CHAPTER 12	ECONOMIC AND FINANCIAL EVALUATION

_____________________________________________________________________________







12.1		BASIS FOR PRELIMINARY OPTIMIZATION



To be able to compare alternatives for the expansion of the Namibian power system a number of power system simulations have been carried out. The method for the calculations have been an extended variant of the Stochastic Cost Simulation technique.



This method may briefly be described as follows:



Each simulated year is divided into periods, in this case weeks, and the weekly energy and peak power generation are calculated on the basis of the yearly peak power and energy demands, repre�sented by a load curve.



The maintenance of all units are optimized to ensure an optimum capacity profile.



Based on the available generating units in each period the probable  energy generation, Loss of Load Probability, Unserved Energy and all unit production costs level are calcu�lated, taking into account the possible status of each unit. This implies that the actual capacity of a unit is a variable of the probability that other units are on or off line.



The extended part of the simulation employs specially programmed routines for the hydro system, in order to simulate and evaluate the Epupa hydro power plant in greater detail. These routines determines the weekly amount of energy produced by Epupa and the level of capacity in use.



To ensure that the benefit of Epupa is not over-estimated the knowledge of actual inflow of water into the Epupa reservoir has been restricted to one week ahead of time. The inflow of water has been derived from the hydrological 30 years series 1961-1991, scenario Present I. Restriction of the planning horizon to one week, gives a somewhat conservative but a perhaps more realistic view of the operational planning in the real situation. 

�		Since the objective of this study is expansion planning this limitation has been introduced.



The decisions of how to utilize the plant is mainly based on the following parameters:



  -	A series of dry years may occur at any time.



  -	The content of the reservoir after the yearly high water flow period is, if possible, planned to be sufficient until the next year. This means that if the reservoir level is regarded as low after the flood season the energy produc�tion will be reduced in order to minimize installations of gas turbine capacity.



  -	Maximum and minimum limits of the reservoir.



  -	The energy equivalents variation with the reservoir level.



  -	Evaporation from reservoir.



To govern the time and level of expanding the power system, a specific value has been given to the unserved energy. This value is representing the cost for the society should power not be delivered to the consumers. This value is generally set to 20-50 times the tariff, and the value used in these simulations has been 4.125 ZAR/kWh.



When the sum of the operational cost and the cost of the unserved energy exceeds the costs of an expanded system, the system should be expanded according to the least cost alternative available. Optional expansion alternatives have been:



  -	New coal plant

  -	Epupa hydro plant

  -	Gas turbine plant



The existing generation system, Ruacana and van Eck, has been used as a basis in all alternatives. Fixed costs for these two plants are equal in all alternatives, whereas fuel costs and variable costs for van Eck have been assessed at 15.4 ZARc/kWh and 0.1 ZARc/kWh, respectively.





�	

The probability of a sequence of dry years is the basic problem for the Epupa alternative and these dry years will govern the extent co-generating facilities should be built and used at times of shortage of water in the Cunene river. It should be observed that this problem is related to the fact that import from ESKOM is not allowed in the simulations, and all gas turbines the simulation will find feasible may be substituted by stand-by supply con�tracts with ESKOM, should negotiations find that more feasible.





12.2		SCENARIOS FOR FUTURE DEVELOPMENT



12.2.1	The Epupa Hydropower Alternative



The parameters to optimize in the Epupa hydropower plant have been:



  -	Size of the reservoir, when maintaining the same dam height, 6300 Mm3 or 7300 Mm3.



  -	Capacity of the plant. The investigated capacity range has been 200-325 MW. Station level optimizing have given the alternatives 200, 275 or 325 MW.



  -	Capacity and type of thermal co-generating plant during  dry years and for peaking.



Three load levels have been used for the calculations.



363 MW:	represents the year 2000 which is the earliest time for commissioning of Epupa



430 MW:	represents� year 2007



500 MW:	to ensure the feasibility in a longer term.



With regard to the reservoir size, the larger reservoir of 7300 MCM was found the most feasible alterna�tive regardless of other parameters. This result is not surpris�ing since the river can experience a series of rather dry hydrological years, and a smaller reservoir would entail installation of more thermal capacity for use during dry years. The simula�tions using the smaller reservoir resulted in higher costs for the unserved energy or made larger installations of gas turbines necessary.





