
 

Hydropower Generation  

& Transmission Capacity Expansion 

Plans for Zone B  

of the West Africa Power Pool, WAPP 
 

A Project sponsored and managed  

by the Economic Community of West Africa States, ECOWAS 

 

Funding provided  

by the United States Agency for International Development, USAID 

 

 

 
Mamadou Alpha Sylla 

Electricité de Guinée, Conakry, Guinea  

Fax: (224) 411857 

 

Sidy Kané 

Soci®t® dôOp®ration Ivoirienne dôElectricit®, Abidjan, C¹te dôIvoire 

 

F.T. Sparrow 

Brian H. Bowen 

Diakalia Sanogo 

Purdue University, West Lafayette, IN, USA 

 

 

 

 

October 16, 2002



 2 

 

Summary 
Two representatives of the WAPP Zone A and B were introduced to the new Windows 

Interface of the WAPP model during two weeks of intensive training sessions at Purdue 

University. During this workshop we were also trained to interpret and analyze the 

outputs of the optimization problem of the WAPP model. In order to better illustrate the 

analytical potentialities of the model, we will interpret and compare the outputs from two 

scenarios of the model based on ECOWAS Data Set # 5: 

Scenario I: Free trade (AF=0%, ENAF=0%) 

versus 

Scenario II: Limited energy and reserve trading (Autonomy factors: AF = 90% 

for reserve generation; ENAF = 50% for energy generation). 

 

Total generation and transmission capacity expansions are summarized in table 1 below.  

 

With the free trade scenario (scenario 1), the total cost of transmission capacity 

expansions for the entire WAPP region is $US 225 millions, representing 2,41% of 

capital costs.  This investment will return for ECOWAS member countries substantial 

savings of the order of $US 0.7 billions. The cost differential between the free scenario 

and the limited reserve and energy trading (AF = 90%, ENAF = 50%) would amount to 

$US 22.7 millions. 

 

Fixed operating and maintenance costs, over the 2002-2012 planning horizon, is $US 250 

millions for scenario 1 (free trade) and $US 254 millions for scenario 2 (limited trade), 

$US 4 millions more than in a free trade situation. 

 

With limited reserve and energy trading, WAPP total cost is increased by 7.47% compare 

with the free trade scenario ($US $9.359 to $US 10.059 billions). 

 

 

The construction of the Nigeria ï Benin transmission line in Zone A would lead to an 

important increase of load carrying capacity of the Nigeria-Benin-Togo-Ghana 

interconnection by more than 1500 MW.  

 

 

Table 1: Total Transmission & Generation Capacity Expansions in Zones A and B,  

   Under Free Trade (Scenario 1) and Limited Reserve Trading 

   (AF=90%, ENAF=50%), 2002 - 2012 
  

 
Scenario 1 

Free Trade 

MW Expansions 

Scenario 2 

Limited Trade  

MW Expansions 

 

Increment 

 

Zone A 

Transmission 1739 1630 7% 

Thermal Generation 7378 7408  

3% Hydropower 415 592 

     

 

Zone B 

Transmission 613 298 105% 

Thermal Generation 85 231  

10% Hydropower 1191 932 
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Further analysis of the output of the model for the free trade scenario shows that the 

largest expansion in Zone B in the long term would be between Senegal and Guinea with 

285 MW. Senegal could hence play a primary role in Zone B by becoming an important 

energy wheeling country to Gambia and Guinea Bissau. The next largest expansion will 

take place between Guinea and C¹te dôIvoire, with 203 MW. The total load capacity is 

811 MW for scenario 1 compared with 683 MW for scenario 2 (i.e., 19% more capacity 

with free trade). 

