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A new study shows that several disagreements between Ethiopia, Sudan and Egypt 
around Africa’s largest hydropower plant, the new Grand Ethiopian Renaissance 
Dam (GERD), could be alleviated by massively expanding solar and wind power 
across the region. Adapting GERD operation to support grid integration of solar 
and wind power would provide tangible energy and water benefits to all involved 
countries, creating regional win-win situations. 

For several years, political tensions between Ethiopia, Sudan and Egypt have been escalating in a conflict surrounding 
the nearly complete Grand Ethiopian Renaissance Dam (GERD) on the Blue Nile. Ethiopia says it needs GERD’s 
electricity to help lift millions of citizens out of poverty. But Egypt is concerned by GERD’s consequences for its 
agriculture, which depends completely on Nile water. Sudan, meanwhile, sees both potential benefits and risks related 
to GERD. Ongoing mediation to agree on long-term operation of the dam has so far yielded little result.

Why is GERD so contentious? After all, nobody denies Ethiopia its right to development and to provide its citizens 
with reliable electricity. The problem lies not in the domain of energy, but of water. The Blue Nile is a very seasonal 
river, and the GERD’s reservoir will be large enough to fully remove the flow seasonality, because its storage capacity 
corresponds to 1.6 years of mean annual Blue Nile flow. This would allow Ethiopia to use GERD for producing year-
round hydroelectricity. However, such an operational scheme would overhaul the natural timing of the water reaching 
Sudan and Egypt, with consequences for downstream areas not fully known. Behind many disagreements around 
GERD lies the question of who, if anyone, should be allowed to exert such control over the Nile river.

ENERGY AND WATER
New research from the Vrije Universiteit Brussel (VUB) and KU Leuven in Belgium, in collaboration with the Potsdam 
Institute for Climate Impact Research (PIK) in Germany, now shows that there are potential ways out of this 
controversy. By adopting a holistic viewpoint, integrating the domains of energy and water, the study demonstrates 
that mutual win-win situations between Ethiopia, Sudan, Egypt, and potentially other East African neighbours can be 
found for the long-term operation of GERD.
Concretely, the study proposes that Ethiopia and its neighbours deploy large-scale solar and wind farms, work towards 
a regionally integrated power grid, and then agree on Ethiopia operating GERD in synergy with solar and wind power. 
This would mean turbining less water on sunny and windy days, and more water during cloudy, windless conditions 
and at night, to “firm up” the variable solar and wind power.

REINTRODUCING SEASONALITY
The key point is that sunshine and wind in many regions of Ethiopia, Sudan and their eastern African neighbours have 
strong seasonal profiles that are opposite to the Blue Nile flow. In these places, the sun shines brightest, and the winds 
blow strongest, during the dry season. This means that a synergetic hydro-solar-wind operation will automatically 
re-introduce a certain seasonality into GERD outflow, which will mimic the natural flow to a certain extent (Figure 
1). In other words, hydropower, solar power, and wind power can fit together like pieces of a puzzle – thanks to the 
complementary natural patterns of these resources.

Concretely, the study proposes that Ethiopia and its neighbours deploy 
large-scale solar and wind farms, work towards a regionally integrated 
power grid, and then agree on Ethiopia operating GERD in synergy with 

solar and wind power.
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Figure 1: By operating GERD in synergy with solar and wind power, which have opposite seasonal profiles to the Blue Nile  
river flow, a seasonality would be reintroduced into the water flowing out of the GERD, towards Sudan and Egypt.  

Ethiopia will nevertheless retain the full power generation benefits of GERD.

This synergetic operation would automatically mean producing less hydropower during the dry season, and more 
during the wet season, but without affecting GERD’s annual average power output. Essentially, Ethiopia would have 
all the benefits expected from a big dam – but for Sudan and Egypt, it would look as if Ethiopia only built a modest, 
relatively small reservoir. There are already many such reservoirs on the Nile whose presence is uncontested.

