Chapter 2:

power systems descriptions







the angolan power system



		General



This chapter summarises information on the Angolan and Namibian power systems.  Further information is available in Appendix 1.



Electricity in Angola is currently being supplied by three main independent systems, i.e., the Northern System, supplying the provinces of Luanda, Bengo, Kuanza-Norte, Malange and Kuanza-Sul; the Central System, supplying the provinces of Benguela, Huambo and parts of Bié; and the Southern System, supplying Huila and Namibe.  Each system is connected to an important river basin, i.e., the Kuanza, the Catumbela and the Cunene river basins.  Apart from these systems, there is another system supplying the diamond mining area, namely Lunda-Norte.  This system is also known as the ENDIAMA system.  Additionally there are smaller isolated systems supplying the remaining provinces.



As a result of damage caused by the civil war since 1975, the Central System is at present divided into two as far as electricity is concerned: the Huambo and Bié region is separated from the Benguela region.



Electrical production in all systems of Angola combined reached 1,043 GWh in 1995, approximately 80% of which was from hydropower, and the remaining 15% from thermal generating facilities.

�

Source: ENE



At present, approximately 15% of Angola’s population has access to electricity supply through existing transmission networks. Consumers are estimated to total about 200,000 persons throughout the country, 120,000 in the Luanda area.



Fig. 2.1 shows a map of Angola with the location of main power stations, together with the most important transmission and distribution lines (source: ENE).
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Figure 2.1   Outline of the Angolan Transmission System

		Organisation of the Electricity Sector



At present the State Secretariat for Energy and Water (SEEA) has overall responsibility for the enforcement of national policy and co-ordination of activities within the power sub-sector, including regulative functions.  Generation, transmission and distribution of electricity are the responsibility of several entities, e.g. Empresa Nacional de Electricidade (ENE), Empresa de Distribuição de Electricidade de Luanda (EDEL), ENDIAMA (a mining company), and some local authorities.



ENE operates as a state owned company under SEEA.  The company was formally established in 1980, and given exclusive rights over supervision of electricity supply throughout Angola.  This has never happened in practice.  ENE is responsible for production and transmission for the three main systems and several isolated systems, as well as for distribution in some provinces.



EDEL also operates as a state owned company under SEEA and was established in its present form in 1979.  It is responsible for electricity distribution in Luanda.



ENDIAMA is a state owned company, concessionaire of the country’s diamond mining.  It operates under the Ministry of Geology and Mines and is responsible for generation, transmission and distribution of electricity in the diamond mining area, particularly in the province of Lunda-Norte.  This situation may well develop towards the establishment of an Eastern System, supplying the provinces of Lunda-Sul and Moxico, connected to hydropower schemes that have been started and are planned to be completed.



Some local authorities, through their community services, are also responsible for electricity distribution or generation or both in areas that are not covered by the main systems.  Such is the case for the provinces of Zaire, Lunda-Sul, Kuando-Kubango and Cunene.



A reform program for the legal side of the energy sector is now being implemented within the economic and social changes the country is going through.  This program aims at the implementation of a new policy for the country’s overall electrification.  This is to be achieved through creation of adequate mechanisms, improvement of supply and general consumption of electricity in urban areas, as well as rural electrification, under the guarantee of equal rights and duties for all consumers, producers and distributors.



A national policy is required for supply of electricity, in order to:  increase competition in the production and distribution markets, encourage private investment, provide incentives for increasing the supply and efficient use of electricity, and establish adequate tariffs.



The new General Law on Electricity was recently approved, based on recognition and acceptance of these principles.  This law gives private initiative the possibility to participate in activities connected to generation, transmission and distribution of electricity.  Such activities can be performed with the participation of all economic agents and all forms of ownership, with the guarantee of equal treatment and opportunities.  There is only one restriction, applicable to the National Transmission Network and National Dispatch Centre (which have not been established yet):  their management should be entrusted to an entity where the State has majority participation or veto right.



This law also established the principles for a tariff system that makes it possible to obtain prices and tariffs in order to achieve a reasonable profit rate and make the participation of private initiative feasible, and to safeguard the interests linked to the Government’s social policy. 