System optimisation with a load level of 363 MW resulted in capacity in Epupa at 200 MW and a gross maximum head of 145 m. 90 MW of gas turbines would be required to cope with the shortage. The energy balance for this scenario is presented in Fig. 12.1 a where each hydrological year from the 1961-1991 serie have been simulated in sequence.



As can be seen from the figure, the energy balance results in a minimal gas turbine generation during normal hydrological years, but increases heavily during or after the dry hydrological years until the reservoir has recovered. Noticeable probable system shortages occur only during these years.



This represents a possible first stage in a staged development as discussed in Chapter 8.  As commented in Chapter 8, this alterna�tive was not considered advantageous due to more complicated future operation and maintenance of two power stations instead of one.



An alternative with a capacity of 275 MW at Epupa and with a gross maximum head of 195 m was also simulated for the low load scenario of 363 MW.  In this case no additional gas turbine capacity is required.  The difference in annual costs between this alternative and the first is only marginal.  The resulting energy balance is shown in Fig. 12.1 b.



When the load level was increased to 430 MW, the best economic result was achieved with a capacity in Epupa of 275 MW, and with a gross maximum head of 195 m. 60 MW of gas turbines would be required. The energy balance for this scenario is pres�ented on Fig. 12.2.



Finally, simulations were made for the high load alternative, 500 MW. The best economic result was reached with a capacity in Epupa at 275 MW together with a gross maximum head of 195 m. 160 MW of gas turbines would be required for this scenario. The energy balance for the high load scenario is presented on Fig. 12.3.

























































































Fig. 12.1 a



























Fig. 12.1 b
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Fig. 12.2



























































































Fig. 12.3













�		The results from the simulations with Epupa hydro plant can be summarized as:



Load level		Capacity		Head		Gas Turbines



  363 MW		 200 MW		145 m		     90 MW

  363 MW		 275 MW		195 m			0 MW

  430 MW           275 MW           195 m            60 MW

  500 MW           275 MW           195 m           160 MW



It should be noted that the capacity figures in this chapter differ from those given for the installed capacity in other parts of the report, which may appear as an inconsistency.



However, in this chapter the objective has been to find out the least cost power system expansion scenario and the corresponding power system configur�ation with and without the Epupa scheme.

The criteria applied suggests that that the capacity of Epupa should be available at all times, and particularly during a sequence of dry years with low reservoir levels and operating head.



By applying this criteria to the design of the generating equipment, the corresponding installed maximum capacity would  be quite much higher. On the basis of an available capacity of 275 MW at the minimum head, the maximum capacity of the generating equipment at the maximum head, would be 415 MW.



The criteria is probably conservative and would need to be further analysed and optimized in the Feasibility Study.



12.2.2	The Coal Fired Plant Alternative



The parameters to optimize in the Coal fired power plant alterna�tive have been:



  -	The capacity of the Coal fired power plant

  -	The capacity of the gas turbine plant to be used for peaking and under reserve conditions.



As for the Epupa alternative, simulations have been made for three different load levels. The result from these simulations can be summarized as follows:



�



System              Optimum coal         Optimum gas

demand (MW)         plant (MW)           turbine (MW)



   363                   100                  120

               430                   160                  140

               500                   220                  140



Since simulations have been made for hydrological years under different load conditions there is no optimization or connection between the three years the different loads represent. Applying a sequence of years with continuously growing load the optimization would probably be somewhat different with regard to the capacity of the gas turbines.



The energy balance for these scenarios are presented on Fig. 12.4 through 12.6.

























































































Fig. 12.4





























































































Fig. 12.5

























































































Fig. 12.6
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12.3		COMPARISON OF ANNUAL COSTS AND CONCLUSIONS



12.3.1	Low Load Scenarios



The load level of 363 MW has been selected to represent the earliest year when the Epupa hydro plant can be commissioned. As can be seen from the Total Annual Cost in table 12.7 the alterna�tive for Epupa with a capacity of 200 MW and a gross maximum head of 145 m gives the best economic result. A higher capacity as in alternative G, would give almost the same economic outcome.



Alternative H, representing a full development at low load, gives a slightly higher annual cost.  The difference is, however, almost indifferent, and this alternative has, as previously commented, advantages with regard to future operation and maintenance.



