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EXECUTIVE SUMMARY
Background

The Nexusapproach,unlike the prevailing secteoriented approachemphasizesuilding integrated cross
sector synergies and perspectives, acknowledging the integrative nature of the three s@étsrallows to
strengthenprocesses aimed aheetinggrowingwater, energy and food security demands in a sustainable way
The Nexus aproach furthermore, supports tackling keglobal challenges such as climate change el
increasing degradation of ecosystems aheir servicesn line with achievingthe Sustainable Development
Goals.

Based on the interestxpressed byhe Sudanese Mistry of Water Resources, Electricity and Irrigatidine
Nexus Regional Dialogue in the MENA Régmuk the initiative todevelop a Nexus Assessment Study for Sudan
in collaboration with the Arab Organization for Agricultural Development (AORiRstudy was carried ouby
Humboldt University in Berlin, Germany, the International Food Pdtiegearchinstitute (IFPRIand the
University of Khartounm SudanThe views of different experts and stakeholders were taken into consideration
in this study through organizing a national dialogue on WEF Nexus in Sadawell as aalidation workshop,
where the main findings and recommendations of the study were presented and discussed.

This report presents the main findings of the Nexus assessment stu@uttan It identifiedWater-EnergyFood
Nexus priority issuesin Sudan suggeséd operational guidance to align national strategies, policies and
implementation plans witi a national Nexus frameworldentified opportunities to apply the Nexus approach,
includinginstitutional settingsand capacity blding needs, anduggested a series Water-EnergyFoodNexus
projectsin Sudan.

Summary of WEF Nexus Opportunities and Challenges in Sudan

The slow progress in agricultural productivity in Sudaprimarily a consequence of thimefficient use of
available water and energy resources. Water, energy and food production and utilization in Sudan are
characterized by abundancthough food produdion operates below potential amid population growth and
growing food demands, changing climate conditiomgak policies and poor coordination among key
government agencies.

Sudan is endowed withsubstantiaemount ofnatural resources and ample productive agricultural lands. About

63% of the land area of the country is classified as agricultural land including pastures and forest area. The
ecological and climatic characteristics of Sudan suit the production of auaiikty of crop as well aanimal
husbandry. However, as resources are not properly utilized, Sudan still depends on food imports and faces
increasing demands and pressures on its water, land, energy and food resources because of climate change and
populdion growth.

1 The Nexus Regional Dialogue in the MENA Region is aevefal regional dialogues tife Nexus Dialogue
Programme, cdunded by the Eldnd BMZ aimiming at strengthening the process of meeting increasing water,
energy and food security demands in a sustainable way, through adopting the Nexus ap[3eachlso:
https://www.nexusdialogueprogramme.eu/regionatiialogues/mena /



https://www.nexus-dialogue-programme.eu/regional-dialogues/mena%20/

Despite the plenful water resources, includingninfall, rivers and underground sources, there are serious risks
to the future of water securitymainly due to increasing water demamdd the dependence of the country on
shared or transboudary resourcesSudans blessed with th&iver Nile, including tributaries of the Blue Nile
and the White Nile, anthas constructedive largeirrigation dams for hydroelectric generation amal supply
water for gravityirrigation. Rainfall ranges betweanil in the extreme nortrand up to 800 mm per annum in

the extreme south. Low water storage capacity and the low number of water control systems contribute to the
inefficient use of water resources. Domestic water supply in urban and rural areas ikciestifind there are
concerns abousanitation coverage

Roughly 43% of the Nile basin, which is shared amomgddtries, lies within Sudan. Limiteédernalrenewable

water resources (IRWR) well ashe erratic nature of rainfalh Sudang and its ©oncentration in a short season

C the countryin a vulnerable situation, especially in rainfed areas. Total IRV@ERdanamounts to 4.0

billion cubic meters/year. However, infl@are considerable, at 99.3 billion cubic meters/year (99.3% from the
River Nile system and 0.7% from Eritrea), summing to total water resources of 103.3 billion cubic meters. Surface
water storage in the country remastimited and was estimated at 21 billion cubic meters in 2011.

In terms of energy, Sudan faces the dual challenge of limited access to modern energy and heavy reliance on
traditional biomass energy sources to meet its rapidly growing demands. Traditional bifutfidlssnost of the

energy needs of the local populatipespecially those who live in the countryside with no access to electricity.
Fuel wood and charcoal providier about 75% of its energy needs. Production of crude oil decreased /280 8
thousandtonsof oil equivalent (KTOE) in 2000 t8%0 KTOE in 26. By 2016, only 38.5% of the total population

was connected to the national grid. The rate of electricity access is high in urban areas (62%) but remains
extremely low in rural areas.

Power generatiordependsmostly on hydropowerwith a total potentialof 4,176 MW. Total installed capacity
of hydropower and thermal power plants are585 MW and M00 MW, respectively. Hydroelectricity is
generated fronthe Roseires, Sinnar, Jebel Aulia, Khash@igla,and Merowe dams

Total electricity generation haacreased from 425 GWh in 2005 to 1848 GWh in 2014. About 75% of total
production was met by hydropower. Sudan has started to import electricity, which contributed about 4% of total
supplyin 2014. Per capita electricity consumption w&9 kWh in 204, far below the average level across Africa
estimated at500 kWhper capitaper yearand even further below the global average ¢35 kWh/capita/year

in 2014.

Renewable energy potentig high, particularlfor solar, with mean solar radiatiorf 6kwh/m?day, but also

for wind. Renewable energy can play an important rislémproving modern energy access in Sudan, impngv

energy security and contribirg to climate change mitigatianThe government plans to integrate renahble

energy iro the power systemoBudang A G K I GF NBSG 27F w x> -degendennemergd ! & (K
security severely weakened after 2011, the government opted for plans to import energy from Ethiopia and to
construct new hydropower plants witforeign investment. Howeverthe effectiveness of these measures is

contested.

Key government strategies for powsector developmeninclude:to utilize the renewable energy resources
potential in Sudan tancrease energy access throughout the countoyachieve a competitive price of energy

from renewable sources; to diversify energy supply sources and ensure energy security; to support the national
economy by technology and knowledge transfer, capabitilding and promotinga local renewablesnergy
industry; and to provide access to electenergy supply to rural areas far from the natiogaH or isolated grids

for which the grid extension is not a feasible solution.



The responsiveness of farmers and investoreconomic opportunity is closely kad to electricity acces3he
lack of adequate roads, electricity, storage facilities and other related sepasesell asréquent power cuts
andashortageof diesel and gasolindave resulted itighproduction costswhich have already driven busiss
out of some activities.

There is also macroeconomic instabiliyhich adverselyaffects investment and foreign exchange availability.
The latter creatsdifficulties in the purchase of fuel inputs and capital goods. The decline in available external
resources (from investors and creditors) contribsite the worsening of the maoeconomic environmentTo

this is added political instability that affects/gstor confidence.

¢KS altASyid TSI -ottibdband ®ckecdhatnit Istyli€ute aBsSr@marizedin the following
challenges and bottlenecks:

1) Dependence on external sources for provision of water, energy and feotiqularlywheat, sugar and
powder milk).

2) Dependence of agricultural economy on varialelgatic shortseason rainfall.

3) Vulnerabilityto climate change and climate variabiligs well asvater scarcityin areasfar from the
Nileand its tributaries energy déciency, and food imort dependency.

4) Poor enforcement ofaws pertaining tqrotection of natural resourceand ad-hoccrisismanagement
policies and plans.

Below is asummaryof WEF resources, WBRexussectorgxritical linkages, risks and opportunities, and a brief
summay of proposed projectso seize identified opportunities and address the challenges.

Water Resources & Rivers

Sudan is endowed withiariouswater resources including the River Nile and its tributaries and several large
seasonasktreams, groundwater and rainfall. The use of water quantities among the different sectors in 2006 was
96.2% for agriculture, mainly from surface water resources, 3ds%omestic use and 0.3% for industry.

Groundwater is only used in limited areas and mainly for municipal supply. Its exploitation is undertaken in an
unplanned manner and there are problems of overexploitation and deterioration of quality.

{ dzR I y Q ded &aualkainfall since the secession of South Sudan has decreased from 1,060 billion cubic
meters to about 442 billion cubic meterdRainfall varies in amount and frequency, with amounts generally
decreasing from south to north. The rainy season ruomflune to September with a peak in August. Harnessing
rainwater and floods is not widely practiced and water harvesting is poorly developed. Although the practice is
old, it is only carried out on a limited scaRainwater is used to cultivate around Bdllion feddans of millet

and sorghunt, for domestic consumption and expattin the traditional and the seminechanized rainfed sub
sector.

The future demand for water resources, as presented in thge€dr Sudan Development Strategy (2€031),

is estmated at 59.2 billion cubic meters. This includes irrigation water needs of 42.5 billion cubic meters, human,
animal and industrial needs of 10.1 billion cubic meters, as well as evaporation losses of 6.6 billion cubic meters,
from existing and proposedylropower projects (Sudan Policy and Strategy on Integrated Water Resources
Management, 2007).



Energy Resources

Sudan has a variety of energy sources composed of electric, fossil, renewable and biomasshehergy a
smallshareof the population haaccess to clean, modern energjraditional biomass providdsr most of the
energy needs of the local populatioespecially those in rural areas. Fuel wood and charcoal provide about 75%
of total energy needs. By 2016, only 38.68the total population was connected to the national grid. Access to
electricity is high in urban areast about 62%, but remains extremely low in rural aregtsabout 22% in 2016

Summary statistics on energy are:

- Bectricity per capitaconsumption 190 KWhworld averagds 3125 KWh 2014)
- Total electric power consumptioi1796 GWh.

- Total electric power productiari4431 GWh.

- Imported electricity (from Ethiopia}40 GWh.

Hectricity supplyis composed of two systems: the national gtficht supplies limited zones mainly @ntral,
north and eastern Sudagand the offgrid system composed of isolated smsdile thermal power plants that
supply remote cities or regions. Solar and wind energy are in tiasicentstages. Regions in Suddmat do not
have access to electricity from the national grid or the isolated grids rely on small-fliedefjenerators for
power.

Electricity supply and demand

The current and future demand for electricity in Sudan shaw expectedyap between suppland demand,
whichentails bridging the deficit by building more dams, increasing thermal power generationinoisasing
renewable energy andnost of all increasing imports of electricity from Ethiopiacombination of any of these
sourcess viable

Food and Agriculture

Sudan is seffufficient in basic subsistence cfor the majority of the population in rural areas. It imports
supplementary wheat and sugar and other food itefbout 3-7 million tonsof cerealsare producedannually
This is projected to increase to about 13 million tons by 2030 while projected demand is expecteal oo o
12 million tons.

The overall wheat import requirements amounted to about 1.652 million tons in 2016, constituting about 75%
of domestic demandTo mitigate the impact of inflation, due to the deteriorationtbé Sudarese pound against

the Americandollar, the government subsidizes about 20% of the import costthemform of a concessional
exchange rate for imports.

Mapping relevant Institutins to the critical interlinkages in Sudan
KeyNexussectors include:

Water resources development, distribution, use and security
Energy production, distribution, use and security

Agriculture (food) land use, food production and food security
Environment protection

= =4 =4 =4



I Sustainable developmentincluding Sustainable Development GoaS[{G implementation and
integrated climate mitigation and adaptation

The key sector institutions in Sudan are the Ministry of Water Resources, Electricityigation (MWRIE), the
Ministry of Agriculture and Forests (MA&F) and the Ministry of Oil, Gas and MindM&&M) They are
supported by other institutionsincludingthe Agricultural Public Schemes Managing Boards, the Hydrology
Research Centre, the Agultural Research Corporations, the High Council for Environment and Natural
Resources (HCENRe National Council for Water Resources (NCWR) and the Ministry of Finance and Economic
Planning (MFNEP). The State Ministries for Agriculture, Livestochrrégmtion and the State Ministries of
Physical Planning and Finance are responsibléhéoplanning and implementation of WEFthe state and local
levels.Keyinternational organizations and negovernment actoréncludethe FAO, IFAD, WFP, UNEP anBRN
Theyprovide technical and financial support to capacity buildingcarry out situation analyesto inform policy

making and managemeiaff water and other resources

WERNexusCritical Linkages, Risks and Opportunities

The wvater subsector is the keflactor inWERNexusinterventions. Strengthenindhe water subsector means to
better coordinatewith and integrate the activities and plans of other subsectors including agriculture and
energy, each of which depends on and/or affects water resourétmxe, water resourceplans and policies
need to be aligned with other sectors' plans, policies, strategies and meaf\gasulture uses about@b of

i KS O 2eaxpactadRiv@riNile wates, and about 95% dthe total area under crop production depends on
rainfall. Sudan is not using its full sharevediter fromthe Nile withdrawingbetween 140 and 16.5 billion cubic
meters out of 18 billion cubic meters due to managerial and financial constraints.

