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ABSTRACT 

 
The focus of the thesis study is to conduct feasibility studies for the upgrading of 
Lusiwasi Hydro Power Station in Serenje District of Zambia. The study was 
undertaken from January to August 2009. The following were the main activities of 
the study: 
 

1. Conducting literature review 
2. Conducting site inspections to the project site 
3. Estimation of the load   
4. Estimation of power potential based on the flows monitored by the existing 

gauging station. 
 

Literature review was done on the feasibility studies which were conducted in 1997 
by the Consultant Knight Piesold Limited .The feasibility study focused on the need 
to rehabilitate the Power Station to ensure that it operated at its installed capacity of 
12MW. A review was also done on hydrological data from DWA under Ministry of 
Energy and Water Development and ZESCO. The review process was further 
supplemented by direct observations and interviews during the site inspections.  
 
As part of site inspection and data collection, two field trips were conducted on the 
project site, the main objectives of the field trips were to gather data and to 
familiarise with the operations of the hydro Power Station.  
 
Due to non availability of records for the dam levels, reservoir volume and catchment 
basin hydrology, a method is adopted in this study to use records from the existing 
gauging station, which has been in existence since 1965, to estimate potential hydro 
power. Five different scenarios are developed using Hydata and Microsoft Excel 
programs to confirm whether the flows from the gauging station could support further 
expansion of the Power Station. From the results, the model revealed that the flows 
could only manage to sustain a plant capacity of 12MW with a yearly plant 
availability of 67%. However, it was further observed that if the spilled water from the 
intake weir dam is used to generate power, an additional 30MW could be generated. 
Therefore the total installed capacity is estimated at 42MW.  
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The main recommendation and future work for the project include the need to ensure 
that the proposed Power Station operates as a mid merit station i.e. as base and 
peaking station in order to avoid significant fluctuation of the water level in the 
proposed dam reservoir. The other recommendations include the need to install new 
gauging stations on the upstream of the existing dam so that the hydrology of the 
catchment area is monitored. Furthermore, there is also need for ZESCO to consider 
rehabilitating the Power Station as a matter of urgency to ensure that the station 
operates at its installed capacity of 12MW. 
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NOMENCLATURE 
Abbreviations 
 
ŋ   Efficiency 
P    Generated Power (kW) 
Q    Water Discharged cumecs (cubic meter per second) 
H    Effective head (m) 
ŋT    Turbine Efficiency 

ŋG    Generator Efficiency 
 
DWA   Department of Water Affairs 
GWh   Gigawatt hour (109 watt hour) 
ECZ   Environmental Council of Zambia 
   
MOFND  Ministry of Finance and National Development  
MEWD  Ministry of Energy and Water Development 
MW   Megawatt (1,000,000W) 
Operat.hrs   Operating hours 
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1-INTRODUCTION 
 
Zambia is subdivided administratively into nine (9) Provinces. The Eastern Province 
which receives most of the power that is generated from the Power Station is divided 
into six (6) Districts. By 2000, the total population for the Province was estimated at 
1,306,173 with an annual population growth rate of 2.6 percent. This represented 
approximately 13% of the National’s population. 
 
The main economic activity of the Province is agriculture where a number of crops 
are produced and some of them are further processed for export and local 
consumption. The leading crops are corn, sorghum, rice, peanuts, sunflower seeds, 
vegetables, flowers, tobacco, cotton, sugarcane, cassava, and coffee. Improved 
power supply would therefore help to boost the farming activities in the area.  
 
Out of the six (6) Districts in Eastern Province, four (4) are connected to the Zambian 
Grid which include Chipata, Nyimba, Katete and Petauke while the remaining two (2) 
Districts which include Chama and Chadiza are connected to the Malawian Grid 
which is close to the two towns. These four (4) Districts which are connected to the 
Zambian Grid are the load centres of the power station.  
 
Lusiwasi hydro Power Station is located on the Lusiwasi River where it descends 
into the Muchinga Escarpment approximately 80 km east of the township of Serenje 
in Central Province of Zambia. The Power Station houses four by 3 MW horizontal 
shaft generating sets driven by twin Pelton turbines. Figure 1.1 shows the location 
map for the load centres and the project site 
 

 
Figure 1.1: Location map for the load centres and the project site 
 
The upgrading of Lusiwasi Hydro Power Station is one of the options of supplying 
reliable power to the Eastern Province of Zambia. The Station is currently 
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synchronised to the National Grid and is supplying power to the Province. In the last 
10 years, the generation capacity of the station has drastically reduced from the 
installed capacity of 12MW to 5MW. This is mainly due to the deteriorating state of 
the generators and turbines. The power system in the Province also experiences 
voltage fluctuation due to long 66 kV transmission lines. In view of the challenges, 
this study is undertaken to investigation the option of increasing the installed 
capacity of the Power Station in order to improve the quality of power supplied in the 
area. 
 
It is important to note that one of the challenges of the study is the non availability of 
data especially on the load centres and hydrological data for the existing dam. One 
of the critical components of this study is the need to assess whether the flows in the 
catchment area could support further extension of the power station. The other 
challenge is the non existence of gauging stations on the upstream of the dam to 
measure the flow of water to the reservoir.  
 
 
1.1 Objectives and method of attack 
 
 
1.1.1  Overall objective 
 

To study the full potential for increasing power generation capacity of Lusiwasi 
site through the assessment of the catchment area hydrology. 

 
 

1.1.2 Specific objectives  
 
1. To conduct literature review 
2. To conduct site inspections 
3. To conduct load forecast  
4. To estimate the power potential using discharge flows recorded from the 

existing gauge station. 
 
 

1.1.3 Method of attack 
 
These steps were taken as method of attack: 
 

1. Undertake literature review 
2. Study the hydrology of the area 
3. Collect data on the load centres 
4. Forecasting future loads using Extrapolation and Trend methods  
5. Using Hydata and Microsoft Excel programs to develop a model to determine 

whether the flow history which is recorded by the gauging station could 
support further extension of the Power Station. 

6. Compare the Forecasted load with the power estimates to verify whether the 
future loads could be sustained. 

7. Assess Environmental Impact Assessment requirement 
8. Make recommendations. 
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Figure 1.1.3.1 below shows a summarised outline of the study.  
 
 
 
  
 
 
 
 
 
 
 
 
 
Figure 1.1.3.1: Summarised outline of the feasibility study 
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2-LITERATURE REVIEW 
 
A feasibility study was conducted in 1997 by the Consultant Knight Piesold Limited. 
The feasibility study focused on the need to rehabilitate the Power Station to ensure 
that it operated at its installed capacity. The study therefore identified the required 
activities that needed to be undertaken in order to restore the power station. In 
addition, a review is also done on hydrological data from DWA and ZESCO [2007]. 
The overall objective of the review is to ascertain the findings of the previous studies 
on the project site and the problems encountered. The review process is further 
supplemented by observations and interviews during the two site inspections.  
 
 
2.1 Findings of the review 
 
The findings of the literature review are sub divided into the following headings: 
 

1. Hydrology 
2. Energy Load and Load Forecast 
3. Environment 
4. Sedimentation  

 
 
2.1.1. Hydrology  
 
Under the feasibility studies conducted by the consultant Knight Piesold [1997] it was 
reviewed that existing Lusiwasi main dam rarely fills up and its contribution to power 
generation is minimal. The report also reviewed that there was evidence that water is 
lost from the basin at high lake level by overflowing into the nearby catchment area 
thereby compromising on the availability of water for use in power generation. 
Furthermore a review was made in order to compare and confirm the data on stream 
flow, rainfall and evaporation on the project site and also to hold discussions with 
hydrologists from DWA and ZESCO in order to validate the data.  
 
The stream flow data is based on the daily records of River stage which has been 
recorded at the gauging station located near the project site. The available 
information on the stream flow was collected from November 1966 to date, while 
information on rainfall was collected from January 1957 to August 1992. The data on 
evaporation was collected from January 1988 to March 1993.  
 
After analysing the data for stream flow, rainfall and evaporation, the following were 
noted: 
 

1. The stream flow values were generally homogenous as there was continuous 
flow of information from the time the gauging station was established to date. 

2. The rainfall records also showed a homogenous pattern  
3. Evaporation records showed inconsistencies as there was information which 

was missing on particular years. 
 