		Generation Facilities



Under normal circumstances, hydropower is the main source of electrical supply in Angola.  However, as a result of a gradual decrease in availability of hydropower plants, due to the reasons described below, thermal power sources have been increasingly used since the second half of the 1980’s, particularly diesel fuelled units.



The present installed capacity is 597 MW, distributed as follows:



Hydropower: 301 MW

Gas turbines: 136 MW

Diesel units: 161 MW.



The available capacity is 297 MW (49.8% of total installed capacity).  Details of installed capacity by subsystem and type of generating facility are presented in Table 2.1, together with system peak loads in MW for1995.



In almost all regions, there are power plants generating using diesel units, designed to operate as emergency and support stations.  They are also to supply supplementary power to cover the frequent outages in the main facilities, caused either by sabotage actions against the latter or against transmission lines, or by severe faults due to gradual degradation.



In the case of large towns, these power stations ensure power supply to strategic zones, previously selected for each town, through an isolated distribution network.



The condition of Angola’s generation facilities can be characterised as showing an increasing amount of outages, mainly due to the war, but also to the economic difficulties the country has been experiencing. This has made it impossible to carry out timely maintenance and rehabilitation work on equipment and facilities.



On the one hand, damage caused by frequent sabotage actions on electrical installations during the war contributed significantly to an increased outage rate in the generation facilities, as can be seen from the description below.  On the other hand, and in a general way, equipment has been operating under very precarious conditions, due to the pressing need to supply electricity. 



As a consequence, maintenance of facilities has been neglected, which in turn has contributed to their general degradation and increasing outage rate.  Equipment operation has also been greatly affected by lack of spare parts, which also has had an influence on maintenance quality.



It can be seen from Figure 2.1 that the main power generating facilities are scattered throughout the country.  This makes operation and maintenance very difficult.



�Table 2.1 - INSTALLED CAPACITY IN EACH SYSTEM AND FACILITY

System and Facility�Capacity (MW)�Peak (MW)

(for 1995)*���Hydro�Thermal�Diesel�Total (inst.)�Not in op. �TOTAL

(in op.)���NORTHERN SYSTEM

-HP Mabubas

-HP Cambambe
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         n.a.��TOTAL�300.6� 136.0�   160.3�        596.9�     299.9�       297.0���%�  50.4�   22.8�     26.9���         49.8���*   with restrictions

**  12 MW being installed

*** Connected to the Northern System through the 220 kV Cambambe/Gabela transmission line and the Gabela substation (at present not in operation).

n.a. (not available)

�		Transmission Network



Voltages in the main transmission lines are 220 kV, 150 kV, 100 kV and 60 kV.  Only the Northern System has 220 kV and 100 kV lines.  150 kV is used in the Central and Southern Systems, while 60 kV is used in all systems.  Table 2.3 presents the main characteristics of said lines.



Nearly all transmission facilities were seriously damaged by sabotage actions during the war.  The ones still in operation are in very poor condition, due to both damage caused by the war and lack of proper maintenance.



Transmission Lines



Out of 2,216 km installed transmission lines, forming the transmission networks of the main power systems in Angola (not including transmission lines under 60 kV in the small isolated systems), only 990 km are currently in operation.



The Northern System transmission network suffered severe damage due to several sabotage actions, which affected the operation of the respective transmission lines.



Apart from the lines mentioned in Table 2.3 there are also 60 kV lines, which are part of the Luanda distribution network and supply the industry and the water supply system at Cassaque from the Cazenga and Viana substations respectively.



The Central System transmission network Biópio-Lomaum-Huambo was severely damaged by several sabotage actions.  Due to safety reasons, it was impossible to rehabilitate this network at the time.  As a consequence, the Huambo region and parts of Bié have been isolated from the Benguela region for more than 10 years.



The Southern System was not damaged by the war to the extent of the Northern and Central Systems.



ENDIAMA System has 228 km 60 kV transmission lines connecting power stations to the main substations, from which the distribution network supplies the mining centres and the networks of the main population centres.  This system has only recently suffered some damages caused by the war.



