason Rice 750,000 244,330 505620 - - l2;900 1
Dry Season Rice 841500 268,330 516,170 20,200 05
Dy Season Vegetables 2,836,500 931,835 1,951,615 ?1,300 0.5
Total 2615500 B4$438 1771043 29,150 (for one year)
Average Oranod Arva = 1.37 ha/houschold (as average in Western Provines)
Workdrshouschold= 151 Mhousehold (as average in Wisstorn Provines)
Labour Cost= $00 Kiday
Cultivation Poriod = 9 monthes (for o wwgciables)
Workable days= 285 0%
Value of finily labour= 142,500 Kwacha
Water ficessany= 29,450 miha= 39,936 m3 in total
tHouse exproditure= 600,000 Khouschold/yr in Noa-tetrapalitan Arca
. . Avsilable for Woeler
- A : family - lotal  cxpinditur ; -
GE .(..osl GAL labout i ¢ Total K/ml Kiha _
3,583,235 1,156,349 2,416,248 142,500 2,568,788 603000 1,968,783 49 143701
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6.3 Economic Evaluation of Irrigation Project:

The annual benefit of agricultural development schemes is estimated as a difference of net
production values under with- and without-project conditions. The net production values
for major crops are estimated as a difference of agricultural products' value and production
cost al 1995 economic prices. The products’ values are estimated by a product of unit price
and unit yield under with- and without-project conditions. The production costs under
without-project condition are derived from the production ‘costs through the present
cropping paltern. The production costs under with-project condition are estimated on the

basis of projected cropping patterns.

For irrigation projects, economic farm’ gate price of major crops during the evaluation
peiiod is estimated in Section 3.4 in Main Report. Unit yield, gross value, production cost
and net value are estimated by with- and without-conditions. The hectareage of newly
reclaimed land and upgraded lands from rainfed cultivation to irsigated or control drained

" farming, singlé crop to double crop and minor scheme to major scheme are estimated for

the future. Then the irrigation benefit is obtained as the incremental net production value.

The total benefit of the 48 irrigation schentes propOsed in the agricultural development plan

is expected to aggregate US$189 million per annum in economiic terms by the time all the

- schemes reach matusity. Project costs of the 48 irrigation schemes are éstimated at

U_S$’],0?l'n‘ji_lﬁbn in total at economic costs. For the rehabilitation schemes, the value of
existing facilities were not included in the project costs and were considered as sunk costs.
All 48 ircigation scheme projects were examined for econonii¢ efficiency. Table 6-7 shows
the results of the examination. Of the 48 schemes, the EIRR of 29 schemes exceeded 10%,
the opportunity cost of capital. ' : o

L



~Table 6-7 Economie Efficiency of Irrigation Projects

Provinee Code Project Name ~ EIRR (%) NPV (USS Miltion) B/C
Multipurpese Dam Projects _ . R co :
 Lusaka D16 Chongwe _ 10.5 L LIS 103
Copperbelt D-10  Kafubu 132 S 3640 133
_ D-7 Mutundu ‘ 88 Y X ¥ 0.89
Ircigation Dam Project .~ - - S . :
~ Luapula D-1 Lufubu =~ . ‘ 213 - BL8¢ X R
~ Eastern ‘D-18  Lundazi : S L C 20,60 1.66
ASIP Rehabilitation S o . L o
Lusaka N-1 Chipata 287 _ 025 . . 364
Copperbelt N-2 Ipafu 153, 0.99 1.35
09 Chapula 12.1 03 21
Southern O-14  Buleya Matima : 12.1 034 2t
- 0-13 - Siatwinda . o 116 0.10 145
021 Nakandabwe . 113 004 - 143
Eastern 0-28  Makungwa o 120 003 0 L9
Q30 Vuu _ 122 0.08 1.22
~0-31  Lusowe ‘ 113 10.04 113
Expansion of Existing Projécts : S S
Lusaka 0Ol Chiawa o 25 --0.25 0.44
. 02  Chanyanya _— 23 .<998 045,
0-3 Masstock 24 oo-1282 . 0
0-3 Kaunga - : 1.8 : 013 120
Copperbelt “ 06 Mpongwe (GIW) C2d -28.20 - 0.4
' 0-7  Munkumpu o3 282 114
" Nosth-westein © O-11 - Tkelenge Pincapple COT1LE 047 1.19
Western I-1 Nakaloya ) 22 013 0.42
~ Southern N-§  Chiyabi 220 013 o %
" 0-13  Kaleya Small Holders ' s A T 048
“0-18  Nakambata Sugar 32 T 452 0.33
0-20 Nanga 2.4 -830.41 0.39
Luapula 12 Mansa Pilot Scheiie 22 -0.13 © 042
N-5 Kenani Vegetable Schemé 168 0.00 1.09
N-6 Chiposa Mubende Scheme 22 013 0.42
N-7  Chembe Vegetable Scheme 22 0.13 0.42
N-8 Chama Vegetable Scheme 22 0.13 0.42
Q-22  Kawambwa Tea 24 -0.60 0.44
024 Mulumbi Coffec 115 0.08 L.i6
0-25  Lukulu North 11.8 1.58 1.19
Northern 0-27  Kateshi Coflee 2.4 6.30 0.44
Polential Errigation Projects _
Central P-1 Machiya 8.7 =13.60 0.88
North-western ~ P-79 Mwombeshi 127 4.3 1.28
- P-80  Muinilunga BNEN! o133 150
P-82  Kabompo .06 -103.87 0.36
Weslern - P16 Katima Mulilo 0.7 iz 106
P23 Zambezi Floodptain 0.8 K D XY &
P-84  Ngambwe Rapid 0.7 112 - 106
P-86 Manto Rapid - 10.7 L2 1.06
P-88  Sioma Rapid : _ 10.7 - 112 " 1.06
Luaputa P-37  Musheta Island 127 8614 1,28
- P43 Luapula 100 0.06 00 :
Nerthern P-52  Chinakifa 2.7 .34 1.28 gz*
P-63  Chilbula Séuth ' 37 «13.60 0.88 3

Rentack: *--" means that EIRR marks I¢ss than zere pércent.
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CHAPTER 7 ACTION PLAN OF IRRIGAT[ON PROJECT |

PropOsaI of water resources developmenl plan for agricultural development toward 3ear
2015, mcludmg descriptions of the irrigation development and implementation’ schedules,
was described in Main Report, Chapter 6.

favestment for agricultural developmient should be made with the initiative of the private sector. The rolo
of the gmenmlen! is lo regu!ate induce, encourage and supporl the pmatc seclor s investment in
accordance with the nalional agricultural poticy. -Although the Study proposes agncuhural dc\elopmcnt
plan for ccop production, fishéry and livestock brecdmg the national food securily relied most on crop
produdlon tavéstment for fishery and liv estock breeding developnient should basically be carried out by
the private sector corrcspondmg to changés in $tandatds or preferencc of the food consumption of the
pcople Supporting senviecs b)' the governnient to the private seclor, such as the fish breeding centre
project and the fechnical assistance programme to the field 'of veterinary science, donated by the
Government of Japan is smporlant and should be promolcd further. The most imporiant 3ubjeci for the
Zambian agricultura) sector is to establish drought resislant agncuIlurc Imniediate actions should
concentrate on the promotion of irrigation. In this p-oml agncullural action plans ar¢ selected l‘rom the
irrigation projects applying the following criteria:
1) Economically feasible projects (EIRR > 10%) which contribute the economic growth of lhe
“agricultural seclor and are expected to be invested by private séctors
'2) Projecls whose technical knowledge is accumu!ated for implementation and realisation IS
- eonfirmed technically '
*3) Projects to iniprove the regional disparity of income of farmers and food balance within the region
- 4) Projects conlributing to improvement of the balance of payments of the countey by production of
export crops or malerials for agro-processing indusiry . .