It may be observed that alternative G with a higher capacity in Epupa, would require somewhat more gas turbine capacity. This because the higher installed capacity makes it possible to produce more energy in the plant before and under the high water flow period. When there is a dry year the simula�tion model does not recognize this until it is "too late". The potential to produce more hydro energy will in the short term thus result in a too low reservoir level at Epupa, which then has to be compen�sated for with additional thermal power installa�tions. This problem will need to be addressed in much more detail in the feasibility study.



Alternative KO, the Coal fuelled plant alternative, results in a higher annual cost of about 46 MZAR.



Detailed economic calculations are given in Appendix 12.1. 



12.3.2	Medium Load Scenarios



The 430 MW load level represents the year 2007. As may be seen from Fig. 12.7, the Epupa alternative with a capacity of 275 MW and a gross maximum head of 195 m gives the best economic result. The corresponding Coal fired alterna�tive, K1, gives a higher annual cost of about 83 MZAR.



Detailed economic calculations for the medium load level are presented in Appendix 12.1.



�

   					  CAPACITY		     INVESTEMENT COSTS		TR�AN�S�M.        SYSTEM	    TOTAL	 AV�E�R�AGE

   SYSTEM	EPUPA	      EP  GT     COAL TOTAL	TOTAL		   ANNUAL	ANNUAL	   ANNUAL       ANNUAL	 UNSERVED

                                                                        COST           COST         COST     COST                                    

   LOAD MW  STOR�AGE  M  MW  MW     MW   MW    EPUPA  GT COAL   MZAR     MZAR            MZAR        MZAR     GWh            



ALT



A  430	6300	 145	325 180	-   505   1291  297   -	   164	18			88	      270	 1.38

B  430	7300	 145	325 180	-   505   1291  297   -	   164	18			88		270	 1.41

B1 430	7300	 145	325 180	-   505   1291  297   -	   164	18			87		269	 1.41

B2 430	7300	 145	275 180	-   455   1254  297   -	   161	18			85		264	 1.41

B3 430	7300	 145	200 160	-   360   1200  264   -	   153	18			90		261	 1.82

C  430	7300	 195	325  50	-   375   1612   83   -	   176	18			64		258	 3.89

D  430	7300	 195	275  60	-   335   1582   99   -	   175	18			60		253	 2.97

E  500	7300	 195	325 180	-   505   1612  297   -	   198	18		     100		316	 3.21

F  500	7300	 195	275 160	-   435   1582  264   -	   192	18		     103		313	 3.50

G  363	7300	 145	275 100	-   375   1254  165   -	   147	18			51		216	 1.42

H  363	7300	 195	275   0	-   275   1582    0   -	   164	18			36		218	 0.15

I  363	7300	 145	200  90	-   290   1200  149   -	   140	18			57		215	 2.10

J  363	7300	 195	200   0	-   200   1526    0   -	   160	18			41		219	 0.30



K0 363	 -	  -	 -  120	100 220	-   198  496    78	13		     173		264	 1.75

K1 430	 -	  -	 -  140	160 300	-   231  791   114	13		     209		336	 2.27

K2 500	 -	  -	 -  140	220 360	-   231 1089   146	13		     245		404	 1.90









Fig. 12.7

�12.3.3	High Load Scenarios



To find out the long term feasibility of the Epupa scheme the 500 MW load level was introduced. The best economic result at this load level for the Epupa hydropower plant was achieved for a capacity of 275 MW, with a gross maximum head of 195 m. As may be seen from the corresponding Coal fired alternative, K2, the Epupa alternative would have an annual economic advantage of about 91 MZAR.



Detailed economic calculations for the high load level are presented in Appendix 12.1.



12.3.4	Conclusions



The following conclusions can be drawn from the simulations:



  -	It is economically feasible to realize the Epupa hydro plant project compared to a Coal fired power plant regard�less of the load level. In the future when the load has grown to some 500 MW, the SWAWEK power system would need to be further expanded.



  -	The Epupa hydropower project would need to be supported by a gas turbine plant, to ensure a reliable system supply during peaking hours and during dry years.



  -	The Epupa reservoir should be as large as can be technical�ly and economi�cally justified, in order to minimize instal�la�tions of gas turbines.



  -	The proposed development of Epupa seems to be close to the  limit of the transmission system capacity as proposed in Chapter 3. Neither have higher installations resulted in better economics. A further reinforcement of the trans�mission system in order to increase the capacity in Epupa alone does not seem economic at this stage.