An expansion program for this system was studied and developed to accommodate expected exploitation of new and important diamond reserves.  Construction work was initiated and was supposed to include erection of a new 150 kV line (145km, Al-Steel 261.2 mm2 cable) between Chicapa Hydropower Station (to be built) and Lucapa.



Due to their small size, Isolated Systems normally use 30 kV transmission lines to connect generation facilities to distribution centres.

��Table 2.3 - TRANSMISSION LINES:  Main Characteristics

�����System�Number�Voltage�Length�Type�Conductor�Start of����and�of�(KV)�(Km)�of�Cross-Section�Operation�Comments���Line�circuits���Conductor�(mm²)�����  North����������     Cambambe-Luanda�1�220�175.0�ACSR Crow�409.50�1963�In poor condition���     Cambambe-Viana�1�220�158.0�ACSR Crow�409.50�1984�Out of Service since 1988���     Viana-Luanda�1�220�17.0�ACSR Crow�409.50�1973����     Cambambe-Ndalatando�1�220�73.0�ACSR Crow�409.50�1970�Out of service since 1992���     Cambambe-Gabela�1�220�125.0�ACSR Crow�409.50�1974�Out of service since 1984���     Ndalatando-Cacuso�1�100�93.0�ACSR 30/7��1974�Out of service since 1992���     Cacuso-Malange�1�100�62.0�ACSR 30/7��1974�Out of service since 1992���     Mabubas-Luanda�2�60�57.0�Cu�50.00�1953�Partially out of service���     Mabubas-Quibaxe�1�60�109.0�ALMELEC��1987�Out of service since 1992���     Cazenga-Cuca�2�60�7.0�ACSR Crow�409.50�1963����     Viana-Belas�1�60�18.0���1989����     Gabela-Binga-Sumbe�1�60�75.0���1974�Out of service since 1990�������������  Central����������     Biópio-Quileva�1�150�18.0�ACSR Panther�261.20�1974����     Biópio-Lomaum�1�150�96.0�ACSR Panther�261.20�1964�Out of service since 1983���     Lomaum-Alto Catumbela�1�150�48.0�ACSR Panther�261.20�1964�Out of service since 1983���     Alto-Catumbela-Huambo�1�150�119.0�ACSR Panther�261.20�1964�Out of service since 1983���     Huambo-Catchiungo-Chinguar�1�60 (30)�75.0����Out of service since 1990���     Biópio-Catumbela�1 (2)�60�23.0����Designed with 3-phase two line���     Catumbela-Cavaco�1�60�28.0���1993��������������  South����������     Matala-Lubango�1�150�168.0�ACSR Panther�261.20�1959����     Matala-Jamba�1�150�120.0�ACSR Panther�261.20�1973�Out of service since 1976���     Lubango-Namibe�2�60�162.0�1)Cu�70.00�1960��������2)ACSR Partridge�157.20�1974����     Namibe-Tômbwa�1�60�96.0�ACSR Civetta�136.84�1974�In poor condition���     Namibe-Saco�1�60�9.0�ACSR Civetta�136.84�1973�Out of service���     Jamba-Tchamutete�1�60�68.0�ACSR 26/7��1973�Out of service since 1976�������������  ENDIAMA����������     Luachimo-Andrada�1�60�93.0�Cu�70.00�����     Lucapa-Andrada�1�60�115.0��228.00�����     Lucapa-Calonda�1�60�20.0��228.00��Out of service�������������Substations



Substations with primary voltage equal or superior to 60 kV are considered transmission network substations. Most substations are in a bad condition due to actions during the war and neglected maintenance.



The most important substations are listed in Table 2.4



		Distribution Networks



The medium voltage distribution networks have a wide range of voltage levels, both for rural and urban distribution, ranging from 3.3 kV to 60 kV (6.3 kV, 6.6 kV, 15 kV, 20 kV and 30/60 kV).  220 kV is used for low voltage distribution. 





