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Chapter 13.  GIS Database Development  

13.1.  Introduction of GIS  
One of the important tasks of this Rural Electrification Master Plan Study is to develop a GIS 
(Geographical Information System) database to serve as a useful tool for planning rural electrification 
projects.  The GIS system is a digital mapping system that can handle not only numerical data, such 
as population of the village and the number of commercial and public facilities, but also graphic 
information on the map.  There are some different types of computer software for GIS systems in 
the world, but since many ministries in GRZ have an experience more or less of using ArcGIS, which 
is developed by ESRI in USA and the most popular software, the Study Team selected the latest 
version of ArcView 9.1, the primary package of ArcGIS as the standard GIS system for this Study. 

13.2.  The GIS Database 

13.2.1. Experience of Using GIS System 

As of November 2006, DoE has neither GIS software nor a computer in which GIS software is 
installed, which means that DoE virtually has no professional skills to use GIS.   

ZESCO uses GIS system for its business but only modestly and there appears to be no standardization.  
We found that one/some ZESCO’s branch office(s) is/are using GIS system to manage the power 
system data such as transmission and distribution line routes, but the file format is different from that 
of ArcGIS and hence it would be difficult to incorporate the database as it is into the Rural 
Electrification GIS database that is created in Arc format.  

REA, in the meanwhile, has GIS system, the latest version of ArcView 9.1, which is installed in their 
computer.  In the beginning of this Study, REA’s usage of GIS system is still limited to collecting 
GIS database from other Governmental organizations and ZESCO, and they have no experience of 
developing GIS database of its own for planning rural electrification projects. However, REA 
recruited a GIS expert, who has enough experience of GIS usage in a water service company, and 
they have started to utilize GIS in the actual planning of rural electrification including data collection 
of the site using GPS device. 

In short, the counterpart organizations that will be responsible for updating the Rural Electrification 
GIS database needs training of basic operations of GIS during the project period before going into the 
details of the database excluding one GIS expert.  

13.2.2. Existing GIS Data 

The Study Team obtained various GIS database from REA during the first mission in April/May 2006, 
which was originally owned by other related organizations such as Ministries.  This database 
includes basic and necessary geographic information for this project, such as administrative 
boundaries, roads, and location of public facilities.  These data shall be fully or partially 
incorporated into the Rural Electrification GIS Database.  

REA is classifying the database into the “source” organization, which makes us find easily where 
each database comes from.  However, the information regarding the time of data collection, the 
database updating, and the original map data that each GIS database referred to are not necessarily 
available.  Therefore, we assume that the accuracy of these databases varies.  For instance, by 
combining the topographical database with the village database on a same map, we find that some 
villages are positioned in a lake, and this kind of strange incidents, i.e. data input errors, occurs 
occasionally. 

During the second field survey in Zambia, JICA study team obtained the Zambia Health Facility 
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Census Database compiled in October 2006, based on the field study by JICA between 2004 and 
2006, on behalf of the Ministry of Health.  The database compiled the information of health 
facilities in whole Zambia based on the same GIS maps that we obtained during the first field survey.  
The following table shows the GIS database that the Study Team has obtained so far.   

 

Table 13-1  GIS Database Obtained during the First Mission 

Ministry Item 

Agriculture and 
Cooperatives Agro region, Farmers block, Resettlement area 

Commerce, Trade 
and Industry N.A. 

Community 
development and 
Social Services 

N.A. 

Education 

Basic school (electrified / unelectrified / no water service), Secondary 
school, Village centre, Roads (Main / Others)、Railway, National parks, 
River (Major / Others), Wetland, Dam, Drainage, Administrative boundaries 
(Nation / Province / district) 

Energy and Water 
development 

Energy Power systems (330kV - 11kV, existing and plan), 
Hydropower stations (existing and plan), Diesel Power 
stations (existing and plan), Substations (existing and plan) 

 

Water affair Kafue River (river basin, sub basin, stream flow), Kafue Lake, 
Kafue Wetland, Zambezi River (agro climate, grow day, 
evaporation, annual rainfall, runoff, temperature in July and 
November, rapid point), Zambezi Lake, Zambezi Wetland, 
Luapula River, Environmental impact assessment in 1995, 
2005 and 2015, Environmentally sensitive area, Priority 
management area, Wetland birds 

Health N.A. 

Home Affairs N.A. 

Land N.A. 

Local Government 
and Housing N.A. 

Mines and Minerals 
Development Mines, Minerals 

Tourism, Environment 
and Natural 
Resources 

Forest, Grassland, Termitary, Administrative boundary, Rivers, Roads, 
Railways 

Works and Supply N.A. 

