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Abstract: Water is the most essential element for hydropower energy production. However, it has been well established that 

climate change will negatively globally impact water resources and in Sub-Saharan Africa particularly. It is therefore important 

to take this into account when assessing the potential hydropower energy of rivers to avoid overestimating their production’s 

capacity. This article firstly deals with the impacts of climate change on the forecast of potential hydropower energy of the 

Ouémé River Basin by 2040 and secondly develops the best equations for its exploitation. The data collected on three 

representative sites of the Ouémé River Basin (Bétérou, Savè, Kétou) from 1989 to 2016 and those derived from simulation of 

its flows from 2017 to 2040 by the Rural Engineering model (GR2M), made it possible to determine, first the monthly mean 

flow and, with the classified flow rate method, then evaluate the associated operating times. Using the obtained two parameters 

(mean flow-rate, production’s time), the hydropower energy was estimated as well, for period of 1989 to 2016, as for that of 

2017 to 2040, and this in each of the retained three sites. The results show that the exploitable nominal flow-rates by hydro-

electrical equipment set that can be installed are respectively 50 m3/s at Bétérou, 90 m3/s at Savè and 145 m3/s at Kétou. 

These results showed Kétou as the best site capable of hosting the largest hydropower energy plant on the Ouémé river basin. 

In Bétérou and Savè, the two-machines option (respectively 25 m3/s and 45 m3/s) is the most profitable, in terms of potential 

hydropower energy and its production duration, whereas in Kétou, the three-machines option of 50 m3/s each is the best. 
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1. Introduction 

With 16% of global power generation [1], hydropower 

energy is the third largest source of global electricity 

generation, behind coal (41%) and gas (21%). Some 

countries have adopted hydropower energy as the main 

source of energy. It is the case in Canada where majority 

(almost 97%) of the electricity consumed in Quebec is based 

on hydropower energy [1]. The Republic of Benin belongs to 

the category of countries least served in electricity. The 

energy situation in Benin is characterized by a low level of 

per capita energy consumption, a significant use of traditional 

energies (biomass) and fossil hydrocarbons and a potential 

hydropower energy whose exploitation is at an embryonic 

stage [2]. Faced with this situation, the new energy policy 

country, through "Bénin 2025 Water Vision", favored the 

development of hydropower energy in general and the 

development of the potential of Ouémé river basin in 

particular [2]. 

However, it has been established that climate change will 

affect water resources [3]. The situation concerns 

hydropower energy generation sector, as water is the main 
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source for such power generation system [4]. In Benin, we 

are witnessing more and more extreme weather events: 

disruption of season’s alternation, temperature rise and 

changes in hydrological regimes [5]; [6]. The first studies 

carried out concerning the hydro-climatic variability and the 

hydrological flow of the Ouémé catchment in Bétérou have 

clearly shown a rainfall deficit at the inter-annual scale of 

nearly 20% and an inter-annual variability of the rainfall-

flow ratio since the 70s [7]. This combination of temperature 

rise and fall in rainfall would result, according to several 

studies, in lower flows, leading to a decrease in hydropower 

energy generating capacity [8]. The extent of changes 

affecting hydrological cycle can vary from one basin to 

another [9]. 

However, the influence of climate change on the 

hydrological regime of the Ouémé River Basin has not been 

highlighted in the predictions made so far by previous studies. 

The integration of impacts of the latter is essential in a realistic 

prospective approach and should make it possible to improve 

the efficiency of the simulated flows and subsequently that of 

hydropower energy production of the basin. 

The objective of the present investigation is therefore to 

take into account the impacts of climate change in the 

forecast analysis of potential hydropower energy of the 

Ouémé river basin by 2040. 

2. Material and Methods 

2.1. Study Zone 

The Ouémé river basin (Figure 1) covers an area of 47,000 

km
2
, about 43% of the country's area [10]. 

Located between 6.8 and 10.2° Latitude North, the Ouémé 

basin is characterized by a transition from the Sudannean 

climate in the North with an average year precipitation of 900 

to 1000 mm, to the Beninese climate in southern with an 

average year rainfall of 1200 mm. About 89% of the Ouémé 

river basin is located in Benin, 10% in Nigeria and 1% in 

Togo [11]. The Ouémé river basin records an mean annual 

temperature of 26 ° C to 30 ° C [11]. From a hydrological 

perspective, this river basin is characterized by lower and 

lower flows and the early drying up of seasonal courses [12]. 