  -	The realization of the Epupa project would result in an independent Namibian power system. 



  -	An independent generation system in Namibia after the Epupa project is commissioned would after some years require some additional thermal power in order to cope with the hydrological dry years. As shown above, this extra capacity should be seen as a consequence of excluding import/export from ESKOM. The gas turbines would only be used to a small extent for peaking and during dry years. The installations in gas turbine capacity would hence be fully possible to exchange with imported stand-by capacity from RSA under a contract between SWAWEK and ESKOM.



12.4		ECONOMIC ANALYSIS



12.4.1	Introduction



The economic assessment compares incremental costs with benefits of the EPUPA scheme to test if the project yields an acceptable net benefit to society, i.e. a positive Net Present Value (NPV) at a discount rate of 10% p.a. considered the opportunity cost of capital in Namibia or equally an Economic Internal Rate of Return (EIRR) above 10 % per annum. The economic analysis is made in fixed 1992-prices representing the costs and benefits to society, i.e. resource efficiency prices. No foreign exchange adjustments are made as the official exchange rate used is considered to reflect the opportunity cost of hard currency.



The Net Present Value at the start year of the project has been computed as the difference between benefits and costs for each year during the economic lifetime of the project discounted to start year of the project at a rate of 10 % per annum and cumulated.



The incremental costs are primarily investments (as detailed in chapter 9) and operating costs calculated as 1% p.a. of cumulated investments. The investment profile is presented in the enclosed printouts of the economic analysis. Interests during construction are not included in the economic analysis. Potential environ�mental damage costs and benefits of the project have not been quantified in this pre-feasibility study.

The benefits to society of the project include:



  -	economic value to consumers of the EPUPA power 



  -	added economic value of the Ruacana power due to higher reliabil�ity in supply. The EPUPA dam upgrades the Ruacana power from secondary to firm power. 



  -	added economic value of regulated flow for downstream developments.  This has not been quantified at the stage of prefeasibility, but would increase the EIRR.



12.4.2	Economic value of EPUPA power



Self-sufficiency in power supply is of interest to Namibia. The present dependence on electricity imports of some 50 % of total electric�ity used domestically, is not considered sustainable. EPUPA output will thus substitute present imports from RSA. Accordingly, a market already exists willing to pay at least the present tariff for more than half of the EPUPA gener�ation. The bulk of consumers now depending on imports are most probably willing to pay substantially more than the present tariff for electricity. Their needs for electricity is expected to be determined primarily by the level of economic activity and less by the price. The price elasticity of existing demand covered by imports is therefore probably low, i.a. reflecting that estab�lished consumers consider investments made in electrical equip�ment and machinery as sunk cost. 



Also, the EPUPA electricity might substitute some of the elec�tricity generated by diesel sets as the distribution network is expanded. At present, the fuel cost alone per kWh of diesel generation far exceeds the tariff in the interconnected grid.



In small scale diesel generation sets, the electricity output per litre of diesel is on average 3 kWh. At a diesel price of 1.05 ZAR/l (1990), the fuel cost of electricity by a small diesel generator approximates 0.35 ZAR/kWh or 4 times the present wholesale tariff.



Above characteristics of the electricity market in Namibia, give reason to believe that the economic value of electricity to domestic consumers in terms of their willingness to pay (WtP) for EPUPA power exceeds the present wholesale tariff of 9 ZAc/kWh (8.89 ZAc/kWh in 1991/92). Assuming that at least some of the existing consumers are willing to pay at least the cost of power by the cheapest domestic generation alternative (backstop technology), i.e. 16 ZAc/kWh in coal fired thermal generation and that the consumer demand response to tariff changes can be represented by a linearly downward sloping electricity demand curve, a WtP over and above 9 ZAc/kWh has been computed as consumer surplus equal to half the difference between the present tariff and the backstop technology price times EPUPA generation net of transmission and distribution loss to wholesale consumers. The consumer surplus is added to the revenues from sales at present tariffs ("direct benefits") to yield total benefits of the EPUPA generation. The estimate of the consumer surplus is probably conservative as the electricity demand might be less sensitive to changes in tariffs than assumed in the calculations. The consumer surplus ranges between 15% and 20 % of total benefits in the economic calculations of the project.