The futue demand for water in Sudan is projected to reach 48 billion cubic meters. In addition to financial
requirements and good managemetitere isa need fora WEMNexusapproach to coordinatéood and energy
production in a way that conserves water resources

The continued substantialephendence oSudan on rainfed agriculture creates uncertainty and risk for farmers
It subjects crop production to variability water availabilityand exposure to recurrent flood and drought cycles.
Therefore, there i® needto focus on harnessing water technology using watarvesting techniques in the
rainfed production system to increase sdfifficiency of local communities arid provide synerges for the
rational management of the water systeffihe construction oflamshascreated large reservoitthat could be
used more comprehensively for fisheries productidmajor dam-fisheries resources are found in Lakebi,
Jabal Awlia Dam, Khasm@irbaDam andat Rosaries Dam. One of the risks that threatdre availabiliy of
water for food is the influx of foreign investment for the production of wheat and fodder using underground
water. There is a possibilitiat over-extraction would negatively affect the water tablexus analysis cduelp
supportthe RS1jdzZt 6 S RS@St2LIYSyid 2F o6 GiSNE SySNHeée FyR F22R
potential to avoid groundwater drawdown

Hydropower and thermal power generation dominate the overall source supply of electricity in Sudan. They are
composed ofwo systemsthe national grid that supplies limited zonesnainly the central, north and eastern
Sudarg and the offgrid system composed of isolated srsdiale thermal power plants that sup@yfew smaller
citiesandregions.

Public corporations angrivate-sector pump schemes rely ahe use ofdiesel fuel forirrigation. Some of these
schemes were transformed from dieggbwered pumps to electricallpoweredpump schemes. This helped in
decreasing the cost of irrigation by almost 30%. Sudan alserdigon imported diesel fuel for food and fodder
productionin largely rainfed areas and in areas irrigated close to rivers.



The problem with diesel fuel is that it is importat high cost while reliance on hydedectricity results in the
irregular supjy of power, especially during peak demand periods. Hence, an alternative solution is to look for
sustainable and loveost water pumping systems. Renewable energy systemliding solar and wind energy
may also be part of the solutianTo this end a pioject of the Sudanese Electricity and Distribution Company
(SEDC) focuses on solar pumps and solar lighting systéproject targetsstates that suffer from disputeas

well as states that are fdrom the national gridOther projects focusd on renevable energy ainat increasing
power generation from wind energy and solar pumps for irrigation.

Energy for agriculture and food production includies provision of adequate energy supplies to meet the needs
of pumping water, transportation, storage fatidis and land preparationin addition, cop expansion,
diversification and intensificatiospurred by the new irrigation technologyassociated withincreasedenergy
needs for distributing fertilizers and pesticides.

Sugarcane production supplies biomass for sugar refinery boilers. The energy produced is transformed into
electricityto meet factory needsndcould supplythe national grid system.

Overall assessment, clianges and opportunities (solutions)

The maircontributers towater, food and energy insecurity in Sudan relaté¢hteinadequacy othe institutional
setup and governance (infrastructure development, insecurity and conflicts, poverty and mismanageiment
resources to meet the growing demand for food). Thisstorshave hindered timely decisions on development,
management and maintenance of WHExussector activities. They are summarisaldng withopportunities
below:

A The wral population hano acces to dectricity andtherefore dependson fuelwood and charcoal. The
resulting desertification has increased soil degradation and led to water stress, drought and consequent
crop failure risking food security amdducing thepotential for biofuel productin.

In general, the country as a whole suffers from food shortagggeciallyin wheat.

Increased enforcement of government regulations a&hd creation ofan enabling environment to
attract foreign direct investment will accelerate solving many of thesistent WEF issues.

A A focus on \ater security willsupportwater conflict resolution through increasing water storage in
droughtaffected areas and extending public services that include safe drinking water supplies and
sanitation services.

A The increase in energy accessibility would positively affeetter security and strengthen the
willingness and abilitiesf rural peopleto access safe water sourcieslependently

A Increased energy demand driven by increased water services coverage could be met by improving
renewable energy sources and biofualsd advancingvater harvesting systems and techniques.

Sudan shares common surface and underground water resourcesi@ighbouring countries. The cooperation
between Sudan, Egypt and Ethiopia on the Blue Noat has always been solid and recently has been
strengthened by the construction t¢fie Grand Ethiopian Renaissance D@®&RI Followingthe completion of
the GER mutual benefits will evolvihat could support further transboundary projects.

However, cooperation in the Nile Basin lzésobeen reduced because tife GERDas Egyp(as the downstream
country) sees risks from the potential of upstream countriestrolting flows into Sudan ansubsequently into

its own territory. The cooperation of Sudan, Libya and EgypthenNubian Sandstone Aquifer still premature.
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Proposed dialogue and investment projects

The study propossa number of dialogue programsd investment projectto bolsterthe WERNexusApproach.
These include:

Three institutional dialogue proposals:

1 Establishment of an integrated WEF crssstor platform
1 Gezira SchemdexusDialogue and Pilot
1 Regional Nubian Sandstone Aquifiéonitoring and Dialogue

A series ofnvestmentproject proposals:

Merowe Dam andRe®ttlement Project

Blue Nile State Water Harvesting Project

White Nile State Water Harvesting Project

Khor Abu Habil Project

FiskeriesDevelopment Project

Solar home andfrigation in remote areas project

Climate Change Adaptation in Remote Rural Areas

Program on Improvement of Livelihood of rural people in Darfur States/Sudan

=A =4 =4 4 -4 A -4 -4

A short summary of thesgroposedactivities is provided as follows:
Project 1: National WERexus Platform

Budget: USD 1.5 millioom be implemented by thetate government and affiliated ministries of agriculture and
irrigation

The objectives of this project are to:

1 Enable existing bridging instifohs and mechanisms to promote WH¥exus integration and
coordination

The project has two components. The first component is to reorganize existing WEF sector arsbciass
institutions and the second component is to achieve capacity building of tHe &&&ors institutions

Project 2: Gezira Scheni¢exusDialogue and Hot project
Budget USD 1.8 million for 18 months
The objectives of this project are to:

i Establish dialogue to discuss tradeoffs between the interest of the tenants and the nationanegon
(gain or save foreign exchange earnings)

1 Pilot information and communication technologyC(l) system to increase twaay accountability
between irrigation service providers and irrigators to
a) Increase water use efficiency
b) CI N¥Y¥SNBQ AyO2YSa



il

¢) Food security
d) Energy use efficiency
Link pilot improved extension, credit and marketing services

Project 3: Regional Nubian sandstone aquifer monitoring and dialogue

Budget ApproximatelyUSD 1.5 million

The objectives of this project are to:

Promot regional cooperation, networking, monitoring, and implementation mechanisms with neighboring
countries to facilitate equitable and fair share of supplies of adequate water for food prodytEsed on
mutual benefits of partners shang the common water resources

Project 4. Merowe Dam Effects on the livelihoods of the resettled people project

Budget: USD 1.5 million

The objectives of this project are to:

il

Develop resettlement guidance informed Bygxusthinking

Strengthen agricultural managerial capacity of displaced people and the communities living within the
Dam command area.

Enhance the employment opportunities for local people, men and women.

Install solarenergy rooftop and irrigation systems to comperesdbr shortage of the electricity
supplied by the Dam.

Rehabilitate the negative effects of the Dam on the microclimate of the domain area.

Project 5a: Blue Nile state water harvesting project

Budget: USD 60000

The objectives of this project are to:

= =4 =4 =4

Redice energy use for pumping through groundwater recharge
Improve water and food security through increased water availability
Improve livestock productivity

Increase water use efficiency

Project 5b: White Nile State Water Harvesting Project

Budget: USB00,000

The objectives of this project are to:

=A =4 =4 =

Supply drinking water for humans and livestock
Reduce friction between crop and livestock livelihoods
Use supplementary water for irrigation

Use added crop residues for biogas



Project 5¢: Khor Abu Habil Watédrarvesting
Budget: USD 20000

The objectives of this project are to:

1 Implement upstream/downstrearilexusdialoguesacross three states to identifputual opportunities
to improve water use efficiency and food security, for example, throdigé introduction of water

scheduling tools, such as soil moisture sensors

1 Possible extension of privatector activities from North Kordofan to South Kordofan and White Nile

states

Project 6: Rosaries Reservoir Fisheries Project

Budget: USD 20000

The objectives oftis project are to:
1 Reuvitalie fishing activities of small producers in Roseires reservoir lake
1 Increase WEF uses of Sudanese reservoirs
91 Increase food and nutrition security

Project 7: Solar home and irrigation in remote areas project

Budget: USD 30000

The objectives of this project are to:

1 Use flexible solar panels for multigbeirposed(i.e., irrigation and lighting for homes)
1 Support development of ofarm and offfarm small enterprises

Project 8:Climate Change Adaptation in Remote Rural Areas
Budget: USD 30000
The objectives of this project are to:
1 Srengthen wome2 @apacityfor resilience against climate change

I Improve nutritionamong rural populations
1 Improve the e of solar energy

Project 9: Program on Improvement of Livelihood of ruraqple in Darfur States/Sudan
Budget: USD 6.1 million sharadrossdifferent donors

The objectives of this project are to:

91 Improve food securityalleviate poverty increase resilience capacity against climate change and other

risks, and improve the livéloods of the people in Darfur states

p
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1 INTRODUCTION
1.1 Background

Based on th interestexpressed byhe Sudanese Ministrgf Water Resources, Electricity and Irrigatidhe
Nexus Regional Dialogue in the MENA Rédamk the initiative todevelop a Nexus Assessment Study for Sudan
in collaboration with the Arab Organization fAgricultural Development (AOAD)he study was carried oby
Humboldt University in Berlin, Germany, the International Food PdRiegearchinstitute (IFPRIand the
University of Khartounm SudanThe views of different experts and stakeholders were taken into consideration
in this study, througlorganizing a national dialogue on WEF Nexus in Sadamell as a validation workshop,
where the main findings and recommendations of the study were pregband discussed.

This report presents the main findings of the Nexus assessment study for Sudan. It idéntfiedEnergyFood
Nexus priority issuesin Sudan suggeséd operational guidance to align national strategies, policies and
implementation pans within a national Nexus frameworidentified opportunities to apply the Nexus approach,
includinginstitutional settingsand capacity building needs, and suggested a series of VEatergyFoodNexus
projectsin Sudan.

The wateffood-energyclimate Nexuswas first discussed at the World Economic Forum in Davos in Z0#1.
bookWater SecurityTheWater-Food-Ehergy-dimate NexugWaughray, 2011) is based upon this conferetce.
November 2011, the German government held a global conference on the Méategr and EnergiNexus It
resulted in a growing recognition that a movement is needed away from a skgteector approach to policy,
science and practice towards a more interlinked approach (Hoff, 2011; Dodds and Bartram, 2016).

The added value of exusapproach is that it provides a cresector and dynamic perspective and helps us to
better understand the complex and dynamic interrelationships between water, energy and odthat we
might manage and use these limited resources more sustain&gl®, 2014). The concept also halgsthink
about how decisions made in one sector might impact other sect@reater anticipation of and insights on
potential tradeoffs and synergies supports the improved design, appraisal and prioritization of intenve.

TheNexusapproachunlikethe prevailing secteoriented approachemphasizebuilding integrated crossector
synergies and perspectives, acknowledging the integrative nature of the three sastptrayed in Figure 1.
This allows tostrengten processes aimed aheetinggrowingwater, energy and food security demands in a
sustainable way The Nexus approachfurthermore, supports tackling keglobal challenges such as climate
change andhe increasing degradation of ecosystems ahdir senicesin line withachievingthe Sustainable
Development Goals.

3 The Nexus Regional Dialogue in the MENA Region is aev@fal regional dialogues tife Nexus Dialogue
Programme, cdunded by the EdndBMZ aimiming at strengthening the process of meeting increasing water,
energy and food security demds in a sustainable way, through adopting the Nexus appro3ek. also:
https://www.nexusdialogueprogramme.eu/regionatialogues/mena /
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Figurel: Theinterplay between food, water and energy and its main drivers

Source: Siddig (2017)

1.2 Resources and Human Secyrih Sudan

Despitethe abundane of various natural resource®latedto water, energy and foodSudanis challenged by
unstable food productiorfbelow potential) and growing food demand driven by increasing population growth.
Changing climate conditions, unstable policies ardting, but undedevelopedcoordinationacross the water,
energy and food sectors and, in general, acrtey government agencies are key drivdyshind the
mismanagement ofesourceselated toWEMNexussectorsin Sudan

Box1: Water sector irSudanand future perspecties

Sudanhas ample resources of watéor energy generation andustainable food productioriThe amount of water
supplied by the River Nile anits tributaries and the seasonal streams totals tol8llion cubic meters annually (Table 1
plus 442billion cubic meters annually from rains.

BoxTablel: Sources of Water iBudan

Source Amount (billion cubic meters)

Surface water 6

River Nile and Tributaries 20

Renewable ground water 4

Total 30
Source: Abdalla et al (2018).

However, the mismanagement of these resources puts the human security situation at risk. The WEF issue +
upon the existing situation of water and energy availability, distribution and uses for food productiowaldreand
energy supply allocated tmeet the social needs of the populati@nespecially the supply of inputs for food crop

production,the supply of drinking watetthe provision of fuel for transportation and for marketing serviggsoften
either unstable or in shortage.