REGIONAL WIN-WIN SITUATION
By reconciling parties around common energy and water objectives, the study identifies multiple concrete benefits of 
such integrated hydro-solar-wind planning, which could be reaped by Ethiopia, Sudan and Egypt once GERD is fully in 
service. This shows that GERD does not have to be a zero-sum game, and benefits for one country can translate into 
benefits for its neighbours as well (see Table 1).

COUNTRY             
SECTOR  

ETHIOPIA SUDAN EGYPT

ENERGY

Reliable, year-round clean 
power supply at low cost

Displacement of fossil fuels 
with clean solar and wind 
power, supported by GERD

Strategic exports in East 
African Power Pool

Roseires Dam automatically 
operating in seasonal synergy 

with solar and wind powerFull use of GERD infrastructure

WATER

River ecology safeguarded High Aswan Dam/Lake Nasser 
filling schedule not overhauled

Protection from floods/
droughts

Assurances of Ethiopia not 
hoarding water with GERD

Table 1: Overview of benefits of synergetic GERD-solar-wind operation for Ethiopia, Sudan and Egypt.
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Essentially, Ethiopia would have all the benefits expected from a big 
dam – but for Sudan and Egypt, it would look as if Ethiopia only built a 

modest, relatively small reservoir. 
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For instance, Ethiopia could remain a regional powerhouse in electricity exports, while lowering its electricity 
generation costs on the long term thanks to solar and wind power. Ethiopia would make more efficient use of GERD’s 
more than a dozen turbines by frequently producing at peak power whenever solar and wind would be unavailable, 
thus better valorising the dam’s infrastructure. 

The seasonal power generation profile of Sudan’s own Roseires dam would also automatically become complementary 
to solar and wind power developed in Sudan. Consumption of polluting fossil fuels in Sudan (and other eastern 
African countries) could be substantially displaced by solar and wind, backed up by hydropower from Ethiopia and 
from Sudan itself. Nile river ecology across Sudan would be less affected by the new dam since flow seasonality is 
an important component of rivers’ ecological sustainability. 

Both Sudan and Egypt could receive more water during dry years than before. Egypt would also not need to change 
the operation of its own High Aswan Dam (HAD). Periods in which GERD fills up while Lake Nasser is still emptying 
would be reduced to a minimum, thanks to the retention of a Blue Nile flow seasonality (Figure 2). 
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Figure 2: Thanks to synergetic operation of GERD with solar and wind power, the yearly refilling schedules of GERD and the High 
Aswan Dam (HAD) can be harmonised such as to reduce potential contentious periods around reservoir filling.

The entire eastern African region would stand to contribute. The proposed solutions work better if solar and wind 
power is deployed on a common Eastern African Power Pool, instead of in Ethiopia alone. Regionally integrated 
renewable electricity generation would allow for better synergies and reduce the overall costs of renewable power 
generation. 

The proposed solutions work better if solar and wind power is deployed 
on a common Eastern African Power Pool, instead of in Ethiopia alone.



- 4 -

INVESTMENT NEEDS
This proposed solution would need substantial investment shifts towards solar and wind power, away from new 
hydropower and fossil fuel plants. The order of magnitude of new capacity needed for solar and wind power is 
comparable to that of GERD, and so are the investment costs needed. 

Luckily, solar and wind power are currently breaking all expectations in terms of cost reductions; investing in these 
resources therefore appears a future-proof choice. Within 10 years, solar and wind power in Ethiopia (and its 
neighbours) are expected to be cheaper than hydropower from GERD on a levelized-cost basis (Figure 3). 
Simultaneously, massive hydropower projects are falling out of favour with international donors, and the Paris 
Agreement strongly discourages new fossil fuel investments. Integrated hydro-solar-wind planning provides a way 
forward with common objectives and shared interests for Ethiopia, Sudan, and Egypt.

 Figure 3: The levelized cost of electricity for solar and wind power is expected to continue to fall substantially in the next years, 
meaning that hydropower may no longer be the cheapest renewable electricity source ten years from now.

FURTHER READING
The full study is entitled “Linking solar and wind power with operation of the Grand Ethiopian Renaissance Dam” (Sterl 
et al. 2021) and has appeared in the scientific journal Nature Energy. (https://doi.org/10.1038/s41560-021-00799-5)
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