Chapter 8:

hydropower potentials in the cunene







general



Objective



The objective of this chapter is to generally inform about the hydropower potential of the Cunene River basin based on earlier inventories and studies.



Cunene River



General Description



The water resource of the Cunene river is substantial, being a perennial river with a mean annual flow of 50 m3/s at Gove and 160 m3/s at Ruacana.  The year to year and annual variation is however considerable, the most serious circumstance being relatively long periods of drought put on record lasting for several years.  This has been experienced at the Ruacana Hydroelectric power station, lacking storage for seasonal regulation and thus with a large and unpredictable variation in the electric power generation.



The rainfall over the basin varies over the catchment from 1,300 mm in the upper parts to less than 100 mm per annum in the lower reaches.



Gross open water surface evaporation ranges from 1,700 mm in the upper catchment to 2,300 mm in the lower parts of the river close to the Atlantic Ocean.



The plans for harnessing the Cunene have mainly concerned streamflow regulation, irrigation, water supply and hydroelectric power generation.



	Generally the hydropower potential of a river depends on the river gradient and the available stream flow.



The theoretical potential of a river is generally calculated as the integrated  stream flow (catchment runoff) times the available head above the sea level. 



The technical potential is usually derived from an assessment of the technical possibilities and conditions of a river basin, in which consideration is given to the current capability in technology, for instance geology, dam and equipment technology.



The economic potential further depends not only on the status of technology but also on the cost of hydropower generation in specific locations and in comparison with other compatible sources of energy.  As the cost of hydropower and alternative sources of energy varies over time, the economic potential changes with time.



��	Past Studies



Following the resurrection of the activities in the Cunene river in the mid 1960s, the South West Africa Water and Electricity Corporation (SWAWEK) was created (later renamed NAMPOWER).  SWAWEK together with the Water Affairs Branch of the government was appointed to launch studies and investigations of the Lower Cunene from Roçadas to the Atlantic Ocean.  These were undertaken by a group of Consultants named the South African Study Group.  Simultaneously studies and investigations of the Upper Cunene were embarked upon by the Portuguese authorities, and executed by the Portuguese Study Group concentrating on the upper river from its sources to Roçadas. 



The studies by The South African Study Group and the Portuguese Study Group were rather comprehensive, and created the foundation for the negotiations for the implementation of the Gove Dam, the Calueque pumping scheme, and the Ruacana hydropower project.





hydropower potential



The Upper Cunene 



The sources of the Cunene River are situated north of Huambo in Angola at an approximate elevation of 1,800 m, and the contribution to the river flow from the sources upstream of  Gove is on the average about 50 m3/s.



The rainfall in these areas is the highest in the river basin (>1,300 mm/Year) and the topography is suitable for building of dams and creation of reservoirs.  The reservoirs in the Upper Cunene can give very useful contribution for the regulation of the Cunene and providing other parts of the river with a more uniform flow.  A good example is the Gove dam, which will be of great importance for Rucana and future projects in the Lower Cunene. 



Gove is built as a regulating reservoir with a maximum water level at +1,590 meters above sea level. Using the head created by the reservoir a hydropower plant could be built in the future for the generation of some 120 GWh per annum.



The river gradient downstream of Gove down to Matala offers several possibilities for hydropower projects along the mainstream.  Jamba-Ia Mina and Jamba-Ia Oma are two of the most promising projects that have been studied over the years.  Both projects are planned as sizable reservoir projects with a combined annual generation potential of some 850 GWh.



In the Cunene tributaries a few small hydro alternatives with capacities of about 5 - 15 MW have been identified in the Calai, Cuando and Catapi rivers.



The combined generation from the tributaries would be in the order of 175 GWh/year.