As part of the recommendation the consultant proposed the upgrading of the Power 
Station from the installed capacity of 12MW to 54MW.  
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2.1.2 Energy load and load forecast 
 
The review on the information for the energy load and the load forecast are based on 
the studies for Power Sector Development Plan (PSDP) for Zambia, which was also 
conducted by Consultant Knight Piesold [1997]. The data indicated that energy load 
in Chipata grew from 21.8 GWh in 1982 to 40.5 GWh in 1995 while Serenje grew 
from 2.0 GWh to 4.4 GWh over the same period. A detailed sectoral energy 
consumption obtained for Chipata for the period 1988 to 1993 showed a pattern of 
growth and this was erratic with domestic load showing a strong upward trend and 
industrial load failing in the same period. Refer to figure 2.1.2.1 below for the History 
of Energy consumption and a rough estimation for 10 years ahead 
 
 

 
The forecast appeared to be slightly conservative when it was compared to the 
actual growth trends during the same period. Therefore as part of the follow up 
activity there is a need to compare the actual loads of the two towns with the 
forecasted figures so that a realistic forecast trend is established. 
 
 
2.1.3 Environment 
 
The environmental concerns associated with hydro power plants are environmentally 
friendly and compatible with the environment. Based on the review, the proposed 
rehabilitation and upgrading of the Power Station had minimal environmental 
concerns. The only concern that has been identified is the potential of flooding the 
surrounding villages around the existing reservoir dam if the option of rising the dam 
wall is considered. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.1.2.1: History of Energy consumption and a rough estimation for 10 
years ahead 
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ahead

R2 = 0,7917

R2 = 0,859

0 

10

20

30

40

50

60

0 5 10 15 20 25 30

GWh 

Chipata Serenje

Linear (Chipata) Linear (Serenje)

Log. (Chipata) Log. (Serenje)



 16

2.1.4 Sedimentation 
 
Sedimentation is a major problem affecting the operations of power generation in the 
project site. According to the sample results which were taken in 2004 by ZESCO, it 
was reviewed that sedimentation was a seriously problem affecting the power 
station. Therefore as a follow up activity to the sample study, it is recommended that 
a study be carried out which would propose a sustained method of reducing the 
sedimentation impacts. 
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3-SITE INSPECTIONS 
 
Site inspections for the project site were undertaken from 4th to 9th May and from 6th 
to 12 June 2009 during which the following were reviewed;  
 
 
3.1 Existing power station and operational regime 
 
 
3.1.1 Existing power station  
 
From 1950-1970 a Rural Electric Power Supply System was established along 
Lusiwasi River as an isolated system. Stage 1 of the Power Station had an installed 
capacity of 6 MW comprising two 3 MW machines. All components were designed 
for upgrading to 12 MW except for penstocks and powerhouse.  
 
There are no records to show when the initial studies where undertaken on the site  
however, based on the discussions with the Power Station Manager , initial studies 
were done in May 1965 to access the options of  expansion the power station. No 
hydrological records existed at the time, experience and local observations were 
used to decide parameters for 12 MW scheme. From 1965 to 1970 studies for the 
upgrading of the station were completed. In 1974/5 the 12MW was established and 
developed. 
 
Lusiwasi hydro Power Station is located on the Lusiwasi River where it descends 
into the Muchinga Escarpment approximately 90 km east of Serenje District in 
Central Province of Zambia. Figures 3.1.1.1 and 3.1.1.2 show the map and site 
locations of the Power Station and the dam reservoir. 
 
 

Figure 3.1.1.1: location map of Lusiwasi 
Power Station 

 

Figure 3.1.1.2: Site location of the dam 
and Power Station 
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The estimated catchment area of Lusiwasi is approximately 1000 km2 while the area 
for the existing reservoir at maximum level is 245km2. The existing dam reservoir is 
located about 60 km upstream to the Power Station and at maximum level, the 
volume is approximately 50 million cubic meters. The water is released from the 
existing dam to the River bed. The existing scheme near the power house comprises 
a diversion weir on the River. Water is diverted into a canal which is approximately 
1300m in length leading to a small forebay where it enters two penstocks. From the 
forebay two identical steel penstocks with diameter of 1.3m extend for a distance of 
2.5 km falling over a head of 500m to the power station. The Power Station houses 
four by 3 MW horizontal shaft generating sets driven by twin Pelton turbines. In view 
of the reduced generation capacity which has been caused by the poor state of the 
generators and turbines, less than 40% of the water flow is currently being used for 
power generation. Figures 3.1.1.3 and 3.1.1.4 show the topographical map for the 
layout of the Power Station and one of the four (4) horizontal generators.  
 
 

Figure 3.1.1.3: Topographical Map 
showing the layout of the power 
station 

 

Figure 3.1.1.4: One of the horizontal 
generators   
 

 
Table 3.1.1.1 below shows a summary of elevation, diameter and length of the 
infrastructure for the project site. 
 

  Elevation (m) Diameter Length 
Dam reservoir 1559  500m 
Gauging station 1447   
Weir Dam 1286  45m 
Intake wall 1285   
Forebay 1276   
Penstock 1275 1.3 m 2.5 km 
Powerhouse 755   
Tail race 798   

Table 3.1.1.1: Summary of elevation, diameter and length of the project site 
 
The scheme was synchronised to the national grid in 2002 and power from the 
station is supplied to the Eastern Province through the two lines, one (1) 66 kV line 
and most recent 132 kV line operated at 66 kV. Further two (2) 66 kV lines connect 
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the Power Station to Pensulo substation which is located east of the Power Station 
approximately 80 km. Appendix 1 shows the transmission network for Lusiwasi. 
 
In the last 10 years, the generation capacity of the station has drastically reduced 
from the installed capacity of 12MW. This is mainly due to the deteriorating state of 
the generators and turbines. Currently, only 5MW is being generated from the two 
(2) machines which are running. The station therefore needs urgent rehabilitation to 
ensure that it generates at an installed capacity of 12MW. Figures 3.1.1.5, 3.1.1.6 
3.1.1.7 and 3.1.1.8 show the intake weir, part of the Penstock including the Power 
Station, transmission line and part of the main reservoir dam.  
 

Figure 3.1.1.5: Intake weir  Figure 3.1.1.6: Part of the Penstock and 
the Power Station 

 
Figure 3.1.1.7: Associated 
transmission line with the access 
road to the Power Station. 

Figure 3.1.1.8: Part of the dam wall for 
the main reservoir 
  

 
 
3.1.2 Operational regime 
 
The current operating regime of the dam is such that, water is released from the dam 
from September to December and then closed from January to September to allow 
for the storage of water in the reservoir during the rainy season. During this period, 
water flowing from Luangala River, which is a tributary to Lusiwasi River, is used in 
power generation. Figure 3.1.2.1 shows the confluence of Luangala and Lusiwasi 
Rivers while figure 3.1.2.2 shows the potential site for the additional dam. There are 
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no significant Rivers feeding the dam however, there are only four small perennial 
Rivers. Currently the dam is only used for power generation.  
 
 

 
Figure 3.1.2.1: Confluence of Luangala 
and Lusiwasi Rivers 
 

 
Figure 3.1.2.2: Potential site for the 
construction of an additional dam 
which is close to the confluence 

 
 
3.1.3 Generation capacities under the current operational regime  
 
As earlier mentioned, the plant is currently generating below 5MW meaning that only 
two generators out of four (4) are running. 
 
During the period when the Power Station experiences the lowest flows i.e. from 
October to December, generation is significantly reduced to cope with reduced flows. 
Table 3.1.3.1 shows the generation capacities from 2003 to 2008. 
 

Table 3.1.3.1: Lusiwasi generation capacities 
 
 
3.2  Zengamina hydro power project  
 
The hydro power station is located approximately 900km Northwest of Lusaka. The 
site has a hydropower potential of 1.4MW but only 0.70MW has been developed. 
 
Among the load centres that the hydro power station supplies power, the major ones 
include Ikelenge hospital, local farmers and local market. Based on the current 
loads, the power station is currently running at half the installed capacity that is 
35MW  
Construction cost estimation 

 
April -  June July  -  September October - December January  -  March 

MWh MWh MWh MWh 

2003/2004 5598 6855 5470 5278 
2004/2005 6079 4475 3133 4450 

2005/2006 6500 4698 3590 5460 
2006/2007 8165 9635 5777 10194 
2007/2008 7384 8501 4714 6489 
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Based on the construction costs of the hydro power station, the following design 
conditions were used: 

1. Civil facilities are mainly structured by stone masonry 

2. Ratios of common excavation and rock excavation are 20% and 80%,  
respectively 

3. Turbine and generator are Closs-flow turbine manufactured in Europe, 
which are frequently adopted to existing small hydropower plant in Zambia 

4. Voltage of distribution line is 33 kV 

Table 3.2.1 below shows the unit price which is based on the actual prices of 
items used during the construction of the hydropower.   