 

Furthermore, there will be important inter-zones transmission (203 MW) between Zone A 

and Zone B, through the C¹te dôIvoire to Guinea interconnection. The main 

interconnection of electrical grids in Zone B will consist of three lines: C¹te dôIvoire to 

Guinea, Guinea to Senegal, and Senegal to Gambia. 
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Background 

 
Authorities in the 14 West African countries regrouped in the regional economic 

organization, the Economic Community of West African States (ECOWAS), are well 

aware of the important contribution of energy, and specifically electrical energy to the 

overall social and economic development of the sub-region. To this extent, they initiated 

an electricity trade and capacity expansions project, called the West African Power Pool 

(WAPP). The Executive Secretary of ECOWAS coordinates the implementation of the 

WAPP project. 

 

In order to help launch this new regional integration tool, and determine the role of each 

member country in the future competitive market of electric energy, the Executive 

Secretariat of ECOWAS and its partners commissioned Purdue Universityôs Power Pool 

Development Group (PPDG) to: 1) provide an assistance to ECOWAS in coordinating 

data collection from WAPP utilities; and 2) develop an optimization (cost minimization) 

model to simulate electricity generation and transmission capacity expansions over a 

giving planning horizon. 

 

During the last two years Purdue University experts and their WAPP colleagues have 

mainly worked on data collection in all member countries, and a timely update and 

compilation ECOWAS electricity data set. The most recent data set, ECOWAS Data Set 

#5 was compiled and provided to ECOWAS in September 2001. Data Set # 6 should be 

ready by January 2003. 

  

In order to ensure a successful transfer of the WAPP model to ECOWAS two designated 

representatives (one from each zone) were invited to attend an intensive training 

workshop from August 12 to 23, 2002. I was hence selected to represent Zone B. The 

training consisted of learning how to use the new Windows Interface of the Long-term 

WAPP model developed by Professor Sparrow of Purdue University and his team. Above 

all, we learned how to interpret and analyze the results from different scenarios used of 

the model. The workshop has gave us a keen sense of data needs, and this should allow 

us to better coordinate data collection and their timely updating by our colleagues in 

member countries. 

 

The training sessions were organized in two phases over the two weeks: 

 

  During the first we were introduced (inputting, interpreting outputs and analyzing 

results) progressively to the model, from its basic simplest form (i.e., model 

including only thermal stations with a planning horizon of only one period of 2 

years) to the full dynamic model (i.e., model including all three types of 

generation stations, generation and transmission expansions, allowing or not for 

trade with a planning horizon of 5 periods of 2 years each).  
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The training sessions during the second week were to allow us to develop a better 

understanding of how the model works through continuous intensive practice by 

running different scenarios, interpreting the outputs and analyzing the results. 

 

Seven versions of the model were used during the workshop. They are briefly described 

below: 

 

Models 1 to 4, Static models, single period with no capacity expansions: 

 

Model 1 
1 period with 1 year (Yper =1, n=1) 

Includes: Existing thermal generation only 

Excludes: Trade, reserve margin, new capacity expansion 

Data values that vary: Upeak, PGOinit, UEcost 

Output interpretation before and after changes: Thermal generation capacity, 

Demand/supply, and costs. 

 

Model 2 

1 period with 1 year (Yper =1, n=1) 

Includes: Existing thermal and hydropower generation only 

Excludes: Trade, reserve margin, and new capacity expansion 

Data values that vary: HOinit, HOLF, and Wcost 

Output interpretation before and after changes: Thermal generation capacity, 

Demand/supply, and costs. 

 

Model 3 

1 period with 1 year (Yper =1, n=1) 

Includes: Existing thermal and hydropower generation, and reliability constraints  

Excludes: Trade, new capacity expansion 

Data values that vary: Resthm, Reshyd, and Umcost. 

Output interpretation before and after changes: Demand/supply, and costs. 

 

Model 4 

1 period with 1 year (Yper =1, n=1) 

Includes: Existing thermal and hydropower generation, reliability constraints, and trade  

Excludes: Capacity expansion 

Data values that vary: PFOloss, PFOinit. 

Output interpretation before and after changes: Trade quantities, demand/supply, and 

costs. 
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Models 5-6, dynamic models, multiple periods, and allow generation and transmission 

capacity expansions. 