Central Statistics 
Office 

Administrative boundary (Nation, Province, District), Constituency, Roads 
(Trunk, Major, Others) 

Source: JICA study team 
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Table 13-2  GIS Database Obtained during the Second Mission 

Ministry Item 

Health Health Facility Census 

Source: JICA study team 

 

By scrutinizing each database, we find that some roads and administrative boundaries are recorded in 
different route and shapes that really have to be identical, and it’s difficult to judge which data is the 
most probable without the information regarding the accuracy of each map.  However, these errors 
are in general minor and acceptable in terms the purpose of this Study to develop a “nation-wide” 
Master Plan.  The most appropriate data shall be selected case by case for the Rural Electrification 
GIS database. 

In general, extension of distribution networks is made along the route of existing roads, thus lack or 
inaccuracy of road information strongly affects the accuracy of project plans.  On top of that, 
geographic information of GIS system is less reliable than the paper-based maps.  Hence the Study 
Team has improved the quality of GIS road data by comparing the GIS data with the paper-based 
1/250,000 maps, which were issued by the Ministry of Lands.  A drawback of paper-based maps is 
that they were originally published in 1986, more than twenty years ago, and they may lack a lot of 
information on new or reconstructed roads. 

Accuracy of the length of distribution lines, which is essential for estimating the construction cost 
and for optimising the distribution system planning, also depends on the contour data that give the 
information of each site’s elevation, but none of obtained GIS maps provide the information as such.  
Because it is physically difficult to obtain / make this information and Zambia is a relatively gently 
rolling land, the length of distribution lines are calculated assuming the plane land. 

13.2.3. Coordinates System of GIS database 

There are a lot of coordinates systems that ArcView can deal with, but the obtained GIS databases do 
not have the explicit coordinates system.  In this case, the ArcView automatically defines the 
coordinates system as “GCS_Assumed_Geographi”, which may cause errors in positioning.  
Appropriate definition of coordinates is necessary for accurate positioning.  

The Study Team combined the GCS_Assumed_Geographic based map and the UTM (Universal 
Transverse Mercator) based map.  These maps are almost consistent with each other.  The UTM 
projection is adopted as the standard in this Study.  

The UTM is mainly used for the large scaled map (1/10,000 – 1/200,000) as an international standard. 
UTM divides longitude into the projection of Zone 1–Zone 60 (longitude of a Zone equals 6 degree = 
360 km), and divides latitude into North and South Zone, which makes 120 Zones in total.   

The error of one Zone is within 6/10,000 in the UTM projection.  Theoretically, the UTM projection 
displays the map of one Zone seamlessly and it does not display the different Zones simultaneously 
within the abovementioned margin of error.  
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Source: JICA study team 

Figure 13-1  Southern African UTM Zones 
As shown in Figure 13-1, Zambia belongs to the UTM Zones from 34S to 36S, and over half the area 
of Zambia is positioned in Zone 35S.  The Zone 35S is basically used in this study.  The ArcView 
can shift the coordinates to another system without difficulty.  To obtain more accurate distance in 
western Zambia near Angola, and eastern Zambia, near Malawi, UTM 34S or 36S should be used, of 
course. 

13.2.4. Newly Acquired GIS Data 

The purpose of this Study to collect existing GIS databases and to develop a new database specialized 
for planning rural electrification by adding necessary information that has not been recorded as GIS 
format or even never collected systematically.  The following is data are collected through the 
Provincial Workshops in November 2006 and are incorporated into the database: 

 Existing medium-voltage distribution network (33kV – 11kV) 

 Candidate Rural Growth Centres (RGCs) for electrification 

The existing distribution network, especially medium voltage level, and RGCs data are crucial for 
developing the Master plan.  The power system data in the existing GIS database needs to be 
improved because of the inaccuracy and incompleteness of some power system information.  The 
Study Team distributed the paper-based 1/250,000 maps to branch office staffs of ZESCO and asked 
them to trace the power system on it by hand drawing, which was compiled into electronic GIS data.  
Figure 13-2 shows the updated map of the existing distribution systems. 

Information regarding RGCs is also added to the database, including their position, demographic data, 
and priority order for electrification.  The position of RGC is shown in Figure 13-3. 
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33kV 
11kV 

Figure 13-2  Distribution Network in Zambia 

 

Source: JICA Study Team 

Source: JICA Study Team 

Figure 13-3  Rural Growth Centres Listed in Electrification Candidate 
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In the last result, this Study developed GIS database including the demand forecast of RGCs, 
electrification mode and year, and distribution expansion plan etc. as shown in Figure 13-4. 

 

     
Source: JICA Study Team 

Figure 13-4  Example of Final GIS Database 
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13.2.5. GIS Training 

The GIS training was held on 9th and 12th November 2007 at REA with support from GIS expert of 
REA.  The staffs of DOE, REA and ZESCO took this 2-day training course for GIS.  This training 
covered the basic operation of ArcView and how-to utilize GPS device into this Study to improve 
efficiency of data collection.  The tutorial manual was distributed to participants; about 15 people 
touched the software and became familiar with it.  They realized importance of GIS for this kind of 
project because they need to draw the actual plan on Zambian map.  It can manage the map and 
database with ease.  However, the problem is that they don’t have enough license of ArcView.  It is 
better to have at least one license by one organization to share and update the data each other. 