 

Item Unit Price 

Access Road US$ 30,000 /km 

Road maintenance US$ 3,000  

Masonry US$ 150 /m3 

Concrete US$ 600 /m3 

Rebar US$ 1,400 /t 

Tunnel boring US$ 1,000 /m 

Common Excavation US$ 10 /m3 

Rock Excavation US$ 60 /m3 

Steel structure US$ 2,800 /t 

Overhead costs  10% of Total costs 

Table 3.2.1: Unit price of items used in the construction of the hydropower 
station 
 
 

4-ESTIMATION OF THE POTENTIAL POWER 
 
Under the study two methods have been used to assess whether, the water derived 
from extending the existing dam wall or using flows which are recorded by the 
existing gauging station could be used in power generation for the proposed 
extension.  

 
 
4.1 Extending the existing dam wall  
 
The reservoir capacity of the existing dam at its maximum level is estimated at 50 
million cubic meters, with a surface area of 245 km2. The longest length of the 
reservoir is approximately 18km and the dam wall height is 7 m while the length of 
wall is approximately 500m. The dam wall is an earth dam with a concrete weir for 
spilling excess water from the reservoir. 
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During the second field visit, it was observed that when the reservoir reaches its 
maximum level a clearance of approximately 1.5m remains between the water 
surface and the top of the embankment where the rail lines pass. This clearance 
prevents water from spilling over the embankment to avoid damaging the structure. 
Therefore, if the dam height is increased, it would mean that the clearance would 
further reduce thereby allowing water to spill over the embankment. Figure 4.1.1 and 
4.1.2 below show the existing dam reservoir and the railway line embankment 
separating the road and reservoir. 
 
Currently the dam wall is in a bad state, there is heavy seepage due to lack of 
maintenance. Therefore increasing the dam height would also mean rehabilitating 
the dam before any further work could be done on it. This would have a high cost 
implication as more work would be needed.  
 

 
Figure 4.1.1: Lusiwasi dam 
 

 
Figure 4.1.2: Railway line embankment separating the road and reservoir 
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According to the topography of the area, as shown in Figure 4.1.1, the area around 
the embankment is generally flat. This means that if the structure is relocated 
westwards, it has to be diverted over a long distance and this makes the construction 
of the embankment costly. 
 
 
4.1.1 Estimation of the reservoir area by increasing the dam height. 
 
Changes in reservoir area by increasing the dam height are estimated using the 
topographic map. The new reservoir level is estimated as: 
 

New reservoir level = current level of water + arbitrary increase of the dam’s 
height in meters. 

 
Using the map scale, the new reservoir area is estimated by drawing a line over the 
topographical map to get the border of the new lake, which would be created by 
increasing the dam height .The results are shown in table 4.1.1.1  
 

Current area of 
the dam (Km2) 

Increament in the      
dam height (m) 

New area due to the 
increase in dam height 

(Km2)  

Increament in 
area (Km2) 

245 1 390 145 

245 2 500 110 

245 3 567 67 

245 4 670 103 

245 5 789 119 
Table 4.1.1.1: Reservoir areas due to increased dam height 
 
 
Using the data in table 4.1.1.1, figure 4.1.1.1 is derived  
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Figure 4.1.1.1: Area due to the increase in dam height 
 
 
Observations 
 
The results in figure 4.1.1.1 give a general behaviour of the topography around the 
reservoir with regard to the increase in dam height. Due to the flatness of the area 
around the dam, increasing the dam height would mean submerging vast areas 
around the reservoir. Based on the graph in figure 4.1.1.1, if the height is increased 
by 5m, the surface area would increase by 789m2, which is 3 times the original 
surface area. Increasing the dam height would therefore have an adverse effects on 
the environment as more area would be flooded which would also include villages 
which are close to the reservoir.  
 
 
4.2 Using flows as recorded by the existing gauging station 
 
During this study, a concern was raised on the need to use records for the dam 
levels, reservoir volume and hydrological data to estimate the power potential. 
During the second site visit, discussions were held with the Station In-charge who 
mentioned that ZESCO was not currently taking readings for the dam levels, 
reservoir volume and hydrological records for the existing dam. The In-charge 
however, mentioned that the company was in the process of establishing a gauging 
station to monitor the flows from the dam. The non-availability of records for the 
existing dam made it difficult to estimate the power potential based on the existing 
reservoir records.  
 
In view of this, an option to use flows based on the records from the gauging station 
was considered. Scenarios were used to verify whether the discharge flows could 
support further expansion of the power station. Hydata program for hydrology and 
Microsoft Excel are used in developing the model for the scenarios.  
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4.2.1 Flow duration curve 
 
One of the challenges in hydrology is to estimate the frequency of occurrence of 
specific River flows or for the length of time for which particular River flows are 
expected to be exceeded. Thus, frequency analysis forms one of the important skills 
required for the development of hydropower stations. In attempting to provide any 
answer to the questions of frequency, good reliable hydrological records are 
essential and there must if possible extend beyond the expected life of the 
hydropower project. 
 
A flow duration curve is a graph of a site ordered from maximum to minimum flow. 
The flow duration curve is used to assess the anticipated availability of the flow over 
time and consequently the power and energy at a site. The curve helps therefore to 
determine the firm flows that will be available for electricity production, the 
percentage time that the firm flow would be available and the residual flow. 
 
From the basic assemblage of River flow data comprising the daily mean discharges 
and the instantaneous peaks, analysis of the daily mean flows is paramount in 
estimating the flow frequency. Taking the n years of flow records from a River 
gauging station, there are 365(6) n daily mean discharges. The frequencies of 
occurrences in selected discharges classes (groups) are compiled, starting with the 
highest values. The cumulative frequency converted into percentages of the total 
number of days are then the basis for the flow duration curve, which gives the 
percentage of time during which any selected discharges may be equalled or 
exceeded.  
 
 
Salient features of the flow duration curve 
 
The flow duration curve could be plotted on natural scales though the curve could be 
improved further by plotting it on the log – probability paper. The area under the 
curve is a measure of the total volume of water that has flowed past the gauging 
station in the total time considered. Flow duration curves from the monthly mean and 
annual mean discharges can also be derived; however, their usefulness is much less 
than those constructed from daily mean flows, since the extreme discharges are lost 
in the averages. 
 
The shape of the flow duration curve gives a good indication of the catchment’s 
characteristic response to its average rainfall history. An initially steeply sloped curve 
results from a very variable discharge, usually from small catchments with little 
storage where the stream flow reflects directly the rainfall pattern. 
 
 
4.2.2 Scenarios 
 
As indicated above the flow duration curve is used to assess the anticipated 
availability of the flow over time and consequently the power and energy at a site. 
The curve helps therefore to determine the firm flows that will be available for 
electricity production, the time percentage that the firm flow would be available and 
the residual flow.  
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Using the principals of flow duration curve and the flow data that has been collected 
from 1966 to 2007, a spread sheet is developed using Hydata program. Part of the 
spread sheet is shown in table 4.2.2.1.  
 
 

Table 4.2.2.1: Part of the spread sheet for flow discharge data based on the 
data from 1966 to 2007 
 
Note that nil means that no data is available  
 
The definitions for the columns and rows are defined as follows; 
 

1. Row 1  Number of years.  
2. Row 2  Years for which data has been collected 
3. Column 2  Number of days in a year.  
4. Column 5  Average flow readings (cubic meter per second ) for the 

respective years. These readings are further used in table  
4.2.2.2 in the development of the scenarios    
  

Using data from table 4.2.2.1, a model with 5 scenarios is developed by using 
Microsoft Excel to verify whether the regulated flows recorded at the existing gauging 
station could support the additional power potential at the existing power station. The 
scenarios are shown below and are based on the output power and were used as 
variable inputs to the model: 
 

1. Scenario 1:  12MW (i.e. current installed capacity). 
2. Scenario 2:  20MW  
3. Scenario 3:  30MW.  
4. Scenario 4:  42MW 
5. Scenario 5:  52MW (i.e. combined capacity of installed and  

 
Column 

2 
Column

3 
Column4     

Column 
5 

Row 1  1 2...... 27 28 29 30  

Row 2  
1966～
1967 

1968～
1969 

2001
～

2002 

2004～
2005 

2005～
2006 

2006～
2007 

Ave. 