WEF resources Sudarare under pressure due to population growth and climate change among many other facto
Population is projected to double by 2050 from a prespopulation of40.5million, while the increase in global
temperature is expected to negativedffect the agricultural sectgrespecially the rainfed subsecttrat employs
and supports 60% of the rurpbpulation(AfDB, 2016)

Importantly, about 80% of thevater resources oSudanare derived from outside its boundarigsincluding both
surface and groutwater resourceg/Abdalla, 2018)Therefore, water security in Sudan is always linked to activities
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and regulations at a larger, regional scale, and particularly to the Nile Basin Initiative and investments in upstr
countries, such as Ethiopia or So&hdan.

Thus, severafactors influencethe regular supplies of irrigation water fromiams along the River Nile ants
tributaries. The 1959 Nile Agreement betweSndanand Egypt, the tradeoff between opening dams for irrigation
and closing dams for hydropower generati@nd thehigh cost of digging new canals and maintaining existing one
in the large irrigated scheme®mbine to place &eavy load on the national gou@ment budget aeating a critical
water situationand jeopardizinduture irrigation plans anélbod productionin Sudan.

The issue of water scarcity artle management of water resources in Sudan &ighlightedin the 25Year
Development Strategy (20@2031) and consequent Fivéear Plan of thdinistry of Water Resources, Energy and
Irrigation (MWREI). These plans aim at increasing the supply of water resources from different sources to meet
rising demand for water for agriculture, human and animahking water and for other usesuch as domestic
services and industrial need3he MWREI plans stipulate the rising demand in water for the period-20%6 as
follows:

BoxTable2: Water demand projections up to 2050 (billion metéysar)

0.4 1.3

2015 17.5 19.2

2025 27.1 11 589 32.1
2035 32.6 1.9 5.1 39.6
2050 40.3 2.5 X3 48.1

D
QD
=

SourceMinistry of Water Resourceg]ectricity and Irrigatioi2018).
BoxTable3: Proposed future irrigated projects in Sudan
Blue Nile System 592,500
Rahad Phase 1 300,000
Rahad Phase 2 202,500
Rahad Phase 3 90,000
White Nile System 242,500
White Nile Sugar 10,000
Government Pumps 187,500
Private Pumps 45,000
Atbara System 750,000
Setit 1,500,000
Main Nile System 750,000
Al Hawad 750,000

Total 5,420,000

Source: Ministry of Water Resources, Electricity and Irrigg#6t.8)

The strategic objectives of MWREI are based on a sector vismbmlisregardg¢he demands and objectives of the
other sectors using water resources. In this sense, MWREI ignores one basic principle of tRex\approach
which requires the integration of the objectives and activities of all related sectors to achieve sustainal
development of the societyHowever the sustainable development, management ane ws the water resources
dependon aNexusapproach that takes into consideration the balance of demands of all sectors.
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Box2: Energy sectoand future perspectivesn Sudan




Box3: Agricultural and food sector in Sudan and futyperspectives
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Institutional systems and arrangements

The decentralizatiostrategy implemented by the governmedetlineated the roles and responsibilities of the
central government and the state governments in policy design and implement&dtiencentral government is
responsible for planning and the governments of states are responsible for administering andirxecut
development activities at state and loedkevels. The Local Government Act (19881 2003) entrusts to the
localities the conservation and protection of the natural resources to ensure their sustainable use and
management, especially water pointgloreover, itencourages reforestation and provides serviceptomote
agriculture, forestry, natural resources and animal wealth.

Lack of adequate infrastructure often dampens the responsiveness of farmers and investors. The poor
infrastructure ¢ especial in transportation and energy with frequent power cuts and shortigediesel and
gasolineg resultsin high coss$ of production and transportation, whictirive businessesut of the markets of

some industriesOf primary concerarestorage facilitiesisedto support water, energy and food security as well

as transportation and road infrastructure supportitige movement of resources.

Theexistinggrainstoragecapacity othe Agricultural Bank of Sudaronsistof 295 thousandnetric tons ofsilos

and 3L0 thousandmetric tons of warehousesThe government plans to construatiditional metallic silofor a
total 2.024 millionmetric tons of storage capacity during 2022021 Similarly, water storage facilities are
inadequate given growing water variahbjliand climate change. Availability of water storage is directly linked to
food production and energy production.

The management of road infrastructure is shared between the National Highway Authority andatee
governments. The &tional HighwayAuthority is responsible for the highwayhat connect major cities anthe

state capital network while the states are responsible for networks that connect towns and rural communities
and their links to the national network. The existing road natwis estimated at 3965kilometerswith recent
expansion plans 6,317 kilometers During20202030,Sudan plans to develagn additional9,864 kilometers

of roads. Thiseflectsthe importance of roads in shouldering more than 90% of the total freafiBudan
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2 WEFINTERLINKAGESRISKS AND OPPORTUIRSN SUDAN

2.1 OVERVIEW

The criticainter-linkages; as identified by stakeholdensulted inSudanand dentified through data an@n
evidencebased approaclt are associated with certain risks and tradifs. Thesecan bevisualizedusingtwo
basicNexusdiagrans (Figure2 and Figure3). The risks othe one hand, as well as the opportunities arising from
innovativeNexusapproacheson the otherhand, are explained in detallelow.

Water for Energy
Installed capacity:
9 Hydropower plants: 1,585 M
9 Thermal power plant: 1,400
1 Total electricity generation:
11,848 GWh in 2015 (75%
supplied by hydroelectric pc
Energy for Water
1 Two desalination E_Iants pro
65,000 m3 of drinking wate
day in Port Sudan (NDP and
LAS. 2018).

Water for Food

9 Surface water: River Nile and
tributaries supply 20 B@il
irrigated agriculture receive
16.5 BCM

1 Groundwater: supplies 4 BCM

1 Rainfall: supplies 442 BCM

1 Rivers supp@82,650 tons of

fisheries resources per year.

1 Agriculture contributes 34% of

1 Agriculture exports averaged 1
total exports

1 Agricultural imports averaged 17%
of total imports during 20006

1 Gravity irrigation supplies wate
2.02 million hectares

1 Rainfall supplies water f&20L5
million hectares

9 Livestock resources actdo 107
million heads

1 Projected demand for water
increases to 48 billion cubic m FOOD SECURIT

Energy for Food:

1 6.7% of total electricity goes to agricultive
mostly from hydropower (4.9%) (2012 al
2018)

91 54% of ener%y comes from biomass mostl
for cooking (2018).

Food for energy
9 Sugar plants generated &%atdnal Grid
GWh (2014), now only for own consur
1 Kenana su%)lied 60 million liters of Be
ethanol in 2009. Now suppli&8 2Gillion
liters while other factories supply (Ass
Geneid and New Halfa sugar cane fac
have their total protion ran?mg from 8 to
10 million liters per year. All ethanol is
exnorts.

Figure2: Mapping of the existing situation of the WHEfexusin Sudan Source: AuthoiQcompiltion based on
data from Abdalla et al. (2018), Rabah et al. (2016), Rabah (2018), Ministry of Agriculture and Forests (2018),
Central Bank oSudan(2017)
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Water for Food:

9 Dams provide gravity irrigat
large schemes

1 Irregular and unreliable rain

9 Groundwater

1 Water harvesting

1 Fish production

Food for water:

1 Melon for producing water for

humans and animals.

Water for Energy:

9 Hydroelectric generation
Energy for Water:

9 Diesel pumps

1 Solar pumps,

9 Wind pumps.

1 Tradeoff between generation o
electricity and supply of water fo
irrigation

1 Imports of fudiesel fuel and
other items competing for scarce
foreign exchange

1 Expanding on crop land depe
on current irregulainfall an
smalkrop land using water
harvesting

1 Water pollution and expanded

sugar production. FOODBECURITY

Food for Energy:
9 Sugar residues for thermal genel
of electricity
9 Sugarcane residues for ethanol
production for exports

Energy for Food:
9 Diesel and solar energy for water
pumps in food crops
1 Transportation
1 Storage, marketing and other
infrastructure.

Figure3: Mapping of interlinkagestrade-offs and risks

SourceAdzil K2 NBAQ O2YLIAt I GAZ2Y

2.2 Waterfor FoodProduction

Agriculture is the largest user of irrigation and rainfall in the country. It uses about 96.5% of the €bgimang
of the River Nile water. Yet agriculture contributes only 34% of the total GDP, of which 50% is contributed by the
livestock setor, which raises animafsainly in rainfed farming areas.

Key types of irrigation include:

Gravity irrigationby dams across the Blue Nile and Atbara rivpracticed in the Gezirand New Halfgublic
irrigation £hemes. The heavyependence of the large irrigain schemes on gravity irrigatiois at risk from
increased need to retain the water in reservoirs fmnerating electricity for domestic use. The cost of cleaning
silt from the dams and from canals often reducester allo@tion to irrigated cropsThese challenges can be
better addressed through WEF Nexus coordination.
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Pumpirrigated agriculturefrom the Nile and from surface wellis practiced in big irrigation schemés the
Northern, River Nile, White Nile, Blue Nileda®innar states and in the Rahad ScheB8rmall pumping units also
dominate production systems in the Northern and River Ntktes. Pumpingf irrigation depends on large
imports of diesefuel, which is always irregular @carce The high cost of impoed fuel and pump maintenance
reduces the competitiveness afationally produced food crops ifboth the domestic andforeign markets

Spate irrigation from the Gash and Baraka seasond@lers comesfrom the Eritrean highlands carrying
tremendous amounts oWater and siltthat flood deltas and cover large areakhe sudden flushing of these
streams deprivethe country fromthe full utilization of theflood waters which instead replenish groundwater
A lack ofpreparation andprograms to harness théafsh floodsesultsin the cultivation of only a relatively small
portion of the potential cultivablearea. Inthe Gash area, the cultivated arefes notexceed 700 feddans
out of the total potential of 700,000 feddans.

Overall, most water resources originatetside Suda, depend on the prevailinglimatic situation andare not
managel efficiently. Sudan igurrentlynot using its full share of Nile watgmas it withdrawsonly about 14-16.5
billion cubic meters out of 18 billion cubic meters due to managerial and financial constraintealoasfor
underutiliang water resourcesare thedrastic decline in cultivated areas in the Gezira Scheme and the other
public and private irrigatedchemesthe high cosbf maintenanceof the damsandwater canalsandthe ongoing
shortage and irregular supply of diesel fuehis results in a relatively logontribution of the irrigated sector to
total GDPThefuture demand for water in Sudan isgpected to reach 48 billion cubic meters as showBax1
andFigurel above.

The dependence a rainfed food productiorcarries risk. Variability in the intensity and distribution of rainfall,
and exposure taecurrent floods and drougistcan damage productioriTherefore, there is need to focus on
harnessing water such as throughwater harvesting techniques to increagbe selfsufficiency of local
communities ando promote more synergisticnanagement of the water system.

In the rainfed areas of Sudanater is the key limiting natural resource Gwoften a factorgeneratingconflict.
Obtaining waterin the dry season iparticularly challenging fopastoralists but also challenging foagro-
pastoralists and small settled producers. Access to water is more critical than access to grazing resources.
Acquiring water provisionsonsumes the greatest portion of time, efforts and incooferural communitiesin

the drylands Common water sources include water yaiaafir (seasonal water reservegjams the Nile and its
tributaries, deep and shallovinand-dug wells €dd) and natural ponds and depressionwddi/khor). The recent
introduction of mobile bladder water tanks facilitates access to remote pasturelaitilie water is available

during the wet or rainy seasons, sources, sucpasls and natural deressionspoor quality can lead to diseases

in humans and animals.

Traditional water sources are sealed off by sengichanized rainfed cultivation ithe postrainy season.
Irrigated crops block access to rivers and Nile bamastoral herders often accuse srsadble farmers of
intentionally blocking access to local water sourcespamposelydegradinghafirs to keep them off. Further
accusations include pollution of water and burningn&ighboringpastures. Water sourcesften encourage

KdzYlby aS8GatS8YSyds YF1Ay3d KSNRSNEQ FOO08aa (2 61 GSNI 808
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The construction of dams created large lakest couldpotentially be utilized by thdish-productionindustry in
the country. However, the present fish catch is fardvelpotential resourcegFAO/Mamoun Behairy Center,
2016) Moreover, thewidespreadpracticeof catching immature fish mageducethe multiplicationrate of fish
in the lakes.Furthermore the rapidsiltation rate of the dams may close the lakes amdiuce or eliminate
fisheries as is the case with the Khasm@tba Dam Desiltingof damsand its timng areriticalfor the optimum
use of these higivalue food resources in SudérAO/Mamoun Behairy Center, 2016)

Risingdemandfor food due toincreased population growthalong with changesin consumption patters and
irrigation water supplycalls fora Nexusapproach

Box4: Opportunitiesto improve planning and wategfficiency in agriculture and food production

1 Increasing efficiency in water resources harvesting and supply through
optimization and rehabilitation of dam infrastructure

9 Giving due consideration to fish production when managing dams

1 Deploying water harvesting systems, where possible, for supplementary
irrigation including drinking water for animals

9 Harnessing renewable energy potential by replacing high-cost diesel
pumps with solar- and wind-driven pumps to irrigate water for food
production, especially in remote areas away from the national grid

9 Increasing water-use efficiency and reducing the overall water demand
and, accordingly, energy demand

2.3 Water for Energy

Biomasss the dominant sourcef energyfollowed bypetroleum andhydropower generationBiomass supplied
54% of the total 13.1 million tons of oil equivalent (TOE) in 2015 (NEER8 while petroleum supplied 40% and
hydropowersupplied 6.0 %FHgure4).
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Hydropower
6%

Biomass
54%

Figure 4: Sources of energy supply $udan

Source: National Energy Research Centre (NERC, 2015)

The household sector consuhé&7% of electricity supplies while agulture consumd only 7% Figure5).
Electricity generation in Sudan is supplied by hydropower generation and by thermal power genérataries

and Sinnar Dams on tteiver Blue Nile and Merowe Dam in the main River Nile supply hydropower generation
in Sudan These are renewable sources of energy.

