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Introduction to the River Nile
• The Nile at Sudan: 

– The Blue Nile enters Sudan at El Deim Gauge Station 
at the Border of Sudan and Ethiopia.

– The White Nile enters Sudan from Malakal (in South 
Sudan) and meets with the Blue Nile at Khartoum.

– Atbara River enters Sudan at Hadait and Alasirra and 
joins the Main Nile at Atbara City (hence the name)



Low Hanging Fruit

Water-Energy-Food Nexus



Benefit sharing leading to ENEB

Low hanging fruits:

 Trading energy through the East Africa Power Pool Project

1000 MW     now                        3000 MW      soon

Towards Neighboring Countries, North Africa and the Mediterranean

 Rahad 2 and its extension ready for funding and implementation

Hawad 2.4 million feddans in stages with possible extension eastwards

From the Saddle Dam of GERD

On Akasha fertile land left by the receding HAD



Excel-based Nile Simulation and Optimization Model (ENSOM) 

– The authors developed ENSOM to simulate and
optimize the operation of the Nile system
focusing on the Nile from GERD to HAD.

– The model is Excel-based running on an annual
basis with ‘ten-day’ periods from 1913/14 to
2021/22 as per the records of the Ministry of
Irrigation and Water Resources in Sudan.

– The model was run for the current conditions as
the base case. It was then run to optimize the
operation of the system for irrigation and
hydropower generation throughout the system.



View of ENSOM 

Qt = Fn of (JAS, NOV1, Pannual) 7

t = 0,1,2, … MONTH Evap. Net GenerationAbstraction for AgricultureJebel Girba Generation Qin MONTH HAD

GERD Release PERIOD Losses Inflow level USG Q DS Qpower GWh/d Gezira+ USG Q DS Q DS  Q DS Barbar USG Q DS GWh/d to HAD Evap USG Q DS PERIOD Reles/period

Rahad 2 BN pms Hawad Akasha

Q@GERD end of period76.5 482.00 137 16 3.73 14.3 418.30 96.6 70.0 16 22.3 140 288.90 140 13.3 16

1299 JUN 11-20 7.3 80.7 625.00 120 481.00 149 20 3.73 26.7 418.23 93.3 50.0 20 27.9 180 288.00 176 16.2 20 156 37.0 91721 168.65 250 JUN 21-30

1200 1490 21-30 7.3 93.0 625.00 150 479.60 167 20 147 9.08 25.0 419.20 80.0 60.0 20 40.0 171 289.72 177 20.3 20 157 37.0 -1159 90562 168.60 235 21-30 2350 525

1500 2017/18 1841 JULY 1-10 5.0 179 625.27 150 479.70 163 20 143 9.08 32.0 418.90 105 60.0 20 50.0 173 288.37 229 26.3 20 209 36.2 -1154 89408 168.31 236 JULY 1-10 2360 362

1500 2878 11-20 5.1 283 626.20 150 479.00 165 20 145 9.08 32.0 418.50 106 60.0 20 70.0 173 286.94 229 26.3 20 209 35.6 -638 88770 168.15 237 11-20 2370 356

1980 4217 21-31 5.2 378 627.69 180 479.55 164 15 149 9.08 32.0 419.50 102 60.0 15 90.0 226 286.76 228 26.3 15 213 35.0 -588 88182 168.00 227 21-31 2497 385

2100 5530 AUG 1-10 5.9 547 629.90 210 480.75 173 15 158 9.08 25.0 419.50 123 80.0 15 110 256 287.35 229 26.3 15 214 34.9 -375 87807 167.91 216 AUG 1-10 2160 349

2100 6175 11-20 6.2 611 632.42 210 482.50 152 15 137 9.08 25.0 419.50 107 90.0 15 130 296 288.85 229 26.3 15 214 34.4 -246 87561 167.84 204 11-20 2040 344

2310 6383 21-31 6.5 574 634.81 210 484.45 142 15 127 9.08 25.0 419.50 95.8 90.0 15 130 350 291.56 229 26.3 15 214 33.9 -64 87497 167.83 186 21-31 2046 373

