CHAPTER 3	POWER SYSTEM DESCRIPTION


                                                                            











3.1		THE NAMIBIAN POWER SYSTEM





3.1.1		General





The South-West African Water and Electricity Corporation (SWAWEK) is responsible for generation and transmission of electricity to all areas of Namibia covered by the national grid. SWAWEK is fully owned by the Government and operates under Ministry of Mines and Energy (MME).





SWAWEK operates as a bulk supplier to towns, municipalities, major industries and individual consumers. Local power distribution is normally the responsibility of municipal authorities.





3.1.2		Generation Facilities





The following generating facilities are connected to the national grid:





  -	Ruacana Hydropower Plant - 240 MW


  -	Van Eck Thermal Power Plant - 120 MW


  -	Walvis Bay Thermal Power Plant - 24 MW





The location of these are shown on the map in Appendix 3.1.





Ruacana Hydropower Plant





The Ruacana hydropower plant located on the Cunene river is SWAWEK's main source of power generation. The transmission distance to the load centre at Windhoek is about 700 kms.





The station was put into operation in 1971 - 73. It is an underground power station with 3 units of 80 MW each.





The Gove dam and reservoir, located in the upper Cunene on Angolan territory, has for various reasons never been operated according to the initial intentions. The seasonal river flow at Ruacana are thus largely fluctuating varying with extensive spilling during the wet seasons and nearly no production on


�
		certain occasions during drought period. Daily regulation is facilitated by a small reservoir adjacent to the plant.





Van Eck Thermal Power Plant





Van Eck coal fired steam power plant is located in the Windhoek area. The plant includes four steam turbine-generator units of 30 MW each. Each unit is coupled to a boiler. The power plant was taken into operation in the period 1970 - 77.





Coal to Van Eck is furnished by rail from the Republic of South Africa. The 1992 price is ZAR 218 per ton of which ZAR 176 refers to transport. With a specific fuel consumption of 0.55 kg per kWh this fuel cost results in a rather high energy price.





For this reason the plant is presently used as a back-up source and it only produced 46 GWh in 1991.





Walvis Bay Thermal Power Plants





At Walvis Bay diesel generators with a total capacity of 24 MW are installed. It is, however, possible that the  Walvis Bay plants also in the future will be under RSA's jurisdiction, as RSA appears to intend to hold on to the Walvis Bay enclave.





Power Import from RSA





In addition to power generated in Namibia import from ESKOM is an important complement. This import is increasing, and has during  recent years been in the order or 500 to 650 GWh, depending on the availability of water in the Cunene river.





3.1.3		Transmission and Distribution Facilities





A single line diagram of the interconnected grid is shown in Appendix 3.1. It shows that the transmission system of SWAWEK extends from Ruacana close to the Angolan border in the North to the border of the Republic of South Africa in the South, where it joins with the ESKOM interconnected grid. The SWAWEK system includes transmission lines as listed in Table 3.1.





�
Table 3.1





Transmission Lines





Voltage level						Line Length





330 kV							521 km


220 kV						     1480 km


132 kV							946 km


66,22,33 and 11 kV				     6506 km





The backbone of the system consists of the 330/220 kV link which runs in a North-Southerly direction about midway between the Atlantic coast and the Eastern border, from the Ruacana Hydro Power Plant to Aggeneis in RSA. The link is composed as shown in Table 3.2.





Table 3.2





Backbone of National Grid





Line Section		kV		km		Conductor





Ruacana   - Omburu	330		522		2x400 Zebra


Omburu    - Osona		220		104		1x300 Goat


Osona     - Van Eck	220		 57		1x300 Goat


Van Eck   - Hardap	220		290		2//2x158 Wolf


Hardap    - Kokerboom	220		199		2//2x158 Wolf


Kokerboom - Karas		220		163		2//2x158 Wolf


Karas     - Aggeneis	220		183		2//2x158 Wolf


Omboru    - Rössing	220		192		1x300 Goat


Rössing   - Walmund	220		 53		1x300 Goat





The 330 kV line is connected to the 220 kV system at Omburu by two auto-transformers 330/220 kV each rated 315 MVA.





Transmission lines with the voltage of 220 kV, 132 kV and 66 kV extend radially from the backbone for further dispersion of power to the consumption areas along the coast and inland.