Industry
15%

Residentia

Agricultural S7%

%

Figure5: Electricity consumption by sector (percentage)

Source: Ministry of Water Resources, Electricity and Irrigation (M\WRBLB)
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The recent plan® builda number of lydropower generatiordams on the River Nile and Setit and Upper Atbara
have begurwith the construction othe Merowe Dam and the Upper Atbara Dacomplex.The construction
and operation of MeroweDam was associatedvith an installed capacity of 1,250 M\whus doubling the
hydropower generation in Sudamhe teightening of RoseirdSam by tenmeters wasalsocompleted addinga
storage volumef 4 Kntof water. Theheighteningwas not accompanied by a new irrigated scheand thereoy
allocated most of the added storagevater into increasing the hydropower generation from Roseirébe
construction ofthe Upper AtbaraDam complexvas completed in 2016 with an installed capacity of four turbines
with a combined capacity of 320 MW.

Despitethe construction of the new dams and the heightening of the Rosaries eegap between the supply
and demand forelectricity has not beenclosed Sudan ihalancing itselectricity deficits with imports from
Ethiopia.However, theoperation of the Grand Ethiopian Renaissance Dam (GERDJ)kely change the flow
regime on the Blue Nile and on the maiile River|owering flood peaks and increasiluyv flows during summer
months The regulated flowof GERD is expected to increase #hectricitygenerationfrom the Roseires Dam by
28% If the turbines at Roseiresere upgraded to 400 MWthis would increaseelectricity productionby more
than 40%. Thehange in the flow regime from GERDuld also support increasectlectricity generationat
Merowe Dam, an increasdy 10%andwould growpower generatiorat Sennar Daras well The regulated flow
will also enablenicro generatiorof electricityfrom irrigation canalgMinistry of Water Resources, Electricity and
Irrigation, 2018.

Box5: Opportunitiesto improve planning and wateefficiency inenemy sector

1 Integrated planning of new hydropower-generation dams with current and
future changes in energy producing systems in neighboring countries,
especially Ethiopia

9 Benefit from lessons learnt from existing dams such as the Khasm Al-Girba
Dam almost reaching its lifespan and from Merowe Dam with debates about
its efficiency

2.4 Energy for water production and distribution

Electricity and fossil energy constitute the two mawurces of energy for water production adéstributionin
Sudan, which are often irregular or in shortage at peak tidyelropower and thermal power genemelectricity

used in water pumps in different parts of Sudan connected to the national grid. Imported diesel fuel is used in
large public coporations and privatesector pump schemessome of these schemes were transformed from
dieselpowered pumps teelectrically poweregpump schemeswhich helpedn decreasing the cost of irrigation

by almost 306. Sudaralso depends on imported diesel fuer the production offood and foddercropsusing

motor pumps for supplementary irrigatioishortage of hard currency igaageconstraint limiting the import of

diesel fuelwhile hydropower generation is often irregulaspecially duringhe peakirrigation period.

The prospects fantroducing renewablenergysourcesgspecially solagnergy are promising givethe number
of bright sumy days throughout the yealwo solar energy units, each of 5 MW, are currently being installed in
Kordofan and DarfuBtates in Western Sudan (Ministry of Irrigation and Electric Power, 2018).
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The energy policy of the State Ministry of Agriculture in the Northigate is aimed at converting agricultural
diesel pumps into electripumps. However, given the receexperience with fluctuations and shortages in the
electricity suppy from the national grid, theninistry hasmoved toward the adoption of solar pumps.

A UNDP/GEF/SEDC projeatusrently supplying 3440 solar pumps in the Northern State with soft loafike
project started as a fivgearpilot Solar Pump (PV) project experimenting with 28 farmers in the Northern State
in 2018.Following positive results from the pilphase, the poject decided to supply,440 solar pumps to other
farmers in the state ora soft credit basis. The technical and finandisibility study based on data and
information from more than 500 farmers in different localities of invesiarthe state found the program to be
viable.

Foreign direct investment in irrigation now cageabout one million feddan both in upper terrace areas and in
dryland areas pumping groundwaténstanceswhere investoravereinvolved in growing wheat and clover using
sprinkler irrigatiorresulted inthe depletionof underground water resources. Théoee, groundwater irrigation
needs to be carefully assessed and monitored to avoid future groundwater depletion.

Future Plans

SEDC plans to generate electricity for hotoasumptionand agriculture using solarsystem and solapumps
in the remoteareasoutsideof the national grid irDarfur, West and SoutiKordofanand the Blue Nile state. The
plan aims to install 104 thousand agricultural solar pumps to irrigate, 0 feddansin each state. The plan
also aims to provide lighting ta8,000 houses and provide water for humans and livestock thecourse ob
years.

Efforts to make use of energy from wind are adé@oing A mapof potential areas where energy from wind can

be economically generated has beeeveloped (www.windprospeting.com). The areas of Dongola in the
Northern State, Tokar in the Eastern State and Nyala in Darfur State have been selected as potential areas using
a prospecting map.

2.5 Energy for Agricultur€Food

The tousehold sector consumes 38.4% of total enefgjowed bythe transport sector (31.2%), services sector
(16.0%) industrial sector (13.1%and agriculture sector (1.4%) (NERC, 2015).

Energy supplies and consumption in agriculimaude the use ofliesel fuel fothe transportation ofagricultural
productsand agricultural mechanization activities atide use of biomasg mainly firewood and charcoa]in
cooking food.Transportationof agricdtural commoditieds assumed ta@onsumebetween 30%and 50% ofall
transportation fuelsin the country.As such, changes in fuel prices directly affect food pritksyadd costto
consumers in Sudan and reduthe competitiveness of agricultural exports abroad.

The use of diesel fuel mgriculture inSudanstartedin the 1960s wherthe country began crogliversification
andintensification policiess part ofthe Gezirascheme. Thelemand for diesel fuel increased significantligh

the policy of horizontal expansion o#griculture inthe drylands under rainfed prate-sector mechanized
schemes in themid-1970s Without mechanization, théast-horizontalexpansion of the cultivated lanid the
heavy clay soileould nothave beerpossible Farm machines have revolutionized agriculture and continue to
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do so today.They are employed in land preparation, seed planting, fertilizer and pesticide spraaaly,
harvesting a well asn sprinkle irrigation and water pumpingAssuming use of-32 gallons ofdieselfuel per
feddan for mechanization purposethe activity requires theseasonal supply df-1.4 million barrels of diesel
fuel (22 million feddans by-2 gallons equal 4866 million gallons. One barrel is equal to approxinhat&0
gallons).Thus,agricultural mechanization of both irrigated and rainfggtems requiresn-time supplies of one
to 1.4 million barrels of diesel fuétansportedand stored in remote aream time for the planting season
Frequent shortagsin the supply ofimported diesel fuel result in delays liand preparation ancgowing dtes
the primary determinant®f a successful croppingeason

Sudan encouraged the use of Liquefied Petroleum Gas (LPG) as an alternative to reduce the consumption of both
kerosene and biomass. However, tiigily LPG production rate of 9300 tonsin the Khartoum refinery is far

less than the demand (estimated at 2600 tonsin 2008). The import of LPG is limited by shortagéhard
currency,and constraints ostorage facilities and distribution capacities, which are reflected in highes aost

prices. The supply of LPG to consumers in remote are@sins costly. The absence of finang for LPG
companies curtadl the expansion of the gas. Moreover, tledimination of LPGsubsidiesin 2013 resulted in

further price escalations.

Policies to controtleforestation for the procurement of cooking fuel and charcoal have been ineffedihless
affordable energyalternatives are introduceddeforestation cannot be halted-ehler! Verweisquelle konnte
nicht gefunden werdenpresents thecontribution ghare of each energy sourc® domestic cooking. In 2015,
three quarters of total energy for cooking was sourced from firewood and ¥lyrom kerosene.

100%
76%

80% 69%

60%

40% 38%

20% 9%

2% 1%
0%
Firewood Charcoal LPG Agricultural Animal waste Kerosene
residues

Figure6: Share ofhousehold cooking (percentag#) the use of each energy source

Source: National Energy Research Centre (2015)

2.6 Food for Energy

Sudanhas six sugaproducig factories thatcultivate about 200,000 feddans and produce ®WD thousand
tons of suga(Tablel) annually Sugarcane production is associated with the productiobagfasse, aiofuel
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that can be used for multiplpurposes such agieneratig electricity, biofuelin the form of ethanoland licking
bricks.According to NDP and LAR (2018&ntassprovides an esthated 51%of energy in Sudarilhe licking
bricks aremade from a mixture of salt and sugarcaesidues andirelargely used by the growing dairy industry

in the majorcapital cities and towns in the country. The produced electricity is consumed by the factories and
the surplusif there isany, is linked b the national grid.

Thee is atradeoff for bagasse uses between the generationetdctricity and theproduction of ethanol and
lickingbricks Given theseradeoffs, it is proposed to first meet domestic demafod bagasse andonsider
ethanolproduction and exporbnce these needs have been met

Otheragricultuial sourceghat couldprovidebiofuel/biodieselenergyat a limited scaleénclude thewild fruits of

the Heglg and the Jatrpha tree. The Heglig tree grows widely ihe Kordofan region wite Jatrophawas
introduced intoSouth Kordofan StateThe problem with the Heglig tree is gparse distribution over a large
area, making collection of the fruits very costlatropha trees, on the other hand, consume considerable
amounts of water andare poisoneous.Accordingto feedback from the Department of Agronomst the
University of Khartoum and based on several conferences and meetings discussing thijsthssue
recommendation is to stop the production of Jgbiwain Sudan.

The sigar industrygeneratests own power consumption frm bagasse, a byproduct of sugane.Table2 shows
the installed capacity of electric power plantstlire sugarindustry in Sudan, which accourits about 190 MW,
equivalent to6% of the nationaklectric grid power.However, companiesften operate below capacity. For
example, due to lovwoperationlevels of theWhite Nile Sugar Factorgapacity has been reduced to 96 MW.
Qugar factories alsoproduce heat for sugarcane nnilf, evaporation and crystallization process If
cogenerationwould be installed, heat load wouldbe reduced as the sugar mills and shreddexsuld be
electricity-driven rather than steandriven, whichwould savesteam for power generatiofRabah etl., 2014).
More work on the costenefit assessment of such cogentia is needed.

Tablel: Sugar cane cultivated area (feddans) and production (000 tons)

Gunaid 40,000 70-90
NW Sinnar Sugar Factory 35,000 64-76
Assalaya 35,000 89

New Halfa 30,000 56-68
KenanaugarCompany 71,400 350470
White Nile 67-74
Total 680-840

SourceCentralBank ofSudanAnnual reports (multiple issues)
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Table2: Sugar industry power plants

Sugar capacity Bagasse

PowerPlant generation
300 580 20 210 326

Kenana 1981 307.6 1350
Sinnar 1976 70 73.1 321 138 6.5 210 33
Assalaya 1980 70 65.4 287 123 6.5 210 33
Guraid 1962 70 73.1 321 138 6 210 30
New Halfa 1966 70 59.5 261 112 6 210 30
White Nile 2012 450 73.4 322 138 (104) 6.0 210 33
Total 980 652.1 2862 1230 (190) 96 485

Note: Bagassksugar ratiois 4.4; the design capacity of power plant is 104 MW
SourceRabah et al. (2016)
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3 KEY AND CROSECTOARL INSTITUTIONS FREFNEXUSMAINSTREAMING

This section describes theey secbral and intersectoralinstitutions in Sudaras well agaps and opportunities
for enhancedcooperation

The Ministry of Water Resources, Electricity and Irrigation (MWRIE), the Ministry of Agriculture and Forests
(MA&F) and the Ministry of Qil, Gas and Elialsare the main ministries engaged in watenergy and food
(WEF) activities in SuddlRigure?; see also Berga et al. 2017

They are supported by other institutions includitige Agricultural Public Schemes Maivag) Boards, the
Hydrology Research Centre, the Agricultural Research Corporations, the High Council for Environment and
Natural Resources (HCENR) and the National Council for Water Resources (NCWR). The Ministry of Finance and
Economic Planning (MFNE®)he overseeing institutiorior the allocation of annual general and development
budgets to WEF. The State Ministries for Agriculture, Livestock and Irrigation and the State Ministries of Physical
Planning and Finance are responsibletfa planning andmplementation of WEF at state and locality levels.