 

 

Figure 13-5  GIS Training 
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Chapter 14.  Rural Electrification Master Plan by 2030 

14.1.  Purpose of Development of Master Plan and Development Flow 
To execute rural electrification projects in Zambia, a systematic implementation plan that indicates 
electrification targets, electrification order, electrification method, time schedule, and required budget 
is necessary.  Therefore, a systematic implementation plan was developed as the Rural 
Electrification Master Plan (REMP) targeting 2030 along the following principles: 

 Develop logical, objective, numerical/quantitative, and convincing Master Plan 

 Adopt decentralized planning process 

 Provide realistic financial plan to be implemented 

Making Long List of Unelectrified RGCs
(Decentralized Planning Process)
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Figure 14-1  Flowchart of Rural Electrification Master Plan Development 
The development flow of the REMP is shown in Figure 14-1.  As was explained in Chapter 4, a 
Rural Growth Center (RGC) was selected as the electrification target in the REMP.  Based on the 
information submitted from District Planners in the Workshop held in all the 9 Provincial Centers, 
1,217 RGCs were selected as electrification candidates.  This is called “Decentralized Planning 
Process.”  Then, the potential daily peak demands for the 1,217 unelectrified RGCs were forecasted 
by using the demographic data of these 1,217 RGCs and analysing the data collected from 19 
electrified RGCs in the Socio-Economic Survey.  Using the size of the potential peak demand, 1,217 
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RGCs were given an initial ranking (refer to Table 5-11 in Chapter 5).  This process is the 
application of “Demand Criteria.” 

Next, the unelectrified RGCs located on a route of a transmission/distribution line extension were 
grouped to form a Project Package.  Each Project Package was then broken down to several 
Components by shorten the length of the transmission/distribution line extension and introducing 
stand-alone electrification mode (such as mini-hydro, Solar Home System, or diesel generator) to 
supply the RGCs where the transmission/distribution line would not reach.  For all Components, the 
Unit Life Time Cost (US$/kWh) of each electrification mode was estimated, and electrification mode 
having the least Unit Life Time Cost was selected as the optimal Case for each Project Package.  
This process is the application of “Supply Criteria”, which was used to select the optimal 
electrification method for each of the 1,217 RGCs.   

For all Project Packages with the optimal Case, Financial Indicators such as Financial Internal Rate 
of Return (FIRR) and Economic Internal Rate of Return (EIRR) were calculated, and the final 
electrification priority of Project Packages was determined by the value of Indicators.  Finally, 
Project Packages were grouped into Annual Project Phases from 2008 to 2030 by the uniform total 
project cost per year.  The process is referred to as “Technical Aspect Analysis.” 

In addition to the “Technical Aspect Analysis”, a “Social Aspect Analysis” (such as for ability to pay, 
willingness to pay, and prioritized property for electrification) was carried out by using the data 
collected during the Socio-Economic Survey (refer to Chapter 4).   

In this Chapter, applied methods and findings after the process of “Creation of Project packages” in 
the “Technical Aspect Analysis” are explained.  Policy recommendation, elaborated with 
Stakeholders by taking into account the “Social Aspect Analysis” results, is also introduced in 
Chapter 15 as a part of conclusion of this Master Plan Study.   

 

Project PackageProject PackageProject PackageProject Package

Nearest SubstationNearest Substation

11stst Prioritized RGCPrioritized RGC11stst Prioritized RGCPrioritized RGC

Newly ExtendingNewly Extending
Distribution LineDistribution Line
Newly ExtendingNewly Extending
Distribution LineDistribution Line

RGCsRGCsRGCsRGCs

Extending Extending 
Branch LinesBranch Lines

Extending Extending 
Branch LinesBranch Lines

14.2.  Creation of Project Packages and Subdivided into Project Components 
As it was explained in Chapter 5, 1,217 RGCs were initially ranked by the size of potential demand 
(application of Demand Criteria).  Based on this initial ranking, Project Packages or cluster of RGCs 
electrified by a transmission/distribution line extension were created (refer to Figure 14-2).  Process 
of making Project Package starts from the highest ranked RGC.  Along the route to the highest 
prioritized RGC, some unelectrified RGCs may exist.  These RGCs were clustered or grouped into a 
Project Package as candidates to be electrified by a transmission/distribution line extension project. 