 1 26.15 38.20 58.11 35.57 42.05 58.84 41.33 

 2 23.58 36.77 49.24 32.33 41.12 52.08 36.88 

 3 20.13 35.78 45.46 31.84 36.76 45.26 34.45 

 4 19.48 34.52 41.29 30.43 35.59 42.23 32.98 

 5 18.74 31.27 41.11 26.55 33.39 38.34 31.23 

 360 0.39 0.02 nil 0.35 0.15 2.26 1.46 

 361 0.36 0.02 nil 0.33 0.11 2.25 1.42 

 362 0.30 0.02 nil 0.33 0.09 2.24 1.39 

 363 0.25 0.02 nil 0.32 0.07 2.23 1.35 

 364 0.24 0.01 nil 0.32 0.06 2.22 1.32 

 365 0.23 0.01 nil 0.31 0.05 2.20 1.30 

 366 nil nil nil nil nil nil nil 
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proposed extension which is based on the Knight Piesold 
Consultant [1997]). 
 

Table 4.2.2.2 shows the part of the spread sheet for the model.  
 

Table 4.2.2.2: Part of the spread sheet for the model 
 
The definitions for the headings are defined as follows; 
 

1. Column 1  Number of days in a year i.e. (365/6) ,which are also 
referred to as operational days 

2. Column 2  Average discharge value (cubic meter per second ) 
   derived from table 5.2.1.1  

3.  Column 3  Water spilled over the weir intake which is not used in 
power generation. 

3. Column 4  Power generated using the discharge values in  
Column 2 

4. Column 5  Variable input power which is based on the five(5) 
scenarios i.e. 12MW, 20MW, 30MW,42MW and 52MW 

 
Using the Microsoft Excel the values for table 4.2.2.2 are calculated as follows: 
 

1. Column 3:  Using the IF Function , the values are calculated by the 
   difference of the volumes derived from the discharge in 

the Column 2 and Column 5. The discharge for column 5  
is derived from the power equation as indicated in section 
8.3 since the value for the power is known from the five 
(5) scenarios 

2. Column 4:  Using the power expression as indicated in section 8.3, 
power is derived by using discharges values from  
column 2 
 

 
4.3 Discussion (analysis of the results) 
 
 
4.3.1 Development of model for the scenarios  
 
Five scenarios are developed to verify whether the regulated flows recorded at the 
existing gauging station could support the additional power potential at the existing 
power station. These scenarios are based on the five power output variables which 
were used as input values to the model. The power output variables are selected 

Column 1 Column 2 Column 3 Column 4 Column 5 
n(days) Discharge (m3/s)  Overflow (m3) Capacity(MW) Output(MW) 

1 40.33  2,404,846  168.0  52.0  
2 35.88  2,019,730  149.4  52.0  
3 33.45  1,809,948  139.3  52.0  
4 31.98  1,682,925  133.2  52.0  
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based on the previous studies under taken by the consultant Knight Piesold. Table 
4.3.1.1shows the design parameters which were used in the model.  
 
The following parameters and power output variables (Design set values) were used 
in the models  

Table 4.3.1.1: Design parameters used in the models 
 
Definition of Effective head and Outage days: 
 

1. The effective head is derived from the available reports. However, during the 
field visits , the  head was also measured using the GPS although the reading 
is higher than one from the reports 

 
2. Outage days refer to the days when the plant is completely shut down for 

maintenance or when there is a major problem on the plant such that power 
cannot be generated. For Lusiwasi Power Station the maintenance works are 
normally undertaken once in a year and usually takes 7 days. In the design 10 
days is considered bearing in mind that once the power station has been 
upgraded, more time will be required for maintenance.  

 
3. The following scenarios have been used:  
 
1. Scenario 1:  12MW (i.e. current installed capacity without transmission losses) 
2. Scenario 2:  20MW  
3. Scenario 3:  30MW 
4. Scenario 4:  42MW 
5. Scenario 5:  52MW (i.e. combined capacity of installed and proposed  

extension) 
 

 
Results from the models  
 
From the model, scenarios 1, 3 and 5 were selected for discussion.  
 
 
Scenario 1 
 
Part of the spread sheet for scenario 1 is shown below in table 4.3.1.2 
 
 
 

No. Design parameters Used value 
1 Effective Head (m) 500 
2 Combined Efficiency 0.85 
3 Environmental Flows (m/s3) 1 
4 Outage(days) 10 
5 Daily operational hours  24 
6 Outage factor (1 – 10/365) 0.97 
7 Auxiliary for the use power within the power station 1.5% 
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Table 4.3.1.2: Part of the spread sheet for scenario 1 
 
Observations  
 
The following are observed: 
 
During month January to April there is a surplus in the river discharge that should be 
spilled over the weir dam. From May, the river discharge, hence the available power, 
decreases. Design set value of 12 MW can be sustained for 243 days after which the 
generation reduced because of the low river flow.  
 
At n = 244, the overflow is zero which means that no water is spilled over the weir, 
this means that all the water reaching the intake dam is used for power generation.  
 
 
Scenario 3 
 
Graph 4.3.1.1shows relationship between the number of Days and the Maximum 
Potential Capacity. The output power of 52, 20 and 12 MW have also included in the 
graph.  
 

 n (days) 
Discharge 
(m3/s) 

Overflow 
(m3) 

Maximum 
potential 
capacity(MW) 

Output(MW) 

1 40.33 3,235,915 168.0 12.0 
2 35.88 2,850,798 149.4 12.0 
3 33.45 2,641,016 139.3 12.0 

236 3.07 16,221 12.8 12.0 
241 2.93 4,206 12.2 12.0 
242 2.91 2,242 12.1 12.0 
243 2.89 825 12.0 12.0 
244 2.87 0 11.9 11.9 
245 2.85 0 11.9 11.9 
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Figure 4.3.1.1: Relationship between the number of days and the maximum 
potential capacity 
 
Under scenario 3, output value of 20MW is used. From the graph design set value of 
20MW can be sustained for 178 days after this generation reduces to cope with 
reduce discharge values. Approximately when n = 179, the y values of maximum 
potential capacity (MW) become lower than the values for output values. This means 
that no water is spilled over the weir and all the water reaching the intake dam is 
used for power generation.  
 
 
Scenario 5 
 
Part of the spread sheet for scenario 5 is shown below in table 4.3.1.3 

 
 
 
 
 
 
 
 
 
 

Table 4.3.1.3: Part of the spread sheet for scenario 5 
 
 
 
 
 
 
 

n (days) Discharge (m3/s) Overflow (m3) Capacity(MW) Output(MW) 
1 40.33 2,406,143 168.0 52.0 
2 35.88 2,021,026 149.4 52.0 
3 33.45 1,811,244 139.3 52.0 

69 12.79 26,272 53.3 52.0 
70 12.68 17,252 52.8 52.0 
71 12.60 9,551 52.5 52.0 
72 12.46 0 51.9 51.9 
73 12.36 0 51.5 51.5 

Days  

Maximum 
potential 
capacity        
(MW) 
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Observations  
 
The following were observed: 
 

1. As observed from scenarios 1 and 2 as the n values increases, the 
corresponding values of discharge, overflow and capacity reduces while the 
values for output power remains constant from n= 1 up to n= 72 after which it 
starts to  reduce. From the results the design set value of 52MW can be 
sustained for 71 days after which generation reduces to cope with reduce 
discharge values. This value is far much lower than the values from the under 
scenarios 1 and 2. 
 

2. At n = 179, the overflow is zero which means that no water is spilled over the  
weir, this means that all the water reaching the intake dam is used for power 
generation.  
 

Below is a summary of the main results for the five (5) scenarios including the total  
overflow as shown in table 4.3.1.4 
 

Table 4.3.1.4: Summary results for the five scenarios 
 
Note that the total overflow represents the total accumulated overflow water from 
n=1 to n value where water stops spilling over the weir. For example from Table 
4.3.1.1.1.1 for scenario 1, the n value when water stops spilling is n= 244, the total 
water spilled is 151,976,925 m3 as indicated in table 8.1.1.2.3.2. This means that all 
the water reaching the intake dam is used for power generation.  
 