The institutions concerned with water harvesting programs, especially for small producers in agricul
are fragmented with poor coordination, which resulin ineffective policy implementation and
dependency on international organizations and NGOs.

The international organizations and ngovernment actors provide technical support in areas related to
planning and implementation of WEF in the country at the federal, state and locality levels.

The FAOFAD, WFP, UNEROALand UNDP provide technical and financial support to capacity building, carrying
out situation analyseso inform waterrelated policy-making and managemenihe UNESCO ChairWater
Resources (UWGBD)founded in 1994 in Sudaserves the Nile basin and Shared Aquifer countries in the region
and contributes to internatinal debates on water resources.
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Figure7: SudanWEFNexuslInstitutions Mapping
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3.1 KeyWEHnstitutions
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The Ministry of Water Resources, Electricity and Irrigation (MW&EI@ principal ninistry leading WEEectors
in Sudan The Ministry isesponsible foplanning and policy formulatioras well agollow up and monitoring of

programs, projects and activities the water, electricity and irrigation sectors. The Ministry has the National

Water Resources Council as an advisory body and is asedpof three secretariats and affiliated units and

administrations. These are the Dams Unit,

the Electricity Generation and Distribution Unit and affiliated

companies, and the Irrigation Unit responsible for the management of irrigation activities itartpe public

irrigated schemes in the countnOf specific importance, the Ministry introduced two Renewable Energy

Departmentsthe Department of Solar Energy and the Department of Wind Energy.

Entry points for MWREI for enhanced cooperation and alignragsgctorand national strategiesvolve among

others
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9 Laying policies and general guidelines for water resources, electricitya@reand irrigation.

9 Carrying out baseline surveys, collagtstatistics and information and evaluag studies onsupply and
demand forwater, electricity and irrigation activities including those of solar and wind energy activities.

91 Carrying out supply and demand studies for all types of energy consumption.

1 Undertaking institutional capacity building of staff

1 Efficiently managingvater resourceselectricitygeneration andrrigation development and use ahe
federal level

1 Coordinatingand providingechnical supervision on dams

1 Developngfederalstate kevel coordinatiorfor implementation andollow-up activities

1 Coordinatingresearch orwater resources development, electricity generati@olar and wind energy
and irrigation

9 Transporingand distributhgwater resources and generated electricity

The Ministry of Water Resources, Electricity and Irrigation is tpencipal government entity
responsible for achieving sustainaplealanced supply and demand for water resources
electricity and power generation and irrigation needs of different agricultural farming syste|
in Sudan.

TheMinistry of Agriculture and Fores{MOAF) is the princgd governmententity responsible for [anning and
policy formulationrelated toagricultural and food security development investments and activities in Sudan.

Potential entry points for MOAF for enhanced cooperation and alignmerseatorand national strategiebased
on the ministerial madate include, among others

Formulaton ofagricultural water management policies in irrigated schemedthe rainfed sector.
Prepaation of strategies, plansandlongterm and midterm policies to achieve food security
Following up on and monitoingthe progress of agricultural iegtment projects and activities.

= =4 —a =

Improving the mapping and management of land use to enhance rational use of agricultural land and
stop deterioration of the environment.

=

Control of national pests in collaboration with cenged international organizations

1 Developnent ofinnovative modern agricultural technologies for sustainable agricultureéld@ment
activities.

1 Encouragementf strategic partnershipwith foreign governments and private sectir facilitate the
exporting ofagricultural productgrom Sudan.

I Approving and allocating agricultural investment projects for foreign direct investment.

1 Developng and commercialiing traditional agriculture to enhance rural development and poverty
alleviation

1 Improvingagricultural extension services and programs

1 Intensifying international and regional cooperation in the area of agriculture development and

conservation.

TheMinistry of Oil, Gas and MineraMMOGM) is the princi@l governmententity responsible for planning and
policy formulationrelated to energy suppl and demand, investments in petroleum and other minsrahd
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similar activities in Sudan. The Ministry has among its administration a specialized department for biofuel
production and distribution.

Entry points for M@Mfor enhanced cooperation and alignmentsgfctorand national strategiesiclude,among

others:
1 Formulathg plans andoliciesrelated tooil and gas an@diofuel andsupervisngimplementation
1 Supervisngthe transportation, distribution and sales opetroleumand byproducts
1 Developngand upgradhg staff skillsand knowledge related to oil and gas.
1 Promotngresearch in oil and gatevelopment, distribution and logistics.
1 Identifying and assesng sources of biofuel production including oilseeds, sugarcane, crop residues,

livestock residues, garbage, etc.

=

Organimgandenactinglaws that encourage investment in biofuel
1 Developingstandards and guidelings promote the use obiofuel with petroleum andhe distribution
of liquid biofuel

3.2 (QossSector WEF mstitutions

The main crossector institutionan Sudarare described below.

The Food Securitgnd Nutrition Counci{fFE) is chaired by the Vice Presideand supportedoy a Food Security
and NutritionGeneral SecretaryThe Council hamembersrepresenting theMinistry of Agriculture and-orests,
Ministry of Health, Ministry of Livestock Resources and Fisheries, Ministhatefr Resources, Electricity and
Irrigation, the Humanitarian AidCommissionand the StrategicReserveAuthority. The mandates ofthe
Secretariat are¢o prepare a comprehensive national food security and nutrition pobsyvell as aational work
plan with specific programs and projectdated tofood security and nutritionandto provide support incases
of emergency or crisis

TheHigher Council for Environment and Natural Resouizesoordinating bodyncludingall line minisers and

relevant national institutionas membersThe Council is responsible figvelopingpolideson natural resources
conservation, development and protection coordination with competent authoritieslt also oordinates

national efforts to join Glbal Conventions, Agreements and protocpkstinent to climate change andhe

environment

The HCENR Act (1991) stipulates its functions in:

1 Laying down general policies addngterm plans for environmental protection and sustainable
development of nateal resources,

1 Coordinathg efforts directed towards environmental and natural resources management among
concerned governmental agencies and between federal and state governments,

1 Periodially reviewing relevant legislation and recommendations to make rthemore effective
instruments for sustainable development,

1 Encouragngand supporing research on the environment and natural resources,

1 Promotngenvironmental awareness and education.
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ResearchCentersare disciplineoriented researchnstitutions that support the WB= Nexusby carrying outa
number ofresearch activitieat the federaland statelevels. Thes@stitutions include

Landand Water Research Centre
WaterHarvesting Research Institute
HydraulicResearch Station
NationalCorporation for Rural Water
Soiland Water Studies Centre
AgriculturalResearch CorporatioBGenters
NationalCentre for Research

= =4 -4 -4 -4 A -—a -

Desertificationand Water Research Centre

Universities and Higher Learning Institution®re than100 universities and collegasedistributed throughout
the country. Someare specifically engagedvater resources management, natural resources management and
fisheriesrelated disciplines.

TheState Ministriesandassociated locality governmeoffices are responsible folgnning and implementartig
WEF between states, sidestates and within the localitiesof each state.

Sate-level institutions are weak in dealing with Wigterstate resourcesind do not possesauthority
or capacity to manageommonly shared streams amploundwater aquifers.

3.3 Parallel Institutions

Sudanestablisted WERparallel institutionsthat overlap withthe basic mandates of the concerned ministries.
Two examples are thestablishmenbf the Water Resources Council and theiégtural Revival Corporation.

The Ministry of Water Resources, Electricity and Irrigation established the National Water Resoouced
(NWRC) to advise the Ministry on WEF. The members ofdhacil included theMinistry of Agriculture and
Forests, thepublic irrigation schemesmanagingboards the Sate Ministries of Agriculture, Animal Resources
and Irrigation (SMAARIthe Hydraulic Research Statiothe Agricultural Research CorporatigARChesides
other affiliated research units (livestock, forestry, fisherias)l theUniversity of Geziral'he Council isurrently
not operating

TheNWRC is composed of seni@vgrnment decision makers who are futlgnsumed withtheir own
specificmandates due to their seniorityna are thus not always free to attend lengthZouncil
meetings. Moreover, the institutional and financial capacity of the supporting staff and &sgeste
weak andare not commensurate witthe expected objectives of the Council.

The Agricultural Revival Corporatiovas established to implement th&reen MobilizationProgram of 2008
(GMB. The Agricultural RevivaProgram(ARRP ExecutiveProgram wasexecuted by an independent entity
separated from the Ministryof Agriculture which resulted in overlapping agensldahe ARP currently faces
financial problems.
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The Agriculture Season Committees

The Nexusapproach is to increase fogaroduction efficiency and minimize theosts of irrigation and energy
supplies. The case of inefficiency thre use of resourcess reflected by the fact that there artbo many
committees involving the most senior entitiestae cabinet level. An example is that of the agricudtseason
committees given below:

The Higher Committee for the Agriculture Season under the Cabinet presjdency
The Followup Committee ofAgriculturallnputs under the president of thEconomic Committee
The Ministerial Committee for th@gricultural Season under the Minister oAgriculture, whichsets
the plan in ceordination with all states and schem#sat is thenraised to the senior committees for
approval
The committee for supping thefinancial, input and fualequirements of the agricultural season,
Followup States committees
The Ministry of Agriculture Followp Mechanism which hasspecialized arrangements fdhe
allocation and distributiorof fuel, inputs,and credit,

o0 The Irrigation and the Rainfed Units in the Ministry of Agriculture are responsible for coordination and
follow up and monitoring the progress of the flow of the finance, agricultural inputs and fuel.

0 The Units have two standing representatives in the Migisf Oil, Gas and Minerals who follow up
the flow of fuel to the different states. They have direct contact wsititerepresentatives for feedback
on the situation of the fuel flow into the respective states.

The administration and managagement in WEF Nexus sectors of Sad@ghly complex. They have
overlapping mandates and responsibilities and fu&ifined limits d authority. Conflictdbetweenfederal
and state ministries in implementing WEF programs and projects at state and localdevesmmon
Communities targeted with interventions seldom participatepialicy formulation process Weak
budgets constrain aumber of pipeline programs and projects for local communities.

A summary of the assessment of the performance of key WEF $estitutions are shown in the followingable
3.
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Table3: Assessment of the performance of key WEF Senstitutions

Institution Function undefperforming Causes of undeperformance

Source: AQWFAO(2015.
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4 WEFSTRATEGIESLANSPOLICIES ANDAWS
4.1 SudanWEFRelated Strategies

The 25Year Development Strategy (20Q@31)is the current development strategy providing the vision and
strategicobjectives for the economy. The Strategy is translated into successiw &w®evelopmentPlans

subject to annual and periodical revision and refoftheStrategy and associated development plans are aligned

with the MDGs 2002015 and the SDGs 202830. In 2018 the Strategy was updateditalicate that agriculture

(including both crop and animal production) and water resources and the energy sectors are considered critical
nationalengines ér development.In order to augmenthe water, energy and agbidzt G dzNJ f aSOG2NEQ N
be necessary tamplementa comprehensivéexusstrategy that takes into account the links and coordination

among their relatedactivities.

The maingoal of the strategy is taealize a 7%ncrease in the grossational product andan increasein the
contribution of private-sector investment by more than 6%.In both areas, limited achievements have been
made up to nowlnthe area of the WERexus keystrategic and policy objectivesclude

A Develop water resarces and irrigation facilities:

o Develop available water resources; increase water reservoirs and rivers and ravines storage
capacity; exploit artesian water fisheries; expand water catchment methods and provide
drinking water for societies and livestock;

0 Rehabilitate irrigation services to upgrade the efficiency of wataggasntroduce appropriate
technologies to optimizeisageand disseminate water awareness;

o0 Proted dams and irrigation canals against siltengd water hyacinth and regulate water wes
to prevent quantitative and qualitative deterioration.

A Developthe energy sector:

o Provide the country witha sustainable supply of electricity by expanding generation and
distribution capacities, and dealing with the grid losses,

o Enhane administrative and commercial aspects opening the markets for electricity utilities,
generation, distribution and sales to pate investment,

0 Increase electricity generation capacity to me®tionwide production and consumption
requirements

0 Expand the national electricity network; rehabilitate the hydroelectric generating stations and
strengthen their operational capacity,

o0 Improve economic cooperatioramongthe Eastern Nile Basin countries (Egyptidanand
Ethiopia)as part of theelectrical connection project,

0 Generate electrical energy through renewable energy resources such as solar energy, wind,
hydropower and artesiaheat,

0 Extend petroleum distribution networks to meet the requirement of production and
consumption sectors all over the country.

A Increase food and cash crop area and production

o Double the irrigated cultivated area by gravitgpate irrigation and groudwater extraction

to reach 10 million feddans.
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Double rainfed cultivated area to reach 50 million feddafs.

Incresae competitiveness through vertical integration

Expand water harvesting programs in rainfed area

Promote publieprivate sectorcooperation in agriculture,

Increasethe number ofelectric pumps in irrigation schemes to reduce overall gosts

O O O o O o

Improve fishey resources to meet domestic and international market demand

The development goal of Sudan in the context of the UN Sudikriaevelopment Goals (SDGSs) is tha
Sudan will realize these Goals together with the commitment to the 2015 Paris Agreement on clir
change.