2650 6519 SEPT 1-10 5.5 646 636.99 265 486.25 190 15 175 9.08 25.0 419.50 131 90.0 15 100 340 293.54 229 26.3 15 214 33.6 144 87641 167.86 166 SEPT 1-10 1660 336

2900 5280 11-20 5.7 522 638.28 290 487.90 213 15 198 9.08 25.0 420.00 156 90.0 15 85.0 300 294.67 229 26.3 15 214 33.2 356 87997 167.96 145 11-20 1450 332
2950 4419 21-30 5.7 436 639.05 295 488.45 267 15 252 9.08 25.0 420.10 204 90.0 15 59.0 320 296.05 229 26.3 15 214 32.0 255 88252 168.02 156 21-30 1560 320

2700 3676 OCT 1-10 4.5 363 639.55 270 488.98 242 22 220 9.08 30.0 420.10 179 90.0 22 48.0 318 297.32 228 26.3 22 206 30.8 177 88429 168.07 165 OCT 1-10 1650 308

2400 2733 11-20 4.5 269 639.70 240 489.49 212 22 190 9.08 30.0 420.30 149 90.0 22 30.0 343 298.86 228 26.3 22 206 29.3 611 89039 168.22 116 11-20 1160 293

2310 2705 21-31 4.5 241 639.89 210 489.78 195 22 173 9.08 30.0 420.80 128 100 22 20.0 291 299.70 229 26.3 22 207 27.3 716 89755 168.40 114 21-31 1254 301

1570 1877 NOV 1-10 8.5 179 640.00 157 490.00 142 25 117 9.08 33.0 421.70 72.9 100 25 10.0 257 300.00 229 26.3 25 204 25.8 698 90453 168.57 111 NOV 1-10 1110 258

1400 1450 11-20 8.5 137 639.98 140 489.90 142 25 117 9.08 33.0 421.70 71.0 100 25 8.4 209 300.00 204 23.5 25 179 23.7 728 91181 168.75 107 11-20 1070 237

1000 1105 21-30 8.5 102 640.00 100 489.30 128 25 103 9.08 33.0 421.00 66.6 100 25 6.3 153 299.50 187 21.5 25 162 22.1 509 91690 168.88 106 21-30 1060 221

1100 808 DEC 1-10 10.1 70.7 639.79 110 488.89 126 25 101 9.08 33.0 421.00 56.6 90.0 25 8.9 149 299.00 182 21.0 25 157 20.4 363 92053 168.96 105 DEC 1-10 1050 204

1100 665 11-20 10.1 56.4 639.50 110 488.50 125 22 103 9.08 33.0 421.00 59.0 90.0 22 6.3 138 298.33 183 21.0 22 161 18.7 366 92419 169.05 102 11-20 1020 187

1210 599 21-31 10.0 44.4 639.11 110 488.15 121 21 100 9.08 33.0 421.00 57.3 90.0 21 6.3 128 297.42 183 21.0 21 162 18.3 233 92652 169.11 121 21-31 1331 202

1030 2018 453 JAN 1-10 10.7 34.6 638.74 103 487.60 125 20 105 9.08 33.0 420.50 65.4 90.0 20 5.0 132 296.61 182 21.0 20 162 18.0 526 93178 169.24 91 JAN 1-10 910 180

1070 435 11-20 10.6 32.9 638.34 107 487.17 123 18 105 9.08 33.0 420.00 64.4 90.0 18 5.0 130 295.73 183 21.0 18 165 17.6 528 93706 169.36 92 11-20 920 176

1199 435 21-31 10.5 29.0 637.86 109 486.80 120 16 104 9.08 33.0 419.50 63.4 90.0 16 5.0 140 294.90 183 21.0 16 167 18.6 619 94326 169.51 90 21-31 990 204

1130 398 FEB 1-10 12.0 27.8 637.38 113 486.53 120 16 104 9.08 33.0 419.50 60.8 90.0 16 5.0 141 294.13 183 21.0 16 167 19.5 481 94807 169.62 99 FEB 1-10 990 195

1140 377 11-20 11.9 25.8 636.89 114 486.25 122 16 106 9.08 33.0 419.50 62.6 90.0 16 5.0 140 293.31 183 21.0 16 167 20.5 392 95198 169.72 107 11-20 1070 205