 

 

 

 

 

 

 

 

 

 

 

Figure 14-2  Concept of Project Package 
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Then, each Project Package was subdivided into several Components by shortening the length of 
transmission/distribution line extension.  The process of a Project Package subdivided into 
Components is shown in Figure 14-3.  For example, all the RGCs are connected to 
transmission/distribution line in Case 1.  Then, instead of extending the line to RGC #1, it is 
electrified by a stand-alone electrification mode (such as Solar Home System, Mini-Hydro, or Diesel 
Generator) as shown in Case 2.  In Case 3, RGC #2 is also isolated and electrified by the stand-alone 
mode.  In Case 4, RGC #3 is additionally isolated.  Finally, only RGC #5 is electrified by the line 
connection, and all other RGCs are electrified by the stand-alone mode as shown in Case 5.   

 

Figure 14-3  Process of a Project Package Broken Down to Cases 

 

This process resulted in grouping the 1,217 unelectrified RGCs into 180 Project Packages subdivided 
into 835 project Components.  In the next step of “Selection of Optimal Electrification Mode for 
Each RGC”, the optimal Case for each Project Package is determined.   

 

14.3.  Selection of Optimal Electrification Method for Each RGC 

14.3.1. Definition of Unit Life Time Cost 

To select the optimal electrification mode for each RGC and define the optimal Case for each Project 
Package, some criteria were necessary.  In general, Financial Indicators (such as FIRR and EIRR) 
are the most suitable selection criteria.  These criteria, however, were not applicable here, since the 
Financial Indicators for an electrification mode of the Solar Home System (SHS) would always have 
negative values.  This situation would occur under the assumption that SHS equipment would be 
sold outright to customers and they would operate and maintain (O&M) the equipments.  In this 
situation, there would be no future income from the operation of SHS.  Thus, in the calculation of 
the Financial Indicators, only expenditure for initial cost (equipment cost) and O&M expenses would 
be appear.   

As an alternative criterion of the Financial Indicators, “Unit Life Time Cost in Net Present Value 
(US$/kWh)” was adopted in this study.  The method of calculating the Unit Life Time Cost in Net 
Present Value is shown in Equation 14-1.   
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Unit Life Time Cost in Net Present Value (US$/kWh) 

=FNPV{[Construction/Initial Cost (US$)＋Total O&M Cost for Life Time (US$)]} 

 ÷ Total Amount of Electricity Consumable during the Life Time (kWh) (Equation 14-1) 

FNPV{X}: Function of converting value of X into the Net Present Value (US$) 

 

First, the net present value (“Total Life Time Cost”) was calculated from the necessary 
construction/initial cost and O&M cost for life time of each electrification mode (US$).  Next, the 
total amount of electricity consumable during the life time of each electrification mode (kWh) was 
worked out (“Life Time Consumable Electricity”).  Then, the Unit Life Time Cost in Net Present 
Value of each electrification mode was estimated by dividing the Total Life Time Cost by the Life 
Time Consumable Electricity.  Finally, electrification mode having the least Unit Life Time Cost in 
Net Present Value was selected as the optimal electrification mode for each RGC and the optimal 
Case for each Project Package.  The assumed Life Time for each electrification mode is summarized 
in Table 14-1.   

Table 14-1  Assumed Life Time for Each Electrification Mode 

Electrification Mode Life Time 

1) Transmission/Distribution Line 30 years 

2) Solar Home System 15 years for SHS Panel 
5 years for Battery 

3) Mini-Hydro 40 years 
4) Diesel Generator 20 years 

 

14.3.2. Results of Selecting Optimal Electrification Method  

The Unit Life Time Cost in Net Present Value of each electrification mode was calculated for all 835 
Project Components made up from 180 Project Packages.  The component with the least value was 
selected as the optimal electrification mode for a Project Package.  The number of Project Packages 
for each combination of electrification mode was summarized in Table 14-2.  The majority is either 
the combination of distribution extension and SHS or that of transmission and distribution extension 
(56 and 55 Project Packages respectively).  It is also found that only three of the mini-hydro power 
plants, among 29 possible candidate sites considered in this study, are feasible: a Project Package 
each for the combination of mini-hydro, SHS and distribution extension, for the combination of mini-
hydro and SHS, and for the mini-hydro only.  The diesel generator option was not selected in any of 
the Project Package, since the operation cost is too high due to the fuel price (also refer to Appendix-
E Current Situation of Diesel Generation in Rural Area).   

Table 14-2  Number of Project Packages in Each Combination of Electrification Mode 

Transmission Distribution SHS Mini-Hydro
○ ○ 55 ( 30.6% )
○ ○ ○ 27 ( 15.0% )

○ 39 ( 21.7% )
○ ○ 56 ( 31.1% )
○ ○ ○ 1 ( 0.6% )

○ ○ 1 ( 0.6% )
○ 1 ( 0.6% )

- - - - 180 ( 100.