 

Model 5 

Five periods with 2 years in each period (Yper = 5, n = 2) 

Includes: Dynamic modeling with only expansion of the existing capacity for thermal, 

hydropower generation, and transmission lines.  

Excludes: Expansion of new expansion of generation and transmission capacity. 

Data values that vary: PFOmax, PGOmax. 

Output interpretation before and after changes: Trade quantities, Demand/supply, and 

costs. 

 

Model 6 

Five periods with 2 years in each period (Yper = 5, n = 2) 

Includes: Construction of new generation and transmission projects.  

Excludes: Autonomy factors. 

Data values that vary: Addition and/or deletion of new power stations and new lines. 

Output interpretation before and after changes: Trade quantities, Demand/supply, and 

costs. 

 

Model 7 

Five periods with 2 years in each period (Yper = 5, n = 2) 

Includes: Dynamic modeling with autonomy control.  

Data values that vary: AF, ENAF, addition and/or deletion of new power stations and 

new lines. 

Output interpretation before and after changes: Trade quantities, Demand/supply, and 

costs. 

 

 

The following handouts were distributed and used during the workshop: 

¶ WAPP Data Set #5 (ECOWAS, September 2001) 

¶ General Training Manual (Purdue, October 2000) 

¶ HV Transmission Networks (World Bank, October 2001) 

¶ User Manual for the Long-Term Model, 7yh Edition (Purdue, November 2000). 
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Zone B Transmission Capacity Expansion Plans 

 
Values in table 1 & 2 below show that when with a free trade scenario in Zone B (table 

1), substantial trading occurs between Guinea and Senegal (285 MW), whereas the most 

important trading activities will be between C¹te dôIvoire and Guinea (232 MW) in the 

case of limited reserve trading (AF=90%, ENAF=50%) in the zone (table 2). 

In both scenarios, there is no capacity expansion of the existing lines, and only new 

transmission lines are expanded. 

 

Total transmission capacity of Zone B increase from 683 MW in the limited trade 

scenario to 811 MW (i.e., 19% increase) when there is free trade among countries in the 

zone. The capacity of 100 MW traded between Mali and Senegal remains the same in 

both scenarios. The most important energy flow (488 MW) transits by the main line 

interconnection line, C¹te dôIvoire ï Guinea ï Senegal. In the period 4, 88 MW are 

traded between Guinea and Mali. 

Note that in both scenarios, there is no significant trade between Senegal and Guinea-

Bissau, Senegal and the Gambia, and Guinea and Sierra Leone. 

 

 

Table 1:  Scenario 1, Free Trade & Zone B, 

 ~ Transmission Capacity Expansions for 2002 to 2012 
 

Line Name 

Initial 

Desig

n 

MW  

Period 1 

2003-2004 

( MW) 

Period 2 

2005-2006 

(MW) 

Period 3 

2007-2008 

(MW) 

Period 4 

2009-2010 

(MW) 

Period 5 

2011-2012 

(MW) 

Total  

Expansion 

(MW) 

Gui-Sen 150   81 140 64 285 

Gui-Mal  150    88  88 

Gui-Ico 150   102  101 203 

Gui-Sle 80   27  13 40 

Sen-Mal  150  6 94   100 

Sen-Gbi 145    1 1 2 

Sen-Gam 40   14 25  39 

Ico-Lib  100   42  12 54 

     TOTAL  811 
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Table 2:  Scenario 2, Limited Reserve Trading (AF=90%, ENAF=50%) & Zone B, 

 ~ Transmission Capacity Expansions for 2002 to 2012 
 

Line Name 

Initial 

Design 

MW & 

kV 

Period 1 

2003-2004 

( MW) 

Period 2 

2005-2006 

(MW) 

Period 3 

2007-2008 

(MW) 

Period 4 

2009-2010 

(MW) 

Period 5 

2011-2012 

(MW) 

Total  

Expansion 

(MW) 

Gui-Sen 150   41 109 30 180 

Gui-Mal  150    89  89 

Gui-Ico 150   108  124 232 

Gui-Sle 80   27   27 

Sen-Mal  150  6 94   100 

Sen-Gbi 145     1 1 

Sen-

Gam 

40    12  12 

Ico-Lib  100   42   42 

     TOTAL  683 

 

 

 

The most important expansion in the WAPP region would occur between Nigeria and 

Benin, with 686 MW for the free trade scenario, and 625 MW in the case of limited trade. 