The Ouémé River, which is 510 km long and has the two 

largest tributaries, flows to Lake Nokoué (150 km
2
) and ends 

up into the sea through the coastal lagoon [13]. Precipitation 

water, which flows into the basin, is subdivided into water 

intercepted by plants, water retained by the soil, infiltrated 

water and water flowing at soil surface [14]. All of the water 

intercepted and some of the water retained by the soil are lost 

through evaporation and transpiration [15]. Surface water is 

an important part of the flow at the outlet. 

 

Figure 1. Description of Basin flowing from Ouémé river. 
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2.2. Data Used 

The data series used are those relating to daily water level, 

the daily flow and the natural elevations (natural drop 

heights) of three characteristic sites: Bétérou, Savè and 

Kétou, which are fairly representative of the different zones 

of the studied river basin. The first two data come from the 

Laboratory of Climate, Water, Ecosystems and Development 

(LACEEDE) of the University of Abomey-Calavi (Benin). 

Those for natural fall height of sites are obtained at the 

General Directorate of Energy (DGE) of Cotonou (Benin). 

These water level and flow data are based on the daily values 

recorded in 20 stations (including 3 synoptic types) located 

near the study area from 1989 to 2016. Monthly mean flow-

rates from 2017 to 2040 are derived from simulation 

performed using the GR2M model [16]. In fact, the results of 

this study revealed that climate change could, in the next 25 

years, induce impacts leading to reductions in mean annual 

flow-rates of about 11.90 to 46.37% of hydrological regime 

of the Ouémé river basin region. This justifies the use of 

these flow-rates in the present works to analyze the future 

behavior of potential hydropower energy of the Ouémé river 

basin through its three characteristic sites of Bétérou, Savè 

and Kétou. 

2.3. Methods 

From the previously presented data, the graph of the flow 

versus the water level in river basin at each of the three 

reference sites is carried out in Microsoft Excel.10 

environment which has made it possible to establish the 

correlations existing between two variables for assessing the 

potential hydropower energy stations of the various sites. 

Then, monthly average flow-rates, on basis of the available 

inter-annual flows data, were determined over the 1989 - 

2016 period using the arithmetic average of un-weighted 

statistical series. 

28

i, j

j 1
i

(a )

Q
m

==
∑

                              (1) 

i: the months of a year; 

j: the years of the period 1989 - 2016; 

iQ : the mean monthly throughput of month i over the 

period 1989 - 2016; 

i , ja : the mean monthly flow of month i and year j; m = 28: 

the number of years contained in the period 1989 - 2016. 

Once the inter-annual monthly average flow-rates have been 

obtained, a reserved flow-rate was extracted at a rate value of 

20% [17]. Indeed, the reserved flow-rate ensures not only the 

continuity of flow of the river, but also provides a 

considerable quantity of water for other uses, especially in 

case of power failure. Furthermore, the flow-rate method [18] 

was used to determine the equipment’s flow or nominal flow-

rate Qn, favouring optimal production of hydropower energy 

at each site. This method consists of classifying, in 

descending order, the flow-rates obtained (80% Qi) after 

subtraction of the reserved flow-rate (20% Qi) and also to 

search among the twelve possible monthly values for turbine 

power supply, the optimal value for the annual potential 

hydropower energy function defined as follow: 

12

i i i

i 1

E(GWh) P(Q ,H ).T

=

=∑                     (2) 

Where i iP(Q ,H )  is the potential hydropower (Michel & 

Yves, 2009) expressed in Gigawatt (GW) and E (GWh) is 

potential hydropower energy. 

i i
i i

9.81.Q .H
P(Q , H )

1000
=                         (3) 

With: i 0 iH h h= +                          (4) 

where 

Qi: the inter-annual monthly average flows-rate of month i 

expressed in cubic meters per second (m
3
/s); 

Hi: total fall of water during the month i (difference 

between the upstream level and the downstream level of the 

plant; 

Ti: the monthly production time associated with the rate Qi 

expressed in hours (h); 

h0: the natural fall of the hydropower energy plant (natural 

elevation of the site); 

hi: the water level upstream of the water reservoir during 

the month i. 