Combination of Electrification Mode Project Package

0% )  
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The number of RGCs and households for each electrification mode were also summarized in Table 
14-3.  Approximately 80% of RGCs and 95% of households fall under electrification by 
transmission/distribution line extension.  Only 4 RGCs or 9,702 households will be electrified by 
three mini-hydro power plants.  As the SHS market, 241 RGCs are identified and their names are 
listed by Province in Table 14-6.   

Table 14-3  Number of RGCs and Households Electrified by Each Mode 

Electrification Mode
Transmission/Distribution Line Extension 972 ( 79.9% ) 1,008,622 ( 94.5% )
Solar Home System Installation 241 ( 19.8% ) 49,405 ( 4.6% )
Mini-Hydro Power Development 4 ( 0.3% ) 9,702 ( 0.9% )

Total 1,217 ( 100.0% ) 1,067,729 ( 100.0% )

HHRGC

 

14.4.  Electrification Priority of Project Package 

14.4.1. Calculation of Financial Indicators 

For all 180 Project Packages (with each optimal Case), Financial Indicators (namely FIRR and EIRR) 
were calculated.  The assumptions used for the calculation were summarized in Table 14-4.  It is 
important to note that the calculation of the Financial Indicators excluded all SHS in Project Packages.  
As discussed earlier, it was assumed tat the O&M costs would be borne by the beneficiaries, and that 
there was no income from the operation of SHS installation.   

Table 14-4  Assumptions for Financial Indicator Calculation 
Tariffs K US $

Households 163             Metered Households
Commercial Customers 163             0-300 kWh 102          0.026
Hammer Mills 5,931          301-700 kWh 145          0.036
Public Facilities >700 kWh 236          0.059

1) Basic/Primary School 331 Monthly fixed charge 8,475       2.12
2) High/Secondary School 54
3) Tertiary School 1,609 Commercial Tariffs 245 0.061
4) Hospital 12,904 Monthly fixed charge 43,841     10.96
5) Health Center/Clinic 337     Social Tariffs 201 0.050
6) Police Office 125 Monthly fixed charge 34,839     8.71
7) Post Office 144
8) Church 58
9) Mosque 58 Households 2.9%
10) Community Center 455 Commercial Consumers 2.9%
11) Agriculture Depot 215 Social Consumers 2.9%
12) Orphanage 250
13) Central Government Office 181 A Unit Hammer Mill Service Ratio (HH/HM) 174
14) Provincial Government Office 438
15) District Government Office 696 Annual Tariff increase 1.0%
16) Other Local Administration Office 438 Zesco Collection Efficiency 90%
17) Court 297
18) Other (Average) 297

K US$
Exchange rate 4,000.00     1.00                 

Percentages of Initial Capital Cost
DL SHS

Standard Conversion Factor 0.892 Operation & Maintenance 1.00% 1.00% 0.024 US$/kWh 0.024 US$/kWh
Customer care 0.10% 0.00% 0.10% 0.10%

Overheads 0.10% 0.00% 0.10% 0.10%
Conversion Factor for Unskilled Labor 0.70 Depreciation 3.3% 6.60% 5.00% 2.50%

Fuel Cost - - 0.27 US$/kWh -

Current Monthly Average Cost for Alternative Energy
K US $ K US $

Household & Business Entity 65,534        16.38 65 0.016
Increase pa 1.0%

Willingness to Pay K / Month US$ / Month
Households 37,197        9.30

Foreign Currency 2%
Discount Factor 12.00% Domestic Currency 8%

HydroDiesle

Monthly Unit Electricity Consumption (kWh)

Operation Costs

Annual Increase Rate

Bulk Supply Tariff

Infration Rate
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14.4.2. Final Electrification Priority Order of Project Packages by Financial Indicators 

The final electrification priority order of Project Packages in the Master Plan was determined by 
FIRR (calculated excluding the SHS portion for Project Packages), since it was the most important 
indicator to evaluate the project’s financial viability and the project’s capacity to redeem a loan.  
The final priority order of Project Packages was shown in Table 14-5, together with the Unit Life 
Time Cost in Net Present Value, project costs with each electrification mode, and EIRR for each of 
Project Packages (a sample of the financial indicators’ calculation process is also shown in 
Appendix-F). 

Project Packages are listed in the order of priority (set by FIRR) for each Province in Table 14-6.  In 
the table, the optimal electrification mode selected for each of RGCs is also indicated.  The number 
of Project Packages and RGCs electrified by each mode are summarized by Province in Table 14-7.   

 

Table 14-7 Number of Project Packages and Electrification Mode for RGCs by Province 
Province # of PP # of Elec. RGCs by DL # of Elec. RGCs by SHS # of Elec. RGCs by Hydro Total # of RGCs

Central 19 105 19 124
Copperbelt 16 105 24 129
Eastern 25 104 18 122
Luapula 18 98 23 121
Lusaka 5 36 4 40
Northern 32 140 55 195
North-Western 18 94 24 4 122
Southern 21 140 33 173
Western 26 150 41 191

Total 180 972 241 4 1,217

 

14.5.  Allocation of Project Packages into Annual Project Phases 
As summarized in Table 14-8, US$ 1,103 million is needed to implement all 180 Project Packages.  
This translates to approximately US$ 50 million per year for 22 years from 2008 to 2030.   

