Chapter 1:

INTRODUCTION AND CONCLUSIONS







general



Introduction



General introduction to the project, the contract, the Client and the Consultant is given in Part 1, Summary.  That part also contains an explanation of the objectives of the Project Formulation Report as well as of the overall report structure and layout.



General Methodology - Technical/Economic Studies



To enable a comparison between the identified hydropower alternatives the topographic mapping of the areas affected by the development has been undertaken.  The map information has been used for the preliminary design of the schemes, for estimates of quantities and for cost estimates.  The topographic map information has provided accurate information about the characteristics of the reservoir area and the respective capacities of the water storage reservoirs connected with each scheme alternative.  The profile of the Lower Cunene has given information about the riverbed level from Ruacana to the coast and the local river gradients and the gross head of each alternative.  The topographic map information has given a sufficient basis for the Feasibility Study to design each alternative in an optimal manner.



Refined preliminary design and optimisation of the selected scheme will be undertaken in the feasibility phase.  The level of design and optimisation in this report is sufficient for the purpose of scheme selection.



The hydrological studies on the Cunene River have improved the streamflow information, the evaporation from open water along the river, and estimates of extreme flood events. These studies were the basis for design of the projects and estimates of generation potentials.  Assessment of the sediment yield of the river has been made as well.



In almost all hydropower projects the geology of the project site and reservoir area is of crucial importance.  Geological field surveys and sub-surface explorations have been carried out for all scheme alternatives under consideration, and have provided results very favourable to construction of dams and power stations in the selected locations, as well as for the safe accommodation of regulating reservoirs upstream of the dams.



On the basis of the results of the field investigations, engineering and design of the projects have been made with regards to dam type, spillway, water conduits, power house, electrical and mechanical equipment and power transmission system.  The engineering studies have included estimates of construction costs for the project alternatives.  The design optimisation for major project features has been determined by comparing costs and benefits of varied design parameters.  The accuracy of the optimisation and the design is sufficient for the purpose of this Project Formulation Report.



The future operation of the hydropower project alternatives has been simulated with the Namibian power system receiving the generated energy.  The general implication of this approach is that the hydropower projects have been analysed as part of the Namibian power system, and are thus co-generating with other sources of supply.  The criterion for the selection of best scheme alternative thus corresponds to the overall least cost of power to the Namibian system over the study period from 1999 to 2020.



Report Layout	



The Project Formulation Report is composed of the following parts:



Part I, Summary 

Part II, Technical/Economic Site Assessment 

Part III, Comparative Environmental Assessment.



The Technical/Economic Site Assessment (technical report) compares the alternative sites based on engineering design and costs and power market projections.  The Comparative Environmental Assessment (environmental report) compares the relative impacts on physical and living environment of the alternative schemes.  Neither the technical nor the environmental report contain recommendations as to the most appropriate hydropower site.  The Summary Report distils the information from these two reports and presents the Consultant’s recommendation for the most appropriate site for further study.



The chapters of this technical report provide the information directly relevant to the choice of hydropower site.  The appendices supply the base of information available.



Some topics are included in both chapter and appendix form.  The appendix version is more or less the format envisioned for the Feasibility Report.  The shortened version in the chapter contains the information relevant to the choice of hydropower site.



The major part of the appendices will be used either as appendices or chapters in the Feasibility Report.  Comments from the Client are therefore invited for possible inclusion in the final version for the Feasibility Report.  These could be discussed at future SCFS meetings.





	SUMMARY RESULT OF TECHNICAL STUDY



Scheme Alternatives



The hydropower alternatives which have been evaluated and compared are the following:



Epupa site A upstream of Epupa Falls in combination with site C downstream of Epupa Falls



Epupa site B downstream Epupa Falls



Site E at the Baynes mountains



From a technical point of view all the studied alternatives offer very good to excellent prerequisites for construction of dams, tunnels and power stations.  The project area as a whole exhibits geological conditions.  The hydrology of the river is sufficiently well recorded to avoid unpleasant surprises with regards to the magnitude of the streamflow and its variation.



All sites are considered to be technically feasible and have the following main characteristics.



Table 1.1	Main Characteristics





Alt.�HWL�LWL�TWL�Gross head�Active storage�Inund. area

�Inst.

cap.

�Total invest.

�Firm prod.

�Present

value of

system�Unit

cost������m�Mm3�km2�MW�MUSD�GWh�MUSD�USc/

kWh��A�710�680�572�138�7027�352�205�396�����C�572�572�510�  62�-�-�  95�247�����A+C����200�7027��300�566�1919�835�3.28��B�710�680�510�200�7809�381�300�480�1856�805�3.09��E�580�520�380�200�1744�49�300�470�1768�813�3.10��

Simulations and sensitivity analysis have been undertaken and the main findings of these are given in the subsequent paragraphs.



The Base Case



The studies, from the start until the current project formulation, have resulted in the selection of the most favourable scheme development at each individual dam site.  The comparison has been made on the basis of an identified base case, which includes Gove regulation in the river system, and an import tariff of USc 3.0 per kWh after year 2005, which is close to the present Power Purchase Agreement between NAMPOWER and ESKOM.  Assumptions on development projects requiring water abstractions upstream of Epupa Falls have also been incorporated.  The chosen alternatives for each site have the following characteristics:



Table 1.2	Base Case - Chosen Alternatives for each Site



Alternative�Reservoir High Water Level�Installed Capacity�Annual Energy Generation�Investment Cost�Present Value of System Cost���M.A.S.L�MW�GWh�MUSD�MUSD��A+C�710�300�1919�566�835��B�710�300�1856�480�805��E�580�300�1768�470�813��

When comparing the Present Value of the System Cost it appears that scheme A+C is the least attractive of the three.