Based on the river flow-rate and water level data collected 

on the Bétérou, Savè and Kétou sub-basins, flow-height 

curves were produced in the Microsoft Excel 10 

environment, which allowed the modelling of water heights 

hi of each site according to flow-rates. Finally, evaluation of 

the annual potential hydropower energy was subjected to the 

following constraints: 

* If i nQ 1.25.Q≥  

12

n i i

i 1

E(GWh) P(Q , H ).T

=

=∑         (5) 

* If n i nQ Q <1.25.Q≤ , 

12

n i i

i 1

E(GWh) P(0.8.Q ,H ).T

=

=∑                   (6) 

* If i nQ <Q  i iP(Q ,H ) 0=  and iT 0=           (7) 

This approach makes it possible to consider, at the same 

time, the effects of climate change on the flow of the Ouémé 

river, and on the time of production because it has been 

established that the climate changes are also observed on the 

Ouémé basin by the tightening of the rainy seasons and, 

consequently, impact the flow duration of the river [19]. 

For a better management of the hydrological resources in 
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hydropower energy production, three possible options 

(scenarios) have been simulated for the purpose not only to 

propose the optimal number of turbines to be installed at each 

of the three representative sites of the Ouémé river basin, but 

also to improve their respective performances. They essentially 

consist in carrying out a reduction of the potential electrical 

power of the various sites by simulating the installation of 

several turbines whose sum of powers is equal to the nominal 

power in each site. In this series of simulations, we have 

assumed that current anthropogenic water withdrawals are 

negligible and will not increase in the future. 

For each of the three options evaluated, the graphs of the 

annual potential hydropower energy, versus the annual 

production time and the histogram of the monthly mean 

electrical potential were established, using the Excel and R 

softwares, on the basis of the data observed from 1989 to 

2016 as well as with simulated data from 2017 to 2040. 

Finally, the rate of change of the potential hydropower 

energy was determined in each case. 

3. Results and Discussions 

3.1. Flow-water Curves on the Studied Sites 

Figure 2 illustrates water head vs. flow graphs obtained on 

the three representative sites of the Ouémé River basin (in 

dotted blue) with the respective correlations (in black 

continuous line). Indeed, one notice that water height (h) 

evolution in function of flow-rates (Q) could be adequately 

modeled respectively by the trend equations on the sites as 

follow: 

* Savè: 

0.3449
i ih 0.70 0.6807 Q= + ⋅ 2R 0.9874= (m)          (8) 

* Bétérou: 

0.3293
i ih 0.92 0.9224 Q= + ⋅ 2R 0.9586= (m)        (9) 

* Kétou: 

0.2814
i ih 1.18 1.1774 Q= + ⋅ 2R 0.9768= (m)        (10) 

From these results, various coefficients leading to the 

determination of R2 show a strong correlation between the 

two parameters, whatever the considered site. In addition, for 

all the sites, the dry-out levels of the basins (level h from 

which there is no more flow i.e. Q = 0) are respectively 0.70 

m at Savè, 0.92 m at Bétérou and 1.18 m at Kétou. Equations 

(8), (9), and (10) thus, defined respectively on the reference 

sites of the study, between water level and flow-rate are then 

used in determination of the hydropower energies that can be 

generated. These results clearly indicate that not only does 

the Kétou site have a higher monthly mean flow-rate, but 

also its basin has a higher water head upstream than the other 

two sites. 

 

(a) Water Head versus Flow at Savè; (b) Water Head versus Flow at Bétérou; (c) Water, (c) Head versus Flow at Kétou. 

Figure 2. Water Height versus Flow correlation for Savè, Bétérou and Kétou sites. 
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3.2. Nominal Equipment’s Flow-rate that can be 

Implemented at Each Site 

The nominal flow-rates of equipment obtained at the three 

representative sites are of 50 m
3
/s, 90 m

3
/s, and 145 m

3
/s 

respectively at Bétérou, Savè and Kétou. These values reveal 

that the Kétou site is positioned as one that can accommodate 

the largest hydropower energy plant amongst the three. In 

addition, with regard to the water flow-rates recorded at 

Kétou, its generation capacity can surpass the sum of the 

production capacities of the two other sites. 

These results confirm the trends presented in the report of 

the study carried out in 2008 and presented in the policy and 

strategy document for development of electric power sector 

in Benin [20]. 