 
4.4 Available Plant Factor (P.F) 
 
The plant availability indicates the yearly availability of the plant and is expressed in 
percentage form. The plant availability is derived as follows: 
 
Plant Availability = (Operational days/365 days) X100% 
 
The plant availability factors are calculated as follows; 
 
For 12 MW    P.F = 243/365=66.58 %    
For 20 MW    P.F = 178/365=48.77%    
For 30 MW    P.F = 132/365=36.16%    
For 42 MW    P.F = 101/365=27.67%    
For 52 MW    P.F = 71/365=19.45%    

Scenarios n (Days)/ Operational days Total overflow (m3) Variable power 
output (MW) 

1 243 151,976,925.00 12 
2 178 117,304,318.00 20 
3 132 85,714,087.00 30 
4 101 61,814,466.00 40 
5 71 40,425,636.00 52 
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Observations  
 
The following is observed: 
 

1. As the design set value increases, the plant factor reduces. Based on the 
results , the plant factor for the 12MW is estimated at  67% while the 
remaining four (4) design set values of 20MW, 30MW, 42MW and 52MW 
have plant availabilities less than 50% 

  
By design, a power plant which is synchronised to the grid has a plant availability of 
70 to 75% while the isolated Power Station has plant availability of 90 to 95 %. 
Considering that the existing Power Station is already synchronised to the grid, the 
estimated plant availability of approximately 70% is within the range. Although the 
plant availabilities of the four plant capacities are below the recommended band, the 
capacities cannot be completely be disqualified. Other factors need to be considered 
for example economical factors which include electricity tariff and construction costs. 
 
 
4.5 Power estimation using the water spilled from the weir dam 

under the 12MW plant capacity 
 
The following are the steps involved in deriving the power from the spilled water: 
 

a. Converting yearly overflow volume into Discharge  
 
From Table 8.1.1.2.3.2, 12MW plant capacity has a yearly overflow volume of 
151,976,925.00 m3.The yearly overflow is spilled over the weir dam over a period of 
243 days as indicated in table 8.1.1.2.3.2. Then the days are changed into seconds 
as follows: 
 
Therefore   243 days  = 243X24X60X60 
    = 20,995,200.00 seconds 
 
The discharge flow over a period of 243 days or 20,995,200 seconds is calculated as 
follows: 
 
  Discharge   =   Volume / time  

=  151,976,925.00 /20995200 
=  7.2 m3/sec 

 
b. Power derived from the overflow discharge  

 
Hydropower is calculated as follows; 
 
P= 9.8*Q*H*ŋTŋG..................................................................... (1) 
 
Where; 
 
P  =  Generated Power (kW) 
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Q  = Water discharged cumecs (cubic meter per second) 
H  = Effective head (m) 
ŋT  =  Turbine Efficiency 

ŋG  =  Generator Efficiency 
 
In estimating the power potential, the combined efficiency of the Turbine and 
Generator is used. 
 
Therefore  
Q =  7.2 m3/sec 
H = 500m 
 
From equation 1  
 
Power =  9.8X7.2X500X.85  = 29.988 MW 
 
Approximately = 30 MW 
 
Estimation of dam reservoir volume  
 
The required dam reservoir volume is calculated using the n and discharges values 
derived from table 4.3.1.1.1.1. The volume is calculated based on the following 
steps: 
 

1. Start from n=1, if the discharges values of 2.88 m3/s for 12 MW and 7.2 m3/s 
for additional power of 28.6 MW are subtracted from the total flow of 40.33 
m3/s, the balance becomes 30.25 m3/s. This will be stored for one day and will 
translate into 2 613 835 m3 i.e. 30.25*60*60*24.  

 
2. For n=2,if 2.88 m3/s and 7.2 m3/s is removed from the total flow of 35.88m3/s 

, the balance is 25.8 m3/s and the daily storage will be 2 228 718 m3 
 

3. Then for n=1 to 243 calculations are repeated. The positive values in terms of 
volume for n=1 to 94 are summed up to come up with dam reservoir volume 
which is 57 783 685 m3. While summation of negative values from n= 95 to 
243 gives the volume that will be supplied by the reservoir i.e. - 56 972 200m3 

  
Refer to appendix 2 for the table showing the dam reservoir volume  
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5-LOAD FORECAST AND THE EFFECTS OF SYNCHRONISING 
 
 
5.1 Load centres 
 
 
The main economic activity is agriculture where crops such as corn, sorghum, rice, 
peanuts, sunflower seeds, vegetables, flowers, tobacco, cotton, sugarcane, cassava, 
and coffee are grown. In the last 10 years, a number of agricultural processing plants 
have been set up which include cotton and groundnuts plants.  
 
Agriculture contributes approximately 18% of the National Gross Domestic Product 
(GDP). Based on 2008 statistics, more than half of the country’s agricultural products 
came from Eastern Province. Table 5.1.1. shows the provincial population.  

Table 5.1.1: Zambia’s Provincial Population  

 
 
5.2 Load forecast methods 
 
 
5.2.1 Introduction 
 
The method adopted for load forecasting will depend on the period under 
consideration, the size of the system and the data available. Most load forecasting 
methods concentrate on predicting load at the consumer level. In general, it is not 
recommended to forecast load at the generation level since it includes implicit 
assumptions about the behaviour of losses in the future, and does not permit a 
breakdown by consumer sector. It is also simpler to use a bottom up approach in 
preference to a top down methodology. 
 
Normally the forecast that is of interest is the load on the interconnected grid (or 
grids). An important element in forecasts for countries with low electricity penetration 
(percentage of population without electricity) is the electrification plan i.e. the 

 1969-1980 1980-1990 1990-2000 

Province 
 

Population 
Size 1980 

Annual 
Growth 
Rate 

Population 
Size 1990 

Annual 
Growth 

Rate 
 

Population 
Size 2000 

Annual 
Growth 
Rate 

 
Central 

Copperbelt 
Eastern 
Luapula 
Lusaka 

Northern 
North-Western 

Southern 
Western 

511,905 
1,251,178 
650,902 
420,966 
691,054 
674,750 
302,668 
671,923 
486,455 

3.3 
4.0 
2.3 
2.1 
6.3 
2.0 
2.5 
2.8 
1.6 

720,627 
1,427,545 
965,967 
525,160 
987,106 
855,177 
387,552 
907,150 
606,813 

3.5 
1.3 
4.0 
2.2 
3.6 
2.4 
2.5 
3.0 
2.2 

1,012,257 
1,581,221 
1,306,173 
775,353 

1,391,329 
1,258,696 
583,350 

1,212,124 
765,088 

2.7 
0.8 
2.6 
3.2 
3.4 
3.1 
2.9 
2.3 
1.8 

Total 5,661,801  7,383,097  9,885,591  
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expansion of the transmission and distribution grid with its accompanying new 
connections and the integration of existing isolated systems. Usually in developing 
countries the residential sector will dominate, particularly the peak load. 
 
 
Important Factors for Forecasts 
 
For short-term load, forecasting several factors should be considered, such as time 
factors, weather data, and possible customers’ classes. The medium and long-term 
forecasts take into account the historical load and weather data, the number of 
customers in different categories, the appliances in the area and their characteristics 
including age, the economic and demographic data and their forecasts, the 
appliance sales data, and other factors.  
 
 
5.2.2 Load forecast methods 
 
The following are the four main methods of load forecasting: 
 

1. Intuitive 
2. Compound Formula  
3. Econometric analysis 

 
The load forecast methods are described below as follows; 
 
 
Intuitive 
 
The term intuitive forecasting can be used to describe methods, which rely largely on 
experience and quick calculations using simple assumptions i.e. the use of the 
immediate past performance and assumption that the rates of change will continue 
unaltered in the future. The intuitive load forecast should not be entirely discounted, 
as it is after all in the background of reviewers’ minds when they appraise other 
peoples’ load forecasts. In some instances, the lack of available data may make 
intuitive forecasting the only possible option and such a forecast may be extremely 
appropriate for minor developments, isolated systems and small Island utilities. If the 
total planned system investment is at the level of 1 MW or less of load growth year, it 
does not make a lot of economic sense to spend a lot of money to carry out a load 
forecast, especially if there are a number of similar economies in the region that can 
be used as parallels. 
 
 
Compound formula  
 
The Compound formula looks at past trends in energy and power load over time and 
extends them into the future by the use of a mathematical model. The model 
identifies a structured approach to forecast a set of variables and their relationship to 
one another. The mathematical model assumes compound (or exponential) growth. 
Below is a formula used in the model forecast: 
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X n = X (1+g) ^n   
      
Where:  X n is the forecast variable in the nth year  

X is the initial annual value  
g is a constant annual growth rate 
 
 

Trends 
 
Trends uses actual load to project future load which is based on long-term average 
growth and may be regarded in some way as an average increase in a time series. 
The method is recommended to use if actual data is available and uses Logarithmic 
graph.  
 