The Suda25-Year Development Strategy for 20@0D31 is very ambitious and forms the backdrop for al
governmert-issued strategies and planBhe strategy encompasses three dimensicgsonomic, social
and environmental. Each WEF sector dimension is well defined with specified challenges and policie
economic indicators.

4.2 \WEFrelated Policies

The Ministry of Vdter Resources, Electricity and Irrigation (MWREI) issued the following policies:

0 Water Resources Policy (2008jmsto strike a balance between satisfying irrigation sypmeds and
hydropowergeneration to meet the demand of housing aimdustry for energy; it also aigto develop
and increase water supply and distribution in rainfed areas

0 SudanPolicy and Strategy on Integrated Water Resources Management (ZIP2)recognized water
as a scarcevulnerable resource andentified the need to distribute equitable water supplies to
different states and userswithin the country. Its ongoing objective is toreate awareness about
expected future water scarcity araboutthe importance ofreating water as an economic good.

0 The Nationd Plan for Development and Utilization of Water Resources (204#hed to enhance
rainfall and surface water utilization and management. It was able to increase water supplies in rural
areasbut lacked coordination withother line ministriesat the federaland state levels

The Ministry of Agriculture and Forests formulated the Agricultural Revival Progran), (4f&h proposed
policies that link WEF to agriculture through

Generation of more hydropower and solar eneggyan alternativéo use of diesel pmps in agriculture
Scale up of water harvesting projects for small producers uttdetraditional rainfall system.
Rehabilitation offorests, rangkands, and pasturego reducethe effects of severe deforestation and
overgrazing.

o0 Reformthe privatesecor mechanized farming system usiagpropriate technology to optimize the use
of diesel energy for land preparation and harvesting purposes

4 One feddans equals 0.4%ctares
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A summary othe performance ofgovernmentinstitutions with respect to policy objectivesid an assessment
of the reasondor failing to achieve certain objectivésprovided irTable4.

Table4: Assessment of the performance of R&\EFsector policies

Unachieved objectives Reasons for norachievement

Sudan Policy and i Establishment of a financing 91 Multi-users of water resources and
Strategy on mechanism for funding of water overlapping responsibiliis

Integrated Water resources managemeifainctions 1 Lack of economic incentive

Resources i Promote participation and engagemer { Limited privatesector investment in water
Management of the private sector and other sector

TF: 20072022 stakeholders in service delivery 1 Decreased efficiency and competitiveness

Enhance creation of additional raiand
surfacewater reservoirs

the sector

The responsible Dam Unit for water
harvesting andhafirslacks financial capacity
Poor coordinationbetween Dam Unit and
relevantinstitutions

The policydoes notaddress modern
technologies in irrigation

Improveuse and management @xisting 1 Existence of irrigated schemes with poor
and plannedvater-resources storage management and financial capacity

1 Conflick of interestamongstakeholders

1 Weak coordination deprives vested interes

of certain parties in margement boards

Evaluate and enhance transfer of improve q Deterioration of irrigation infrastructures at
water-users associations system to other scheme level
irrigation schemes 1 Financial requirement for maintenance is
beyond financial capacity of the farmers
1 Slow performance of institutions
Generate incentives to promote private Lack of government commitment; promotes

sector investmentn manufacturingof
water pumps, drilling equipment, water
pipes and tanks and supplies of spare pa

industry of irrigation water equipment whict
encourage use of technologies that enhanc
the efficiency of irrigation water

1 Relative resistance to risk of competition of
imported equipment and machinery
The National Plan for Aimed to enhance rainfall and surface i It was able to increase water supgsiin rural
Development and water utilization and management areas but lacked coordination with other lin
Utilization of Water ministries at federal and state levels
Resources (2014)
Ministry of Maintenance of basic irrigation 1 Lack of government commitment to provide

Agriculture and
Irrigation Plarg
Irrigation Sector 2015
¢ 2019

infrastructure;introduction of appropriate
technology and control methods for
meeting increased demand for irrigation
water and reduction of water losses

financial resources

Encourge 1 The country lost 70% of oil prodieh  § New concession in areas of Suditnistry
exploration of capacitydueto the separation of South of Oil and Gas estimates Sudan reserve to
petroleum resources Sudan round 514300 billion barrels

Import diesel fuel 9 Oil drilling polluting soiwater and 1 Allocate adequate foreign currency for

Provide agriculture
with diesel fuel
supplyas top priority
Removal of price
subsidy

vegetation
1 Widespreadeakageof treated water
into forest, pasturesandwater
reservoirs
Release of ibvapor intoenvironment
Irregular supply and insufficient
storage of petroleum energy for
agriculture

= =

SourceAgWAFAQ(2015), pp. 58
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4.3 WERRelated Laws

The main lawselated towater resourcesadministration and management and their assessmanSudan are
describedn the Tableb.

Table5: Laws on water resources management and their assessmeBuhan

Specifidargets not achieved Aspects and resistance to change

Irrigation and Drainage Act (199@ms to regulate the use of irrigation water and drainage facitijgesmits

construction of feeder roads inside irrigation schemes

Regulate use of irrigation water and drainage facilities ~ Water use sources are not fileed. The Act does not
target the vulnerable and poor people. There is resistan
to change as the Act is relatively old

Water Resources Act (199%kstablishedby the National Council of Water Resources (NCWR)lwihd functionsand

authorities to regilate and monitor the utilization of water resources from different sources (Nile;Mite) water

courses and ground water) for various reasons (irrigation, drinking water, industry, hydro power and sanitation)

Improve efficiency and effectiveness of wat Non-operating national council favater as well adack of
management improved coordination between actors in  coordination and overlapping of responsibilities betweel
the water sector different actors

Gezira Scheme Law of 20@8ms at increasing the involvement of tenants in the management of irrigation water at

field level, increasing crop productivity and improvingiseeconomic welfare

Promote decentralization, privatization and more farmel Farmers unable to effectively engageniorlevel

participation in the management of the Schemenhance management of large schenaglministratiors; water

field water management and utilization dza Sasgbdiationgack technical capacityesistance to
change due to weak enforcement of the Act to formulat
regulations that organize the relation between water
dza Sa¥godiations and beneficiaries

The Environment (Protectigrict, 2001:Creates an enabling environmeifatr institutional capacityand formulates
policiesprotectingnatural resourcesincluding water resources

Create an enabling environmefar institutional capacity  The established Higher Council Emvironment and
Natural Resources lacks the administrative power to
enforce functions and mandateso enforcement of
protection laws and penalties

Local government lawf 1998 is concerned with establishment of locality councils that issue water légistatated to
non-transboundary waters under its geographical authority

Regulate transtate water resources Localitycouncilswere not established or not functional
resistance from federal government to state developme
of inter-state waterresources

Source: Ministry of Water Resources, Electricity and Irrigationfeghd/ AFAO 2015

4.4 SudanNationally Determined ContributiongNDCS)

TheNational Adaptation Plan (NAP, 2014) illustistieat the frequency of extreme climatic shocks is increasing,
particularly drough$ and floods. Frequent drougbthreatens about 19 million hectares of rainfed mechanized

and traditional farms, as well as the livelihoods of many pastoral and nomadicgrogre than 70% dahe
populationin Sudandepends on this sectdor their livelihood Floods in Sudan cagither be localized caused

by exceptionally heavy rainfablr more widespread, caused by the overflow of the River Nile and its tributaries
(NAPA2007). Norclimatic factors that contribute to the vulnerability of communities in different parts of Sudan
include unsustainable management of natural resources and socioeconomic factors such as poverty, lack of
income diversity, unequal distribution ofncome, urbanization, population growth, lack of adequate
infrastructure and lack of international support and investmenisble 6 showsthe commitment of the
Government of Sudan with respeict the WERNexus
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Table6: Energy programs of action and their objectives

Program of Action] Description Objectives of Actions

Source: Ministry of Water Resources, Electricity and Irrigation SEDC (2017)
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5 CRGSBOUNDARYEXUSSSUES

Sudanshares common surface and underground water resources with neighboring countries. These include the
sharing of surface rivers along the eastern front with Egyptrdar and Ethiopia as well as sharing of the
groundwater resources on theorthwesternfront with Egypt, Libya and Chad. Sudan has signed agreements
with Egypt and Ethiopia on the GERDa member ofthe NileBasin Initiative but in a holding patternandhas
preliminaryagreemens in placewith Chad Libyaand Egypbn the Nubian Sandstonegéifer.

Water Agreements

While transhoundary cooperatiorexists, the lack o& consistentlegal framework is a major drawback. Trans
boundary issues are mainly covered by consultation in working grtaupsoid submission of contradicting
national reports The presentrosscountry WEFNexuscooperationamongSudan, Egypt and Ethiopia on the
River Blue Nile has been crystallized through exhaustive rounds of negotiations and debate. The three countries
signed the Declaration of Principles (DOP) on @neat Ethiopian Renaissance Dam (GERD) in 2015 to signal
closer cooperatiopforming a solid base for sharing the ceand benefitsthat may accrue from thelam. The
Declaration also aims to enhance legndardgor institutional cooperation and even integtion through win

win joint projects. Theguiding principles of the initiativare Cooperation, Development, Regional Integration
and Sustainability; Equitable and Reasonable Utilization; Cooperation in the first filling and operation of the Dam;
Confidene Building; Exchange of Information and Data; Dam Safety; Sovereignty and Territorial Integrity; and
Peaceful Settlement of Disputes.

The steps towards reaching economic cooperation among the Nile Basin Initiative (NBI) countries, however, were
not progresive. Tht initiative was signed in February 19991ige countries (before the split of Sudan into the
Republic of Sudan and the South Sudan in 2011). The NBI was a transitional institution replaced by the
Cooperative Framework Agreement (CFA) in 201®mesedl by six countriemamely Ethiopia, Kenya, Uganda,
Rwandathe United Republic of Tanzania and Burundi in 2011. Egypt and Sudan opposed the CFA agreement as
it gives deciding power over largeale hydraulic projects to a commissi@presenting all the signatories. The

CFA was put on hold due to the Egyptian and Sudanese stand.

Sudan shares other water resourceg;luding theGash and Baraka streams with Ethiopia arittéz, Azumand
Hawar with Chagdand sharesseven transboundaraquiferswith neighboring countriegincluding the Nubian
SandstoneAquifer system, Lake Kundi and Lake Keilak). These water res@uecest covered by any legar
institutional setup.

Cooperation allows for:

9 Better management dioods,droughtsand groundwaterandbetter protection of watersheds and wetlands.

1 Promotion of regional networking, monitoring, and implementation mechanisms among countries sharing
common aquifersManagementof the Nubian Sandstone Aquifer must gevernedby legal agreements to
regulatethe pumping of such resources. Sudan lacks the capacity to monitor regular groundwater withdrawal
by Libya and Egypt from thegjuiferon its own

1 The GERD agreement alloeauntries to sharg¢he benefits of regular water suply, multipurposestorageq
including for irrigation, hydropower generation, navigation, flood and drought mitigatignand
environmentaly sustainable management.
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Strengthening the communication and outreach of WHEEXus requires the consideration of political
relationships within and among countries. Recognizing socioecordevielopment goals and poverty
alleviation interests israentry point for maintaining synergy and close linkages inside and among countries
implementingthe WEFNexusapproach. Emphasizing the importance of creating strong linkages between
poverty alleviation and achievement of foeecurity objectives will pndde a major driving force for improving
livelihoods and environmental sustainability of natural resources. This has to be done within a mechanism that
creates close intelinkages for activating the green economy and controlling land degradation, reducing
vulnerability to climate change. Therefore, itrigportantto developthe communicaton capacities of WEEector
staffand to recognize and suppdtie role of media in raising awareness about such shared needs and benefits
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6 OVERALL ASSESSMENDRECOMMENDATIONS

6.1 The Challengesf the WEF Seors
Geopoliticalchallenges

The mairchallenges facingater, energy and food security in Sudamerelated toinadequade institutional setup
and governance Another important challenge ishe dependence of Sudan on water resources originating
outside the country and on variable rainfdlikewise, polongedcivil conflicts, recurrent droughts and poverty
and associatedural-urban migration havecreated new economic challenges while exacerbating existing.ones
Thesepresenta seriousobstacleto policy makers and planneseekingto manage WEFelated resources for
sustainable development.All of these presenseriousobstaclesto policy makers and plannerseekingto
manage WEBNdrelated resources for sustainable development.