3.3. Site of Bétérou 

3.3.1. Annual Production Time 

Figure 3 presents the annual production time (expressed in 

hours) at the Bétérou site for the respective periods of 1989-

2016 and 2017-2040. 

 

 

(a) Case of a Single turbine of 50 m3/s; (b) Case of Double turbines of 25 m3/s; (c) Case of Triple turbines of 17 m3/s. 

Figure 3. Annual production time for the period of 1989-2016 and 2017-2040 at the Bétérou site. 

With regard to Figure 3, it is noted that the options with 

two or three turbines present almost the same paces and show 

a substantial change in the annual production time compared 

to that of a single turbine. Moreover, the latter reveals, over 

the future period (2017-2040), two break points respectively 

in the years 2026 and 2033 with stationary zones over the 

periods of 2017-2025, 2026-2032 and 2033-2040. For the 

options with two and three turbines respectively, there is a 

slight decrease in annual production time over the future 

period. As indicated in Table 1, hydropower energy 

generation time could be significantly impacted by future 

climate change. 



 International Journal of Energy and Power Engineering 2018; 7(1): 6-18 11 

 

 

Table 1. Annual production time of hydropower energy based on the three options at Bétérou site. 

Annual mean production time for the 

period: 
Units 

Single Turbine (50 m3/s) 

option 

Double Turbine (25 m3/s) 

option 

Triple Turbine (17 m3/s) 

option 

1989 - 2016 H 2,405 3,244 3,352 

2017 - 2040 H 1,888 3,202 3,182 

Drop rate % 21.48 1.29 5.06 

 

In addition, it is noted that the single-turbine option for 

hydropower energy generation is the one that will suffer in 

the future, the highest drop rate (21.48%), compared to the 

two turbines option. The latter appears to be the best for the 

annual hydropower energy production time in Bétérou and 

offers not only the lowest drop rate (1.29%) but also projects 

for the future period (2017-2040), the highest rate of 

improved production time: 69.60% compared to single-

turbine option. 

3.3.2. Potential Hydropower Energy 

a. Monthly Distribution of Potential Hydropower Energy 

Figure 4 shows the monthly distribution of potential mean 

hydropower energy generation. It shows that current and 

future electricity generation on the Ouémé River in Bétérou 

are spreading from July to October for the two turbines and 

three turbines production options, contrary to the single 

turbine option which offers only two months of production in 

the future: August and September. It is also noted that future 

productions could exceed the current one in September in 

Bétérou. From these results, it appeared that in the years to 

come, there could be a narrowing in the distribution of 

annual potential hydropower energy of the Ouémé river basin 

on Bétérou site. 

 

 

 

Figure 4. Monthly mean potential hydropower energy of the Ouémé on 

Bétérou site for the period of 1989-2016 and 2017-2040. (a) Case of a Single 

turbine of 50 m3/s; (b) Case of Double turbines of 25 m3/s; (c) Case of Triple 

turbines of 17 m3/s. 

b. Potential Hydropower Energy Over Time 

Figure 5 shows the evolution of the annual potential 

hydropower energy according to the three options on Bétérou 

site. 
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Figure 5. Annual Potential hydropower energy over time for periods of 1989-2016 and 2017-2040 on Bétérou site. (a) Case of a Single turbine of 50 m3/s; (b) 

Case of Double turbines of 25 m3/s; (c) Case of Triple turbines of 17 m3/s. 

Figure 5 shows a gradual reduction of the annual potential 

hydropower energy over time, whatever the selected option. 

Similarly to the observations obtained for the annual 

production time, the future productions show a decreasing 

pace over time. However, it is clear that the double and triple 

turbines options have the same increasing behavior in their 

future trends as compared to that of a single turbine. The 

differences observed between the rates of drop in production 

time and rate of drop in annual mean potential hydropower 

energy, reveals that in Bétérou, climate change impacts both 

production time and generated electric power, two important 

factors related to electrical energy. The impact on electrical 

power is not significant. This shows that climate change 

impacts more the annual rainfall duration than the 

hydrological regime (flow) of the watercourse. Furthermore, 

it appears that climate change more illustrated by the 

narrowing of rainy seasons than by the decrease in rainfall 

amounts. This justifies the weak impact of climate change on 

the electric power unlike the annual production time. 