These figures represent, respectively, 30% and 31%, of total expansions. The 

interconnections, Benin ï Togo and Togo ï Ghana would play a very important role in 

energy trading for the entire WAPP region. 

 

With free trade, the total costs of the expansion of transmission lines capacity would be 

$US 225.4 millions, which represents 12% of the total capital costs of the WAPP project 

($US 1.95 billions). These investments would yield savings of about $US 543 millions on 

operational and maintenance costs over a period of 10 years. 
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Figure 1   Zone B, Scenario 1, Free Trade, 2002-2012, Transmission Capacity Expansions (MW) 
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Figure 2   Zone B, Scenario 2, Limited Reserve Trading (AF=90%, ENAF=50%)  

202-2012, Transmission Capacity Expansions (MW) 
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Zone B Generation Capacity Expansion Plans 
 

Table 3: Scenario 1, Free Trade,  & Zone B, 

 ~ Generation Capacity Expansions for 2002 to 2012 
Country Period 1 

2003-2004 

(MW) 

Period 2 

2005-2006 

(MW) 

Period 3 

2007-2008 

(MW) 

Period 4 

2009-2010 

(MW) 

Period 5 

2011-2012 

(MW) 

Total  

Expansion 

(MW) 

Gambia       

PG 

H 
      

Guinea       

PG 

H 

20   

73 

 

213 

 

709 

20 

995 

Guinea Bissau       

PG 

H 

15     15 

Liberia        

PG 

H 

0 

32 

0 

3 

49   

20 

49 

64 

Mali        

PG 

H 

   

95 

   

95 

Senegal       

PG 

H 

 

18 

  

19 

   

37 

Sierra Leone       

PG 

H 

      

Zone B Totals 

PG 

H 

PG&H  

 

 

 

 

 

 

 

 

1275 

84 

1191 

 

 

Results from table 3 above show that most of the capacity expansion in Zone B (93.4% of 

total expansion) would come from hydropower generation (1191 MW), mainly from 

Guinea during the last three periods (3, 4, and 5) of the planning horizon. The remaining 

of the capacity expansion would be provided by Mali, Senegal, and Liberia. With the free 

trade option energy needs of the zone would be entirely satisfied in the long run. Thermal 

generation does not contribute much (about 6%) to capacity expansion in the Zone B, 

since there is no investment plan for large capacities thermal stations. 

 

With limited reserve trading, however, the results in table 4 below show energy needs of 

the zone would not be met, which will entail large unserved energy cost of about $US 92 

millions. The contribution of thermal generation to capacity expansion increased to 11% 

with a fuel cost of $US 10 millions, compared to only 6% in the case of free trade. Total 

cost increases by about $US 700 millions, due to capacity autonomy held by each WAPP 

member country. 
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Table 4: Scenario 2, Zone B, Limited Reserve Trading (AF=90%, ENAF=50%) 

 ~ Generation Capacity Expansions for 2002 to 2012 
Country Period 1 

2003-2004 

(MW) 

Period 2 

2005-2006 

(MW) 

Period 3 

2007-2008 

(MW) 

Period 4 

2009-2010 

(MW) 

Period 5 

2011-2012 

(MW) 

Total  

Expansion 

(MW) 

Gambia       

PG 

H 
      

Guinea       

PG 

H 

20   

90 

 

120 

 

522 

20 

732 

Guinea Bissau       

PG 

H 

15     15 

Liberia        

PG 

H 

 

32 

 

3 

49   49 

35 

Mali        

PG 

H 

   

95 

   

