Chapter 12:

POWER TRANSMISSION







		introduction



The objective of the transmission study has been to identify and analyse a proper connection of the Epupa or Baynes power stations to the Namibian transmission system, while minimising the risks of system instability, achieving acceptable transmission capacity and reasonable costs. The overall objective of the study is to recommend a new transmission line from Epupa or Baynes to a suitable connection point to the Namibian grid. The difference in transmission distance between Epupa and Baynes is considered to be insignificant in this analysis.



The computer tool used has been  the PSS/E program package, which is widely used by utilities and consultants world wide for analysis of transmission systems.



The voltage level for the transmission from Epupa is set to 330 kV in accordance with previous studies, and to conform with the existing line Ruacana-Omburu. On this basis, the following network connections have been closely investigated:



	Epupa/Baynes-Ruacana				(Epp-Rcn)

	Epupa/Baynes-Northern Repeater point		(Epp-Nrep)

	Epupa/Baynes-Northern Rep.-Omburu		(Epp-Nrep-Omb)

	Epupa/Baynes-Omburu				(Epp-Omb)



The Northern repeater point station (Nrep) is located along the line Ruacana-Omburu and works as a repeater for communication equipment. It is a conceivable connection point for the transfer of power from Epupa/Baynes.



The alternatives above have been investigated in terms of  transmission capacity, losses, transient stability, short circuit capacities, line exposure to faults and costs. The results are presented below.





		TRANSMISSION CAPACITY



The maximum transmission capacities in MW for the four different alternatives are listed in Table 12.1. The figures are given as maximum permissible hydropower generation in Epupa and Ruacana. 



Operation criterion +5% represents the hydropower generation when the voltage has dropped to 95%, 

Voltage Collapse is the generation corresponding to the physical limit of the transmission line

Non-Transferable power corresponds to the power that cannot be transmitted due to transmission limitations while complying to the operation criterion.

Maximum Generation is the total maximum output from the power stations, i.e. 3*85 MW in Ruacana and 3*100 MW in Epupa/Baynes, totalling 555 MW.











Connection�Operation

Criterion +5%

(MW)�Voltage

Collapse

(MW)�Non-Transf.

power

(MW)�Maximum

Generation

(MW)��Epp-Rcn�475�500�80�555��Epp-Nrep�540�560�15�555��Epp-Nrep-Omb�605�615�0�555��Epp-Omb�615�630�0�555��

		Table 12.1   Comparison of Transmission Capacity (MW)





The table shows that if the maximum output from Epupa/Baynes is 300 MW, as proposed in this study, the Epupa/Baynes-Ruacana alternative is insufficient due to insufficient transmission capacity and limitations imposed on the operation of the power stations.  The connection to Nrep could work but there is very small margin for error. 



The transmission capacities have been uniformly calculated on the same basis, but the figures given can be improved by reactive power compensation. The capacity can be increased if the reactors (or one of them) in the receiving end can be disconnected during peak operation. 



In general, the capacity in MW increases at a rate of about half the capacity of the disconnected reactor in MVAr. The same result may be achieved by changing the shunt compensation. In the feasibility stage the sizes and capacities will be optimised.



Figure 12.1 shows a comparison of the voltage collapse for the different alternatives.





		SYSTEM LOSSES



The total system losses differs significantly between the alternatives, since the bulk power transfer is transmitted over the 330 kV lines. Table 12.2 below is a summary of the calculations.







Connection�330 kV Losses

(MW)�Total Losses

(MW)�Energy Losses

(GWh)�NPV

(MUSD)��Epp-Rcn�50.5�89.0�381�89.8��Epp-Nrep�37.0�76.6�328�77.3��Epp-Nrep-Omb�23.1�66.0�282�66.5��Epp-Omb�27.8�70.9�303�71.4��

		Table 12.2   Comparison of System Losses





The losses in the table are calculated at a power transfer of 500 MW and a duration time  of 4,280 hrs. Higher power transfers induce higher peak losses in MW, but duration is shorter.  For comparative purposes the figures are representative.



The column Energy Losses (GWh) shows the total annual energy losses. The last column, NPV (MUSD), indicates the Net Present Value of the losses, valued at 2.5 USc/kWh over a 30 year period and at a discount rate of 10%.



The table shows that the Epupa/Baynes-Nrep-Omburu alternative would be the most attractive, followed by Epupa/Baynes-Omburu.



Figure 12.2 shows a comparison of the system losses for the different transmission alternatives up to the respective voltage limits.





		transient STABILITY



Table 12.3 lists results from some of the stability calculations made. The line fault corresponds to a single-line-to ground fault with successful autoreclosure of the outgoing line from Epupa/Baynes (connection point dependent on the alternative) and the transformer fault corresponds to a three phase fault on the 330 kV side, followed by a transformer trip. The numbers 3+3 in the table means 3 connected units at Epupa/Baynes and 3 at Ruacana.  The result is listed as stable or unstable, referring to the ability of the line to manage the first swing stability. The faults are applied in the end of the line causing the worst consequences.  Line faults at the middle of the line would be less serious.







Connection�Line from 

Epupa/Baynes

3 + 3�Line from 

Epupa/Baynes

2 + 2�Omburu 

Transformers

3 + 3��Epp-Rcn�unstable�unstable�unstable��Epp-Nrep�unstable�unstable�unstable��Epp-Nrep-Omb�stable�stable�stable��Epp-Omb�unstable�stable�stable��

		Table 12.3   Comparison of System Stability





The alternative Epupa/Baynes-Nrep-Omburu shows the most favourable system stability results, followed by Epupa/Baynes-Omburu. The other two alternatives would be very vulnerable to single-line-to ground faults, even with successful autoreclosure.