When comparing schemes B and E there is a small difference in favour of scheme B.  This difference may, however, be within limits of accuracy for this analysis.



Sensitivity Analysis



General



Extended sensitivity analysis have been undertaken to assess the following:



-	The effect of the Gove regulation

-	Effect of increasing the cost of imported power

-	Effect of different assumptions on upstream water abstractions





The Gove Dam



The analysis has been performed by removing the Gove reservoir from the river system, implying that unregulated flow passes Matala, Ruacana and down along the Lower Cunene.  The results are given in Table 1.3 below:



Table 1.3	Sensitivity to the Gove Dam



Alternative�Reservoir High Water Level (HWL)�Installed Capacity�Annual Energy Generation�Present Value of System Cost���M.A.S.L�MW�GWh�MUSD��A+C�710�300�1839�936��B�710�300�1809�890��E�580�300�1454�947��

The requirements for a regulating reservoir in the Lower Cunene are reasonably well met by schemes A+C and B, but only partly by scheme E (Baynes).  The reason is that the latter has an active storage reservoir less than 25 % of the other schemes.  The Present Value of System Cost reflects this and shows a certain advantage for scheme B.



It has been decided by SCFS that the base case shall assume the Gove dam in operation.  It is, however, not in operation at present and the effect of this is demonstrated by this sensitivity analysis.



Import Tariff



The import tariff used in the base case reflects the Power Purchase Agreement (PPA) entered into in 1995 between NAMPOWER and ESKOM.  It will be valid until the year 2005.  The average tariff in the year 2005 is on the order of 2.7 - 3 USc/kWh, depending on the composition of the import in terms of energy (kWh) and capacity (kW).  A value of 3 USc/kWh has been assumed for the base case after the year 2005.



The PPA has been entered into during a time of surplus power generating capacity in RSA.  Recent updated demand projections for RSA indicate that the surplus will vanish by or even before the expiration of the PPA.  It therefore seems reasonable to consider that a conceivable future situation in the RSA will have an upward pressure on the import tariff.  For the sensitivity analysis higher average tariffs of 4 USc/kWh and 5 USc/kWh have been used.



This sensitivity analysis has been undertaken to demonstrate the impact that future higher import tariffs would have on the alternative sites.  It has been performed for cases with and without Gove regulation as shown in Table 1.4 below.



The present value of system cost would be the following:

�Table 1.4	Sensitivity of Import Tariff



Alternative�Column 1

(see below)�Column 2

(see below)�Column 3

(see below)����4 USc�5 USc�4 USc�5 USc��A+C�1919/1839�931�1026�1055�1177��B�1856/1809�906�1006�1007�1109��E�1768/1454�917�1020�1083�1214��

Column 1:	Annual Energy Generation, GWh, Base Case/Without Gove.



Column 2:	Present value of System Cost in MUSD for increasing the average import tariff from 3 to 4 and to 5 USc/kWh (base case).



Column 3:	Present value of System Cost in MUSD for increasing the average import tariff from 3 to 4 and to 5 USc/kWh (without Gove regulation).



The difference in sensitivity with increased import tariff is accordingly not very significant between any of the alternatives when the Gove dam is in operation, and is apparently not immediately related to the size of the reservoir in this case.



The analysis performed without the Gove regulation results in a higher sensitivity to change in tariff as shown in Column 3 of the above table.  The difference in sensitivity between scheme E and schemes A+C and B also becomes more important in this case.



Upstream Water Use



The sensitivity to upstream water use has also been tested for three different scenarios.  With Gove in operation the sensitivity is modest for all alternatives.  The relative difference between the alternatives is also rather small.



Discussion



When comparing the Present Value of the System Cost it appears that scheme A+C is the least attractive in the base case.  The sensitivity analysis also shows that scheme A+C is less attractive than scheme B for all cases studied.  Consequently, scheme A+C should be excluded from further studies on the basis of pure technical/economic considerations.



This leaves scheme B and scheme E for further technical/economic evaluation.  The main physical difference between these alternatives is the size of the reservoir.  The comparison of the Present Value of the System Cost gives a small difference in favour of scheme B for the base case (i.e. the Gove dam in operation, import tariff of USc 3.0 per kWh).  The difference is, however, small and may be within the limits of accuracy for this analysis.



The sensitivity analysis demonstrates that the operation of the Gove dam is of high importance.  When this is not in operation scheme B is clearly better than scheme E.  Simulation without Gove in operation and increased import tariff further increases the difference between the schemes.  This is explained by the size of the reservoir.



With Gove in operation, sensitivity analysis demonstrate that scheme B is somewhat more robust than scheme E with regard to increase in import tariff and upstream water abstractions.  These differences are not, however, considered important.



Long Term Consequences



From an economic viewpoint, the main reservoir should generally be as far upstream as possible and should be part of the first scheme.  On this basis scheme B should be constructed before scheme E (Baynes) from the perspective of long term consequences.



However, both scheme B and scheme E have projects with excellent technical potential to be developed next, and development of either site will not reduce the available resource of the Lower Cunene or prevent future utilisation of the hydropower potential.
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