{n 'lmplchiehtati(‘m of ASI P'=Rchabi|i'!§tinn Prdjcct

H is recommended to lmplement the ASIP Rehab:hlahon PijeCl at the earliest posszble date. This pro;ect
is evaluated as high priority, becausé quick realisation of effect is expected. ‘Rehabilitation of projects is
recommended to be completed by the year 1999 within the first phasc of the ASIP programme. The
Rehabilitation Project is composed of 9 individual projecls totalling 267 ha of beneficial arca. The
construction cost will amount to 6.55 miltion US$. It is proposed to inlroduce double cropping of
vegefablés aiming al peri-urban agricultute. Benefit of this Project is expecied fo be L71 million
USS$/year, with average EIRR of 14%. The features of cach project are as follows:

ASIP Rehabititation Projects

Project {code) Location JArea| Cropping Facitity Cost* | Benefit* | EIRR
_ (ha) (USS mille] (USS miltion (%)

. o)) per annum)
1. Chipapa  {(N-1) |Lusaka 0] Vegetablc D'ii.'érsion Weie] 0.09 | 0061 | 287
2. Ipafu (N-2) |Copperbelt]  80] Vegetable. |Punip, Pipeline| 1.66 | 0.513 15.3
3. Chapula S (0-9) | <dito- |60 chctablc © e dilto - .6l 0,385 121
1. Bulcya Malima . (O-14)]Sovthern 57| Vegetable. - difto - 1.53 0.365 12.1
5. Siatwinda (O-15}] -dito- 22| Vegetable | - - ditto - 0.61 o141 {116
6. Makandabiwve: (O-21)] - dilo- 10| Vegelable. - dilio - 0.28 0.064 1.3
7. Makungwa - - (O-28)|Eastern - | 5{Vegetable.| - -ditto- | .14 | 0032 120
8. Yun (O-30)F - - ditto~. [ 13} Vegetable «dito- | 0.35 0.083 | 122
9. Lusowe (O-3D] ~ditto- |10 Vegetable.]  -ditto - | 038 | 0.064 11.3
1 Tolal . | 12 s 16355 | LAl 14.0

Note: * eslimated at markel prices.
@ Chong\'ve'Dam Irvigation Project
‘Chongwe Dam is proposed for Lusaka Water Supply Project to be implemented in 1998
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and completed in 2000. Since the Chongwe dam i$ ¢lose to the large market of Lusaka, high

value crops, such as. vegetables, can be grown in the project. It will be necessary to

implement the feasibility study in parallel with the water supply project stitdy. The Project
features, mveslment ¢ost and EIRR aié as follows: -

Chonowe Dam Irrigation Proiéc't

Beneficial Area: 210 ha
- Beneficial Farm: 400 farm houses
Facilities : ~ TIntake Pump (Q=081ms, H= l[}Om)

" Pipetine (L=10km) N
* Fursow Irrigation for Vegetables and
Drip lsrigation for Flowers
Invesiment Cost:  ~ US$ 34.7d million '
Crops: Vegetables (70%) and Flowers (30%)
EIRR ; ' _105%

3) Irﬁ'plehléntaﬁﬂn’ of Zambezi Left Bérik‘Floodplalli Rice Irrigation Project

Western province is the least developed province for lmgahon development due to dls!ance

from large markets, although there is high water resources potential in the form of the

Zambezi River. It is proposed to start the Zambezi Floodptain Rice Irrigation PmJect

(defined as P-23) with 1,500 ha-to be implemented in the Left Bank Floodplain by 2005.

This represents half of the total potential area of about 3,000 ha i the left bank flood plain,

because hydralogical observation will be necessary to identify the maximum pétential area.

Relaung to this project, verification study hds been conducted by JICA. The construction .
cost is eslimated at about 19.47 million USS, with a benefit of about 4.35 million @
- US$ annually with rice double cropping. EIRR is estimated at about 10.8%.

The Project features are outlined as follows

Zambgn Floodplain Rlce Irrigation Project -
Beneficial Area ; 1,500 ha (ficld sreparation: 1,500 ha)*

Beneficial Farm: 1,100 farm houses .
Facilitics : Intake Canal ; B km
Land ¢onsolidation : 1,500 ha
Low Lift Pumps : = 3.02m%s
Investment Cost ; USS$ 19.47 nuilion . o
Crops ‘ Wet Scason: Rice 1,500 ha .
_ Dry Season: Rice 750 ha, Vegw,lablcs 750 ha
"EIRR: ____ 10.83%

* Land o“ncrshlp should be sotved for smooth projcot !mplemcnmln)n
(4) Finmttnl Examination of Irngauon Pro;ec(s

The above three categories of projects proposed in the action plan were examined regardmg
- project viability through fi nancial internal rate of relurn (FIRR)." They are (1) ASIP
rehabititation pro;ccts (2) Chongwe dam irrigation project; and (3) Zambezi lefi bank flood
plain rice irrigation project. The items are’ summansed as follows:
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Financial Conditions and FIRR of Proposed Projects

Iem : ASIP Rehabili-  Chongwe Dam Zambezi Rice
o taion Projects -+ Irrigation Project  lerigation Project

Capital investment Cost (USS Million) 6.55 347 38.94
Annual O/M Cost (US$ Million) *1 0.17 - 0.81 ' 1.37
Revenue of Water Charge*2 (US$ Milllon} 043 161 .07

- Trrigation Watet (Million m¥year) 3.28 2.96 87,45

- Unil Water Rate (Kwacha/m*)*3 80 282 : 19
FiRR (%) - 0.4 14 100

Note:  *1 In addition, replacement costs such as machinsry and equipment in stations are
~ added in every 20 years.
*2 A product of unit water rat¢ and annual water consumption volume
*3 Unit water rale was cstimated on the basis of a capacity-to-pay of béneficial farmers.
These values were estimated in Section 6.2 of Supporting Report Part-1 “lerigation™.

" FIRR of ASIP rehabilitation ﬁrojects including nine schemes was 0.4%, as séen in the above

table. The project will not be feasible from the financial point of view, in the case that the
project funds are procured even from the public financing organisations. The following
countermeasures would be necessary to implement ASIP schemes. (1) To enlarge an
irrigation land area for a farm household, so the household would pay more water charge

‘because of its capacity-to-pay increase. (2) To procure a construction fund of either grant

or loan with terms of almost no interest rate. In fact, MAFF is going to implement a pari of
ASIP projects by means of procurement of no interest loans through international financing
otganisations. Anyhow, the central government has to make an endeavour to accomplish
ASIP projects by the target year by means of various countermeasures including the same
kind of fund procurement.

FIRR of the Chongwe dam 1rngatlon project was 7.4%. The project will have some
difficulty from the financial point of view, even if the project funds are procured from the
public financing organisations. Although detaited countermeasures may be discussed in the
next stage analysis of feasibility study, the following proposals could make the project
acceptable as a viable project in the future.

(1) approxinately 15%~20% of the capital investment cost is granted,
(2) aloan at an annual interest rate of less than 7.4% is available; and
{3) water consumers have a wallmgncss to pay of 25% higher charge for potable water.

Since the unit water rate was set at the highest level taking capacity-to-pay of beneficiaries
into consideration, it would be difficult to augment the water rate. Accordingly, the above
two' countermeasures or the both measures combined together mlght be effective for the
implementation of the project. :

- FIRR of the Zambezi teft bank Rood plain rice irrigation project was 10.0%. This rate

corresponds to the rates of 8% to 10% applied by the World Bank and African
Development Bank, although it is less than muarket interest rates in Zambia. Then, if the
water rate is kept and the investment - funds are procured from: the public financing
organisations such as WB and AfDB, the project will be feasible from the financial point
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CHAPTER 1. PRESENT STATUS OF FORESTS AND FORESTRY .
1.1 Rd!é o:f Forests

Foresis play a sngmﬁcant role in balancmg the carbon- dlomde componenls of lhe
almosphere Forests build up and retain “soil fertility,. protecl soil from erosion or
degradation, help 1 ramfail to infiltrate smomhly into soil and help in producing a continuous
flow of ¢lean water in the rivers, in reducmg the danger of ﬂoodmg and in protecting crops
and settlements against deswca!lng winds or excessive temperatures. Evapotranspiration
over large arcas of forest sustains humidity to keep moderate climate for crops and humans.
Forests contribute to the stablhty of watersheds by protecting the so:l surface from the
durect impact of intensive rainstorms.,

' Deforestatmn and soxl eroszon of upstream areas may aﬂ‘ect snllauon water usage down

stream and pow:—:r generation. The Zambezi and the Kafue rivers play significant roles in the
economic activities of Zambia. From this aspect, watershed management and protection of

- rivers from erosion and siltation is an important aspect of the master plan.