 

Table 14-8  Necessary Electrification Project Cost by 2030 in Each Mode 
 Electrification Mode

Transmission/Distribution Line Extension 1,022,385,240 ( 92.7% )
Solar Home System Installation 58,489,689 ( 5.3% )
Mini-Hydro Power Development 22,210,313 ( 2.0% )

Total 1,103,085,242 ( 100.0% )

Cost in US$
 

 

 

 

Then, the prioritized 180 Project Packages are grouped into 22 Annual Project Phases each requiring 
US$ 50 million, as shown in Table 14-9.   
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Table 14-5  Final Electrification Priority of Project Packages by 2030 (1/2) 
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Table 14-5  Final Electrification Priority of Project Packages by 2030 (2/2) 
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Table 14-6  Electrification Priority of Project Packages by Province (1/12) 
Central Province 
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Table 14-6  Electrification Priority of Project Packages by Province (2/12) 
Copperbelt Province 
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Table 14-6  Electrification Priority of Project Packages by Province (3/12) 
Eastern Province
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Table 14-6  Electrification Priority of Project Packages by Province (4/12) 
Luapula Province 
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Table 14-6  Electrification Priority of Project Packages by Province (5/12) 
Lusaka Province 
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Table 14-6  Electrification Priority of Project Packages by Province (6/12) 
Northern Province (1/2)  
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Table 14-6  Electrification Priority of Project Packages by Province (7/12) 
Northern Province (2/2)  
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Table 14-6  Electrification Priority of Project Packages by Province (8/12) 
North-western Province 
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Table 14-6  Electrification Priority of Project Packages by Province (9/12) 
Southern Province (1/2) 

 



Chapter 14. Rural Electrification Master Plan by 2030 

14-18 

Table 14-6  Electrification Priority of Project Packages by Province (10/12) 
Southern Province (2/2) 
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Table 14-6  Electrification Priority of Project Packages by Province (11/12) 
Western Province (1/2) 
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Table 14-6  Electrification Priority of Project Packages by Province (12/12) 
Western Province (2/2)  
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Table 14-9  Annual Project Phases by 2030 (1/2) 
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Table 14-9  Annual Project Phases by 2030 (2/2) 
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14.6.  Targeting Electrification Rate in 2030 
As shown in Table 14-10, the household electrification rate in 2006 is 20.4% nation-wide, being 
47.6% in the urban areas and 3.1% in the rural areas (data from Living Conditions Monitoring Survey 
Report 2004, Central Statistical Office, December 2006).  As of 2006, the number of households in 
1,217 RGCs targeted in the master plan is 535,717, accounting for 23.4% in the national total, and 
this will be 1,067,729 in 2030.  By 2030, DoE, REA and ZESCO aim to achieve household 
electrification rate 90% in the urban areas, 100% in 1,217 RGCs in the Master Plan, and 20% in the 
rural areas outside the 1,217 RGCs.  Based on these targets, a household electrification rate of 
66.0% in the nation-wide will be achieved in 2030, in which the rural electrification rate will be 
50.6%.  The growth of household electrification rates in urban areas, rural areas, and nation-wide 
during the Master Plan period are shown in Figure 14-4.  The cumulative number of electrified RGC 
and rural electrification rate by 2030 are also shown in Figure 14-5.  Figure 14-6 shows the rural 
electrification map of 1,217 RGCs with their electrification modes.   

 

Table 14-10  Targeting Electrification Rate in 2030 

# of HH HH Ratio # of Elec. HH Elec. Rate # of HH # of Elec. HH Elec. Rate
896,234      (39.0%) 426,608      47.6% 1,779,880   1,601,892    90.0%

1,403,408   (61.0%) 43,506      3.1% 2,787,102 1,411,604    50.6%
a) 1,216RGCs 535,717     (23.4%) 0 - 1,067,729 1,067,729   100.0%
b) Others 867,691      (37.6%) 43,506        3.1% 1,719,373   343,875      20.0%

2,299,642   (100.0%) 470,113      20.4% 4,566,982 3,013,496    66.0%

2030

Urban
Rural

Total

2006

 

52.9%54.7%56.4%58.2%60.0%61.7%63.5%65.3%67.0%68.8%70.6%72.3%74.1%75.9%77.6%79.4%81.2%82.9%84.7%86.5%88.2%90.0%
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Figure 14-4  Transition of Household Electrification Rates by 2030 
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Figure 14-5    Transition of Cumulative Number of Electrified RGCs 
and Rural Electrification Rate by 2030 