�Table 2.4 - SUBSTATIONS:  Main Characteristics����System�Number�Voltage�Rated�Total Installed�Start of����and�of�Ratio�Capacity�Capacity�Operation�Comments���Substation�Transf.�(KV)�(MVA)�(MVA)�����  North���������     Cambambe�4x3+1�11/220�24.0�288.0�1963, 1973����     Cazenga(Luanda)�3�220/60/15�60/35/10�180.0�1963, 1973�����1�220/60�60.0�60.0�1983�����1+1+1 �11.5/60�32+38+56�126.0�1978, 1986,1991�Connected to Central Thermal  Inst.���     Viana�1�220/60�60.0�60.0�1995 *�����1�60/30�10.0�10.0������1�60/15�20.0�20.0�����     Ndalatando�3x1+1�220/100/30�35/15/10�35.0�1970�Mostly Destroyed���     Gabela�1+1�220/60/30�35/15/10�35.0�1974�Partially Destroyed���     Cacuso�1+1�100/30�5.0�5.0�1974�Mostly Destroyed���     Malange�1�100/30�5.0�5.0�1974�Mostly Destroyed���     Mabubas�2+2� 6/60�2x3.7+2x7.4�22.2�1953, 1958�Mostly Destroyed���     Mabubas(Regional)�1�60/30�5.0�5.0�1987�Partially Destroyed���     Quifangondo�1�60/30�10.0�10.0�1972����     Belas�1+1�60/15�1.0�2.0�1989����     Quibaxe�1�60/30�5.0�5.0�1987�Out of service������������  Central���������     Lomaum�2+1�10/150�2x12.5+1x18.75�43.8�1974�Destroyed���     Biópio�4� 6/60�4.5�18.0�1964�����1�6.6/60/150�5/15/15�15.0�1974����     Alto Catumbela�1+1�150/30/6.6�10.0�10.0�1964�Mostly Destroyed���     Huambo�1+1�150/30/6.6�10.0�10.0�1964�Partially Destroyed���     Catumbela�3�60/30�4.5�13.5��Transformer  disconnected����2�60/30�7.5�15.0�1993����     Cavaco�1�60/30�30.0�30.0�1993�������������  South���������     Matala�3�10/150�17.0�51.0�1959����     Lubango�2�150/60/15�20/10/10�40.0�1973����     Jamba�1�150/60/6.3�20.0�20.0�1960�Destroyed���     Namibe�2�60/15�10+5�15.0�1974����     Tômbwa�1+1�60/15�5.0�5.0�1974����     Tchamutete�1�60/6.3�5.0�5.0�1973�Destroyed������������  ENDIAMA���������     Luachimo�4�6.3/60�3.0�12.0������2�6.3/6.3�2.0�4.0�����     Lucapa�2�6.3/6.3/60�6/12/12������     Andrada�1+1�60/30/6.3�4/4/1.2�4.0�������������    * -New transformer installed to replace the former  which was destroyed���

the namibian power system



		General



	The Namibian Power Corporation (NAMPOWER) is responsible for generation and transmission of electricity to all areas of Namibia covered by the national grid. NAMPOWER is fully owned by the Government and operates under the Ministry of Mines and Energy (MME).



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



		Existing Generation Facilities



Sources of Electricity Supply



The supply of electricity in Namibia is dependent on hydropower generated at Ruacana in the lower Cuenene reaches and imports. Thermal power generated at the Van Eck and Paratus power plants is relatively expensive due to high fuel costs, and primarily used to substitute costly imports during peak hours. In dry years, imports exceed domestic generation as experienced in 1993/94. 



	The all time peak load recorded (hourly demand) is 279 MW (1992/93). 

	

	The combined technical and non-technical losses of electricity in the Namibian grid are 11.5 - 12.0  percent of units sent out in the period 1991/92 to 1994/95.



Supply Facilities



The NAMPOWER generation system is fairly small, consisting of three power plants and a 220 kV double circuit interconnector to ESKOM in the Republic of South Africa (RSA). Total installed capacity is 584 MW made up by: 



		Ruacana 240 MW, 

		Van Eck 120 MW, 

		Paratus 24 MW and 

		Interconnector to RSA 225 MW.