Forests also prowde goods obtained from trunks and other parts of the trees. Wood
products are numerous; timber and sawn-wnod for furniture, walls, doors and shuttering,
pulpwood for pulp and paper, poles, posts, mm:ng timber, railway sleepers and fuelwood.
The non wood products are also varied, ranging from fruits, fodder and game meat to
pharmaceutical products and honey. : :

1.2 Forest Distribution and Fdre'st Mmmgémeht

From the analysis of landsat satelhte imagery, forests cover an area of 105,700 km?,
equivalent 1o about 14% of the national land area of 751, 851 km’. :

'l‘abie 1- 1 Pores( Cover and Management Status (1993 Level)

(ha)
Prov mcnal Forests FOresl For¢st o Forest -Forest

Province Arca : . Estatein- Provincial - Eslaleto  Estateto
o ' 11993 . Area(%) Provincial  Forests
' ' ' | Arca(%) (%)
10 Lusaka 2,209,426 525003 130,332 23.8% 14%  58%

20 Copperbeli -+ 3,120,679 - 6,234 519473 23.9% 166%  69.6%
30 Central ¢ 9,468,439 111,782,327 - 592,928 188% . 63% . 333%
40 N/Western - 12,528,028 - 2,183,846 2,417,207 - - 17.4% 193%  110.7%
50 Weslér 12,234,381 1,334,528 618,831 10.5% 4,9% 46.4%
60 Southern . - 8,519,860 1,138,125 669,903  : 13.4% 1.5% 58.9%
70 Lvapufa - 4,959,447 - 593,134 - 383,037 . 12.0% 1% 61.6%
80 Northern 14,729,191 1,764,429 . 1,123,147 120%  7.6%  63.1%
U900 Bastern - 6,914,628 502,226 848,137 - 13% 12.3%  168.9%
Zambia . 75185079 10,569.852 7203495 14.1%  9.6% 68.2%
(Dala Sour¢e) ' '

' §) Provincial Area, Forést Atca Landsat Satellite Im:igcrj- Analysis -
2)F0rcsl Es!alc 1993; Encro:-rchmcnloﬂ"otc&ls Arca Forest Dcpanmcm 1994

As shown in Tab!e 1- 1 forests cover about 24% of Lusaka and COppcrbell Provmces
where Iarge urban cities are ocated. Forests in Eastera Province cover only ? 3% of the

IR BT



land. Since forest covering’ status is worse among prbvmces the Soil Conservauon and
Agroforestry Extension Programme (SCAFE) was started in this province. Watérshed arcas
covered by forests are higher than nalional average in Copperbelt and NOrthaWestern
Provinces, but less than average in Luapula and Northern Provinces. The Forest
Department gazétted the forest estates in order to protect and manage forest areas. The
forest estates cover some 7,203,495 ha or 9.6% of the national land. From forest
management aspect, forest estates account for 68% of national forests. North-Westem
Province, including the watershed area of the Zambezi River, is covered mos!ly by forest
estates, and managéd by the FOfesl Deparlment Other water sheds are not widely covered
by forest estates.

The present forest estates area amounted to 7,203,495 ha in 1993, The genera! trend shows
that the forest estate area is decreasing from 7,631,491 ha in 1983 (10.2% of National
Land) to 7,203,495 ha in 1993 (9.6 %) due to decrease of foresis and difficulties in
budgetary and staffing arrangements. It is necessary to éncourage expansmn of forest

estates to aftain better managed and protected forests. Prcsent composntion of f‘orest estates_

are as follows;

Summary of Forest Estatés (Dec 31, 1993}

Forest Type  Area(ha) o ofTotal Land
) National Local. - . Total S
State Forest 939,294 401,359 940,633 1.2
Trust Forest 3,708,360 1,226,562 4,935,422 66
Reserve Forest 789,308 538,132 1,327,440 18
Total 5,037,442 2,166,053 7,203,495 96

1.3 Vegetation

The major vegetation of the country can be divided into four lypes Characlensucs of each
type can be summarised as follows:

1) The dense Miombo woodland of the ptateau, dwlded by grass and swamps along

dambos, covering Northern, Copperbelt Luapula and North-western Provinces.
2) Kalahari Chipya alternating with grass in the south and west. :
3) The Mopane Woodlands of the lower Luangwa and Zambezi Valleys .

4) The dry evergreen woodlands and their Chipya desivatives in the northwest on the

Kalahari Sands and northeast on !aLe basm soﬂs in Luwmsy and Kasama

Miombo woodland acconnts for 80% of the forested ‘area; the domiinant’ §peciés being

Brachystegia, Isoberlinia and Julberna. The distribution of thes¢ forests is influenced by the
climate which is subtropical, moderated by altitude. The distribution atso follows the three
agro-ecological zones based on rainfall, descnbed inthe i :mgauon seC!lon of this report.

According 1o the class:ﬁcauon of Forest Department over 70% of the c0untrys land area

(55 million ha) is covered by productive forests and woodlands, Forests are-divided into

two indigenous groups, namely the closed forests of southern and westérn parts of‘ the
country called teak forests, and the open forests oanombo woodland
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In 1988, an estimate of the standmg merchantable timber in teak forésts stood at 1.7 ntillion
m3 for Mukusi and 0.8 million m3 for Mukwa in areas within 50km radius of major mills.

~ Without affecting the ecological balance; 63,000m3 of round wood ¢an be harvested from

these forests which can sustain 19, 000m>? sawntimber output per annum Production in the
mills opérating in the area in 1991 was 9, 700m3 per annum. :

The Miombo forests are more extensive an‘d contain moré commiercial species. The 1985
Forest Resource Survey showed the extent of the forest as 35 million ha. The merchantable

timber in Miombo forests was estimated at $ - 10m¥ha in vndisturbed areas. The same

survey indicated an availabitity of 4 billion m3 of timber in these forests.

. The forésts in North-westérn Province appe_ar not to ha_ve been dtsmrbed (see Table 1-1).
- Greal potential for selling up primary forest industries exists and are wailing for

exploitation.
1.4 De_l‘orestatimn

The Government is aware of the alarming deforestation taking place and its consequences
for the livelihood of the people, the environment and the: country’s economy. The
Government is also aware of the constraints related to these issues, as well as the lack of
resources (finance, institution, equipment, personnel ete.) to bring about the necessary
changes to enable the forestry sector to play its appropriate role.

{1) Present Forest Cover and Del‘orestatmn

The presenl f‘oresi cover and rale ofdeforestanon are given in the following table, based on
the project FAO/TCP/ZAM/4401, 1986. :

Table 1-2 'Evaluation of Wooded Areas (1975 - 1990)

(Unit: 1,600 ha.)

Total ~ Annual S Wooded Arca -

Province Land Area Decrcase{%) 1975 1980 1983 1950 .
Lusaka 2,187 2 2,065 1866 . 1,687 1,528
Copperbelt L3I0 T2 S2063 2353 2,165 2,033
Central - - 9,439 6 1,329 1,597 731 7,15%
North-western 12,614 2 10,220 10,120 . 10,020 - - 9,920
Western f 12,638 2 19,539 9,444 9,349 925
Southem . - . . 8,528 . 7 6,603 6375 6,155 5943
Luaputa . 5,056 5. 3523 3438 - 3,353 0 3,268
Northern 14,799 3 12,205 12,023 11,843 11,665
. Eastern _ 6,899 5 6,617 6453 . 629) . - 6,137
_ Totat E 75,261 B 60,704 59,669 5‘3 236 57,169

In the absence of a nattonal forest mvenlory, the last one bemg undertaken in 1952, lhe rate

of deforestation differs depending on the source of information. On the basis of the above
table, the country has lost 139 thousand ha. of forest every year for the pasl 15 years (1975
- !990)



(2) M ain Causes of Deforestation’

Among the various causes of deforeslatmn the main ones include clearmg for ﬁrewood
charcoal, timber, poles, medicine and agnculmre Most of these ate taking place in the areas
with high concentrations of population. The. problems of deforestation have been
compounded by various factors, including the following :

- hugh pOpuIallon grow!h

- forest fires which oceur in dry months of Augusl to October

- over grazing

- cultural heritage, such as s Chitemene cultivation

- demand for fuel wood and building poles, which account for 80% of domesuc
forest products consumption

(3) Impact of Deforestation -

Deforestation has been threatening the environment on which agriculture for food
production depends. In some areas, the eftects of deforestation, such as soil erosion, silting

and drying up of streams and rivérs, general land degradation and shortage of forest_

products, are a!ready becoming eritical,

(4) Solutions to Deforestation

The Forest Department wishes to protect its forests for rational utitisation of‘ forestry
resources by present and future generations. The Department is also aware of the
importance of forests for water resource conservation, in parllcular those in the northem
parts of the Kafue and Zambezi catchment areas.

The Forest Department lacks quantitative data and information on forests and forestry for
effective planning and management. Insufficient forest resource supply planmng has resulted
in low production levels of forestry industries. .

The Depariment is consxdermg a donor funded project to update the Nahona! Forest
- Inventory to allow effective and efficient formation of short and Ioag term programmes

A commumiy forestry strategy and project framework were drawn up as part ‘of the

FAO/DOF Community Forest Project, which started in August 1987 and eaded in

December 1989, The main objective of this strategy is to establish a basis for nationwide
comniunity forestry. In order to implement the strategy, donor ﬁmds would be necessary.

1.5 Forest Plantation

Until 1983, the Industrial Plantation Dmsson was part of the Forest Departmen! but since
then, it has been changed to a public company, assuming 1he corporate title of Zambia

Forestry and Forest Industries Corporation (ZAFFICO) under Zambia Industeial and Mining

Corporation (LIMCO) The company was established to sustain plantation and uul:sanon of
timber for mining and other timber using industries.