 

：RGC Elec. by Trans./Dist. Line
：RGC Elec. by SHS
：RGC Elec. by Mini-Hydro

：RGC Elec. by Trans./Dist. Line
：RGC Elec. by SHS
：RGC Elec. by Mini-Hydro

Figure 14-6  Rural Electrification Map in 2030 



 

 
 
 
 
 
 
 
 

Chapter 15 

 
Conclusion and Recommendation 

 
 

 



Chapter 15. Conclusion and Recommendation 

Chapter 15.  Conclusion and Recommendation 

15.1.  Conclusion 
In this Study, the Rural Electrification Master Plan up to 2030 was developed.  In the process of 
“Technical Aspect Analysis”, the “Decentralized Planning Process” was adopted to identify 1,217 
RGCs in rural areas as the electrification target.  Next, “Demand Criteria (or potential daily 
maximum demand in each RGC)” and “Supply Criteria (or the “Unit Life Time Cost in Net Present 
Value”)” were used to cluster (or group) 1,217 RGCs into 180 Project Packages, and to select the 
optimal electrification mode (among transmission/distribution extension, SHS, mini-hydro, and diesel 
generator) for each of the 1,217 RGCs.  Then, based on the estimated cost for each Project Package, 
the final electrification priority of 1,217 RGCs in 180 Project Packages was determined by Financial 
Indicator (FIRR).  Finally, these 180 Project Packages were grouped into 22 Annual Project Phases 
up to 2030, by the uniform annual project cost.   

As a part of the Technical Aspect Analysis, Case Study (or pre-feasibility study level survey) was 
carried out.  Among 29 potential mini-hydro development sites explored in Northern, Luapula, 
North-western, and Western Provinces, the Case Studies were executed at 2 sites: Chilanbwe Falls 
Site in Northern Province and Mujila Falls Lower Site in North-western Province.  At these two 
mini-hydro Case Study sites, Socio Environmental Surveys were also executed and Project Briefs 
were prepared.  The Case Studies for transmission/distribution extension were also executed at 3 
sites: Kabwe in Central Province，Luangwa in Lusaka Province，and Mazabuka in Southern Province.   

In addition, Socio Economic Survey was carried out, in the process of “Social Aspect Analysis.”  In 
the Socio Economic Survey, data were collected more than 1,300 interviewees in 90 RGCs: 71 
unelectrified and 19 electrified RGCs.  Based on the data collected in the Socio Economic Survey, 
the ability to pay, willingness to pay, and prioritized property for electrification were analyzed, and 
these results were used as basic information to elaborate policy recommendation with the 
involvement of Stakeholders.   

The Study combined the outputs from the Technical and the Social Aspect Analysis, to develop a 
Comprehensive Rural Electrification Program.  The development process of the Master Plan was 
subject of discussion with International Development partners, such as Japanese Bank for 
International Cooperation (JBIC), African Development Bank (AfDB), Development Bank for 
Southern Africa (DBSA) and World Bank (WB).  As a result, the Development Partners have shown 
interest in financing the rural electrification projects in Zambia, and JBIC started considering 
providing Yen-Loan as a co-finance with WB, to realize this Master Plan.   

Initial findings, results and outputs of this Study are as follows: 

1) 1,217 Unelectrified RGCs were clustered (or grouped) into 180 Project Packages.  The 
electrification priority order of 180 Project Packages, the optimal electrification mode for each of 
1,217 RGCs, and the 22 Annual Project Phases up to 2030 are shown in Table 14-5, 14-6, and 14-
9 respectively. 

2) Although not many Project Packages’ FIRR are attractive, considerable number of Project 
Packages show reasonable EIRR.   

3) US$ 1,103 million is required to realize all 180 Project Packages (including 1,217 RGCs) by 2030.  
This means approximately US$ 50 million per year is needed from 2008 to 2030. 

4) The target household electrification rate is set as 66.0% nation-wide, requiring a rate of 50.6% for 
the rural areas.  This is achievable if DoE, REA and ZESCO success to increase the household 
electrification rate at 90% in the urban areas, 100% in 1,217 RGCs in the Master Plan, and 20% in 
the rural areas other than 1,217 RGCs by 2030 (refer to Table 14-10).  It is essential that the 
Zambian Government makes appropriate investment to the rural electrification projects in the 
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Master Plan to meet these targets.   

5) Since the annual amount of Rural Electrification Fund (REF) is much less than the required project 
cost to realize the Master Plan, in addition to making effort to increase the REF, utilization of the 
low interest loan from the international donors should be necessary.   

6) In the nation wide, 241 RGCs are identified as Solar Home System Market.   

7) Although a lot of mini-hydro potential sites exist in Zambia, only 3 sites (Mujila Falls Lower, 
Upper Zambezi, and West Lunga in North-western Province) were financially feasible.   