WEFsector challenges

Themost pressing problerfacing Sudan now the needto meet the growing demand for water, energy and
food while contending withthe expected impact of climate change and climate variabilitifich isalready
manifestingitselfin many parts of the countryThe recurrent droughts and floods and skift rainfall patterns
inevitably affect food, water and energy production and consumptidrine implementatiorof climatechange
adaptationprojects andhe developmenf reslience programs havgarnered hugeupportfrom international
organizations, mainlthe UNDP, AfricaibevelopmentBank(AfDB)and theGlobalErvironmentFacility(GEFin
marginal lands

2 KAES {dzZRIyQa ¢ G4SNI L2 A OaNedugoRcegt, impleniedtaién islstii@imioarya S R
F'yR (KS waterdegtdr M@n&y@ment challenges dee-reaching and cmplex For instance, Sudan must
address theaging and fragmentation of watananagement institutionswhilefacingthe challenge of providing
adequate supplies of fossil and renewable enengiiile also saving on the heavy consumption of biomass
energy.The imporing of diesel fuel to meet the demand for thermal energy generation, food production and
food transportaton is constrained by the tradeoff of allocating scarce foreign currdnde purchase obther
essential importsincluding wheat, drugs and medicineposing a challenge to the efficient, cesffective use

and management of fossiuel resources. Morever, theelimination of fuel subsidiesm 2013 and the irregular
suppl of diesel fuelhasincreased the cost of crop production and contributed significantly to delays in land
preparation andcrop harvestingacross the country.

Pursuingood security vithout due consideratiomf land useand watersheglanninghas resulted in widespread
land degradation and low crop productivity and production. The mismanagement of irrigattbrainfallwater
resources, thesevere deforestatiorand overgrazing ofrangelands and pastures and the conflict between
farmers and pastoralistare all outcomes of fragmented WEF planning and implementation programs and
policies Povertyloomsover 50%of the populationandis evenhigher in rural areas. About 13 milligeopleare

food insecure and 30%f the population especially in the Red Sea State, suffer frehronic hunger.
Undernutritionis high and particularlyvidespread amonghildrenand mothers

Achieving the security of one of the WEF sectors at the es@eai the other two without considering the
comparativeeconomic advantag@and the environmental repercussions on socidty generaland on local
communities in particular, would endanger the sustainable developmehtaihoodsand the performance of
the national economy as a whole.

Economicchallenges

Macroeconomic instability has a large impact on Wé&&ted programsThe scarity of foreign currencylimits
the imports ofcapital goodsand intermediate material and inputgincluding spare parts and diedelelcwhich
hassignificantlyaffectedinvestments and operations WEF sectotsThe high costof imported fuel andvater,
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energy and agriculturaéquipment maintenance reduce the competitiveness pfdzR | fgo &rops in he
domestic and foreign market&urthermore, 8dan does not adopt or promote economic tools that enhance
water use efficiency (WUE).

In summary, he poor WEFsector value chains, low crop productivity and weak competitive capaciy
consequences afoonomic mismanagement othe WEF resource$\ myopic pursuit oflie benefitsthat come
with financingone sector or activity withoutonsideration fothe opportunity costof ignoring the other sectar
leads toawkward allocation of economic resource§heseWEF planning and implementation approaches
inevitably necessitated tradeoffs for policymakers (ibetween allocating financial resourcteslargeor small
water damsor betweenexparding crop landor conservingandfor livestock grazing The utimate resuls are
recurring conflicts between crop producers and pastoralists over land and water.

Research, technologgnd Innovationchallenges

The successive strategic plans and policies tewaysranked WEF research development and eology
transfer as low prioritiesWater, energy and food scargiand competitiorhave motivated the development of
technologicalsolutions Theintroduction of appropriate technologies including renewable energy, zero tillage
and conservative agriculturand modern irrigation toolsi(e., bubble, dip and sprinkler irrigation) are driving
forces that integrate optimum management of thexufthree components with technologylndeed,
technological and innovative solutions within the WNEExus where twq or all three, components of theNexus

are integrated amputs would enhance resource efficiency and expandabeilable natural resource bagtus
bolsteringthe sustainability and security of the three resources. Under ¢heent constraining condibins n
Sudan such technological aridnovative solutions magrove critical tathe adoption of theWERNexusapproach

by various stakeholders.

Institutional challenges

Keyfacets ofinstitutional challenges aresummarizedin the following:
i. Improvinginstitutional coordination andbuilding WEFsectornetworks

I There is unanimous consensus among senior decis@kers that existing senior inteninisterial
councils and committees plag minimal role in integrating WE$ectorbased programs ah
policies.

I Theactual process of planning and policy design is undertaken by the technical staff in the different
WEF sectors based on general guidelines issued by the senior councils and committees.

I The preparation of plans and policies at the segtonister levelgenerally lacksoordination and
synergy.

i. Duplicated and/or overlappingrganizational structures and mandates of the WEF sectors at the
federal and state levels

1 Resolving the lack @bordination and consultatioamongfederal state and community partners,
especially women, is criticad formulatingand implementing viable WEF policies, strategies and
plans.

I Thusthe absence of an institutional platform foine integrated formulaton and management of
WEF Nexus policies and plans resulted in sectoased and fragmented plans, polices and
implementation of WEF activities in Sudan.

iii. Tardy establishmenbf trans-boundarycooperationand legal framework for managing shared
groundwater resources

I Sudan idate in establishingtransboundary cooperation ana legal framework forassessing
planning andnanagingshared groundwater aquifers with Chad, Libya and Egypt.

1 Libya and Egypt have already started tapping the shared groundwater resourc

57



1 The establishment of basin/aquifer authoritiemmain in early stagesnd transboundary issues are
mainly covered by consultation in working groupsavoid submission of contradicting national
reports.

iv. Poorinstitutional capacity of WEBectorsfor planning, policy formulation and monitoring activities

1 Despitepoliciesbeing embeddedn several plans (the 28ear Development Strategy (26Q331),
NAP, NAPANBSAPFiveYear Development Reform Prograynand despiterespmsibilitiesbeing
divided (formulation of WEF policies faderalministries and implementation bstates and locality
government$ WEF activitiesre not effective economic tools that enhance water use efficiency
are not promoted and théenefits of finacing dams were not compared to the benefits foregone
by clearing trees including acacia trees producing gum Ar@lsed in building the damsThe
ultimate resultarerecurring conflicts between crop producers and pastoralists over land and water.

v. Limited use otknowledge,databasebuilding andinformation technologymanagement

1 The existing level of data quality and data sharing both in country and atlb@unsdary levels does
not support the formulation of quality policies and plans and will guide proper decision making
on WEFrelated issues.

1 There s little data on groundwater resources and aquifers, on ersggtor suppt and demand in
the rural areasor onfood-production capacityespeciallyamongsmall household under rainfed
productionsystems.

The WEF challenges are embedded in the poor coordinatioeaikdfsynergyamongWEF sectorg both
amongfederal line ministries andmongthe federal and state ministries and local communiti€eeweak
institutional capacity for planing and policy formulation and inadequatiata quality and availabilitgo
not supportshort and longterm planning

Humanneeds, SDG@hallenges

The provision of basic Iman needs, mainly food and wates,a crucial component gfoverty alleviation pans

in Sudanlt is closely alignedith the MDGs and SDGs of the United Nations and its respective institutions. The
SDGs laid down speciiecuritytargets for the three WEF sectors. These are SDG2 on food se@DiB6 on
water and sandétion and SDG7 on energy. These goals have to be approached as a padkégmalize the
WEFNexusintegratedapproach

Transboundary challenges

With more than 60% of surface water resources originating outside Suealizingbenefitsfrom sharedwater
basins remains a major challendde high priority given to traAsoundary cooperation with Ethiopia and Egypt
on the River Blue Nile is castedby the need foreconomic tranboundary cooperation with Libya, Egyqoid
Chadon the Nubian Sandstorexjuifer.

Despite the existence o$everal basinmanagement arrangements, the limited scale of planning tfoe
sustainablemanagement of the NubiaBandstoneAquifer preventsSudanfrom benefiting proportionatelyto
its share in thismportant groundwaer resource.Data sharing is limited at traAsoundary levelsand data
reliability is questionable.The challenge is tandertakethe preparatorymeasures required for equipping the
negotiating staff withadequatedata on the volume and depth dfiese shaed groundwaterresourcesSuch an
undertakingrequiresknowledgeand understanding of international cooperation laws and diplomaoyas to
ensure the preservation dhe rights of Sudato this common water resource.

Communication and outreachhallenges
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There are hardly any communication and outreach activities between Mé&Esstaff and local communities.
The poor communicatin capaciy of WEFsector staff and the weagresenceof mediahaskept awareness of
communitieslow. Changing the pdical and socioeconomicperspectives andopinions of staff and local
communities is restricted in scale andverage There are no linkages between Wé&&etor activities and related
poverty alleviation strategies, foeskecurity objectives, livelihoods anehvironmental sustainability in the
different parts of the country.

6.2 Recommendations
6.2.1 Opportunities for improvinghe WERNexus

Together, vater, energy and food form a complex and intertwingelxus eachcomponentaffectsthe others.

The increasinglemand for the three commodities will affect supsdliain security across all sectors. By
developing integrated WEMexus policies and solutions, these challenges can be converted into
opportunities. Minimizing losses in the production, supply, atilization of water, energy and footh Sudan

can contribute significantly to bridging the demand gap, save substantial amounts of resources used in their
production, reduce environmental degradation, and achieve the targets of the SDGs and Paris Climate
Summit.

Decision makers have to be aware of the followifige e&eonomic valuation of the contribution of each of
the three sectors has to be weighedthin the WERNexusframework. Improving efficiency and productivity
is more costeffective than increasing supp capacity. Improving irrigation efficiency and reducing post
harvest losses would result in saving of water and energy resources uteglgroduction and distribution
of agricultural and food commoditiegichieving developmensustainabilitydependson the provision of
regular adequate resource inputs along the different stages of the supply chain.

Energy is a critical input in the production of food and water along different stages of thé&N@xaBsupply
chain. Any negative impacts of the high depende on unsustainable energy sourdces., volatile price$
will spill over tothe environment. Renewable energy technologies present clean eriergymanner that
reducedradeoffs andstrengthenssynergies between sectarthus improving overall wateenergy and food
security Moreover, ¢ean energy and resilient ecosystemepresentnatural solutions that are compatible
with the broader green economy objectivésd out inthe SDGs and th2015 Parisdimate Summit The
Nexusapproach supports the tragition of the existing system into a sustainable pnegotiating for fair
tradeoffs and generating additional benefits that balance with the transaction costs associatedthéth
immediate integration of the WEF sectors and cross sectors.

The WERMexusenables systematic thinking and organizational building among the three setmmchige

water, energy and footllexussecuritygoals, there i need forthe development of @oordinated harmonized
Nexusknowledge basand sustainability indicats and metrics beyond GDP that cover all relevant spatial and

temporal scales and planning horizons. The resource limitatioeach ofthe three sectorqiecessitatea shift

towards a lowcarbon economy, resource use efficiency, demand management and mstinable

consumption patterns. Finally, there is an urgent need foicdepling energy use and economic growth by
transitioning to ad NS & BENRADOA Sy ¢ SO2y2Ye gKSNBE a20AS0ASa @I f df
participate in thedecisionmakingprocesses, and manage natural resources wisely and efficiently.
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6.2.2 IntegratingWERNexuswithin existing institutions

The proposed recommendations capitalize upon the existing WEF committees to provide an enabling platform
for integrating the WEBector and crossector resources into a solid network framework.

Reorganizing Existingpstitutional Structure

9 Capitalize upon the existing WEF committees to provide an enabling platform for integrating the WEF
sector and crossector resources into a solid network frameworkThis requires building the
institutional capacity of the staff of the different WisSEctor ministries and authoritiesupporting them
with proper database and databank development and an efficient infoienahanagement system.

1 Move from a situation wherecertain ministries dominat decisiormakingwhile reorganizing existing
institutions and mechanisms fenhancedsynergy among the three sectors.

The administration andmanagement of \&ter, energy and fod is sectotbased and led by the three main
ministries related to the WEBometimes certaitine ministries dominate the decisiemaking pocess, steering
attention towards the development of theirespectiveinterests. However, this does not conform thet
objectives of the integrated WHW¥exusapproach.There is thus a need to reorganized srengthen existing
institutions and mechanismdor integration anddevelopment of synergies faustainable development.

Mainstreaming WERexuswithin the existing institutional structuresiust include

1 Increasngpolicy coherence by ensuring that synergies and tradeoffs among water, food ¢
energy are identified in the design and implementation of policies, plans and investment:

1  Abandoringsiloed thinking and vested interests

I Creatng awareness about the concept of WEEXus at higher poliegnaking levels and at
lower technical staff levels

1  Specifyngclear mandats and responsibilities of technical committees.

6.2.3 Institutional CapacityBuilding Requirements foMainstreaming the WERexusin
Sudan

Srengtheningthe institutional capacities of WE$ectorministries, agencieand stakeholders for planning and
policy formulation and project implementation and monitoring is highlgcommended (personal
communication,Dr. Korena,Dr. Egaimi andProf. Seitldeer?). Capacity building is cruciab solid planning and
policy formulaton andto ensure the integration and mainstreaming of the Wxusapproach into existing
national strategies, policies and programs. Toenprehensivenonitoring and evaluation (M&E) systems for
follow-up and evaluation of WH¥exusactivities and perfomance aregequiredto enhance the continued reform
and adjustment of the WEF activities towards achieving their targeted objectives. The existingchisties,
whichfocus on the River Nile system and tributarieave to expand to accommodate the othevater resources
in the country. The seasonatreams, groundwater and rainfaktsourcesneed monitoing andreassessient so

5 Section 9 includes a list of people interviewed for the study.
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that further reform and improvemersg can be madeThe upgradingof weather monitoring stations to
international standards islso a prerequisiteas recommended byhe Ministry ofWater ResourcesHectricity
and Irrigation.

