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1. Background

Rural electrification has long been identified as a vehicle to eradicate poverty by stimulating the rural
economy in the Republic of Zambia. In 1994, the Government of the Republic of Zambia (GRZ)
established the Rural Electrification Fund (REF) by committing the sales tax on electricity, and has
been trying to increase the electrification rate in rural area by executing projects funded by REF.
The household electrification rate, however, still remains at approximately 20% countrywide, and
only 2 —=3% in rural area. As a mid-term target, achieving 35% of household electrification rate
(50% in urban area and 15% in rural area) by 2010 was set in the Poverty Reduction Strategy Paper
published in 2002. For aiming to achieve this goal, GRZ has been strengthening policies and
institutions related to rural electrification. In December 2003, the Rural Electrification Act was
enacted to establish Rural Electrification Authority (REA) and to improve the management of REF.

In order to enhance rural electrification efficiently, preparation of the Rural Electrification Master
Plan in Zambia (REMP) was considered as an urgent issue, and GRZ requested the Government of
Japan to assist the development of Master Plan in 2004. Accordingly, Japan International
Cooperation Agency (JICA), an official agency responsible for the implementation of the technical
cooperation program on behalf of the Government of Japan, sent a study team to Zambia for project
formulation in September 2005, followed by the preliminary study team in January 2006. The study
team held discussion with GRZ on the Scope of Work of the Master Plan Study, and execution of the
study was approved.

JICA selected the Tokyo Electric Power Company, Inc. (TEPCO) as consultant to execute this Master
Plan Study. The Study Team of TEPCO commenced the study in May 2006, and accomplished the
study in January 2008.

2 Principles and Purpose of Master Plan Development

To execute rural electrification projects in Zambia, a systematic implementation plan that indicates
electrification targets, electrification order, electrification method, time schedule, and required budget
was necessary. Therefore, a systematic implementation plan was developed as the 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

The objective of the REMP Development was to formulate the Master Plan for rural electrification in
Zambia up to the year 2030 and to bring about technology transfer to counterparts so that they could
continue updating and implementing the Master plan by themselves.

The Master Plan consisted of the following items:

1) Rural Electrification Plan up to 2030

(a) Development of selection criteria for rural electrification projects

(b) Selection of candidate site for rural electrification considering socio-economic and
technical aspects

(c) Selection of electrification methods
» Extension of existing grid

» Isolated mini-grid with renewable energy, such as mini- and micro-hydro power generation
» Solar home system (SHS)
» Mini-grid with diesel power generation, if none of the above is feasible

(d) Case study executions
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2) Financial Plan for Rural Electrification

(a) Study on financing strategy
(b) Cost estimation of implementing the Master Plan at each phase
(c) Evaluation of the validity of rural electrification projects (EIRR / FIRR)

3) Policy Recommendations for Acceleration and Dissemination of Rural Electrification

(a) Organization structure for promoting rural electrification

(b) Operational management of Rural Electrification Fund

(c) Framework of promoting the participation of private sector (IPP and ESCO)

(d) Affordable initial connection fee and sustainable electricity tariff

(e) Policy on curbing the negative impact of electrification on society and environment

4) Development of Comprehensive Rural Electrification Program

(a) Implementation procedure of long-term rural electrification plan
(b) Prioritisation of execution plans
(c) Consensus-oriented rural electrification plan with donors; ex. Japanese Bank for

International Cooperation (JBIC), African Development Bank (AfDB) and World Bank
(WB)

3 Master Plan Development Process

The development flow of the REMP is shown in Figure 1.

[Socio Economic Survey] I

71 Unelectrified RGCs  i|

(Decentralized Planning Process)

[ Making Long List of Unelectrified RGCs

+
[Assumption] e
1) PF, BE, HH Growth Rate: S
2.9%l/year or
1.986 times from 2006 to 2030

2) A Hammer Mill Service Ratio: Forecast of Potential Demand [T[schnical' Aspects Analysjs]
174 Households/Hammer Mill for each of Unelectrified RGCs Unitary Daily Load Estimation
3) 100% Electrification Rate for

PF, BE, and HH in 1,217 RGC
by 2030
7

f

[Social Aspects Analysis]
Setting| Temporary Electrification Priority: 1) Ability to Pay
of RGCs Based on Potential Demand 2) Willingness to Pay

(Application of Demand| Criteria) 3) Prioritized Property for Electrification

(

Creation of Project Packages
(Grouping or Making Cluster of RGCs)

Policy Recommendation ]

(1

Selection of Optimal Electrification Method for
each RGC by the Least Life Time Cost
(Application of Supply Criteria)

[

Calculation of Financial Indicators
(FIRR and EIRR) for each of Project Packages
(Financial Analysis)

Emalization o Electification Priority
of PrejectiPackageibyEmanciallndicators;

Allocation of Project Package Completion of Rural Electrification Master Plan
into Project Phase from 2008 to 2030 up to 2030

Figure 1 Flowchart of Rural Electrification Master Plan Development
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In the REMP, Rural Growth Center (RGC), a rural locality with a high concentration of residential
settlements and the centre of rural economic activities, was selected as the electrification target (refer
to Figure 2 regarding the concept of RGC). 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 (refer to Figure 3 regarding the concept of Project
Package), 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.

