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DAMS ARE OFTEN USED TO SUPPORT AFRICAN ECONOMIC
DEVELOPMENT
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HYDROPOWER PLANNING AT RIVER BASIN SCALE:
A WELL-KNOWN PROBLEM

1. SITING

EXAMPLE
Schmitt et al. 2021, PNAS



HYDROPOWER PLANNING AT RIVER BASIN SCALE:
A WELL-KNOWN PROBLEM

2. SIZING

EXAMPLE
Bertonietal. 2019, EF



HYDROPOWER PLANNING AT RIVER BASIN SCALE:
A WELL-KNOWN PROBLEM

3. SEQUENCING

EXAMPLE [ |
Arnold et al. 2023, EF 2025 2035 2045




HYDROPOWER PLANNING AT RIVER BASIN SCALE:
A WELL-KNOWN PROBLEM

4. FILLING Reservoir | Regimetarget

level
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/Zaniolo et al. 2021,
Nature Communications
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HYDROPOWER PLANNING AT RIVER BASIN SCALE:
A WELL-KNOWN PROBLEM

Reservoir
release

5. OPERATIONS
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level



THE GLOBAL TRANSFORMATION CHALLENGE:
CLIMATE IS CHANGING

Annual averages, since 1967
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THE GLOBAL TRANSFORMATION CHALLENGE:
ENERGY DEMAND IS GROWING
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THE GLOBAL TRANSFORMATION CHALLENGE:
TECHNOLOGY IS EVOLVING

e Observed average PV cost

104 4 Trend line 1980-2020
---Selection of IEA projections presented in Figure 3
All [EA projections reported in World Energy
Outlooks (colours from purple through light
0. green denote base year of projection)
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HOW CAN WE BETTER EVALUATE
THE ROLE OF HYDRO FOR ENERGY

TRANSITION INVESTMENTS? T ?




HYDROPOWER EXPANSION IN THE ZAMBEZI WATERCOURSE
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FROM RIVER BASIN TO POWER POOL SCALE

Zambezi Design Model

Decisions & Policies
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IMPACTS OF HYDRO EXPANSION AT SAPP LEVEL
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HYDROPOWER VS FLOATING PHOTOVOLTAIC

v Existing Reservoirs
v Candidate Reservoirs
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HYDRO EXPANSION WITH NO FPV
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JOINT HYDRO+FPV EXPANSION

OPEX Savings [$Bil-yr—1]

Direction of preference

<

(I TN TN TN NN TR TN TN TN NN NN TN TN SN NN TN NN TN M AN TN TN NN T NN TN TN TN N NN TN TN NN M NN
< 1 j

|

|

L o

5 10 15
Annual Solar Production [TWh]

-0.5
\\\\
4 TSA AN
hE L RN
- . |
-1.0 - \\;,.S{g,,\,\,\,\
: . NG
- Energy 6-Res ‘ v V>< B .l N
_ (MN FPV) /( 0 . | 7“.5‘ [ \\\
\\‘ +F 4+
7 Energy 8-Res N \. n ¢ N
~1.5 o -—d-mmm oo ob oo BGDGMN) B N N
. ( RN PR SN
| BN R N
7 ; : \\ v \\ \\
. | | N oo B %5
| | | \\ \\
1 1 - SN
3 S N S N S N Y |
. | | \\ ‘
- : | e
| | N,
. 1 | ™
1 I 1 1 1 1 l 1 1 1 1 l 1 1 1 1 i 1 1 1 | I 1 1 1 || I 1 1 1 1 l 1 l\ I ) l 1
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5
Direction of preference CAPEX [$B“]

Arnold et al. 2024, Nature Energy

Reservoir
Network:

@ Existing
MN

DG

BG
DG-MN
BG-MN
¥ BGDG
& BG-DGMN

e BV A <«

Solution front:

Energy
Holistic

Energy 6-Res is equivalent
to Energy 8-Res with
2 DAMS LESS

18



FPV CAN CONTRIBUTE TO MULTIPURPOSE OPERATION

OPEX Savings [$Bil-yr—1]

Direction of preference
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FPV INCREASES PRODUCTION RELIABILITY
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FROM POWER POOL TO CONTINENTAL AFRICA:
32% OF HYDRO PROJECTS ARE NOT COST OPTIMAL
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OSEMOSYS-TEMBA AHA FRAMEWORK

SSP database

|

Socio-economic and climate policy scenario:

SSP1-2.6 Final Energy Demands
SSP4-6.0 Final Energy Demands
SSP5-8.5 Final Energy Demands

Scenario definition
SSP1-2.6 Sustainability
SSP4-6.0 Inequality

Fossil-fueled

S5P5-8.5 development

Carlino et al. 2023, Science
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African Hydropower Atlas
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Future hydrology & land-use (2020-2050):
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NATIONAL GENERATION MIX IN 2050 UNDER SSP1-2.6
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HYDROCLIMATIC VARIABILITY GENERATES COST-DEFICIT
TRADEOFFS

SSP1-2.6 SSP4-6.0 SSP5-8.5

>10%

city expansion

al deficit

3%-10%

under dry hydrology
[% of demand]

Maximum annu
with MED capa
w
N

<3% 3%-10% >10%

Change in local investment costs
from MED to DRY capacity expansion
[% change in annualized capital costs]

Climate proofing the MED capacity expansion against the DRY hydrology requires a
1.8-4% increase in annual continental investments
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TECHNOLOGICAL DISPLACEMENT WITH FPV EXPANSION IN

OSEMOSYS-TEMBA

FPV is competitive with other renewables, particularly in the SAPP and WAPP
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Technology Displacement [GW]
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FPV CAN SUBSTITUTE BETWEEN 20-100% OF PLANNED DAMS
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TAKEAWAYS
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TAKEAWAYS

* The cost competiveness of African hydropower is declining
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TAKEAWAYS

* The cost competiveness of African hydropower is declining

 We need to go beyond the river basin scale to study the energy transition

29



TAKEAWAYS

* The cost competiveness of African hydropower is declining

 We need to go beyond the river basin scale to study the energy transition

 We need to consider global socio-economic teleconnections to explore future
scenarios and multisectoral competition
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