Institutional Capacity Development

9 Strengthening institutional capacities of W&&ctor ministriesagencies and stakeholders for planning
and policy formulation and project implementation

I Thisis crucialto solid planning and policy formulatiomnd to ensuing the integration and
mainstreaming of the WHRexusapproachinto existing national strategg policies and programs.

1 ImplementingM&E systems for follovap and evaluation of WHRexusactivities and performance to
enhance the continued reform and adjustment of the WEF activities towards achieving their targeted
objectives.

Monitoring and Evalu#on shall identify relevant indicators for assessing the performance of-SeEter
programs andactivities.Table7 showsan example of SDG targets and indicators relate WERNexus

Table7: SDG targets and related WHEctorindicators

HIEsEsER ) Sl WEFNexusrelated SDG indicators
targets

Increasing Resource use Water supply and demand and water loss

efficiency Energy supply and demand by source and energy gap
Food production and consumption and food gap
Allocation of land use among WEF sectors

Food insecurity level

Malnutrition level

O O OO0 OoOo

Improving human secusjt

o

Percentage of peopleith access to safe drinkgnwater services

o Percentage of peopl&ith access to energy sourcésectricity, biomass, fuel)
o Percentage share of water allocation and use by WEF sectors related to
ecosystems of Sudan

o

Reducing pressure on the Percentage of forest areaut of total land area
environment o Percentage of degraded land out of total land area

Source: United Nations (2015)

It is essential to bild the technical capacities of WHEfexusnetworks and forums antb upgradethe integrated
policy-formulation capacities of institutions affiliated with WEExussectors. It is pertinent to enhance the
adoption of water use efficiency (WUE) tools and to promote the use of effigieaostinglevicesandsystems.

The different stakeholders are requestéo engage in the planning for sustainable aquifer management at a
wider scale ando expand the coverage of the federal and state disaster risk management (DRM) authorities to
other partsof the country.

It is important to develop networks that osolicate communication and owtach methods and tools for
integrating the WEmMexussectors. Develop vertical and horizontal networks and introduce integrated work
programs among different departments within the same ministry and iwithe state ministries andocality
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offices. Invest in human capital to strengthen {lanning and policyormulation capacityof staff, andrural and
farming communitiestikewise,farmers can be trained in business and vocational disciplines.

Provide training in planning and poy} formulation and introduce new technology aidin data collection and
analysis of rainfall, river flows, and supplies of wdtgragriculture Establish databanks and software memory

of seminars, workshops, studiesnd other endeavorsand provide veoational training and design of
infrastructure for farmers and skillehbor. Farmerg ¢ G SNJ dzAa SNAE Q | AbbRrOmiubt bel 2 v &
trained in themanagement, operations and maintenance of water canals, pumps, sprinkler irrigation and water
harvesting technologies

Undertake jointresearchand studies on common water resource developmeméthodologiesand legal rights
allocationsand strengthen applied researchtime area of water harvesting.

Srengthen capacity building of timan resourcedy reviewingexisting staffing of departments aridentifying
opportunitiesto improved G I T ¥ YrnageSaNdadlhematic expertigéth respect to theNexusapproach.

This would involveconductinga combination of capacitpeeds assessmestand a capacitydevelopment
program forthe personnelacross the different sector§hecapacitybuilding slould includeregular training of

staff on available courses offered by multilateral and bilateral development partners. The development program
may includeonline trainingand webinarsor hosting interns, graduatestudents or PhD candidates to allow for
exposure tdresh ideas and additional humaesource capacitbuilding Several Arab centers are available and
can supporidevelopmentin this respectArabCenter for the Studies of Arid Zones and Dry Lands (ACSAD), the
Regional Center for Renewable Energy and Energy Efficiency (RCREEE) and the Arab Water Coumbi¢¢&WC)
organizationgroved to beinstrumental in the conceptual development of the WIE&xusin the Arab region
providingconcrete formulation and implementatioprograms fortechnicalpeople. The prograsialso require

the promotion and involvementf crosssector research ohexustopicsrelated tocurrent WEHRnNstitutionsand
workingprograms These programganhelpbuild on the existing sectoral strategies for water, renewable energy
andsustainabldood consumption and production.

There is a need to mobilize new financial resources and provide tiamelyadequate budget allocations to
facilitate regular WEF operationghile supporting sectoral agencies in achievihgir mandates and services.
The mobilization of funsland additiond budgetswill allow for the establisibment of more waterharvesting
projects to cope with growing demands for supplementarigationin rainfed areasSimilarly, its important to
establish water-harvestingcommunities to expandiup-scalingof the systemn large areas under rainfed
conditions.

There is also a need to enhance the establishment of prisatdor agricultural water and energy suppbrvices
andto provide training opportunities for private companies and farmers cooperatives in this area.
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WEF capacity building requires:

Enhancing capacity of staff in the respective technical committees.
Strengthening institutional capacity within the three sectors for better integration and joi
planning, giving more careful consideration to teamulative and interrelated impacts of
policies and regulatory regimes.

0 Taking into account political and market forces in the form of subsidies, profit seeking and s
agendas.

Capacity development needs and opportunities related to Nemamstreaming include:

9 Strengthening the technical capacities on integrated approaches in the management and
governance of WEF resources.

1 Strengthening the technical capacities for designing and implementing coherent policies ac
sectors that promote &exus approach.

9 Training of federal and statievel experts.

6.2.4 Knowledge, Database and databank Development Requirements for Mainstreaming
the WERNexusin Sudan

The study identified the following knowledge, database and databdekelopment requirements for
mainstreaming the WEF Nexus in Sudan:

o0 Strengthen the institutional capacity for data and statistics surveys in the different WEF sectors. The
existing level of data quality and data sharing has toréagewedin order to propos appropriate
methods for data collection, storing and retrieving for-depth analysis and for future projection. Due
considerationof groundwater resources needed in order to tap the potential water resources in the
Nubian Sandstonaquifers Strengthendatabaseof supply and demandneasurementsfor energy
especially renewable energy (sotardwind), in remote areas inaccessitidg the national grid. Detailed
data on rainfall quantity and distribution reeededin the rainfedsector, whichsustainsalmost 90% of
Sudaf agriculture.Most crops are lost due to droughts, floods and dry spells during the short rainy
season. Localitgpecific data on rainfalincludingvolume distribution and riskscan support existing
disastermitigation andrisk-management efforts. The data for areas with sustainable groundwater
resourceswill supportpermanentcrop production, includinghe production otfhigh-value crops such as
vegetables and fruits, all yeasund.

0 Existingknowledge anddatabasa cannotsupportthe formulation ofshort- and longterm plans and
policiesfor WEF programs and activitied the federal and state levels in Sudan. Datalssring
records othe supply and demand favater fromseasonal streams, rainfall resouraesd groundwater
are needed.

o Provide adequatdundingto the waterenergy and fooeproduction and distribution sectors, and for
education, training and research. Thisnisededto enable areview of the curricula at school and
university levelsto ensureconcepts associated witWERNexusresources managemerire included
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0 Undertake joinresearchandstudies on common water resource developmemgthodologiesand legal
rights allocationsand strengthen applied research in areas of water harvesting.

0 Another area that requires urgent attention and has WEF implications is the activation of the non
functional flood early warning system and the need to strengthen data reliability apdotoote data

sharing withinand between countries.
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7 PROPOSENEXUSROJEGT

The proposedNexusprojects are based amrronsultations with experts at the Policy Dialogue &lekusTraining
workshopthat occurredat the end of October anioh early Novembenf 2018 discussions with staff from federal

and state ministriesan assessment of invitation tenders presented foe fhreparation of assessment studies

and feasibility projects by the Ministry of Water Resources, Electricity and Irrigation (MWREI) and the Ministry

of Agriculture and Forests (MOAF) and concerned State Ministmesfinally,2 y G KS O2yadatil yiaQ
of Nexuschallenges and opportunities. The proposals were verified and assessed during the Khartoum
Validation workshop with experts on February 19.

The following criteria were considered in the identification of projects and activities:

1) Projects witha NexusAngle (i.e.related to water, energy and food resources and/or segiirit

2) Expressed need by stakeholders consulted in the policy dialogue, training and validation workshops as
well as in the Key Informant Interviews

3) Projects that help address thek constraints identified as part of this analysis

4) Projects and activities that form part or directly relate to the strategies and plans of the key ministries
concerned

5) Projects and activities that go beyond studies and are focused on interventions gncined

6) Projects and activities that can be implemented within a reasonable amount of time (no more than
three years following preparation)

7) Projects that cover different geographies within Sudan but also projects that have a regional character
given the resurce dependence and linkages as well as the geopolitical and regional agreements of
Sudan, and

8) Projecsthat together cover a range of sectoral foci (ifeod production, renewable energy and water
security)

Figure8 and Box6 summarize the final set of proposed activities.
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[4] Merowe Dam Resettlement

Livelihood Support \
[5] 3 Water
[ Harvesting Projects
[1] National WEF
Water for Energy Nexus Platform Qater for Food >
L N
[2] Gezira Nexus [6] Reservoir Fisheries
Dialogue & Pilot Development
[3] Regional Nubian | ——
' | Sandstone Aquifer | [8] Climate
Monitoring & Change
 ENERGY| Djalogue FooD Adaptation in
A Y e W Remote Areas

[9] Integrated Livelihood Program |
Darfur region

[7] Solar home and
Food for Energy irrigation in remote
areas of Darfur,
Kordofan and
Northern State

Figure8: Summary oproposed projects and activities

Box6: Summary of Nexus priority dialogues and projects

The dialogue comprised three institutional dialogue propgsasnely:
I Establishment of an integrated WE&ctor and crossectorplatform
I Gezira Nexus Dialogue and Pilot
I Regional Nubian Sandstone Aquifer Dialogue and Monitoring

The investment projects comprise six investment projecssnely:
Merowe Dam Resettlement Livelihood Support
Water Harvesting Projects

ReservoilFisteries Development Project

Solar Energy for Agriculture Project

Climate Change Adaptation in Remote Rural Areas
Integrated Livelihood Program, Darfur Region

= = =] = =] =]

Three of the proposed projects focus on institutional dialogues and six projects have a specific investment and
intervention focus. The summary ranking of suggested projects as well as a series of additional activities
proposed during the validation workeh is added ag\nnex2 and Annex3.

Of note, an originally proposdalofuel project using sweet sorghum was rejected during the validation workshop
held on February 12, 2019. The key reason for the rejection is the potential conflict between water and land use
for energy production versus water and land use for food puatidun. A short summary of that project is included

at the end ofAnnex2. On the other hand, one of the projects proposed during the Validation Workshop was
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added for additional financial support atecausat fits the Nexuslens.

Table8 provides a summary description of the projects and the remaining sections introduce all proposed
activities indetail.
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Table8: Summary of final set of proposed activities (dialogues and investiperjécts)

Title Location Implementers Proposed Nexus
P Budgets/Duration Rankings

National WERexus Nationally MWREI, MOAF, MAR&F, IFFRZ, $150,000 (1 year) F. +2
Platform FAO/AgWM, UNDP/GEF, RCREEE, RISE E: +2
others W: +2
S: +2
2 GeziraNexusDialogue Gezira scheme MWREI, MOAF, MOFEP, FAO, AgWM, IF $1,200,000 F: +3
and Pilot IFPRI, GlZ, and Bank of Sudan, Private st E: +1
and others W: +2
S: +2
3 Regional Nubian Aquifer area underlying Chad, Gov, MWREI, MOAF, MOFEP, FAO, Ag\ $1,200,000 F. +2
Sandstone Aquifer Egypt, Libya and Sudan IFAD, IFPRI, GIZ E: +1
Dialogue andvionitoring W: +3
S
4 Merowe Dam Merowe Dam area, with State Ministry of Agriculture $1,500,000 F: +1
Resettlement Livelihood broader implications foother E: +2
Support dams with resettlement needs W: +1
S: +1
5a Blue Nile State Water Blue Nile State MWREI, MOAF, MAR&F, MOFEP, State $600,000 F. +2
Harvesting Project Ministries of agriculture and animal E: +1
resources and physical planning, W: +2
FAO/AgWm, IFAD S: +1
5b  White Nile State Water  White Nile State MWREI, MOAF, MAR&F, MOFEP, State $800,000 F: 42
Harvesting Project Ministries of agriculture and animal E: +1
resources and physical planginFAD, W: +2
AfDB, GEF, UNDP S: +1
5¢  CrossState Khor Abu South Kordofan, North Private sector operator in North Kordofan $200,000 F: +1
Habil WaterHarvesting Kordofan and White Nile states State, MWREI, MOAF, MAR&FOFEP, E: +1
project State Ministries of agriculture, FAO/AgWn W: +2
IFAD S: +1
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Note: TheNexusRanking uses the ICSU 2017 scale (see detditmiex4).







































































































