Catchment Area of a RGC

Villagers bring back from the RGC
- Daily Necessities
- Mealie Meal

_- Cash etc.

. Rural Village
Rural Village

- Households:
farmers, craftsmen
etc.

Rural Village
ZT

- Public Facilities: School,
Hospital, Post Office etc.

- Business Entities: grocery
shop, carpentry workshop,
barber/hair saloon, battery
charging etc.

- Public Market

- Hummer Mill

- Households

Local Communities

Villagers go to RGC to
- Sell their Products at Market
- Use Public Services

- Purchase Daily Necessities

- Mealie Meal, etc. =\
7
e

L
Rural Villag

Figure 2 Concept of Rural Growth Centre

- -
Project Package 1st Prigyitized RGC

Newly Extending
Distribution Line

.

O

Figure 3 Concept of Project Package
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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 outputs from the Technical and the Social Aspect Analysis were combined to develop a
Comprehensive Rural Electrification Program.

4 Results of Master Plan Development
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 and the optimal electrification mode for each
of 1,217 RGCs are shown in Table 1, and 2 respectively. In Figure 4, the locations of 1,217
RGCs are also shown by each of 9 Provinces.

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. The prioritized
180 Project Packages are grouped into 22 Annual Project Phases up to 2030, each requiring
US$ 50 million, as shown in Table 3.

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 4). The growth of household
electrification rates in urban areas, rural areas, and nation-wide during the REMP period are shown
in Figure 5. The cumulative number of electrified RGC and rural electrification rate by 2030 are
also shown in Figure 6. It is essential that the Zambian Government makes appropriate
investment to the rural electrification projects in the 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.
Locations of these mini-hydro potential sites and supplying RGCs are shown in the Map of North-
western Province in Figure 4. Brief specification and construction cost of mini-hydro, and
potential demand of supplied RGCs are summarized in Table 5.

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).
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Table 1 Final Electrification Priority of Project Packages by 2030 (1/2)
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Table 1 Final Electrification Priority of Project Packages by 2030 (2/2)

Total - - 1-1-1 1,022385240] 58a489,689] 22 210313 1,103,085242] - |
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Table 2 Electrification Priority of Project Packages by Province (1/12)
Central Province
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Table 2 Electrification Priority of Project Packages by Province (2/12)
Copperbelt Province
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Table 2 Electrification Priority of Project Packages by Province (3/12)
Eastern Province
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Table 2 Electrification Priority of Project Packages by Province (4/12)
Luapula Province

gy |

I [Chipate
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Table 2 Electrification Priority of Project Packages by Province (5/12)
Lusaka Province
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Table 2 Electrification Priority of Project Packages by Province (6/12)
Northern Province (1/2)
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Table 2 Electrification Priority of Project Packages by Province (7/12)
Northern Province (2/2)
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Table 2 Electrification Priority of Project Packages by Province (8/12)
North-western Province
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Table 2 Electrification Priority of Project Packages by Province (9/12)
Southern Province (1/2)
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Table 2 Electrification Priority of Project Packages by Province (10/12)
Southern Province (2/2)
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Table 2 Electrification Priority of Project Packages by Province (11/12)
Western Province (1/2)
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Table 2 Electrification Priority of Project Packages by Province (12/12)

Western Province (2/2)
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Table 3 Annual Project Phases by 2030 (1/2)
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Table 3 Annual Project Phases by 2030 (2/2)
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Table 4 Targeting Electrification Rate in 2030

2006 2030
# of HH  |HH Ratio|# of Elec. HH|Elec. Rate|| # of HH | # of Elec. HH| Elec. Rate
Urban 896,234 | (39.0%) 426,608 47.6%| 1,779,880 1,601,892 90.0%
Rural 1,403,408 | (61.0%) 43,506 3.1%|f 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%
Total 2,299,642 |(100.0%) 470,113 20.4%| 4,566,982 3,013,496 66.0%
100.0% — T
= Urban Elec.Rate |- - - - - - - - - - (_____ ____L____1___________ .. J
90.0% [—|—®— Rural Elec. Rate |
[ |—#—NationalElec. Rate |- - _ _ _ _ _ _ _ _ _ ___ | ___ | ____ [ ___ _ <IN _ . &
80.0% |-
70.0% 62.2%63.5%64.8%66.00
© P T 2 = s e R ;gogmsawﬁ'%;i;-?""
5 60.0% f
S
g 50.0% -
£ +.48.80449-8%°0-6%
E 40.0% : /44.3%45-4"/46'7%47'84’488/
. 29.e<ﬁ/3;2'.2f/l” - 4o/38.10/040‘00/414/0
30.0% g6.2% m - 30/34.5% :
g 0% ’
20.0% | /.//0/2;;25'3"/
/./16,80/19.70/
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Figure 5 Transition of Household Electrification Rates by 2030
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1,200 | —@— Rural Elec. Rate
1,100 ¢ 50.0%
1,000
3
ﬁ 900 | 40.0% &
& 800 f b
5 2
5 700 5]
£ 1 30.0% £
S 600 &
oy w
2 500 ®
= 20.0% &
E 400 .
3
300 |
200 F 10.0%
7
100 | % Ha
O E\ L L L L L L L L L L L L L L L L L L L 00%
[} o - N ™ < n © ~ [ee) [} o i N (3] < n © ~ [oe] [} o
SEEEgEEEgEEgEERELL8eR8E8LgReRE
Year