	Ruacana Hydropower Plant

	The Ruacana hydropower plant located on the Cunene river is NAMPOWER's main source of power generation. The transmission distance to the load centre at Windhoek is about 700 km. The station was put into operation in 1977 - 78 and is in good shape. It is an underground power station with 3 units of 80 MW each. The regulating reservoir allows only for daily and limited weekly regulation. Long term regulation was planned to be provided from the Gove dam and reservoir, located on the upper Cunene on Angolan territory. Gove has for various reasons never been operated according to the initial intentions. The seasonal river flow at Ruacana is thus largely fluctuating, varying with extensive spilling during the wet seasons and nearly no generation on certain occasions during drought periods.



�	Van Eck Thermal Power Plant

	Van Eck coal fired steam power plant is located in the outskirts of Windhoek. The plant includes four steam turbine-generator units of 30 MW each. The plant is air-cooled with large fans reducing the maximum sent out power by 2 MW/unit. The plant was brought into operation in the period 1972 - 79.

	

Coal to Van Eck is furnished by rail from RSA. The 1996 price is ZAR 235 per ton of which ZAR 188 refers to transport. With a specific fuel consumption of 0.55 kg per kWh this fuel cost results in a rather high unit cost of generation. For this reason the plant is presently only used as a back-up source. The plant is in good condition.



	Paratus Diesel Power Plant

	Paratus Power Plant is located in Walvis Bay. After incorporation of the enclave the power plant is now owned by NAMPOWER. The total capacity of the units is 24 MW.



	Power Import from RSA

	During recent years imports of electricity from ESKOM have been in the order of 800 to 900 GWh, depending on the availability of water in the Cunene river. The maximum capacity that can be imported is currently limited to about 225 MW by the capacity of the transmission system.



	Recent Development Trends

	During recent years the Namibian situation in respect of supply of electric energy has been increasingly strained. 1994 was an exceptionally dry year with the energy generation from Ruacana being only about half the amount as experienced for a wet year. The dry conditions have continued also during 1995. In order to cope with the dry conditions NAMPOWER has been forced to import more energy than ever before from ESKOM, while the export to ESKOM has been nearly negligible. In 1994 the import from RSA accounted for more than half of the total consumption and also in 1995 the import was considerable. 

�



Source: NAMPOWER



	The thermal generation from Van Eck has also been substantial during 1994 in spite of its relatively high cost. This is partly because it was operated during peak hours to minimise import during periods when the power was more expensive according to the old tariff. Another reason for the extended thermal generation has been to maintain the system stability at times when only one generator was in operation at Ruacana.



	With increasing electricity demand, the existing sources of supply in terms of generation and transmission capacity need to be extended to avoid shortage of power, especially during drought periods.



	Recent power system expansion studies have concluded that the generation system should be expanded no later than in 1999 in order to fulfil normal requirements for quality and security of supply. Consequently, NAMPOWER has recently decided, among several short term options, to strengthen the interconnection to RSA by building a new 400 kV interconnector to Aries 400 kV substation. The interconnector will secure the supply of electrical energy to Namibia well into the next century but will also make Namibia more dependent on the supply situation within RSA.



	As long as excess capacity exists in RSA, imports can be made at affordable prices (see section 3.3). However, as the electricity markets in the region at large tighten, the supply security of Namibia is reduced with increased import dependence. Higher self-sufficiency in electricity supplies thus becomes of priority to Namibia. EPUPA HPP is one of the more promising domestic sources of additional generating capacity of electricity.



		Existing Transmission System



	The Namibian transmission system 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 main outlines of the transmission system are shown on Figure 2.2.



	The 330/220 kV feeder running 1,518 km in a North-Southerly direction about midway between the Atlantic coast and the Eastern border from the Ruacana Hydro Power Plant to Aggeneis in the RSA constitutes the backbone of the NAMPOWER transmission system. The part which was earlier the weakest section has recently been strengthened by a second 220 kV line between Van Eck and Omburu.



	The main feeders are composed as follows:



	Line Section				kV	km	Conductor 



	Ruacana - Omburu			330	522	2x427 Zebra

	Omburu - Osona			220	104	1x325 Goat 

	Osona - Van Eck			220	 58	1x325 Goat

	Omburu - Van Eck			220	166	1x325 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
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Figure 2.2   Outline of the Namibian Transmission System

�

	A 220 kV line extends westwards from Omburu to Swakopmund, and another 220 kV line extends in a north-easterly direction to Gerus and Otjikoto. From Otjikoto there are 132 kV lines to Rundu and Okatope.



