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Demonstration results from a sensitivity analysis of transmission lines of most interest to the

Worl d Bank, wusing Pur dTermPladmng Maglel sseishown” s WAPP L
below. With short-comings in current ECOWAS data (most notably from Nigeria and

Guinea) it must be remembered that these results are purely for demonstration purposes only,

showing the value of the WAPP model once the level of West Africa data integrity has been

fully validated. The transmission lines receiving most attention in this demonstration

sensitivity analysis are:-

T Cote D" lvoire to Burkina Faso/ Bobo Di
i Ghana to Burkina Faso/ Bolgatanga to Bagre

1 Ghanato Togo

1 Togo to Benin

T Cote D'"lvoire to Mali/ Ferkessedougou
1

Nigeria to Benin/ Ikeja West to Sakete

The optimisation was performed using the 14-country-West Africa Long-Term model, which
involves |lines data sensitivity analysis for
A countries with the inclusion of Mali (Zone B). The proposed lines for interconnecting six

countries in Zone B is never allowed to take place during the four test scenarios considered.

These six countries are:- Senegal, Gambia, Guinea. Guinea Bissau, Sierra Leone, and

Liberia.

The Transmission Lines Sensitivity Scenarios
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Scenariosand Conditions;

Scenario #1
3% growth in electricity demand. Assumptions about transmission lines are as follow:
(1) Ghanai1 Burkina Faso proposed new line at a fixed capital cost of
$10 million for 200 MW design load (maximum) on 70 km line length.
(2) Ivory Coast 1 Burkina Faso existing 20 MW line is allowed expansion up
to 200 MW at a cost of $ 0.25m/MW.
(3) Benin'i Togo existing 60 MW line capacity with no line expansion
permitted.
(4) Togo i Ghana existing 150 MW line capacity with no line expansion
permitted.
(5) Nigeria i Benin proposed new 560 MW line has fixed capital cost of
$20m for 76 km line length.
(6) Ivory Coast 1 Mali line not permitted for consideration in this scenario.
* All natural gas costs set at $2.5 per 10° Btu.

Scenario #2
3% growth in electricity demand. Assumptions about transmission lines are as follow:
(1) Ghana i Burkina Faso proposed new line at a fixed capital cost of
$10 million for 200 MW design load on 70 km line length, line allowed
expansion (no limit constraint) at $0.14m/MW.
(2) Ivory Coast 1 Burkina Faso same as in Scenario #1.
(3) Benin'i Togo existing 60MW line allowed expansion at $0.1m/MW.
(4) Togo i Ghana existing 150 MW line allowed expansion at $0.102m/MW.
(5) Nigeriai Benin same as in Scenario #1.
(6) Ivory Coast i Mali proposed new 50 MW line has fixed capital cost of
$18 million and a length of 150 km, and allowed expansion at
$0.109 m/MW.
* All natural gas costs set at $2.5 per 10° Btu.

Scenario #3
6% demand growth, same assumptions relative to line expansions as in Scenario #1.

Scenario #4
6% demand growth, same assumptions relative to line expansions as in Scenario #2.
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Table 1: Optimal Transmission Line Expansions for 3% and 6% Growth in Electricity Demand

Base case: 3% Growth in
Electricity Demand 2003-2012

Alternative scenarios: 6% Growth
in Electricity Demand 2003-2012

Scenario #1 Scenario #2 Scenario #3 Scenario #4
Total Cost ($ Billions) 3.695 3.638 5.084 5.035
Design

Line load (MW) Optimal transmission line expansions (MW)
(1) Gha - BFa 200 3" 47" 19" 65~
(2) ICo - BFa 20 31 23 50 38
(3) Ben - Tog 100 - 177 - 289
(4) Tog - Gha 100 - 87 - 187
(5) Nga d Ben 560 113" 196 * 114~ 223"
(6) lco - Mli 50 - 141~ - 117

" New transmission line capacity + expansion (when allowed)
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Table 2: New Transmission Line Capacity Expansions per Peribof Planning Horizon

Scenarios and New transmission capacity and expansions (MW)
Transmission lines Period 1 | Period 2 | Period 3 | Period 4 | Period 5
2003/04 | 2005/06 | 2007/08 | 2009/10 |2011/12

Scenario #1

Benin 8 Togo - - - - -
Togo 6 Ghana - - - - -
Ghana 0 Burkina Faso - - - - 3
Ivory Coast - Mali - - - - -
Ivory Coast 0 B. Faso 15 4 4 4 4
Nigeria 0 Benin - 113 - - -
Scenario #2

Benin 0 Togo - 109 62 6 -
Togo 6 Ghana - 87 - - -
Ghana & Burkina Faso - - - 43 4
Ivory Coast 0O Mali - - 92 36 13
Ivory Coast 0 B. Faso 15 4 4 - -
Nigeria 0 Benin - 149 47 - -
Scenario #3

Benin 0 Togo - - - - -
Togo 0 Ghana - - - - -
Ghana 0 Burkina Faso - - - 15 4
Ivory Coast - Mali - - - - -
Ivory Coast 0 B. Faso 16 7 15 1 10
Nigeria 0 Benin - 114 - - -
Scenario $4

Benin 0 Togo - 186 34 - 69
Togo 6 Ghana - 187 - - -
Ghana 0 Burkina Faso - - - 56 9
Ivory Coast - Mali - - 114 4 -
Ivory Coast 0 B. Faso 16 7 15 - -
Nigeria 0 Benin - 223 - - -
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Table 3: West Africa Power Trade: Energy Exported (GWhper year) and Maximum
Exports (MW/period) - Scenario #1.