95 

Senegal       

PG 

H 

 

18 

  

19 

24 25 

33 

49 

33 

Sierra Leone       

PG 

H 

      

Zone B Totals 

PG 

H 

PG&H  

    1008 

113 

895 
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Recommendations 
 

(1) Below are some suggestions of modifications to the WAPP model: 

a) Provision of 3 nodes for each ECOWAS country in order to represent 

within each country the roles of IPPs, national utility urban generation and 

rural electricity supplies. The national electricity market becomes a part of 

the optimization of the WAPP regional model.  

b) Allow for various WAPP electricity parameters to have increased 

flexibility and so create a model that can more closely represent the needs of the 

West African electricity utility structures. Hence, parameters now hold 

constants for all situations, should vary with country, site, year and wet and dry 

season (Wcost, water cost; fdrought, drought factor; Resthm, reserve margin for 

thermal generation; ResHyd, reserve margin for hydropower generation; 

UMcost, cost of unmet reserve; UEcost, cost of unserved energy). 

c) Allow for the impact of various contracts with third parties providers of 

electricity services to WAPP (IPPs take or pay contracts, independent 

transmission providers). 

 

(2) Complete ECOWAS Data Set #6 for January 2003. In order to consider applying 

the modeling results, it is vitally important that dependable data be supplied by 

the national utility in Nigeria (NEPA) because of the great affect of this country 

on the West Africa electricity regional market. Collaboration must be initiated 

with NEPA colleagues to collect missing generation data for this country. 

  

(3) Prepare a financial output screen for the WAPP interface. This will enable to 

display summary financial statements for each utility within the WAPP, and 

represented with a node in the model. The following information could be 

displayed for a given utility X:      

 

Revenues from domestic sales éééé.. (1) 

  Revenues from export     éééé.. (2) 

  Operation expenses    éééé.. (3) 

  Expenses from imports  éééé.. (4) 

  Expenses for payments to the IPPs éééé.. (5) 

  éééé..éééé..ééééééé.éééé.. 

  Profit    (6) = (1+2)-(3+4+5)  éééé.. (6) 

 

  

Further data on domestic electricity tariffs must be collected for each country. 

Parameters that must be varied are the shares of the gains from trade for exporter and 

importer (50/50, 25/75, 75/25, etc.) and wheeling charges. Decision makers could then 

use results from sensitivity analysis for the planning of WAPP operations.  

 

(4) Provide further functionalities to the WAPP user friendly Windows interface 

facility for the general user: 
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a) The outputs must include a zonal output for A and B as well as regional and 

national. 

b) Provide a print screen facility. 

c) Allow the number of WAPP nodes to be changed through the interface. 

d) Allow for changing certain values in the WAPP total costs (objective 

function) and constraint sets (weights for seasons, days in the electricity 

demand functions). 

e) Provide an improved online help facilities for users. 

f) Include an interactive tutorial for general users. 

g) Increase the speed of operation of the interface. 

 

 

(5) On completion of the ECOWAS Data Set # 6 (January 2003), it is anticipated that 

data collection will become the main responsibility of the WAPP. This activity 

combined with the model data input and output analysis, will require a 

commitment of time within the WAPP Utilities and ECOWAS Secretariat. It is 

recommended therefore that two or three members of the WAPP planning group 

be allocated an average of one or two days per week to support these planning 

efforts. 

 

(6) Establish a WAPP ñCapacity Planning Groupò (CPG) to work with Purdue 

University on the following tasks: 

 

a) Preparation of WAPP policy papers. 

 

b) Data collection. 

 

c) Regional training needs. 

 

d) Planning of meetings for coordination and collaboration with WAPP-CDG 

Purdue University Power Pool Development Group (PPDG) staff. 

 

The team of the Capacity Planning Group should include Sidy KANÉ (Zone A), Alpha 

SYLLA (Zone B), Olumuyiwa SHOKUNBI (ECOWAS secretariat), plus 2 or 3 other 

resource people. 
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