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Total Energy Consumption in Sudan, by Type {2004)
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sudan’s Electricity Generation, by Source, 1%84-2004
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Energy

Application Grid Source Equipment Size
Portable lighting off grid solar LED lantern 5-10 W
Rural home off grid solar lighting and 50-100 W
communications
Rural home off grid biomass briquette, | Cook stove
Cook stove bottled gas, solar
Solar street lighting | off grid solar LED lighting 50-100 W
School, church, off grid solar, wind, diesel | lighting, communications, | 1-5 kW
or small building computers
Office or other off grid solar, wind, diesel [ lighting, communications, | 5-25 kW
larger building computers
Rural village off grid solar, wind, hydro, | lighting, communications, | 25-250 kW
diesel, biomass computers, refrigeration
Larger city ON GRID | solar, wind, hydro, | lighting, communications, | multiple
diesel, biomass computers, refrigeration, MW
air conditioning, industry
Transportation fuel | ON GRID | Jatropha or sugar | Biodiesel or ethanol plant | millions of
cane gallons

per year
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Wind turbine

Hybrid Solar, Wind,
Diesel Systems for

Village Power

PV array
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Sunny days produce energy from the solar arrays
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Windy days produce energy predominantly from the wind turbines




On still, cloudy days the batteries or diesel backup
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will serve the village power load.







Isolated Community

Private Utility
- 2 MW Wind, 4.6 MW Hydro,
16.9 MW Diesel

Remote installation
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Wales
Alaska

Wind Turbines
(Induction, Stall-Regulated)
2 X 65 KW =130 KW

||
: }‘ﬁ‘ Diesel #1

1 yAm— 142 kW
Battery Bank
’_4%{ ! — ] Diesel #2
el g Kol e 75 kW
240 VDC, 130 Ah Rotary Converter
~30 kWh 156 kVA I e Diesel #3
Secondary Load o n——148 kW
Controllers
School Heating § N -

" 'Resistance '
4 Heaters |

Primary Village Load

Digsel 40-120 KW

Plant
Hydronic
Loop
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Joint Research Centre MINES PARIS

Global horizontal irradiation (1985-2004)
{annual average of daily sums, Gh)
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The Wind




CLASSDS OF WIND ENERGY FLUK (WEF)

WORLD-WIDE WIND ENERGY RESOURCE DISTRIBUTION ESTIMATES =
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Annual
Average
wWind
Speed
(m/s)

at 10m
height



Station Altitude (m) Annual wind

speed (1) ms™'

Wadi Halfa [ 90) 4.6
Port Sudan 3 5.0
K arima 250 4.7
Atbara 345 4.2
Shambat 380 4.8
K hartoum 380 4.8
K assala S00) 4.0)
Wad Madani 405 4.5
El Fasher 733 3.4
El Geneina 805 3.1
El Obeid 570 3.4
K osti 380 4.0)
Abu Na'ama 445 3.1
Malakal 387 2.8
Wau 435 1.7

Juba 460) 1.5




Photosynthesis: Nature’s way to convert sunlight,
CO,, water and nutrients into chemical energy

BioMass




Biomass
Energy
Resources






Jatropha for Bio-Oill
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