In 1962, the Forest Department created a plantation establishment in Copperbelt and bcgan
a long term plantation programme of pines and eucalyptus. Tn 1968, the Govesnment of
Zambia obtained the first loan for industrial plantation from the World Bank. By 1984, the

§ N
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prOJect had planted approximately 50, 000 ha. of exotic forest plantations, 40,000 ha for
pine and 10,000 ha. for eucalyptus. The: Depariment also embarked on the Rural Plantation
Programme and has planted 7 000 ha. to date distributed lhroughout the country.

The ownershrp of forest p!anlauons ¢an be divided into two classifications : (&) private
forest plantations and (b) public forest plantations.

(1) - Privale Forest Plantatroris

Private forest plamatlons are owned wholly or partly by pnvate individuals or non-
governmental organisations, including the following :

- commercial farmers x

- small scale farmers N

- Lusume Services of Magoye

- Development Assistance from People to People Prorects

- missionaries or rehgrous orgamsatrons

These plantanons are insuflicient for industrial supply as they are scattered throughout thc
country, and represent less than 1% ot‘ the total established pIantauons

(2) Public Forest Plantation

The public plantatrons are wholly or panly owned by the Government and include those
under the charge of the follomng enlifies :

- Forest Depanmem in rural areéas (Rural Plantation)

- ZAFFICO Ltd. '

- Depariment of Agriculture at agricultural stations

- Ministry of Health at some hospitals and health centres

- Ministry of Education in schools : ~

- Local Governments through their township, crty or mumcrpal councils

- Tobacco Authority :

- Kawambwa Tea Estate Lid.

(3) Rural Plantations

The rural plantalron programme is faced with problenis, especrally since 1978 mainly as a
result of general decline in the national economy. Problems include the following :
- madequate alfocation of funds
- insuflicient priority to the programme
- maintaining low prices for plantation products below production cosls, since the
~ schemes have been regarded as service projects

- As a consequence of the above problems, many rural plantations have been damaged,
_'abandoned or have nol received any silvicultural maintenance to sustain production of high
- quality timber. Only an estrma:ed 20 - 30% of total planted area is said to be mamlamcd

1.6 Forest Produet

Although sawmilling based on plantation grown raw timber is relatively new in the country,
it has réached to around 60% of the total sawmilling activities. The most important mills ar¢
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run by ZAFFICO, who own most of the country's plantations. In 1991, the company had
80,000 m3 built in capacity in its sawmills. The plantations run by ZAFFICO," however,
“have a potential of producing well over $00,000m3 round wood per anaum. The company

curtently produces 59,000m3 of sawntimber which forms 50% of the lolal productton
timber in the countey. :

In addition, natural forést based sawmills are esnmated to produce 51 ?01Dm3 hmber per

annum, roughly 40% of the totat production. Most of naturat forest based mills are privately

owned.

Bolh plantation based and natural forest based sawmills are suffering from low Operauon
rates, having installed capacities of 208,500m® and 158,000m3, while the actual production
is 62,300m? and 51,700m3 respectively. The operation rate can be esumated at abi)ul 30%
for both types ofsawmllllng

The production of forestry related industries as of 1991 ¢an be summarised as shown in the
following table.

Table 13 Production of Folests by Calegory (1991)

Calegory Amount Unit
a. Fuclwood ' 17,082 w3
b. Charcoal 4,550 tonies
(wood used) 108469 m}
¢ Sawlag . - 252,200 w3
8. Pecler Log 55218 m3
¢. Pulp and Particles made of Wood . 31,000 tonnes
{waste paper available locatly) 2,500 .- tonnes
f. Sawn Wood and Sleepers 12016 md
h. Wood based Pancl E -
- Vencer Sheels 929 md
- Plywood 101,500  sheets
- Particle Board 21,750 sheets
- Block Board 20400  sheets
- Wood Wool Cemient Board - 25,000 sheets
i. Paper and Papéer Board T o
- ‘Tissuc | 1,400 . tonnes .
- Cralt and Wrapping _ 1,500  tonnes
~  Other(Writing, Envelopes) _ ' 1,100 tonncs

}6
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CHAPTER2 FOREST CONSERVATION FROM WATER RESOURCES
DEVELOPMENT ASPECT

2.1 Watershed ‘\Ianagement in Impor!ant River Basins

' As slated abOVe forests have an lmporlant tole in protecting watersheds of the rivers from

soil erosion and in maintaining continuous stable flow in the river. Watershed areas of the
Zambezi and the Kafue are comparatively better maintained than the walersheds of the
Chambeshi and the Luapula. Forests are suffering from deforestation caused by collection of
the fuelwoods and I:-y natural ‘disasters such as fire. As fuelwoods is the only source of heat
for rural -people, it is difficult to reduce this cause of deforestahon without providing
alternative fuel sources. :

2 2 Forcst Conservatu)n Measures

Studics show that there is hlgher consumpllon of \vood Fuel in the form of charcoal in urban
areas of Zambia, white ficewood is consumed more in rural areas. For both urban and rural
areas there is tittle available wood for fuel substitution in the near future. In order to ensure
sustainable supply of fuelwood in rural areas, small holder farmers and villagers must take
up tree growing and management for multiple purpose rieeds including agroforestry. This is
the most practical and economical way of so!vmg the problem. In addition large scale
distribution of efficient wood stoves, research in agro-processing and other wood based
rural industries can contribute sngmﬁcan!ly in reducing wood-fuel demand.

In urban areas, produclion and supply of‘ wdod-ﬁjel is commercialised_ Better controt of
harvesting and directing charcoal producers to surplus areas should be encouraged.
Establishment of fuelwood farms and agro-forestry projects in peri-urban areas and nearby
rural areas could contribute to solving fuelwood problems.
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CHAPTER 3 © AGROFORESTRY
3.1 Intreduction

The Soil Conservation and Agrofbtéslry Extension Programme (SCAFE) was started in
Eastern Province as a result of the growing concern over the acceleratton of deforeStahc-n
which gives rise to two mam groups ot‘ problems

- land dcgradahon tesultmg in iow food produclmly and _
- shoreage of forest products such as ﬁrewood and bmldmg materials.

The programme was also started because of !he need to redress these probtems The
interdependence of agriculture and forestry is more readily recognised when faced with
increased deforestation and associated problems. Indeed some of the problems thal have
increased awareness of the imporiance of forests and trees to the rural people include
environmental degradallon food shortage, forest produéis scar¢ities and poverty. More and
moré people are concerned about the tole of foresls in maintaining environmental stability.
Thus deforestation becomes a social problem in both cause and effect. The longer the
problems are ignored or negléctéd, the more acute and w;deSpread they become. These
problems have lead to the need for new approaches strategies and knowlédge in solving
them. People's participation through commumly ‘and agroforestry is one such approach and
- strategy. More people will parllc:ipate in tree planting if {ree planting becomes part of
farmlng activities and if trees are integrated in the farming systems. Agroforestry plays an

important part in the development of ecok)glcally and economicaily sustannable agriculture
and foreslry :

Agroforestry is a land use system in which trees and shrubs are part of the overall farmmg |
system whether they are dehberazely tefl in the field or actively planted. Thus, agroforestry -

is defined as a land use system in which trees or shrubs are grown together with crops
and/or livestock on the same piece of land. The mix can be either a spallal one or in terms of
a lime sequence. Normally, there is both biological and economic intéraction. The
interaction between trees/shrubs and crops or livestock must be positive if agroforestry is to
benefit the farmers,

3.2 The Need for Agroforestry in Eastern Zambia

Much deforestation has occurred in the last 40years. This has been due to rapid population
increase which results in:

- Clearing forests for agricultural production and settlement

- Cutting of trees for charcoal production

- Collection of firewood for home as well as commercial purposes

- Late burning of forests '

- Overgrazing by livestock in some areas, e.g.Kagono, Chief Kawazas area, Chief

Saili's area, etc.
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Some of the consequences of these activities are:
- - Shortage of construction poles and timber
- Fuelwood problems
- Lack offshortage of fodder during the dry season
- Silting and flooding of streams ~ -~
- Declining soit l‘emhty leading to low Crop ytelds
- ”!nCreased s0il er()snon problems

33  Benefits of Agrofor‘estry

Agroforestry has the po!enual to solve some of these problenis. Some of the main benefits
of agroforeslry are: :

- Supply of good quality poles and nmber

- Provision of fruits and other food

- Improvement of soil fertility

- Fodder

- Fuelwood

- Control of soit erosion

- Stabzhsatnbn of stream and nverbanks eto

(1) . Forest Resources

The Miombo (Brachystegia) woodland is the major vegetation type in Eastern Province.
The - predominant - tre¢  genera are - Brachystegia;  Julbernardia and - Isoberlinia.
Colophospermum mopane (Mupane) and scrub wmdlands are found in the valley areas.

The tolal gazel(ed forest area is apprommate!y 847, 297ha equwalenl to. 12 3% of the land
area. It is protected and managed by the Forest Depariment. There is also a substantial area
of ungazeled forest in traditional (trust) lands. Some 600ha of Eucalyptus plantation and a
smalter area of pines have been established.