The SWAWEK system includes about 70 major substations with a total transformer capacity of about 1,600 MVA. The most important substations are listed in Table 3.3.





�
Table 3.3





Main Transformers and Reactors





Station			Transformers		Reactors


kV		MVA		MVAr





Ruacana			330/66	2x40		2x60


Omburu			330/220	2x315		2x15+2x60+SVC 60


Osona				220/66/22	24


Van Eck			220/66	2x60


220/11	35


Hardap			220/66	2x24		3x40


Kokerboom			220/66	2x24		3x40


Karas				220/22	2x2		2x15


Aggeneis


Gerus				220/66	24		2x15


Otjikoto			220/66	40


Rössing			220/11	2x40


Walmund			220/66	2x40





Reactors with an aggregate capacity of 450 MVAr are installed at selected substations. Some reactors are connected via breakers, while some are connected directly to the transmissions lines. Static VAR control of 60 MVAr is also provided in Omburu substation.





The power is bled off from the backbone feeder at the various stations indicated below:





Ruacana


Omburu (220 kV feeder to Gerus)


Omburu (220 kV feeder to Walmund)


Osona


Van Eck


Hardap


Kokerboom


Karas





3.1.4		System Characteristics





Table 3.4 shows past trends of energy supply and consumption. The supply includes generation in Namibia, i.e. Ruacana and Van Eck, as well as imports from ESKOM. 








NAMIBIA





Table 3.4





Power Supply and Consumption - Past Trends





                       Supply                                                  Consumption                           





Year  Namibia	Import to	Import to	Total supply	Export to	Sales to	Sales to	Total    Losses  


Generation	Intercon.	Oranje	(GWh)			ESKOM		Oranje	Intercon.	Consum.  (G�
Wh) (%)


(GWh)		System	River					(GWh)		River Con.	Network	(GWh)


(GWh)		(GWh)							(GWh)		Consum.			


                                                                                    (GWh)                              





1991	1,090		599		224		1,913			178		223		1,286		1,687	  226  11.8





1990	1,276		362		231		1,869			162		226		1,269		1,657	  212  11.3





1989	1,277		331		226		1,834			238		228		1,182		1,648	  186  10.1





1988	1,381		235		218		1,834			265		219		1,169		1,653	  181   9.9





1987	1,035		420		194		1,649			168			1,302			1,470	  179  10.9





1986	1,206		239		172		1,617			228			1,224			1,452	  165  10.2

















�
 		The consumption figures comprise export to ESKOM and sales to Namibian consumers, supplied by the interconnected network and by the Oranje River Scheme in the South-West. The latter has been directly supplied from RSA.





Average annual transmission losses are slightly above 10 %. They indicate an increasing tendency due to higher system loads. For the purpose of this study an average figure of 10 % is used for the estimates of transmission losses. Table 3.5 below shows power exchange with RSA during the last six years.








Table 3.5





Power Exchange with RSA





Year		Total import	Export	Net import	Import(%)


(GWh)			(GWh)		(GWh)		of total


consump.





                                                                          


1991		823			178		645		49.1


1990		593			162		431		35.8


1989		557			238		319		33.8


1988		453			265		188		27.4


1987		614			168		446		41.8


1986		411			228		183		28.3








The figures show that Namibia tends to become more and more dependant on RSA, and that nearly 50 % of the consumption in 1991 was supplied by imported power from RSA.





Table 3.6 shows characteristics for the interconnected grid in Namibia. This means that figures for Katima Mulilo and Oranje River Scheme are not included.


�






�



Table 3.6





Interconnected System Characteristics





Year	  Max System	Sales to	Losses	Total	  System


  hourly demand	Namibian	(GWh)		Supply  load


  (MW)		Consumers			(GWh)   factor


                        (GWh)                           %     





1991	  246.1		1,286		226		1,512	  70.1


1990	  225.2		1,269		207		1,476	  74.8


1989	  219.3		1,181		187		1,368	  71.2


1988	  212.0		1,169		182		1,351	  72.8


1987	  190.6		1,107		171		1,278	  76.5


1986	  180.8		1,052		158		1,210	  76.4








The system load factor shows a tendency to decline. For the purpose of this prefeasibility study a load factor of 70 % is chosen.





The consumption is comparatively stable over the year, and is slightly above average during the months May through September. The difference between the highest and lowest month is normally less than 30 %.