The hydropower projects identified and analysed in the 1969 Master Plan are the following:



�

Name�High Water Level/

Tailrace level  m�Reservoir Capacity, Million Cubic Meter�Potential Capacity

MW�Technical Potential, Million Kilowatt-hours, GWh/Year�� Gove�1,590/1,545�2,364�25�120��Jamba-Ia-Oma�1,520/1,478�970�50�224��Chivondua�1,519/1,487�-�15�70��Jamba-Ia-Mina�1,420/1,330�517�81.5�622��Matala�1,230/1,210�60�45.5�54��Matunto�1,150/1,122�230�50�50��Calueque�1,095/1,090�40�5� 50��Chissola�1,597/1,519�360�6.5�30��Caringo�1,580/1,535�608�5�20��Gungue�1,530/1,485�-�4�15��Lucunde�1,480/1,422�-�6.5�30��Cambundi�1,460/1,400�404�15�60��Catembulo�1,220/1,195�1,060�5�25��Total:��6,613�314�1,400��

In total the potential for hydropower generation in the Upper Cunene would amount to some 1,400 GWh/year. 



The Middle Cunene



By definition this stretch of the river starts at Huila and ends at Calueque.



The Middle Cunene, between Matunto and Calueque, offers very limited prospects for hydropower development, the river gradient is low and suitable sites for dams have not been identified.



The Lower Cunene



The Lower Cunene is defined as the river stretch from Calueque to the sea.  Studies of the hydropower potential preceded the 1969 Agreement on the Cunene river. 



The hydropower projects studied were included in the 1969 Master Plan for the Cunene River.  The potential of each project was estimated according to standard criteria and on the basis of prevalent knowledge of hydrology, topography and geology.   



The technical potentials presented below have been adjusted according to the present perception of the hydrology. The relation between installed capacity and energy generation potential has been estimated with a plant load factor of 50 % and an overall plant efficiency of 90 %.  The average capacity generated at Ruacana has been estimated at 120 MW, corresponding to an average turbine flow at 103 m3/s and a specific generation of 1.16 MW per m3/s.  The technical energy potential of each of the Calueque, Jacavale, Luandege, Ondoruso and Zebra projects, all lacking storage capacity, has been estimated using the turbine flow at Ruacana and applying an estimated average head on the basis of an assumed minimum drawdown water level of the reservoir. 



For the projects from Epupa and downstream, it has been assumed that 90  % of the flow would be discharged through the turbines.  The large reservoirs would entail a significant, almost complete, reduction of spill, but also increased evaporation.  Only the Epupa reservoir gives rise to annual average evaporation losses of some 15 m3/s. 



For the estimates of the latter projects the formula E=0.9gx(0.9q)xHavx0.00876 GWh/year has been applied. 



The potentials of the respective projects included in the Master Plan starting upstream would be the following:



Name�High Water Level/Tailrace level  m

(Hav)�Active Reservoir Capacity, Million Cubic Meter�Installed Capacity

MW

(Plant Load Factor 0.5)�Generation Potential, Million Kilowatthours GWh/Year��Calueque�  1,092  /1,090

(2)�40�3� 15��Jacavale�1,090/1,060

(35)�19�60�270��Luandege�1,055/900

(155)�4�265�1,230��Ruacana�900/754

(135)�18�240�1,075 ��Ondoruso�754/718

(36)�60�60� 280��Zebra�718/710

(8)�40�15�60��Epupa�710/510

(185)� 7,800�470�2,050��Baynes�510/380

(100)�410�260�1,120��Marien�380/240

(110)�800�280�1,230��Hartman �240/170

(70)�225�160�785��Hombolo�170/70

(100)�200�260�1,120��Mcha�50/7

(43)�55�110�480��Total:�1,085�9,671�2,183�9,715��

comparative study



General



As an initial task of the Feasibility Study for the Epupa Hydropower Scheme, NAMANG undertook a comparative desk and reconnaissance study of the potential sites from Epupa to Marienfluss, with the purpose of reconfirming the selection of the Epupa sites for the feasibility study and of possibly including other promising sites.  A reconnaissance study of other attractive hydropower sites from Epupa down to and including Marienfluss was carried out.



Ranking of Hydropower Projects



In the study by the South African Group, the ranking of projects in the Lower Cunene was done according to a comparative unit cost of power, and on the basis of a predicted growth of power demand in the region.  Ruacana was awarded the highest ranking followed by Luandege, Epupa, Hombolo and Baynes.  Corresponding comparative ranking for the Upper Cunene has not been possible to identify.



The process and results of the Comparative Study undertaken by NAMANG is further described in Part I, Summary, paragraph 1.2.4 of this Project Formulation Report.
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