(2) Woaod Industries

" The Minga Timber Company is the major private company involved in the exploitation of

forestry resources in Eastera Province, mainly mdlgenous teees. The Forest Department has
a portable sawmill based at Chamtengo plantation in Sinda, which saws pine timber. There
are many pit-sawyers in the province who mamly exploit Pterocarpus angolensis (Mlombe),
Pericopsis (Muwanga), and Afzelia quanzensis (Mpapa,Mupapa). Pit-sawyers are mainly
concentrated in Petauke District. A number of carpent’ry workshops have been established
in towns throughout the province. Bm!dmg construction is a major consumer of timber and
poles.

(3) Woodluel

The main source of domestic fuel is firewood and demand increases as the population rises.
Charcoal production is a commercial activity and is rising rapidly with increasing household
incomes and urbanisation, The National Breweries in Chipata is a major user of fuelwood,
and so are education institutions, local hotels and réstaurants scattered throughout the
province.



3.4 Strategies for Promotion of Agroforestry
(1) National Policies

Currenlly, per capita land availability in the Easlern Prownce is approxtma!ely 8ha Such

farm size would be sufficient if the population was evenly distributed, but this is not the ¢case.

Ttis in the densely populated areas that deforestation has occeurred and pressure on forestry
and tree resources is most intense. These are the areas most likely to benefit from the
practice of agroforestry. .

Zambia's national development policy calls for the national managemenl of existing natural
forests on a sustainable basis, the continued establishment of forest planlat:ons and the
intraduction of trees on cropped tand. This national pohcy must be translated-info action
down to village levels. Exténsion staff must play a major part in amculaung the pohcy and
achieving the set goals. _

{2) Uaderstanding Farmers' Praclices and Needs

The small-scale farnter in Eastern Zambia has practised agroforestry for a long time. He
integrates trees into his fields and also practised other agroforestry measures such as

boundary planting, live fences, home gardens, small woodlots and leaves trees standing in_

grazing areas. In this way he gains the benefits 6f these agroforestry systems.

Extensxon workers should take the opportumty of the Farmers mterest and lndxgenOUS
knowledge in agroforestry and assist hinvher in the better design and management of

agroforestry systems. Each extension worker must, however, clearly understand the farmer s

needs before making recommendations. -
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CHAPTER4  GUIDELINES FOR SELECTION OF TREE SPECIES

Sclection of appropriate tree species is extremely important. Failure to ideﬁlify the right
species results in poor survival in the field or nursery, and in failure to fulfit farmers’
expectations. Thus the whote idea of tree planting may bé rejected by the farmers.

The following factors should be taken into account when selecting tree species:
4;1 ‘Site and Product Requirements
- The tree or shrub should j)fox;?ide the farmer with required products (poles, timber,
fruit, fi rewood étc.). Ideally it should have multiple uses.

- The tree species should be suited to the tocal ecological conditions (mean annual
rainfall; altitude, temperatures, soils, and the tength of the dry season).

42 Silvicultural Requiréments

- Resistance to fire, livestock damage, and termites where these are prevalent.
- Resistance to frost.

- Abitity to coppice.

- Compatibility with crops if the trees/shrubs are to be intercropped.

- Avaitabitity of seed.

- Ease of handling(easy to estabhsh tow input requirement, ete.).

4.3 Compatibility Aspects

If the crop yields under or near the trees are higher than, or at least the same as, in the rest

~ of the ficld, then the tree is compatible with lhe crop and the farmer gets the tree products

as an extra benefit,

If, on the othés hand, crop yields are lower under the tree (non-compatible species), then it
can still make sense to keep the trees in the field if the value (as the farmer perceives it) of
the tree products is higher than the vatue of the loss in crop yield. Some of the reasons for
non-compalibility are that:

- ‘The tree shades the crop too much
- Fhe tree and crop compete for nutrients and water
- The tree produces growth-inhibiting substances.

Tree management (side pruning, pollarding) can reduces the negative effect of the tree'shade
on Crops. '

4.4 Important Species

The following are some of the species of trees which can be lefl in fields because of the

* benefits they provide to the farniers:

e



(1) Species known to be compatible with food crops (not réducmg crop yields) and
their benefits:

- -Acacia albida S -Improves soil feriility,

{MsanguN) : : provides fodder in dry season
-Acacia polyacantha -Improves soil fedlility, fodder
(Ngowe N) : _ S '
-Afzelia quanzensis -Timber

(Mpapa,Mupapa N) o o
-Pericopsis angolensis -Timber, improves soil fertifity
(Difficult to cut down) - R _
-Piliostigma thonningii - <Improves soil fertility, fodder
(Msekese N) : '

(2) Species where it is uncertain whether they reduce crop ylelds or not (more
veseavch is needed):

-Adansoma dlgalata - -Fruit, traditional beliefs
(Mlambe, Mkulukumba N) :
-Dichrostachys cinerea -Fodder
(Kalumpangala N} ' :
-Diospyros mespiliformis -Fruit
{(Mchenja, Mchenjamusimu N)
-Flacouriia indica -Fruit
(Ntudza N)
-Parinari curatellifolia -Fruit
(Mupundu Mbula N)
-Parkia filicoidea ' : -Fruit
{Mpeza, Msenya N) o
-Pterocarpus angolensis _ -Timber, soif fertility
 (Mlombwa, Mlombe N) S |
-Strychnos pungens - -Fruit -
~ {Chidzaya, Mzai N) '
-Uapaca kirkiana -Fruit
{Msuku N)
-Ximenia americana ~ -Fruit

(Ntengele, Miundulukwa N)
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CHAPTER1 PRESENT SITUATION OF ELECTRIC POWER SUPPLY AND
DEMAND

1.1 Power Stations

In Zambia, electric power is supplied by Zambia Electricity Supply Corporallon Ltd.
(ZESCO). ZESCO currently supplies  power - through two systéms; namely the
interconnected system and various isolated systems. Also Zambia Consolidated Copper
Mines (ZCCM) owns private power stations. The location of the existing power stations
and transmission lines are illustrated in Figure 1-1. A power system network is showa in
Figure 1-2. ' ‘

1.1.1 ZESCO Interco'nnectéd System

The total mstalied capac:ty of the interconnected system is 1,623 MW but the total available
capac:ly is 1,608 MW since Lusaka and Mongu Power Station are not used. The working
power stations are the hydroclectric schemes such as Kariba Norih, Kafue Gorge and
Victoria Falls Station. Table 1-1 presents the pnnmpal data of existing ZESCO Power
Station.

“Table 1-1 Existing ZESCO Power Stations on Interconnected System

Power - Type - Instalicd Available Year of Remarks
. Station 1. | Capacity(MW) | Capacity(MW) | Commission
Kariba Norih | Hydro 4% 150 600 - 1976
Kafue Gorge 1 _ “Hydro |- 4x150 600 - - 1972
Kafue Gorge 2 -~ | Hydro. 2x 150 300 1977
Victoria Falls A Hydro 2x3,2%10 8 1934 - 1972
VictoriaFallsB | -Hydro 6x 10 60
Victoria Falls C " Hydro 4210 |- 40 -
Lusaka - ' Thermal |15 " not in use
Mongu Diesel 0836 | o | 1959-1970 | polinuse
< Tola} > - 1,623 1,608 -

(Sourée: ZESCO Annual Report) ' As of Mar. 31, 1993

1.1, 2 ZESCO lsola!eci Systems

lsolated systems, not connected to the National Grid, cover the eastern part and the western
part of Zambia, Until 1993, the easter part was covered by two isolated systems: Lusiwasi -

and Northern System In both systemis all the working power stations are hydro-power

schemes. Other areas are covered by isofated diesel stations. The Lusiwasi System has been
supplied only by Lusiwasi Hydro-power Station with available capacity 12 MW. The
Northera System has been suppliéd by three hydro power stations: Chishimba Falls, Lunzua
River and Musonda Falls Stations, with total available capacuy 11.75 MW. These stations
were sometimes unable to meet the wintee demand of the areas due 1o low river flow. In
1994, Serenje Substation Project (330/66kV, 60 MVA) was completed to increase the
¢apacity and to 1mprove the reliability of power supply in Eastern, Northern and Luapula
Provinces. By this project, the Lusiwasi and Northern Systems werce connected to the
interconnected system. Eight isolated diesel power stations still exist in Zambia. These
diesel power stations are of small capacity and mostly very old and unrehable Table 1 2
presents the principal data of ZESCO Isolated Power Stations.
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Table 1-2  Existing ZESCO Power Stations on Isolated System -