3.1.5		System Limitations





The existing system is characterised by some operational limitations. The limitations have been �
experienced from the practical performance of the system and are also confirmed by theoretical studies at SWAWEK. This may be described as follows:





Power Transfer from SWAWEK to ESKOM





The power generation from Ruacana is limited to about 


3x70=210 MW at times when surplus power is exported to RSA. 





This restriction suggests that at times of minimum system demand, the export to ESKOM is limited to about 210-150= 60 MW, even in those cases when the river flow would have allowed more generation. This also indicates that additional power generation from the north, for instance from Epupa, would require the transmission system to be reinforced to ensure stable operation.





Power Transfer from ESKOM to SWAWEK





The power import from ESKOM to SWAWEK is currently limited to about 230 MW. Calculations made by SWAWEK indicate that above this limit, the voltage stability can not be safely maintained. For this reason the current peak demand of about 240 MW can not be met with import from ESKOM alone. In periods of severe drought in the Cunene River some generation has to be maintained from Ruacana or Van Eck as well, to ensure the voltage stability.





Recent calculations have indicated that it would be possible to somewhat improve the situation by installing more reactive compensation equipment including also the van Eck - Aggeneis section. This arrangement would raise the transfer limit to about 275 MW, but would increase the system losses dramatically.





The limitations referred to above, indicate that substantial strengthening of the transmission system would be required in the near future, irrespective of the implementation of the Epupa Scheme, which however could be reduced by replacing part of the import with more extensive use of van Eck.





3.1.6		Power Exchange with ESKOM





The high flow in the Cunene River normally occurs in the period January - May, while maximum system demand generally appears in June - July. This results in the following typical loads (MW) in respect of the power exchange with ESKOM as shown in Table 3.7:





�
Table 3.7





Typical Loads for Power Exchange with ESKOM





High generation at Ruacana





(Afternoon)			(Night)





Load Demand			250 MW			150 MW


Ruacana			210 MW			210 MW


Van Eck


Import from ESKOM		 40 MW


Export to ESKOM						 60 MW











Low generation at Ruacana





(Afternoon)			(Night)





Load Demand			250 MW			150 MW


Ruacana			 50 MW  			 50 MW


Van Eck


Import from ESKOM		200 MW			100 MW


Export to ESKOM





As may be seen from the table above, the power exchange with ESKOM may vary from import of some 200 MW to export of some 50 MW. The annual energy figures were previously shown in the table 3.5.





3.1.7		Transmission System Expansions


As indicated in paragraph 3.1.5 the SWAWEK transmission system has certain limitations, and requires to be reinforced within the next few years due to the increasing load demand. Where the expansions would be needed depends essentially upon the way the supply of additional power will be arranged in the future.


  


The Terms of Reference for this study anticipates that a new interconnector will be developed between the SWAWEK and ESKOM systems. According to preliminary studies made by ESKOM 


�
		Transmission Group, the interconnector will include a 400 kV transmission line from Aries 400 kV substation in RSA to a new substation called Bismark some 30 km from Windhoek. The line will be about 900 km long and is estimated to cost some ZAR 330 million, price level 1991, including the associated switchgears and transformers





The perception behind the project is that the new link should be used for extended import of power from ESKOM to SWAWEK, and also for extended export particularly after the completion of Epupa Power plant. The line would further more constitute part of a future interconnected grid in Southern Africa.





In view of the actual power situation in the region it might, however, be questioned whether the new interconnector constitutes the most viable alternative for the SWAWEK system expansion, especially if seen in the light of the Epupa development.





The Namibian hydropower generation is primarily used to satisfy the domestic demand. Complementary power is imported from ESKOM mainly during dry periods when the indigenous sources in Namibia are not sufficient to satisfy the domestic demand. This situation may also prevail after the completion of Epupa, but the power transfer from ESKOM to SWAWEK over a new interconnector would then in most years be rather small. Therefore, instead of constructing the rather costly new 400 kV line to ESKOM it is likely to be more economical to generate the relatively small quantities of complementary power in thermal power plants in Namibia.





ESKOM has currently a rather strong power balance with substantial surplus of generating capacity. In view of the rather slow or even negative load increase as experienced by ESKOM during the last few years, this situation could be expected to remain at least for the next 10-15 years.