8) Unelectrified households and business entities pay considerable amount of money to meet their 
needs using alternative energy sources (K59,141 and K75,315 respectively).  In 2006, the 
estimated ability to pay for electricity monthly bill for households and business entities are 
K35,485 and K60,252 respectively. 

9) The connection fee charged in rural areas by ZESCO (K2,873,000 for 1 Phase and K4,887,000 for 
3 Phase) was much higher than the rural households’ ability to pay (average monthly income by 
K910,757) and willingness to pay (K2,508,483).   

10) Duration (usable daily hours of electricity) was the most important factor for unelectrified 
residents, compared to Urgency (years until electrified), Monthly Fee, and Connection/Initial Fee.  
Although 24 hours usage per day was the most preferred, unelectrified residents were eager to use 
electricity even for 5 hours per day (such as by SHS). 

 

15.2.  Recommendation 

15.2.1. Practical Use of Master Plan 

Although the final electrification priority of Project Packages were determined by Financial Indicator 
(FIRR) in the Master Plan, the priority should be modified in practice and updated by taking into 
account the opinions of Zambian Government and Financial Organization, such as in the financial 
coordination with International Development Partners.  For example, Zambian Government may 
wish to pay attention to the balance of development among areas/Provinces.  Some of Financial 
Organizations may also wish to apply some project selection criteria as their loan conditions.  
Therefore, the staff members of DoE and REA need skills to merge the new criteria with the original 
Master Plan in a flexible way.  Such skills and techniques could be transferred under the JICA 
Technical Cooperation Project scheduled to commence in 2008.   

Since financial evaluation for SHS portion in each Project Package was excluded in the Master Plan, 
International Donors may not be willing to provide financial assistance for SHS projects.  They may, 
for instance, wish to finance a Project Package with high priority ranking but excluding RGCs 
electrified by SHS in a Package.  Even in such a case, however, maintaining an electrification 
priority order of SHS portion according to the priority of a Project Package, by providing subsidy 
utilising Rural Electrification Fund (REF) for SHS installation to households and business entities, is 
suggested.  Regarding public facilities (such as school and hospital/clinic) in RGCs electrified by 
SHS, the installation cost is assumed to be provided from the Government Authorities (such as 
Ministry of Education and Ministry of Health).   

15.2.2. Management of Rural Electrification Fund 

The REF as currently funded is not sufficient to implement the Master Plan, and thus measures are 
needed to increase REF and methods of efficient and effective utilization of funds need to be 
considered.  Firstly, the Zambian Government should allocate an adequate budget every year toward 
the REF as it does for other infrastructures, such as health and road sector.  Secondly, the Rural 
Electrification Levy should be charged to the mining sector (which consumes 50% of the national 
total) and to the export of electricity.  At the time of writing, it was uncertain what percentage of 
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levy should be charged to the mining sector, other industries and electricity export, but the Zambian 
Government was considering 5% electricity levy for them as a measure towards social responsibility, 
while the levy by the domestic consumers would remain at 3%.  Thirdly, the REF needs to be 
efficient and effective in its management in order to ensure that the program runs smoothly.  Such 
measures are also likely to attract the interest of Development Partners.  Therefore, more 
transparency, accountability and efficiency are required in the process of electrification project 
selection and utilization of the REF.  Fourthly, the electrification levy should be paid directly to 
REA, not through the Ministry of Finance and National Planning.  Otherwise, the possibility 
remains that the rural electrification levy will be used for other purposes by the Government (such as 
a general account budget).  Finally, electrification facilities funded by the REF (such as mini-hydro, 
but exclude SHS) should be owned by either REA or ZESCO, and leased to other private companies 
or local communities for O&M, if necessary.   

15.2.3. Increase of Electricity Access Rate 

A high initial connection fee is one of the hindrances to increase electricity access, even in areas 
where distribution line has been extended.  The tariff charged by utility companies should be capital 
cost reflective and thus reduction of the initial connection fee should be considered.  In addition, the 
payment of initial connection fee by the consumers to the electricity network should be spread over a 
period of 3 to 5 years.   

Setting up a technical standard for appropriate low cost electrification method could also contribute 
to increase the electrification rate in rural areas.  Moreover, exemption of import tax for equipments 
used for rural electrification gives the advantage of reduced project cost and connection fee.   

Finally, to create a price competitive market, supporting capacity development and formation of new 
companies to undertake rural electrification business, such as construction and operation & 
maintenance is recommended.   

15.2.4. Supporting Sustainable Electrification Business in Rural Area 

Development of local capacity in simple operation and maintenance of electricity systems, such as 
SHS and mini-hydro, through a mobile training program provided by DoE and REA could contribute 
to making the rural electrification business sustainable.  Development of the mobile training 
programs could be supported by JICA Technical Cooperation Project scheduled to commence in 2008.   
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