896 305 21-28 11.8 26.3 636.50 112 485.97 123 16 107 9.08 33.0 419.50 64.6 90.0 16 5.0 137 292.59 183 21.0 16 167 21.4 235 95434 169.77 116 21-28 928 171

1150 351 MAR 1-10 12.9 22.2 635.98 115 485.64 124 16 108 9.08 33.0 419.50 67.3 90.0 16 4.0 139 291.68 183 21.0 16 167 22.8 160 95593 169.81 128 MAR 1-10 1280 228

1110 326 11-20 12.8 19.8 635.45 111 485.20 125 16 109 9.08 25.0 419.50 76.7 90.0 16 4.0 140 290.75 183 21.0 16 167 24.1 69 95662 169.82 136 11-20 1360 241

1243 369 21-31 12.7 20.9 634.86 113 484.90 119 10 109 9.08 15.0 419.50 88.5 100 10 4.0 142 289.73 183 21.0 10 173 25.5 35 95698 169.83 138 21-31 1518 280

1130 294 APR 1-10 12.0 17.4 634.30 113 484.82 112 2 110 9.08 3.0 419.50 102 100 2 5.0 167 289.32 182 21.0 2 180 27.3 66 95764 169.85 139 APR 1-10 1390 273

1130 365 11-20 11.9 24.6 633.78 113 484.70 113 2 111 9.08 3.0 419.50 103 100 2 5.0 188 289.35 182 21.0 2 180 29.1 123 95886 169.88 139 11-20 1390 291

1140 404 21-30 11.8 28.6 633.27 114 484.60 114 2 112 9.08 3.0 419.50 104 100 2 5.0 201 289.65 183 21.0 2 181 30.9 -34 95852 169.87 153 21-30 1530 309

1170 343 MAY 1-10 9.7 24.6 632.71 117 484.50 117 5 112 9.08 3.0 419.50 103 100 5 5.0 202 289.98 182 21.0 5 177 33.1 -181 95671 169.83 166 MAY 1-10 1660 331

1130 382 11-20 9.6 28.6 632.19 113 484.15 123 10 113 9.08 3.0 419.50 104 100 10 5.0 200 290.25 182 21.0 10 172 34.7 -363 95309 169.74 179 11-20 1790 347

1265 749 21-31 9.5 58.6 631.81 115 483.55 132 16 116 9.08 8.0 419.50 100 90.0 16 5.0 194 290.42 182 21.0 16 166 35.9 -678 94631 169.58 198 21-31 2178 395

1160 1023 JUN 1-10 8.4 93.9 631.67 116 482.95 134 16 118 9.08 10.0 419.20 100 90.0 16 10.0 179 290.25 183 21.0 16 167 37.0 -866 93765 169.38 216 JUN 1-10 2160 370

1160 1307 11-20 8.4 122 631.71 116 482.10 141 20 121 9.08 15.0 419.20 96 70.0 20 20.0 180 290.10 182 21.0 20 162 38.0 -1054 92711 169.12 234 11-20 2340 380

1350 1385 21-30 8.4 130 631.68 135 481.65 146 21 125 9.08 25.0 419.20 88.3 60.0 21 40.0 167 289.66 183 21.0 21 162 37.3 -1098 91613 168.86 235 21-30 2350 373

Merowe Dam High Aswan Dam

Delta Storage

Act+Jan2014+Jul15

GERD Q DS Roseires Dam Sennar Dam



Location of potential 

Irrigated Schemes

Nile Situation in an average Year (2011-2021)
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Conclusion

• ENSOM Excel-based Simulation and Optimization Model developed.

• Was run using annual flows in ‘ten-day’ format for the years from 1913 to 2021

• Optimal operation of the Nile system using the long-term average flows at GERD

• Inputs to the model included

 Current and future irrigation requirements

 Long-term average flows at Jebel Aulia and Khashm el Girba

 Characteristics of GERD, the Nile system in Sudan and HAD

• Firm energy generated from GERD implies releasing 48 Km3 annually.

• When the annual flow at GERD is less than 48 Km3, GERD draws from its

storage reserve below 625 meters above sea level to generate its firm energy.
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