ESKOM would not need to import power for many years to come except possibly in replacement of the generation from their own thermal power plants. The potential for power export from SWAWEK would further vary depending on the hydrology of Cunene River. In dry years the generation would be rather limited leaving only small amounts for export after the domestic Namibian demand is satisfied. Power exported to ESKOM would thus be of a surplus character, and should therefore be evaluated lower than the 


�
		marginal cost for energy generated in the South African thermal power plants. The possible income to SWAWEK from power export to ESKOM would then hardly motivate the investment for the new interconnector.





With reference to the above it is doubtful if the new link to South Africa should be developed as the next major expansion of the SWAWEK power system, prior to the completion of the Epupa Project. For the next 10-15 years the Epupa Project in combination with extended thermal generation in Namibia may instead be regarded as an alternative to the new interconnector.





The peak load in Namibia in the year 2007 is forecast to reach 430 MW. The economic evaluation is made under the presumption that Namibia would be independent of power import from ESKOM. Under these conditions the SWAWEK power system would need to include some 100 MW of new thermal generation in addition to Epupa and to the new existing installations, to back-up Epupa at times with long exceptionally drought periods. About 30 MW of this additional thermal power should be in operation before the completion of Epupa in consideration of the limitations in respect of power transfer from ESKOM to SWAWEK as discussed under 3.1.5 above.





In order to illustrate the situation after the completion of Epupa, the power system has been studied under the following assumptions:





  -	Peak demand 430 MW, corresponding to the load forecast of 2007.





  -	No import from the ESKOM and without the proposed 400 kV interconnector.





The Epupa power plant is foreseen to be connected to the transmission system by a single circuit line to the existing 330 kV line between Ruacana and Omburu. The junction would be located at North Repeater Station where a new 330 kV switching station will be installed.





Load flow calculations have shown that the weak link between Omburu and Windhoek constitutes a narrow section of the SWAWEK system and should be the first part to be strengthened to cater 


�
		for the power transfer from Epupa. A new 330 kV line is therefore assumed to be erected between Omburu and the new substation at Bismarck. Here the 330 kV system would be connected to the existing 220 kV lines via one of the two existing 330/220 kV transformers at Omburu which is anticipated to be transferred to Bismarck.





The power system has been studied at varying loads and under the assumption that the extensions as described above have been made. The load flow diagram in Fig. 3.2 shows the system under the assumption that the total power transfer from Ruacana and Epupa power plants is 400 MW. Only some minor reinforcements in the form of VAR compensation has been anticipated in addition to the proposed new 330 kV line Omburo-Bismarck. At 400 MW power transfer the voltage levels and line loadings are within acceptable limits. The phase angle difference between the hydropower plants and the load centre at Windhoek is about 40 degrees which indicates that the system may be close to its stability limit.





Rather comprehensive and costly extensions of the 330 kV system would be required for further increasing the transfer capacity from the northern power plants above some 400 MW. This should be given due consideration with regard to determination of installed capacity for Epupa.





For the purpose of comparison a new coal fired plant, to be built in the Walvis Bay area, has been introduced as an alternative to the Epupa project. This thermal power station would then require a new 220 kV transmission line, Walvis Bay to Omburu, together with upgrading of the existing line. Fig. 3.2 shows the load flow situation for this alternative at the system load level of 430 MW.
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                        Fig. 3.1  Load Flow Diagram


    Epupa/Ruacana 400 MW
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                        Fig. 3.2  Load Flow Diagram


    Thermal Alternative





�
3.2		THE ANGOLAN SYSTEM





3.2.1		General





All information in this report in relation to the Angolan power subsector is based on a World Bank report from 1988. 





Electricity supply in Angola is the responsibility of the two companies ENE and SONEFE. ENE is a State Enterprise, created in 1980 and eventually intended, to become the sole national power utility, in charge of generation, transmission and medium voltage distribution all over the country. The company is currently operating the "Central" and "Southern" systems. SONEFE is in charge of the generation and transmission in the "Northern" system, the largest system in the country.





3.2.2		Overall Generating Facilities





The total installed capacity in the ENE and SONEFE plants is approximately 463 MW. Out of this total 287 MW is in hydro units, 102 MW in gas turbines and  74 MW in diesel sets. The installed and available generating capacities for the three systems in 1987 are shown in Table 3.9.








Table 3.9





   Installed and Available Generating Capacity, 1987 (MW)





System       Hydro          Thermal        Total      Peak Demand


    Inst.  Avail.	 Inst.  Avail.  Inst.  Avail.