It should be observed that no alternative is able to withstand a three phase fault on any 330 kV line. 



Figure 12.3 shows a single-line-to-ground fault with successful autoreclosure on the outgoing line from Epupa/Baynes for the different alternatives, with 3 + 3 connected units in the power stations. Only the alternative Epupa/Baynes-Nrep-Omburu is able to withstand this fault, the other three connection alternatives are unstable.



Figure 12.4 is a similar figure for a three phase fault at one of the Omburu transformers. Here both the Epupa/Baynes-Nrep-Omburu and Epupa/Baynes-Omburu alternatives will manage, while the others would fail.





		SHORT CIRCUIT POWER



The three phase short circuit power in the power stations is indicative of the strength of the system (a higher value means a stronger system) and can also indicate the need for equipment replacement (a high increase in short circuit power might imply the need of replacement and, hence, additional costs).



Table 12.4 below shows the increase of three phase short circuit power (s.c.p.) at Omburu 330 kV busbar, for the different alternatives.









Connection�s.c.p. without

400 kV, 

Epupa/Baynes

(MVA)�s.c.p. with

400 kV, 

Epupa/Baynes

(MVA)�

Increase

(%)��Epp-Rcn�820�940�15��Epp-Nrep�820�1,040�27��Epp-Nrep-Omb�900 *)�1,250�39��Epp-Omb�820�1,230�50��

		Table 12.4   Comparison of Short Circuit Power



*)	The figure is for the double line Nrep-Omburu. With a single line this value is 820 MVA and the increase 52%





The short circuit power is not a decisive factor for the choice of connection alternative for Epupa/Baynes Power Station.





		line exposure to power station faults



All alternatives would entail single lines carrying the load from one power station, or for both power stations. In Table 12.5 below the total line length exposed to this risk is tabulated for the alternatives.



Connection

































�Total 

line length

exposed to

 two

Power station trips  (km)�Total line 

length

exposed to

 one

Power Station trip 

 (km)

��Epp-Rcn�522�120��Epp-Nrep�353�434��Epp-Nrep-Omb�0�434��Epp-Omb�0�1,152��

	Table 12.5   Comparison of Risks for Power Station Trips





Table 12.5 shows that the Epupa/Baynes-Nrep-Omburu alternative is preferable, since no line would be exposed to a line fault with an inevitable double power station trip, Epupa/Baynes and Ruacana, and the exposure to a single power station trip, Epupa or Ruacana, would occur along a distance of 434 km. This alternative would from a reliability point of view be superior to the others.



�		COSTS



The cost is important when deciding among different connections and they differ remarkably between the alternatives. Below is a table showing the estimated budget prices for the four different connections discussed. The price includes 330 kV transmission lines, a 330 kV substation in Nrep when necessary and the reactive power compensation equipment, including reactor equipment and a 200 MVAr shunt at Omburu.  The cost of the transmission line is based upon a unit cost of USD 106,000 per km.





Connection�Distance 

km�Cost 

MUSD��Epp-Rcn�120�17.4��Epp-Nrep�265�37.4��Epp-Nrep-Omb�620�78.7��Epp-Omb�620�73.7��

		Table 12.6   Comparison of costs



Based on cost considerations, the Epupa/Baynes-Ruacana alternative would be by far the least expensive, followed by the Epupa/Baynes-Nrep alternative.  The costs of two alternatives Epupa/Baynes-Nrep-Omburu and Epupa/Baynes-Omburu are of the same order of magnitude.





		CONCLUSIONS



Based on the analysis and discussions above, the 330 kV connection from Epupa/Baynes Power Station to the Namibian grid is, for the purpose of the Project Formulation Report, recommended to be drawn to Omburu via Nrep.



This alternative appears by all technical standards to be the most favourable among the four alternatives considered in the analysis.



The power transmission capacity would be sufficient and the losses lower than for the other alternatives. The reliability in the power supply would be higher than for the others as a single line carrying the load from both Epupa/Baynes and Ruacana would be avoided, and it would have the shortest total line length carrying the load from one power station.



The recommended alternative would offer the best dynamic qualities, lowering the risks of power station trips and hence improving the security in power supply.



The alternative Epupa/Baynes-Ruacana would be insufficient since an acceptable transmission capacity or ability to withstand line faults cannot be achieved.



The alternative Epupa/Baynes-Nrep would be less costly and appears to be marginally accepted for transfer of 300 MW, but sensitive to higher capacities. This alternative will be more closely analysed in the feasibility stage.



Figure 12.5 shows  the northern part of the present Namibian transmission system. In the map, the different sites of the Epupa power station have been marked together with the Baynes alternative and the Nrep substation. 



The location of the new hydropower station will have little influence on the length of the connecting line to Nrep. The difference would be in the order of 30-40 km. Considering the total length of the transmission line to Nrep the difference is marginal and could possibly be eliminated by different routing. 



The final design of the transmission line, the topography and other geographical conditions will be of greater importance to the line length than the power station location itself. Thus, the calculations and conclusions made, as well as the cost estimates are valid for all alternative locations of the power station (Epupa A, B or C or Baynes), for the recommended Epupa/Baynes-Nrep-Omburu alternative.





FIGURES



Figure 12.1   Comparison of Voltage Collapse



Figure 12.2   Comparison of System Losses



Figure 12.3  Comparison of System Stability, line fault on Epupa/Baynes 300 kV outgoing line



Figure 12.4   Comparison of System Stability, transformer trip at Omburu



Figure 12.5   Comparison of connections for alternative power station sites
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