 
Econometric method 
 
This class of model, like the time series model, uses historical data to predict the 
future but attempts to go beyond time series models in explaining the causes of 
trends. Econometric models postulate explicit causal relationships between the 
dependent variable (either energy or power) and economic (e.g. GDP), technological 
(e.g. number and type of appliances; industrial processes), demographic (e.g. 
population) or other variables (e.g. weather). Assuming these relationships are true it 
should then be possible to determine the historical relationships between electrical 
load and such parameters as GDP by sector, personal income, the price of electricity 
etc. Future levels of these economic variables are then forecast and used as inputs 
to determine future levels of consumption (overall or broken-down by consumer 
group) – a deterministic approach. 
 
 
5.2.3 Load forecast scenarios used in the study  
 
It is usual in load forecasting, where data permits, to employ more than one load 
forecasting technique. Considering the uncertainty associated with any forecast, two 
forecast methods were adopted in the study to help compare the results obtained. 
 
In the study two forecast scenarios are used these include high and base. Under 
high case, compound formula is used while under base case Logarithmic trend 
method is used. Furthermore results for the Consultant Knight Piesold [1997] for the 
forecasted loads are also used to compare the results with the ones obtained under 
the two scenarios.  
 
 
High case  
 
Under the high case scenarios, the load factor is based on ZESCO’s Business Plan 
[2008] which is used to estimate the forecasted loads for 2009 to 2018. Table 5.2.3.1 
shows the growth factor under the ZESCO Business plan for 2009 to 2018 
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No. Categories Growth rate 
1 Residential / Social  0.054 

2 
Commercial / max load 
excluding mining  0.05 

3 Retail small businesses 0.052 
Table 5.2.3.1: ZESCO Business Plan (2009-2018) 
 
Low case 
 
Under the low case scenario, logarithmic trend method used. The logarithmic trend 
graph is used to derive the Forecasted loads. The forecasts were based on the 
actual loads for 1998 to 2008. 
 
 
5.3 The effects of synchronising a Power Station to the grid 
 
When a generation station is synchronised to the Grid, the frequency on the grid 
controls the generation frequency on the power station. This means that the power 
generated from the station would respond to the load fluctuation on Grid. The station 
should therefore be ready and available to respond to the change in the load. By 
design, the yearly plant availability of a Power Station synchronised to the grid is 
within the range of 70 to 75%. 
 
Improved security and reliability of supply is one of the main advantages associated 
with power system network with synchronised power stations. However, the main 
disadvantage is that the Power Station might suffer from mechanical failure if it is not 
isolated from the network when the system experiences sudden increased in the 
load due to loss of generation on network. 
 
Considering that the Power Station is currently synchronised to the grid, the power 
that is generated from the station would be supplied not only to the load centres in 
Eastern Province but also to the surrounding loads. Due to the long transmission 
lines, there is high voltage fluctuation on the network. Injection of power from the 
generation station would therefore help stabilise the voltage profile. The power 
generated would therefore go a long way in improving the quality of power supplied 
to the load centres. However, it is important to note that the Power Station would 
only meet the power load of the load centres based on its installed capacity. 
Additional power load which would be more than the installed capacity would be 
supplied from the grid.  
 
 
5.4Load forecast  
 
In general, the growth curve patterns for dynamic systems like population rate, water 
load or energy consumption are usually not linear but exponential. In order to 
compare the results for the forecasted loads, two forecast scenarios were used i.e. 
high and base. The results from the two scenarios were then compared to check 
whether the two methods follow the natural pattern of the population growth rate. 
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High case scenario  
 
The Compound Formula is based on mathematical models where growth rates for 
the different customer categories are used, basing on the compound growth formula 
as shown in section 5.2.2. The loads for 2008 were used as base case for the 
forecasts.  
 
Tables 5.4.1.1 and 5.4.1.2 show growth rates for different customer categories and 
the definitions for the customer categories.  
 

No. Categories Growth rate 
1 Residential / Social  0.054 

2 
Commercial / max load 
excluding mining  0.05 

3 Retail small businesses 0.052 
Table 5.4.1.1: Growth rates based on ZESCO Business Plan (2009 -2018) 
 
Table 5.4.1.2 shows the definitions for the different customer categories. 
 
Categories  
a. Customers under social category include schools, hospitals and social services 
e.tc  
b. Customers under commercial / max load categories include large and medium 
manufacturing and processing plants including Agricultural related etc 
c. Customers under retail small business  category include small scale business 

Table 5.4.1.2: Definitions for the customer categories 
 



Forecasted load for 2009 to 2018 using compound formula 
 
Table 5.4.1.3 shows the forecasted loads for 2009 to 2018 using Extrapolation 
method: 

 
 Residential 

(MWh) 
Residential 

(GWh) 
Social 
(MWh) 

Max Load 
(MWh) 

Commercial 
(MWh) 

Total 
Energy 
(MWh) 

*Total 
Energy 
(MWh) 

Power 
(MW) 

Total 
Energy 
(GWh) 

1998 104678 105 8907 6789 7898 128377 115539 13 115.5 
1999 103890 104 9089 6809 7907 127799 115019 13 115 
2000 104700 105 9345 6990 8090 129230 116307 13 116.3 
2001 105555 106 9355 7008 8234 130258 117232 13 117.2 
2002 105789 106 9678 7456 8345 131374 118236 13 118.2 
2003 105980 106 9709 7789 8456 132040 118836 14 118.8 
2004 106090 106 9755 7890 8678 132519 119267 14 119.3 
2005 106444 106 9656 7771 8789 132766 119490 14 119.5 
2006 106888 107 9234 7678 8890 132797 119517 14 119.5 
2007 106990 107 9345 8245 8999 133686 120317 14 120.3 
2008 107009 107 9456 8456 9089 134117 120705 14 120.7 
2009 112787 113 9967 8879 9543 141289 127160 15 127.2 
2010 118878 119 10505 9323 10021 148845 133961 15 134 
2011 125297 125 11072 9789 10522 156805 141125 16 141.1 
2012 132063 132 11670 10278 11048 165192 148672 17 148.7 
2013 139195 139 12300 10792 11600 174027 156624 18 156.6 
2014 146711 147 12964 11332 12180 183334 165001 19 165 
2015 154634 155 13664 11898 12789 193141 173826 20 173.8 
2016 162984 163 14402 12493 13429 203471 183124 21 183.1 
2017 171785 172 15180 13118 14100 214355 192920 22 192.9 
2018 181062 181 16000 13774 14805 225821 203239 23 203.2 

Table 5.4.1.3: load for 2009 to 2018 
 
*total Energy= Total Energy (MWh) X load factor (0.9) 
Note that from 1998 to 2008 represents actual loads while from 2009 to 2018 
represents forecasted loads  
 
Using the data from table 5.4.1.3, figure 5.4.1.1 is derived; 
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Figure 5.4.1.1: Actual and forecasted loads 
 
 
Observations  
 
The following were the observation; 
 

1. Based on figure 5.4.1.1, the graph does not represent the true trend of 
population growth in view of the sudden sharp increase after 2008.Population 
growth follows a natural phenomenon which is not linear but exponential and 
tends to stabilise at a certain point. 

 
Low case scenario  
 
As mentioned above, the growth curve patterns for dynamic systems like population 
rate, water load or energy consumption are usually not linear but exponential, 
therefore the Logarithmic trend method is used to demonstrate this phenomenon.  
 
Using the data from table 5.4.1.3 for actual loads for 1998 to 2008, the figure 5.4.1.2 
for the actual and forecasted loads is derived.  
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Figure 5.4.1.2: Actual and forecasted loads  
 
As shown in figure 5.4.1.2 only two graphs were derived for the Forecasted loads i.e 
residential and total loads considering that residential load is the main component of 
the total load. The values for the forecastedload for the two graphs were obtained by 
interpolation. 
 
 
Observations  
 
The following is the observation; 
 

1. Figure 5.4.1.2, shows the stabilization of the two graphs which confirms the 
natural growth curve patterns of dynamic systems like population rate which 
tender to stabilise after some years. The graph derived using Logarithmic 
trend method follows this pattern and reaches a stable level after some years 
which mean that lower load as compared to linear forecast which shows an 
increase.  