Figure 6 Transition of Cumulative Number of Electrified RGCs
and Rural Electrification Rate by 2030
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Table 5 Brief Specifications of Mini-Hydro Power Plants (1/2)

1. Mujila Falls Lower

[Design Result]

[Electrified Area]

31

Province Northwestern Kanyama RGC 598 kwW

District Mwinilunga Kakoma RGC 350 kW

Name of the Site Muijila Falls Lower |Mujila Village 234 kw

Name of the River Mujila River Kapundu Village 233 kw
Total 1,415 kW

Latitude S11:30:52

Longitude E24:46:24 [Project Cost Estimation]

Catchment Area 1,146 km® I. Construction Cost 6,393,200 US$

80% available discharge 9.21 m*/s i) Temporary Works 404,070 US$

Design Discharge 10.0 m%/s i) Civil Engineering 1,070,230 US$

Gross Head 18.0 m iii) Turbine, Gen and Main Transforn 1,158,000 US$

Effective Head 17.1m iv) Distribution Line & Transformer | 3,760,900 US$

Generation Capacity 1,400 kW Il. Engineering Service Cost 511,456 US$

Volume of Powerhouse 596 m® [ll. Overhead Cost 1,598,300 US$

Volume of Weir 450 m® IV. Profit Margine 1,278,640 US$

Length of Channel 210 m Grand Total 9,781,596 US$

Length of Penstock 23 m

Length of Tailrace 20 m

Length of Spillway 36 m

Length of Distribution Ling 98 km

. Upper Zambezi

[Design Result] [Electrified Area]

Province Northwestern Ikelenge RGC 1995 kW

District Mwinilunga Nyakaseya RGC 483 kW

Name of the Site Upper Zambezi

Name of the River Zambezi River [Project Cost Estimation]

Latitude S11:06:18 I. Construction Cost 1,496,720 US$

Longitude E24:13:41 i) Temporary Works 224,360 US$

Catchment Area 698 km’ i) Civil Engineering 677,860 US$

80% available discharge 6.44 m°/s i) Turbine, Gen and Main Transfornf 364,000 US$

Design Discharge 6.0 m*/s iv) Distribution Line & Transformer 230,500 US$

Gross Head 9.0 m Il. Engineering Service Cost 119,738 US$

Effective Head 8.0 m lll. Overhead Cost 374,180 US$

Generation Capacity 380 kw IV. Profit Margine 299,344 US$

Volume of Powerhouse 362 m® Grand Total 2,289,982 US$

Volume of Weir 216 m®

Length of Channel 142 m

Length of Penstock 47 m

Length of Tailrace 30m

Length of Spillway 60 m

Length of Distribution Ling 4.5 km
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Length of Distribution Ling
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Table 5 Brief Specifications of Mini-Hydro Power Plants (2/2)

. West Lunga
[Design Result] [Electrified Area]
Province Northwestern [Mwinilunga BOMA [ 2,093 kw |
District Mwinilunga
Name of the Site West Lunga [Project Cost Estimation]
Name of the River West Lunga I. Construction Cost 5,746,043 US$
Latitude S11:47:37 i) Temporary Works 178,524 US$
Longitude E24:26:56 ii) Civil Engineering 2,385,271 US$
Catchment Area 5,460 km” i) Turbine, Gen and Main Transforn 3,023,918 US$
95% available discharge 35 m¥s iv) Distribution Line & Transformer 158,330 US$
Design Discharge 20.0 m¥s Il. Engineering Service Cost 498,890 US$
Gross Head - lll. Others 1,227,703 US$
Effective Head 145 m Grand Total 7,472,636 US$
Generation Capacity 2,500 kW
Volume of Powerhouse 1130 m®
Volume of Weir -m®
Length of Channel 1500 m
Length of Penstock -m
Length of Tailrace -m
Length of Spillway -m
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5 Recommendation

5.1 Practical Use of Master Plan

Although the final electrification priority of Project Packages were determined by Financial Indicator
(FIRR) in the REMP, 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 REMP,
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).

5.2 Management of Rural Electrification Fund

The REF as currently funded is not sufficient to implement the REMP, 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 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.

5.3 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.

33
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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.

5.4 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.

34
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