                                                                





Northern  197.6  135.0	  56.8  56.8    254.6  191.8	90 - 100


Central    49.4	 7.2	  61.8  39.5    111.2	46.7	30


Southern   27.2	13.6	  25.3  15.1     52.5	28.7	 9 -  10


Isolated   12.9	 2.4	  31.7   5.0     44.6	 7.4	 n.a. 





Source: World Bank








�
		Annual power generation in Angola peaked at 1,029 GWh in 1974, with 858 GWh  (83.4 %) originating from hydro. After a sharp decline in the years after the independence, generation resumed growth but experienced a second decline over the period 1983 - 85 and is still below the level of 1974.





Electricity supply in Angola consists of three separate grids and several isolated systems. The three main systems are associated with three important river basins; the Kwanza for the Northern System, the Catumbela for the Central System and the Cunene for the Southern System. These systems supply the main load centres in Angola; Luanda (Northern System); Benguela, Lobito and Huambo (Central System); and Lubango and Namibe (Southern System). A map is shown in Appendix 3.2.





3.2.3		Generating Facilities in the Southern System





The main facility in the Southern System is the hydro plant at Matala, on the Cunene River, with a capacity of 27.2 MW from two generating units.





Another facility is a diesel plant in Namibe with an installed capacity of 11.5 MW.





The Gove dam, upstream of Matala, was completed in 1974 for the purpose of irrigation and flow regulation for hydropower production at downstream power plants of Matala and Ruacana. Without the Gove Dam in operation the natural low flow at Matala would not permit any significant generation during 4 - 5 months of the year.





�
3.2.4		Power Production





Table 3.10 shows breakdown of power generation by system and also by power plant for the Southern System.








Table 3.10





Power Generation in Angola (GWh)





System/Plant   Type   1982     1983      1984     1985    1986  





Northern





Sub-total		    547 	 578       559  	  555     605


                                                                 Central





Sub-total		    151      107	      89	   67	     75


                                                                


Southern





Matala	   H	     42	  48        51       49      56


Namibe	   D	      1        0         0        3         





Sub-total              43       48        51       52      56


                                                                


Tot. Interconnected   742      734       700      675     737


                                                                





 		Tot. Isolated	     36       29        26       29      15


                                                                





TOTAL ANGOLA          778      763       726      704     753   





  Source: World Bank





�
		The table shows that the gross generation in Angola totalled 753 GWh in 1986. The individual share of the total generation among the different systems was as follows: 





80 % in the Northern System, 10 % in the Central System, 7.5 % in the Southern System and 2.1 % in the isolated centres.





3.3		THE ESKOM SYSTEM





3.3.1		Existing Generating Facilities





Generating facilities in the ESKOM system comprise 25 power stations with a total installed capacity of 35,673 MW in 1990. The corresponding assigned sent-out rating was 33,843 MW. This generating capacity consists of coal-fired power stations, gas-turbines, hydro-electric power stations and one nuclear power plant. Two pumped storage power stations are also in operation. The breakdown according to type of power station is given in Table 3.11 below:





Table 3.11





Generating Facilities in the ESKOM System





Type of Power Station	Installed capacity   Sent-out capacity 





Subtotal coal


fired (17 stations)		  31.413		29.673





Subtotal gas


turbine (3 stations)		     390		   390





Subtotal hydro-


electric (2 stations)		     540		   540





Subtotal pumped


storage (2 stations)		   1.400		 1.400





Subtotal nuclear


(1 station)				   1.930		 1.840


                                                      


TOTAL in service, 25 stations   35.673          33.843








�
		Due to high annual growth rates during the 1980s orders for new generating facilities were placed in the second half of the decade. These new facilities will be commissioned in the 1990s an represent a total installed capacity of about 8,000 MW.





The power demand is at present more or less stagnant and even decreasing, which engenders a considerable excess capacity in the short and medium term. This is further elaborated in Chapter 4.





3.3.2		Operation Statistics





In 1990 power generation reached 147,244 GWh of which 5,247 was exported to neighbouring countries. The average annual growth rate during the period 1955 to 1984 was about 7.5 %. From 1980 to 1989 the growth rate averaged 3.8 %, in 1990 it was 1.4 % and in 1991 negative. 
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