 
After deriving the two graphs the other graphs for the other customers categories 
were also obtained by interpolation.Table 5.4.1.4 below shows the forecasted trends 
for the different customer categeries for 2009 to 2018. 
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Residential 

(MWh) 
Total Energy 

(MWh) 
*Total Energy 

(MWh) 

Power (MW) 
Inclu. Load 

Factor 

Total Energy 
(GWh) Inclu. 
Load Factor 

2009 107000 133800 120420 13.7 120.4 
2010 107000 134000 120600 13.8 120.6 
2011 107100 134100 120690 13.8 120.7 
2012 107200 134200 120780 13.8 120.8 
2013 107300 134500 121050 13.8 121.1 
2014 107400 134700 121230 13.8 121.2 
2015 107500 135000 121500 13.9 121.5 
2016 107500 135000 121500 13.9 121.5 
2017 107600 135100 121590 13.9 121.6 

2018 107600 135200 121680 13.9 121.7 

Table 5.4.1.4: Forecasted load for the different customer categories 
 
Load forecasts done by the Consultant  
 
Below is the data derived from the Knight Piesold Consultant [1997] which 
represents the actual and forecasted loads for the years 1982 to 1995 and 1994 to 
2005 respectively.  
 
The data for the actual and loads for Chipata and Serenje Districts is indicated in 
table 5.4.1.5 and 5.4.1.6 respectively. 

Table 5.4.1.5: Actual energy load (GWh)  
 

  1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 
Chipata 
(GWh) 38.9 40.5 42.1 43.8 45.6 47.4 49.3 51.3 53.3 55.4 57.7 60 
Serenje 
(GWh) 4.2 4.4 4.6 4.8 5 5.2 5.4 5.6 5.8 6 6.3 6.5 

Table 5.4.1.6: Forecasted energy loads (GWh)  
 
Figure 5.4.1.3 shows the actual energy load with logarithmic trends. 
 
 

  1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 
Chipata 
(GWh) 21.8 25.9 24.9 27.8 29.5 30.6 28.4 30.9 34.5 35.5 35.3 38.3 38.9 40.5 
Serenje 
(GWh) 0.02 0.02 0.024 3 3.4 3.4 3.7 4.2 4.7 5 5.1 5.5 4.2 4.4 
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Figure 5.4.1.3: Actual energy load (GWh) with logarithmic trends extending up 
to 2006  
 
Observations: 
 
The following observations were based on the results obtained from the Consultant 
works and the two scenarios: 
 

1. Based on the results, the growth rate for the forecasted loads using 
Compound Formula had higher growth rate of 7.6% as compared to the other 
two methods. The Logarithmic method had less than 1% while the consultant 
data for Chipata had a growth rate of 4.4%. 

 
2. Based on the graphs for the forecasted loads, the ones for the consultant and 

Logarithmic method were similar to the natural pattern for population growth 
than the one obtained under Extrapolation method.  

 
 
5.4.2 Forecasted power load versus generation capacity  
 
The forecasted load and plant capacities of 12MW and 42MW MW were plotted to 
confirm whether the future loads could be sustained by the proposed Power Station 
extension. 42MW MW is the summation of power derived from the installed capacity 
of the plant which is 12MW and the additional power from the water spilled from the 
weir dam which is calculated as 29.889 MW in section 4.5. Based on the results 
obtained under scenario 1, the forecasted load in terms of power is compared with 
the minimum plant capacities of 12MW as shown in figure 5.4.2.1. 
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 Figure 5.4.2.1: Forecasted loads and generation capacities 
 
Observations  
 
The following is observed: 
 

1. Based on figure 5.4.2.1, the forecasted loads are within the generation plant 
capacities of 12MW and 42MW although the plant capacity of 12MW is below 
the forecasted load. This means that once the power plant has been 
expanded to 42MW MW, the excess power will be supplied to meet the power 
requirements of other loads centres since the station is synchronised to the 
grid.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

12MW 
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6-ENVIRONMENTAL CONCERNS 
 
Hydro power plants are environmentally friendly and compatible with the 
environment unlike fossil plants. The major environmental issues to be analysed 
before planning and sanctioning a hydro scheme are related with the reservoir 
volume and tailrace water flow and their impact on the population, agriculture, 
geography, geology, forests, aquatic life etc 
 
Hydro schemes are multipurpose. The water is used before and after power 
generation and there is no wastage of water. Only the head is lost during the power 
generation. Hence environmental aspects are viewed from multipurpose influence. 
There is a trade off between the environmental disadvantage and multipurpose 
advantages (drinking water, agriculture, fishery, navigation, flood control, power). 
 
The proposed upgrading of the Power Station has minimal environmental concerns 
considering that there is already existing infrastructure. However, sedimentation is 
the major environmental concern for the project. Included in the study are additional 
potential concerns and the associated mitigation measures have also been identified 
 
 
6.1 Sedimentation 
 
In theory all reservoirs will ultimately be filled with sediments and organic material. 
The rate of sedimentation is a function of sediment transport characteristics of the 
impounded River.  
 
In 2002, the sediments around the intake weir had developed to a level just a meter 
below the water surface. The estimated reduction in the storage for the weir dam is 
about 75%. Based on the samples taken by ZESCO in 2004 around the intake weir, 
the particle sizes for sediment samples ranged from 0.09mm to 14mm which 
represented quartz content. The extent of silicon was in the order of 25% by volume. 
In hydropower reservoirs, such a volume is high considering the effects of quartz on 
the turbine blades. Figure 6.1.1 shows the accumulated sediments in the channel. 
 

Other potential environmental impacts of the project  

The following potential environmental impacts have been identified which are likely 
to affect the general physical, biological and socio-economic environments around 
the project site: 

1. Displacement of families around the project site to facilitate for construction of 
the power station 

2. The excavation works and access road construction could induce changes 
within the project site. 

3. Damming of the water could induce micro-climate changes 
4. Water fluctuations in the reservoir may alter habitats for certain animal and 

fish species. 
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5. Short term activities such as dam construction and river diversion, may have 
an adverse effect on terrestrial reptiles and fish habitats within dam site areas 
and the associated barrow pits.  

6. The disturbance of the fish habitat may also disturb the migratory patterns of 
the fish and consequently the breeding patterns of the fish. 

7. A project of this nature could trigger an influx of job seekers in the area there 
by creating stress on the social amenities in the area. An influx of migrant 
labour force could also be associated with the introduction of diseases not 
prevalent in the area. The local economic activities may however, be 
enhanced due to an injection of capital in the area. 

Mitigation measures  

In order to reduce on the Environmental impact of the project, the following mitigation 
measures have been recommended: 

1. The envisaged relocation plan for the households will involve payment of 
adequate compensation in accordance with the national legislation.  

2. Slope stabilization in a number of cliffs overhanging the access road and the 
other Power Station infrastructure will be recommended. Site restoration and 
landscaping in work areas shall be made part of the construction contracts. 
Installation of relevant earth movement monitoring equipment and putting in 
place environmental monitoring programmes shall be part of the overall 
project. 

3. In consultation with relevant stakeholders, it is recommended that a Nature 
Reserve be created around the project site in order to protect the natural 
resources (wildlife, forestry, fisheries, etc.) and to mitigate against other wide 
ranging impacts. 

4. To ensure Power Station and weir safety, a detailed Standing Operations 
Procedure shall be developed which could include an Emergency 
Preparedness Plan for Power Station operations related emergencies. 

 
 
 
 
 
 



 47

 
Figure 6.1.1: Siltation in the water channel 
 
6.1.1 Impact of Sedimentation on Power Generation  
 
The following are the impacts: 
 

1. Reduced reservoir capacity due to sediment accumulation.  
2. Wear on turbine and other associated equipment 
3. Operational problems due to reduced storage capacity which affects power 

generation. 
 
 

6.1.2 Interventions to reduce sedimentation accumulation. 
 
Sedimentation accumulation can be controlled by the following interventions: 
 

1. Sediment removal by manual methods 
2. Mechanical removal through  

 
 Flushing-Density Currents 
 Flood Sluicing 
 Controlled Water 
 

3. River bank protection and practicing of soil conservation practices   
 

The current interventions that have been employed by ZESCO are to manually 
remove the sediments and also to encourage local farmers to practice conservation 
farming along the banks of the river. Unfortunately the approach has not been 
successful. The company is therefore considering other options like developing a 
sustain approach to help reduce the impacts of sediments through the involvement 
of traditional leaders. Using these leaders, farmers will also be encouraged to 
conduct their farming activities away from the River banks.  
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7-ESTIMATED COST FOR THE CONSTRUCTION OF AN 
ADDITIONAL 30MW POWER STATION. 