12.4.3	Added economic value of Ruacana power



The added economic value of the Ruacana power is defined by the difference in value of future firm power with EPUPA and secondary power without both EPUPA and imports. The added value is diffi�cult to assess without a more detailed analysis of the use of electricity in Namibia. In a situation without EPUPA and with no or insignificant imports of electricity assuming self-sufficiency in electricity supply, the Ruacana power is secondary power with low value to the consumers. As a first approximation, the lowest value as secondary power from Ruacana on a stand-alone basis equals the tariff of off-peak sales to ESKOM at 1.5 ZAc/kWh. The maximum added value of Ruacana output is thus the difference between the wholesale tariff and the off-peak export price times Ruacana generation (net of losses). In the base case economic calculation of the project, the maximum added value is applied. This approach may overestimate the added value of greater supply reliability of Ruacana generation resulting from the EPUPA scheme. The power market should be further studied in the feasibility study to improve the reliability in the assessment of the added value of the Ruacana power.



12.4.4	Results



The economic pre-feasibility analysis shows that the EPUPA scheme is economically viable under the base case assumptions as listed in the enclosed printouts given in Fig. 12.8 and 12.9. 



The robustness of the calculations has been tested through separate sensitivity analyses; one with 2% annual growth in electricity demand instead of 3% p.a. as in the base case and two runs with secondary power valued at 30% and 50% of the firm power wholesale tariff instead of 15% as in the base case.  A sensitiv�ity on increased consumer surplus, i.e. upper limit of 20 ZARc/kWh instead of 16 ZARc/kWh has also been tested.  The effect of increased power demand from the Okawango Water Scheme has also been calculated. For all alternatives, the EIRR is above the opportunity cost of capital. 



�

The results of the sensitivity tests are given here below.



  ASSUMPTIONS�EIRR (%)�NPV (ZAR Mill)��Base Case�12.0�290��Reduced demand growth�11.3�186��Value of sec. power 30% of firm�11.4�197��Value of sec. power 50% of firm�10.5�71��Increased consumer sur�plus 

(20 ZARc/kWh)�13.0�430��Demand from Okawango Water Scheme is included (30 MW, load factor 0.4)�12.6�362��



The sensitivity runs demonstrate that the economic viability of the EPUPA scheme is dependent on the estimate of the added economic value resulting from improvement in the supply reliabil�ity of power from Ruacana.



The economic viability of the EPUPA scheme is not very sensitive to a 1 percentage point lower than base case growth in the electricity demand. The capacity available in EPUPA after accounting for substitu�tion of existing import is relatively limited compared to the added electricity requirements resulting from the demand projections assumed. At 3% growth yearly, electricity demand exceeds the capacity of the system to supply additional demand. When reducing demand growth to 2% p.a., only a marginal reduction below full capacity utilisation of EPUPA occur. Thus with a 2% annual growth in electricity demand, EPUPA capacity is almost fully utilised from the first year of oper�ation.



There are benefits in addition to those quantified and included in the calculations above. The main ones are:



  -	security in supply associated with import independence 

  -	the EPUPA dam may benefit later development of several signifi�cant hydropower potentials downstream of EPUPA.



In the pre-feasibility study, quantification of the potential environ�mental damage costs and benefits of the EPUPA scheme has not been possible. The pre-feasibility study indicates that the project would remain economically viable under the base case assumptions with net environmental damage costs below ZAR 300 million. In the feasibility study, an attempt should be made to quantify, value and internalise the net environmental damage cost of the project in the economic assessment.



12.5		FINANCIAL ASPECTS



An indicative financial assessment of the project has been made by assuming a wholesale tariff of 9 ZAc/kWh, a tariff escalation of 5% p.a. during the economic lifetime of the project, an increase in investment costs from 1992 to current 1995-1998 prices of 15% on average, no consumer surplus and no added value of Ruacana power - otherwise the same assumptions as in the base case economic assessment. The chosen assumptions imply a real price increase in the tariffs compared to investment costs.



The financial calculation yields a net Financial Internal Rate of Return (FIRR) of 12.6% p.a. 



The financial calculations indicate that financing of the project would require an element of concessional credit (like Mixed Credits, Donor Grants, World Bank IDA-loans) coupled with commercial loans and SWAWEK equity. To make the project finan�cially sound, tariffs would have to be raised, but probably less than during the recent 6 years when tariffs have increased by an average rate of 10% per year.
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