Year of planning horizon

Trade Flow 2003/04 | 2005/06 | 2007/08 |2009/10 |2011/12
Exports from GWh per year

Ghana to Burkina Faso - - - - 21
Ivory Coast to B. Faso 263 285 309 335 362
Benin to Togo - 499 486 480 471
Togo to Ghana - - 6 8 549
Ivory Coast to Mali - - - - -
Nigeria to Benin - 899 915 859 846

Maximum Exports

Maximum Power

Flow in each period (MW)

Ghana to Burkina Faso - - - - 2
Ivory Coast to B. Faso 30 33 35 38 41
Benin to Togo - 57 56 55 54
Togo to Ghana - - 9 10 94
Ivory Coast to Mali - - - - -
Nigeria to Benin - 107 106 106 106
Exports from GWh per year

Burkina Faso to Ghana - - - - 21
B. Faso to lvory Coast - - - - -
Togo to Benin 372 - - - -
Ghana to Togo 988 95 7 5 -
Mali to Ivory Coast - - - - -
Benin to Nigeria - - - - -
Maximum Exports Maximum Power Flow in each period (MW)
Burkina Faso to Ghana - - - - 2

B. Faso to lvory Coast

Togo to Benin

54

Ghana to Togo

141

30

14

10

Mali to Ivory Coast

Benin to Nigeria
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Table 4: West Africa Power Trade: Energy Exported (GWh per year) and Maximum
Exports (MW/period) - Scenario #2

Year of planning horizon

Trade Flow 2003/04 | 2005/06 | 2007/08 |2009/10 |2011/12
Exports fr om GWh per year

Ghana to Burkina Faso - - - 342 369
Ivory Coast to B. Faso 299 325 352 - -
Benin to Togo - 828 1,175 884 616
Togo to Ghana - 224 1,210 1,027 127
Ivory Coast to Mali - - - - -
Nigeria to Benin - 1,292 1,689 1,372 1,125
Maximum Expor ts Maximum Power Flow in each period (MW)
Ghana to Burkina Faso - - - 39 42
Ivory Coast to B. Faso 34 37 40 - -
Benin to Togo - 120 166 152 160
Togo to Ghana - 55 194 184 199
Ivory Coast to Mali - - - - -
Nigeria to Benin - 148 194 194 193
Exports from GWh per year

Burkina Faso to Ghana - - - - i

B. Faso to lvory Coast

Togo to Benin 392

Ghana to Togo 988 0.521 - - -
Mali to Ivory Coast - - 220 187 341

Benin to Nigeria - - - - -

Maximum Exports Maximum Power Flow in each p  eriod (MW)

Burkina Faso to Ghana - - - - i

B. Faso to lvory Coast - - - - -

Togo to Benin 58 - - - -
Ghana to Togo 141 13 - - -
Mali to Ivory Coast - - 85 118 127

Benin to Nigeria - - - - -
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Table 5: West Africa Power Trade: Energy Exported (GWh per year) and Maximum
Exports (MW/period) - Scenario #3

Year of planning horizon
Trade Flow 2003/04 | 2005/06 | 2007/08 |2009/10 |2011/12
Exports from GWh per year
Ghana to Burkina Faso - - - 121 190
Ivory Coast to B. Faso 311 365 425 492 568
Benin to Togo - 469 440 456 447
Togo to Ghana - - - 482 361
Ivory Coast to Mali - - - - -
Nigeria to Benin - 987 930 590 104
Maximum Exports Maximum Power Flow in each period (MW)
Ghana to Burkina Faso - - - 14 22
Ivory Coast to B. Faso 36 42 56 56 65
Benin to Togo - 54 53 52 51
Togo to Ghana - - - 89 78
Ivory Coast to Mali - - - - -
Nigeria to Benin - 107 107 99 29
Exports from GWh per year
Burkina Faso to Ghana - - - 119 187
B. Faso to lvory Coast - - - - -
Togo to Benin 406 - - - -
Ghana to Togo 949 151 9 - -
Mali to Ivory Coast - - - - -
Benin to Nigeria - - - - -
Maximum Exports Maximum Power Flow in each period (MW)
Burkina Faso to Ghana - - - 14 21
B. Faso to lvory Coast - - - - -
Togo to Benin 58 - - - -
Ghana to Togo 135 36 16 - -
Mali to Ivory Coast - - - - -
Benin to Nigeria - - - - -
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Table 6: West Africa Power Trade: Energy Exported (GWh per year) and Maximum
Exports (MW/period) - Scenario #4

Year of planning horizon
Trade Flow 2003/04 | 2005/06 | 2007/08 |2009/10 |2011/12
EXx ports from GWh per year
Ghana to Burkina Faso - - - 442 510
Ivory Coast to B. Faso 311 365 425 - 0.15
Benin to Togo - 1,379 5 646 2,855
Togo to Ghana - 640 11 593 2,437
Ivory Coast to Mali - - - - -
Nigeria to Benin - 1,822 515 727 1,815
Maximum E xports Maximum Power Flow in each period (MW)
Ghana to Burkina Faso - - - 50 58
Ivory Coast to B. Faso 36 42 56 - 1
Benin to Togo - 186 11 217 328
Togo to Ghana - 126 12 202 286
Ivory Coast to Mali - - - - -
Nigeria to Benin - 210 102 209 209
Expo rts from GWh per year
Burkina Faso to Ghana - - - - -
B. Faso to lvory Coast - - - - -
Togo to Benin 386 - - - -
Ghana to Togo 1,023 0.83 - - -
Mali to Ivory Coast - - 123 223 146
Benin to Nigeria - - - - -
Maximum Exports Maximum Power Flow in ea ch period (MW)
Burkina Faso to Ghana - - - - -
B. Faso to lvory Coast - - - - -
Togo to Benin 55 - - - -
Ghana to Togo 146 21 - - -
Mali to Ivory Coast - - 61 88 84
Benin to Nigeria - - - - -