Power Type | ~ Installed ‘Available Year of " Remarks
- Station ___| Capacity (MW) | Capacity (M\'Q Commission
I} Lusiwasi - Hydeo 12 12
System Diesed | 1983 0 ..
Lusiwasi - | Wiydo L 12 12 19700975 | . oo
“Mpika T “biesel {70738 I S Thotinuse
Chipata. Diesel 1.258 9 1951 1970 not in use :
(2) Northera - Hydro' 11.75 1L.75
Isolated System Diesel - 0617 ol O
_Chishimba Falis | Hydro 6 6 A960 ke
Lunzua River - -] Hydro 0.75 0.75 ig60 - f o )
Mbala ] Diesel 0.25 R 1971 ...]. potinuse
.Musonda Falls | _Hydro [ SN ICSRUE: SIS N 1960 . L.
Musonda Diésel 0.427 0 not in use
- [(3) Lsolated Digsel 5.175 4210
Dieset Stations - 4 - ). R ' i
| Chinsali - | Diesel ; 0715 .. 0. 1976 | motinuse
~ Luangwa Diesel | 0.270 0.270 1976-1979 |
Isoka Digsel 0.420 0 1976 | motinuse
Kaoma _ Dieset | 0.440 0440 1976-19?9
 Kasempa 1 Dicsel 0.330 _...0330 19711979
 Lundazi Diesel 1.400 1400 1976-1929 |
...... Mwinilunga | Diesel | 0300 0300 |._1971-1979
______ Nakonde Diesel 0,350 . 0 1976 notinuse, !
...... Zambezi Diesel 0350 0.350 19]_1____1_?79 .
..... Kabompo L D:esel 0.440 0.410
- Lukulu Diesel 0.630 0.6%0

(SOurée ZESCO Annual chon)

11,3 ZCCM Po‘we’f Stations

As of March 31, 1993

a shortage of electncnty, power supply from the interconnected system is possible.

'I‘able 1-3 Exaslmg ZCCM Powcr Stahons

Table 1-3 presents all the existing power stations owned by ZCCM. The total instalted
- capacity is 138 MW, Gas turbine and thermal power stations in the Copperbelt are installed
for emergency 0peranon in ¢ase of electricity failure from the mlerconnected syslem Two
* hydroelectrié power stations in Kabwe are used only to supply the mines. If the mines have

(Source ZESCO Annual Repbﬂ)

" Power - Type Installed ~Available ~ Division
“Station L Capacily (’MW) Cépacn)‘ (MW) | of ZCCM
_Bancroft -Gas Turbine 20 20 Konkola
Luand Gas Turbine . 40 40 Nchanga
‘Luanshya Gas Turbine 10 R ] ~Luanshya
Lunsemfwa - Hydro 18 .18 . Kabwe
| Mufulira Gas Turbing 10 10 Mululira
-Mutungushi " Hydro 20 20 Kabwe
Nkana Thetmal 20 . 20 Nkana
© | GasTurbine 80 - 80
<Tblal> -} Hydro - 38 38
Thermal 20 20
“<Grand Tolal > 138 138

As of March 31, 1993




1.2 Transmission Lines -

In Zambia, 7 voltage 'levels(330kv 220kV, 132kV, 88kV, 66kV, 33kV and tlkV)'are
utilised for the existing transmtsswn tines. The mam transmtssnon line networks are as
follows:

1) The two major hydropower stations, Kanba North and Kafue GOrge are both
connectéd to Leopards Hill Substation by two 330kV lines and Kafue Gorge
additionally by one 330kV line via Kafue West Subsiation to LeOpards Hitl
Substation.

2) Three 330k V lines from Leopards Hill to Kabwe. Four 330kV ltnes frOrn Kabwe to
Copperbelt, two of these go straight to Luano, the third one via Kitwe to Luano,
and the fourth one terminates at Kitwe. 220kV lines are also used in the
© Copperbelt betiveen the main substations.

3) Two 330kV transmission lines lead from Kariba North to Kartba South Station.

4) One 330KV tine from Kabwe Substation to ‘Serenjé Substation. Since ¢ompletion
~of Serenje 330/66kV Substation in 1994, Lusiwasi and Northern System are
connected to the interconnected nétwork.

5) Victoria Falls Power Station is connected to Kafue town by a 220kV line.

6) In sural areas, distribution voltages are 66kV, 33kV and 11kV.

1.3 Electrical Energy Generation aud Consumption

1.3.1 Peak Generation and Demand

Figure 1-3 presents the variation of the annual peak generation at the power stations
connecled to the Interconnected System together with the peak démand in Zambia and the
exports to both Zimbabwe and Zaire. Figure 1-4 presents the variations of the annual
domestic peak dcmand

< Peak Gcneratton >

The total peak generation of power stations connected to the interconnected system in
Zambia in 1992!93 was 1,433 MW, The sources of generauon were as follows

= Total Interconnecled System o 1 433 MW 98.4 %

- Kariba North Hydropower Station: (598 MW) (41.1%)

- Kafue Gorge Hydropower Station : (T30 MW) - (50.1 %)

- Victoria Falls Hydropower Station: © = (105 MW). (72%)
= Total Isolated Systems C  23MW 1.6%

- Hydropower station c (20 MW -~ (1.4.%)

- - Diesel Power station : (G MW). - (0.2 %)

Total in Zambia o 1L 456 MW 100%



< Peak Demand >

The total peak demand of Zambia's interconnected system in 1992/93 was 1,433 MW. The
proportions of demand were divided as follows: '

- Domestic Use in Zambia : 993 MW 0%
- Exports to Zimbabwe P 40MW - 30%
- Exports to Zaire ' : 0 0

< Total > ¢ 1,433 MW 100 %

K-6
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Figure 1-3  Peak Power Generation and Demand in Zambia
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Figure I-4 Domestic Peak Demand by User
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The peak demand on the Zambian system 993 MW was divided between the bulk

consumers in the following proportions:

- ZCCM Power Division : 562 MW 571%
- ZESCO South : 293 MW 29%
- ZESCO North T 138 MW 14 %

- <Total in Zambia > - D 9BMW 100 %
< Reserve Capacily >

A reserve capacity of 150 MW, equivalent to the capacity of one of the targest generation
units on interconnected system is required as minimum backup. As can be seen from Figure
1-3, the reserve capacuy has not been adequate for the last 10 years of s0, as the installed
capaclly of power stations has stayed at 1,608 MW since 1976, whereas the demand has
grown to over 1,500MW. However, reserve capacily can be available depending on the
exports to Zimbabwe.

1.3.2 Generated Eunergy and Consumed Energy

Figure 1-5 presents the variation of the annual generation produced by the Zambian power

* stations connected to the Interconnected System compared to the gross consumption in

Zambia and exports to Zimbabwe and Zaire. Figure 1-6 presents the variation of the annval
domestic energy consumpuon by user. :

< Energy Gcncrated >

The total eIectncal energy generaled by the Zambian power stations connected to the
Interconnected System in 1992/93 was 6,850 GWh. The sources of generation were as
follows.

Total Interconnected System : 6,400 GWh 99 %

- Kariba North Hydropower Station : . (2,540 GWh) (39%)
- Kafue Gorge Hydropower Station : - (3,211 GWh) (50 %)

- Victoria Falls Hydropower Station : {649 GWh) (10%) -
Total Isolatéd System : 63 GWh 1%
- Hydropower Stations I (49 GWh) (0.8 %)
- Dieset Power Stations : (14 GWh) (0.2 %)

- < Total in Za’mbia > : 6,463 GWh 100%

S < Eucrgy Consumed >

j The electncity consumpuon of the Zam’man mterconnected system in 1992/93 was 6,400 |

GWh and the proportion of consumption was divided as showa below. More than 100% of
the energy generated by the interconnected power stations was needed to satisfy Zambia's

' ‘own need. About 20% of total consumpnon was exponed to Z:mbabwe and the balance
~ imported from Zaire.

- Zambia Lo 1 6,600 GWh - 103 %
- Expons {0 Zlmbabwe T 1200GWh 0 19%
- Exports/ Impons 16 Zaire : -1,400 GWh -22 % (Import)
<Total> . .. . ... i ;6400GWh . 100%

K-8
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The electricity consumption of the Zambian interconnected system of 6,600 GWh was
divided betiveen the bulk consumers in the following proportions. The energy consumption
of ZCCM power division was 4,220 GWh corresponding to 64% of the Zambian total. The
to:a! energy consumplion by ZESCO was 2,380 GWh corresponding to 36% of the total.

-~ ZCCM power division C o 4220GWh 64 %
- ZESCO South - ' S 1,610 GWh 24%
- ZESCONorth - : 770 GWh 12%

“<Total in Zambia > ' : 6,600 GWh 100 %
< Reserve Energy >

A reserve energy of about 1,000 GWh, equivalenl to the firm energy of one of the largest
genéralion units on the interconnected system is required as minimum. As can be seen from
Figure 1-5, the reserve energy has not been adequate for the last 10 years or 50, as the firm
energy of power stations has stayed at about 10,500 GWh since 1976. However, reserve
energy is avaitable depending on the exports to Zimbabie.