	Line Section				kV	km	Conductor 



	Omburu - Khan				220	114	1x325 Goat

	Khan - Ršssing				220	 78	1x325 Goat

	Ršssing	- Walmund		 	220	 53	1x325 Goat	



	Omburu - Gerus			220	140	1x325 Goat

	Gerus - Otjikoto				220	175	1x325 Goat



	Otjikoto- Rundu				132	270	1x158 Wolf

	Otjikoto - Oshivelo			132	 86	1x158 Wolf 

	Oshivelo - Okatope			132	114	1x158 Wolf



	

	Distribution lines with the voltage 66 kV and below extend radially from the main substations for further dispersion of power to the consumption areas along the coast and inland. As great parts of the country are rather sparsely populated, the areas served by the distribution network covers quite a small portion of the total area.

	

	The transmission system is characterised by its relatively low loading and its long distances. To cope with this situation extensive reactive compensation is installed at different locations as shown in the table below.



	Substation 		Reactors (MVAr)	Capacitors (MVAr)



	Ruacana 			2x60

	Gerus 				2x15

	Omburu 330 kV 		2x60

	Omburu 220 kV		2x15+30 

	Omburu SVC			56			45

	Hardap				3x40

	Kokerboom			3x40

	Karas 				2x15





		Steady State Conditions



The steady state behaviour of the power system has been studied by using the commonly employed computer programme PSS/E which is developed by Power Technologies Inc, USA.  The same programme is used by NAMPOWER for their system analysis.  A number of load flow calculations have been made to describe the transmission system under varying conditions in respect of load demand and generation.



	Out of this number some samples are selected for presentation (printouts enclosed in Appendix 1, Annexes A1.1 through A1.4).  The samples are selected to illustrate some extreme combinations in respect of generation and demand. 



	Annex A1.1 shows the situation at peak load during a wet year. Ruacana is then running at its full capacity and no thermal power is generated. The import from ESKOM is about 100 MW. A total of 120 MVAr of reactors are connected at the substations north of Van Eck and 120 MVAr at the southern substations. The voltage is well within the accepted band  ±5% everywhere in the system. The total system losses are 25 MW or 10% of the total demand. 



	Annex A1.2 refers to peak load conditions during a dry year. Ruacana is operated at 70 MW and no thermal generation is anticipated. The power import from ESKOM is about 250 MW which is close to its maximum. The voltage is kept within acceptable limits by means of the SVC and the reactors. A total reactor capacity of 180 MVAr is connected to the substations north of Van Eck and 135 MW to the substations in the south.



	Annex A1.3 shows the situation at light load during a wet year. Ruacana is running at its full capacity and no thermal power is generated. About 50 MW of power is exported to ESKOM. A total of 185 MVAr of reactors are connected at the substations north of Van Eck and 215 MVAr at the southern substations. The SVC at Omburu is absorbing 75 MVAr in order to maintain the voltage at an acceptable level. The total system losses are 60 MW or 30% of the total demand. 



	Annex A1.4 refers to light load conditions during a dry year. Ruacana is not in operation and no thermal generation is anticipated. Instead the total demand is anticipated to be covered by import from ESKOM. Also in this case the voltage will be kept within acceptable limits. All the reactors, 245 MVAr (2g) are connected to the northern substations, and 200 MVAr of reactor capacity are connected to the substations south of Van Eck. The SVC is absorbing 100 MVAr. 



	As indicated by the four cases described above the voltage level and the losses may be kept within acceptable limits under the different operational conditions that currently may appear. The SVC at Omburu then plays an important role.



	When the system is intact with all parts in operational order it is capable of satisfying the existing demand. It goes without saying, however, that the configuration with several radial single circuit lines to important load centres and with other sections comprising of relatively weak double circuit lines, the current NAMPOWER transmission system will not provide for the availability as may be considered normal in larger and more complex networks. The N - 1 availability criterion cannot be met by more than a few sections and even there only under certain favourable loading conditions. This may be concluded from the findings already from the steady load flow calculations, and is further accentuated by the following study of the transient stability in the feasibility phase. 
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