 
Using the information from section 3.2, the estimated cost for the proposed plant 
capacity of 30 MW is estimated as follows: 
 
The unit costs which have been used in estimating the cost requirements were 
derived from the recent constructed power station located in the North Western part 
of Zambia. The associated estimated quantities for the proposed additional power 
station were obtained from interviews conducted during the site visit and some 
similar design drawings obtained from ZESCO.  
 
Table 7.1 below shows the estimated cost for the construction of the proposed 
additional plant capacity of 30 MW.  

 
No. 

ITEM UNIT PRICE 

ESTIMATED QUANTITIES 
FOR THE PROPOSED 
ADDITIONAL PLANT 
CAPACITY OF 30MW 

TOTAL COSTS 
(US$) 

1. Road construction 
of access road US$ 33,000 /km 15km 495,000.00 

2. Masonry US$ 150 /m3 5,000.00m3 750,000.00 
3. Concrete US$ 600 /m3 7,000.00m3 4,200,000.00 
4. Common 

Excavation US$ 10 /m3 15,000.00m3 150,000.00 
5. Rock Excavation US$ 60 /m3 25,000.00m3 1,500,000.00 
6. Steel structure US$ 2,800 / t 18,000.00 tonne 50,400,000.00 
7. Sub Total   57,495,000.00 
 

8. 
Overall cost of the 
project based on 
the rule of thumb 

Approximately 
 1MW per USD 

3million 
30MW 90,000,000.00 

9. Cost of turbine and 
generator 

Difference between overall cost of the project 
based on the rule of thumb and sub total  

32,505,000.00 
 

10. Overhead costs Overhead costs 10% of overall cost of the project 9,000,000.00 
11. Grand Total  99,000,000.00 
12.   Approximated estimated cost (US$ ) million 100 

Table 7.1: Estimated costs 
 

Therefore, based on the estimations, the project would cost approximately USD 100 
million 
 
 
7.1 Economic analysis  
 
Once the cost of the project has been established, it is important to undertake an 
economic analysis to determine whether the project is economically viable. In order 
to determine the viability of the project a number of parameters need to be analyzed 
which include among others the following:  
 

1. Plant capacity  
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2. Tariffs  

3. Nature of financing which might fall under commercial or concessionary under 

 public financing 

4. A concession period  for the payment of the loan  

5. Revenue requirement of the shareholders of the company 

 
It is important to note that considering that the project is owned by ZESCO, which is 
100% owned by Government, the social obligation of the project will likely be 
favoured i.e. the improvement of the standard of living for the communities. 
Furthermore, it is also important to note that in order to improve the voltage profile in 
the area, Government will ensure that the project is implemented.  
 
Despite the positive attributes of the project, an economic assessment needs to be 
undertaken to assess the viability of the project and also in case government decide 
to partner with the private sector.  
 
Considering that the parameters above have not yet been defined, an economical 
model cannot be developed, therefore as a follow up action, an analysis should be 
done to assess the viability of the project.  
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8-CONCLUSION AND DISCUSSIONS 
 
The objective of the study is to undertake a feasibility study to access the full 
potential for increasing power generation capacity at Lusiwasi site. After undertaking 
the study the following findings have been made: 
 

1. Based on the five cases which have been analysed, scenario 1 with plant 
capacity of 12MW and plant availability of 67% is the preferred option. The 
analysis reviewed that the current flows are able to firmly support a plant 
capacity of 12MW for 243 days. In addition, during the same period, the 
spilled water is able to support an additional plant capacity of 30MW. 

 
2. Based on figure 5.4.2.1, it is concluded that the forecasted loads are within 

the generation plant capacities of 12MW and additional 30MW. Furthermore, 
once the power plant has been upgraded from 12MW to 42MW, the excess 
power generated will be supplied to meet the power requirements of other 
loads centres since the station is synchronised to the grid.  
 
In view of the above, it can also be concluded that the site has potential to 
meet the power requirements of the current and future loads centres up to the 
year 2018 and beyond. 

 
3. Construction of the additional power station will have minimal environmental 

concerns considering that there is already existing infrastructure. It is however 
important to note that the major challenge to the project is sedimentation and 
it is recommended that mitigation measures should be an integral part of a 
sustainable power generation plan. 
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9-RECOMMENDATION AND SUGGESTED FUTURE WORK 
 
The following are the recommendations and suggested future works which are 
classified under short and medium term measures. The short term measures 
highlight the need to rehabilitate the current power station to be able to generate the 
design capacity of 12MW. Then the medium term measures focuses on the need to 
upgrade the site to 42MW i.e. construction of an additional 30MW plant:  
 
Short term measures  
 

1. Based on the results of the study, the current flows are able to support a plant 
capacity of 12MW. It is therefore recommended that rehabilitation should be 
done to ensure that the plant is able to generate 12MW. Considering the poor 
voltage profile in the area, rehabilitation of the plant should be considered as 
priority in order to improve the voltage profile in the area. 
 

2. There is need for ZESCO to put in place a reservoir level measurement 
system. 
 

3. Currently there are no flow meters on the river system, there is therefore need 
to install meters at strategic positions for example inlet and outlet of the dam 
reservoir and the weir dam. 
 

Medium term measures  
 

1. The calculated additional plant capacity of 30MW depends largely on the 
hydrology of the area and whether the topography of the area could hold the 
required amount of water for power generation. There is need therefore that 
further studies are done through the use of different hydrological models to 
confirm the results.  
 

2. Detailed surveys should be conducted to establish whether the topography of 
the area which is close to the confluence of Luangala and Lusiwasi Rivers is 
able to hold the water for the proposed dam. 
 

3. There is need to conduct an economical analysis to assess the viability of the 
additional power station of 30MW. The analysis is critical in attracting the 
private sector to partner with government in developing the project. 
 

4. In terms of plant operations, the proposed Power Station should be operated 
as a mid merit station i.e. base and peaking station in order to avoid 
significant fluctuation of the water level in the proposed dam reservoir.  
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APPENDIX 1: PART OF ZAMBIAN GRID SHOWING LUSIWASI 
TRANSMISSION LINE 
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APPENDIX 2: PART OF THE TABLE SHOWING THE DAM 
RESERVOIR VOLUME 

 

n Discharge (m3/s) Daily Discharge (m3/s) Volume (m3) 

1 40.33386667 30.25386667 2613934.08 

2 35.8765 25.7965 2228817.6 

3 33.44846667 23.36846667 2019035.52 

4 31.9783 21.8983 1892013.12 

5 30.2306 20.1506 1741011.84 

6 28.8559 18.7759 1622237.76 

7 27.75223333 17.67223333 1526880.96 

8 27.20456667 17.12456667 1479562.56 

9 26.39403333 16.31403333 1409532.48 

10 25.7406 15.6606 1353075.84 

11 25.16973333 15.08973333 1303752.96 

12 24.58666667 14.50666667 1253376 

13 24.0301 13.9501 1205288.64 

14 23.38833333 13.30833333 1149840 

15 22.92283333 12.84283333 1109620.8 

16 22.47233333 12.39233333 1070697.6 

17 22.19873333 12.11873333 1047058.56 

18 21.83816667 11.75816667 1015905.6 

19 21.56756667 11.48756667 992525.76 

20 21.16666667 11.08666667 957888 

21 20.77416667 10.69416667 923976 

22 20.53616667 10.45616667 903412.8 

23 20.30946667 10.22946667 883825.92 

24 20.10113333 10.02113333 865825.92 

25 19.8754 9.7954 846322.56 

26 19.6248 9.5448 824670.72 

27 19.35293333 9.272933333 801181.44 

28 19.15033333 9.070333333 783676.8 

29 18.92206667 8.842066667 763954.56 

30 18.75523333 8.675233333 749540.16 

31 18.5615 8.4815 732801.6 

32 18.31523333 8.235233333 711524.16 

33 18.13623333 8.056233333 696058.56 

34 17.9649 7.8849 681255.36 

35 17.78323333 7.703233333 665559.36 

36 17.54436667 7.464366667 644921.28 

37 17.349 7.269 628041.6 

38 17.1962 7.1162 614839.68 

39 16.95586667 6.875866667 594074.88 

40 16.7493 6.6693 576227.52 

41 16.53196667 6.451966667 557449.92 

42 16.36453333 6.284533333 542983.68 

43 16.15466667 6.074666667 524851.2 

44 16.00473333 5.924733333 511896.96 

45 15.81603333 5.736033333 495593.28 
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APPENDIX 3: CD CONTAINING THE ELECTRONIC FILES 
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