,4‘!‘#?.:
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CHAPTER 2 ELECTRICI TY DEMAND FORECAST
2.1 Future Domestlc Demand

The Zambian bulk consumers oompnse ZCCM and ZESCO retail users (South and North)
Generally, the electricity demand will increase at the same rate as GDP. As shown in Table
2.1, the future electricity demand for ZESCO retail users (ZI:SCO South and ZESCO
' Nonh) is estimated according t6 the changes in GDP described in Supporting Report [A).
As far the future electric demand for ZCCM, it is pro;ected Judgmg from the past records
and future development programmes that the current situations (Peak demand: 562 MW
Annual consumed enesgy: 4,220 GWh, in1992/93 level) will continue.

- Table 2-1 ZESCO Retail Users Démand Forecast

_ Base Case - - “Indus(riatisation Case Consérvative Case
Year | Growth | Demand |Consump. G_romh Demand [Consump] Growth | Deinand [Consunip.
) Rate (%} @MW) | (GWh) | Rate (%) MWy | (Gwh) | Rate (%) (MW’) (GWh)
1993 431 2,380 3 131 2,380 . 431 2,380

{Actual) - L
1994 3.9 448 ] 2473 4.7 451 2,492 22 | 440 2432
1995 5.1 .- 471 2,59%) 53 415 2624 2.7 4521 2498
2000 4.9 598 3,301 5.3 615 3397] 24 509 | 2813
2005 3.5 710 3.92% 40 48| 4,13 1.9 560 309
2610 33 835 4612 40 911 5028 17 |- e00| 3362
2013 3.2 978 | 5,399 40 1108 ] 6,118 L5 656 | 3622

2.2 Future Export Demand

At present, Zambia exports electricity to Zimbabwe and Zaire. Increased electric power
exports to neighbouring countries have been planned by ZESCO. According to the ZESCO
plan, power exports from 1993 to 2015 are assumed as shown in Table 2-2. At the
beginning of the 21st century, the export power demand to neighbouring countries will be
840 MW (5,040GWh). This future export demand is equivalent to 85% of 1992/93
domestic peak demand (993 MW) and 76% of 1992/93 domestic energy generated (6,600
GWh).

Table 2-2 Export Plan for Hydro-power up to 2015

Country Year Demand (MW) En¢rgy / Ann

) (GWh)

Zimbabwe 1993 {0 2045 S 100 _ 600
Bolswana 1993 16 2015 K[1] 180
South Africa 1996 to 2015 500 3,000
Namibia 1994 16 1997 : 2 to
- 1998 10 2015 50 300

Tanzania 2000 to 2015 . 100 600
Malawi 2000 1o 2015 60 360
Zaire 1993 to 2015 0 - 0
<Total in 1995> 132 790

~ <Total from 2000> 240 5,040

(Note) Energy/Ann. ¢stimated as 8,760 he x (MW/ IOOO) X 0.7 (GWh)

K-11
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CHAPTER3 POTENTIAL SITES FOR HYDROELECTRIC POWER
GENERATION

Several prewous reporls have esuma:ed that the total usable hydroelecmc potential of

Zambia is about 6,000 MW with a firm energy output of 31,000 GWh. So far, less than

1,700 MW (28% of usable potential} has been utitised, corresponding to a firm annual

energy of about 10,500 GWh (34 % of usable potenual) These reports also proposed the

following ponentnal sites for hydroeleclnc power generatton The location of potential sites
s illustrated in Flgure 3: 1 :
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- Figure 3-1  Lacation of Potential Hydropower Stations
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3.1 Potential Large Scale Hydroelectric Sites

There are several potential sites on large rivers suitable for farge-scale hydroelectric power @
generation to match the future nationwide demand. Potential sites have been identified on

the Zambezi river in the south, forming a common border with Zimbabwe, Kafue rivet and

on Luapula river, which forms a common border with Zaire. ‘The potential sites will be

developed in coc:peratlon belween the two countries. Refcr to Table 3-1. :

“Table 3-1, -Pnngnpal Dala'of Po'tenhal_Lar' e‘SCale Hydroelec"tric"Sités .

(1) (2} ) 4) | (5) 6 1@l ®& 1 & (10) (an §j g2
. ‘ Installed | Zambia | Firm | Zambia | Head | Discharge] Cost {Cost per | Cost per| Const.
River Site  |Capacity| Share of | Energy | Share of {Z2.Share] (4) (6) | Peried
| (MW) 1) Mwy] (GWh) [(5)(owmi (m) | (m¥s) [(M.us$)] (ussaw) uss ki) (Year)
Zambezi |[Kariba | 300 | 156 | 700 | 350 | - . 104 | 700 | 030 { 5.5
River  |North Ext | S o . ' :
Kariba 300 150 700 0 - - 112 | “740 - ] 55
South Ext . L ) 1 : e
Mpata | 640 | 320 | 3,200 | 1,600 | 30 - |-623 | 1,947 | 039 | 10
1Gorge nE : .
Devil's 1,600 | 800 | 8500 ] 4250 | 110] - 1,154 | 1,443 1 027 | 10
Gorge ‘ L o - . .
Batoka 1,600 | 800 } 9,200 { 4,600 | 167 1,110 [ 1,318 1648 | 029 | 9
Gorge _ 1 ] '
Victoria . | Victoria Falls Extenéion excluded from furthés considesation
Falls Ext
Kabompo | Kabompo Gorge cannot be _msuﬁcd in the prescnl snuauon because of its femote
_ Gorge tocation and lack of polential demand C _ o @
Kafue {Kafue 450 450 250 | 2,500 | - | - 186 T 1,080 {019 | 7
River Gorge L. _ : . L
Itezhi- 45 ss | 510 | s10 | - . 81 {14713 06 | 4
Tezhi B 1. . :
Luapula |[Mumbo- 850 850 | 4,800 | 4,800 | - . 1,857 12,185 | 039 | 7
River waG. & . '
Manbi-
lima Falls : - :
Kalung- [Limangwe| 114 114 400 400 - - 294 | 2,579 | 0.4 5
wishi Falls & :
River Kabwe-
lurna Falls X : )
Luangwa |Lusiwasi 40 40 156 | 150 [530| 65 | 75 | 1875} 050 | 4
River  |Extension ' 5

3.2 Potential Small-Scale I!yd:l'o'elec{ric Sites

There arc several potential sites on smaller rivers suitable for local small - scale
hydroelectric power generation. The niost advantageous places for such developmenit are in
the north-western and northern parts of Zambia. Table 3-2 presents the principal data for -
the promising small-scale hydroelectric sites.
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Table3-2  Princi

yal Data of Potential Small-Scale Hydroelectric Sites - .-

River Minimum | Mean |Head|  Firm Installed
No : River Site { Discharge | Discharge Capacity | Capacity
] . Basin . I R I (LYO) (m¥s) || &KW | kW)
1 | Zambezi Zambezi | Zambezi Falls 25 9 |10~ 350
River ] 15
2 | Zambezi Zambezi Chavuma Falls' 100 10 10,000-
| River = ‘ _ B 20,000
3 | Zambezi Luakela Sachlbondo i 5 13 200 '
. River : o o : B
4 | Zambezi West Lunga Mv.umlunga(* 1) 7.5 25 5 400 1,200
River , ' : _
5| Zambezi Kabompo Kabcmpe 30 2,000~
L River _ d. . |.-3,000 . ,
6 | Zambezi Kabompo | Chakata Falls 35 200 1.4 | 300 1,200
e River 1 - :
7 | Kafue ‘| Lufupa Kasempa 0.5 5 4 | Tood small
" | River . : _
8 | Kafue Luoga Mutanda 5 15 Within Solwezi
. River S . S Network
9 | Kafue Lunga Kelongwa 16 120 Lack of focat
River o ' : consumplion
10 Chambeshl Chambeshi | Chandaweyaya 2 50 Teoo sniall .
River s o
11 Chambcshl Chambeshi Mbesuma Ferr'y 20 - 75 Relatively low
River - head
(Note}  *- lDam sité is located donn stream of Mwinilunga road bridge.

The Study Team also mvestlgated lhe potential for rénovation and extension of the existing
Musonda Falls hydro-power station, and for the development of a second station on the
Mwinilunga, upstream of the Mw:m]unga road bridge. Table 3-3 presents the prmc:p_a! data,

Table 33 Prmcupal Data of Musonda Fails and Mwinilunga
' Potenual Hydroeleétric Sites '

: Minimum | - Mecan™ | Head Firm | Instailed

No| River Basin | - River - Sile Discharge | Discharge | Capacity | Capacity

: (mfs) (m¥s) | () | kW) &W)
1 | Luapula Ludngo - | Musonda Falls 16 21 30 3,800 5,000

' River renovation - . i B
2 | Zambezi | West Lungaj Mwinilunga 16 .30 16 | 2,000 4,600
River (up Stream ~ '
of Mwinilunga 20
road bridge)
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CHAPTER 4 - FUTURE PROGRAMME OF HYDROELECTRIC POWER
' GENLRATION

* Through the reviéw and examination of earher study report the Study Team identified the
following strategic pomls to be proposed. '

1} Promotion of large-sca!e projects for exporl of electric power
2) Stabilisation of power supply for the northern parts of Zambia
3) Improvement of rural electrification -

4.1 Promotion of Large#Scale Prejeeis for Export of Electric Power

In 1992/93, Zambia exported 440 MW of electric power. This was equwalent to 36.% of
the total demand in Zambia. According to the ZESCO programme for power export, the
export power will increase to 840 MW as showii below. This is almost double the present
demand.

