Chapter 3:


TECHNICAL AND ECONOMIC CONSIDERATIONS











scheme alternatives





The hydropower alternatives which have been evaluated and compared have been described in the previous chapter.  They 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.








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 3.1	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 3.2 below:





Table 3.2	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 3.3 below.





The present value of power system cost would be the following:





Table 3.3	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, however, is 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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