Year Domestic Demand Demand for - Total
e B _aie_%s_el______%mt _________________
<Demand (MW)> _ - o
-1993 993 (70%) 440 (30%) 1,433 (100%)
- 2005 1,272 (60%) -840 (40%) 2,112 (160%)

- 2015 1,540 (65%) 840 (35%) 2,380 (100%)
<Consumption (GWh)> ' ' o S

- 1993 (Actual) 6,600 (104%) -200 (-4%) 6,400 (100%)
-2005 | 8,141 (62%)  5,040(38%) 13,181 (100%)
2015 9,619 (66%) 5,040 (34%) 14,659 (100%)

To accomplish this programme ZESCO proposed the consimctlon of two projects, namely
the Kafue Gorge Lower Project and Batoka Gorge Project to be ‘completed during the
coming two decades -sce below. Following several sludies, the feasibility of both of these
pl’OjEClS has been confirmed. Afer agreement between Zambia and the countries which
import power from Zambia, the final decision of project commencement wﬂl be made. Refer
to Figure 4-1.

}Q[qgg;org' ¢ Lower P.S, _

- Installed Capacity : 450 MW

- Firm Energy 1 2,500 GWh

- Project Cost : 486 Million US$

Batoka Gorge P.S, o ‘ '

- Installed Capacity : 800 MW (No.l & No.2, Zambia Share : 400 MW)

- Firm Energy > 4,600 GWh{No.1 & No.2, Zambia Share : 2,300 GWh)
- Project Cost : 1,648 Million US$ (Final Stage)

With regard to the promouon of large«scale projects for expon of electric power, these

programmes are attractive if the electric power export would be agreed between Zambia ;gs
and each neighbouring country because the power export will contribute greatly to the

Zambian economy, - ‘
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4.2 Slabilisalion of Power Supply for Northern Parts of Zambia

_ Wathm the Northern Isotated Systeni of ZESCO, the following problematic issues were
- hightighted in the ZFSCO annual report of 1990/91,

1) Chisimba Falls P.S. - due to low river flow in the dry season it was found
necessary (o carry out toad shedding,

- 2) Musonda Falls P.S. - occasional load shedding was carried out durmg wmter
season due to the discharge is nil.

Serenje Subslation Project was. COmpIeted durmg 1994. This' substation connected the
. ZESCO Interconnected System to the Northern Isolated System and Lusiwasi’ Isolated
- System. However, because of the long transmission lines to these areas, the line is
* frequently cut by lightning. Power supply slablllsahc:n is therefore sl:l! required.

To alleviate the above situation in the northern areas, the Study Team had been mvest:gated
the Musonda Falfs renovation as follows:

1) In order to increase capacity in the reservoir, the new dam will bé proposed at the
intermediate between upstream dam and downstream dam. Consequently, the

- capacity will be increased to 3 or S times from original dam. In this case, the
upstream dam shall be under the water,

- 2) The existing power station will generate the rated capacity to utilise prewous :

design dlscharge (21mfs) from the existing intake.

3) The existing civil struclures such as downstream dam, intake, channel tank, @
penstock and power house will be used without any mod:ﬁcauons

Table 4-1 presents principal data of Musonda Falls renovation plan

Table d-1 - Musonda Fhlls,Re:aovatio_l_l Plan

.- ltems . Figurcs
Gross head {m) B 3 1 30
Min. discharge (m’/s) - 16
Mecan discharge (m*/s) : : L2t
Firm capacity (kW) ‘ : 3,300
Installed capacity (k'W) f 5,000
Annual production encrgy (MWh/a)
- Minimum 20
" |- Mean ' - 30

43 Improvement of Rural Electrification

- In several isolated townships, electric power is supphed by diesel power stations mstalled at -
each township. To meet the increasing future pOWef demand for these towns, the diesel
power stations should be reinforced.

In this Study, water resources development pro;ecis are being mvesugalcd In such pmjects fg‘
multipurpose ‘dams had been ‘studied including simall ‘scale hydro-power stations - for
example, Mwinitunga Dam Project as showa in Table 4-2.
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" Tabl¢4-2° Small-Scale Hydropower Project at Mwinilunga

ltems Upstream Site
Gross head (m) - 16 - 20
- | Min. discharge (m’/s) 16
| Mean discharge {m'fs) - - 30
Firmn capacity (W) : . 2000
Inistalled capacity (kW) ' 4600 .
| Annual production energy (GWh/a)
- Minimum _ _ 10.5

| Notes]:
1} Gross head 20m of upslream dam is subject to lhe level of sewage pump station.
2) Firm capacity (kW) is the minimum gencration capacity during the dry scason.

4,4  Reduction ol‘Ka!‘ue Gorge P.S. Output .
3' Kaf’ue Gorge P $. with a total installed capacuy of Q00MW is located in Kaﬁje river.

“The outline of Kafue Gorge P.S. is shown as follows:

- Iastalled capacity i L 900MW (6xl$0MW)
- Gross head ' S 39Tm
- Maximum discharge : 252m'fs

- Mean annual energy productlon 1 6,150GWh

In the present, the minimum discharge at Kafue Gorge P.S. is regulated as 178m’/s by the
Itezhi-tezhi dam..In this Study, the maxinmum 30m™/s water flow is planned to be used from
Kafue Gorge dam, that is, 10m*/s is for water supply i in Lusaka townshlp and 20m’s is for

_1rr1gat|0n of sugarcane.

Tab!e 4-3 and F;gure 4-2 presenl the variation of generated power and energy produchon

* with refation to the discharge in Kafue Gorge P.S.

The minimum discharge will be reduced from _1’18 10 148m’fs, so that Kafue Gorge P.S. will
produce power of 320MW and annual energy‘ produclion of 2,200GWh.

Therefore, total Zambian power genefauon and energy “production will be reduced as
follows: _

- Power generation (MW) : 1,2'88'
- Annual energy pro’duttion (GWh) : 8'3{)0

In ling with the reducuon of total Zamblan power generauon and energy producuon the

export power and energy will be restricted as shown below, even lhough Kafue Gorge
Lower and Batoka Gorge pro;ects will be completed durmg the coming two decades as

- shownin Figtire 4-3,
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Discharge (m'/s)

Year Domestic Demand - Demand for Export Totat
I | :'(Bése Case) . .. | ) I ' - e e e e oo et
<Demand (MW)> _ , ‘
- 1993 (Actual) 993 (70%) 440 (30%) 1,433 (100%)
- 2005 1,272 (72%) 500 (28%) 1,772 (100%)
- -2015 _ 1,540 (75%) 500 (25%) 2,040 (100%)
<Consumption (GWh) _ SRR o : |
- 1993 (Actual) 6,600 (104%) <200 (-4%) 6,400 (100%)
- 2005 8,141 (73%) 3,070 (27%) 11,211 (100%)
- 2015 9,619 (76%) 3,070 (24%) 12,689 (160%)
- Table 4-3  Power Generation and Energy Production _
Discharge | Power Generation| Annual Energy Efficiency of Efficiency of
(1n°/s) MW) Production (GWh) Turbine Generator
252 913 6,237 - 095 098
240 842 . 5,754 0,925 0975
230 781 5,338 0.9 . 0.97
220 723 4,938 0.875 0.965
210 667 4,555 0.85 . 0.96
200 614 4,193 0.825 - 0.956
190 564 3,851 0.8 . 0.953
180 499 3,409 0.75 0,95
170 438 2,993 0.7 - 0.946
160 382 2,607 0.65 0.943
150 329 2,249 0.6 "0.94
140 280 1,914 - 0,55 0,935
130 235 1,607 0.5 0.93
120 193 1,321 0.45 0.92
110 156 1,064 0.4 0.91
100 105 718 03 0.9
1,000 [ormrmpmmm e e e ~
- =
%)
g 5
g &
= .
3 8 .
g _ ‘5 4+ Power
& q | GenerationgMW) |-
! 1,000 3 - | ~®+ Annual Bnergy . |-
0 ‘ L _ il g . o | - Peoduction
0 50 100 150 200 250 300 ewh

Figure 4-2  Variation of Power Generation and Energy Production
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