Table 2 presents the annual average potential hydropower 

energy at Bétérou site according to the three analysed 

production options. 

Table 2. Annual mean potential hydropower energy according to the three options on the Bétérou site. 

Annual potential hydropower 

energy for the period: 
Units 

Single Turbine (50 m3/s) 

option 

Double Turbine (25 m3/s) 

option 

Triple Turbine (17 m3/s) 

option 

1989 – 2016 GWh 53.96 71.86 75.32 

2017 – 2040 GWh 34.02 70.54 70.50 

Drop Rate % 36.96 1.84 6.35 

 

As revealed by the summarized results in Table 2, 

hydropower energy generation could be impacted by climate 

change in the future. In addition, it is noted that the single-

turbine hydropower energy generation option incurred the 

highest rate of drop of 36.96% compared to the double-

turbine option which appears to be the best for annual 

hydropower energy production in Bétérou. Indeed, the latter 

displays not only the lowest rate of drop (1.84%), but also 

offers, for the future period (2017-2040), the highest rate of 

improvement in production time 107.35% (= (70.54-

34.02)/34.02). 

3.4. Site of Savè 

3.4.1. Simulated Annual Production Time 

The annual mean time for hydropower energy generation 

at Savè site for the 1989-2016 and 2017-2040 periods 

respectively, according to the three options adopted earlier is 

presented in Figure 6. 
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(a) Case of a Single turbine of 90 m3/s; (b) Case of Double turbines of 45 m3/s; (c) Case of Triple turbines of 30 m3/s. 

Figure 6. Annual production time for periods of 1989-2016 and 2017-2040 at Savè site. 

On the site of Savè, it can be observed that in the future 

prediction, the annual production time will be decreasing. In 

particular, the triple-machines option (c) of 30 m
3
/s, has two 

breakpoints in 2020 and 2030, respectively. With regard to 

the performances of the simulated options, it appears that the 

double and triple turbines’ options will know a significant 

improvement in annual production time compared to that in a 

single turbine for the period of 2017-2040. 

Table 3. Annual production time of hydropower energy at Savè site. 

Annual mean production time for 

the period: 
Units 

Single Turbine (90 m3/s) 

option 

Double Turbine (45 m3/s) 

option 

Triple Turbine (30 m3/s) 

option 

1989 – 2016 H 2,523 2,721 2,887 

2017 – 2040 H 2,289 2,607 2,669 

Drop rate % 9.27 4.19 7.55 

 

The results presented in Table 3 reveal that the 

hydropower energy generation time could also be strongly 

impacted by climate change in the future forecast at Savè. It 

is still apparent from Table 3 that the single-turbine 

hydropower energy generation option of 90 m
3
/s is the one 

with the highest rate of drop (9.27%), unlike the double 

turbine 45 m
3
/s (4.19%). The double and triple turbines’ 

options at the Savè site yielded improved annual production 

time of 13.89% and 16.60%, respectively, compared to the 

single-turbine of 90 m
3
/s. 

3.4.2. Potential Hydropower Energy 

a. Monthly Distribution of Potential Hydropower Energy 

 

 

 

Figure 7. Monthly average potential hydropower energy of the Ouémé river 

basin for periods of 1989-2016 and 2017-2040 at Savè site. (a) Case of a 

Single turbine of 90 m3/s; (b) Case of Double turbines of 45 m3/s; (c) Case of 

Triple turbines of 30 m3/s. 
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Figure 7 shows the distribution of the potential 

hydropower energy production of Ouémé River on the site of 

Savè. It is observed that the production is spread out from 

May to November in the period of 1989 to 2016. That of the 

future (2017-2040) is extended from July to November for 

the double and triple turbines’ options while the single 

turbine option covers August to October. In Savè, forecast of 

hydropower energy production (2017-2040) will have a 

strong chance to quantitatively exceed current productions 

for the three months of August, September and October. 

b. Potential Hydropower Energy over Time 

Figure 8 shows the annual potential hydropower energy of 

the Savè site according to three options over the respective 

periods of 1989 - 2016 and 2017 - 2040. 

 

 

Figure 8. Annual potential hydropower energy over time for periods of 1989-2016 and 2017-2040 at Savè site. (a) Case of a Single turbine of 90 m3/s; (b) 

Case of Double turbines of 45 m3/s; (c) Case of Triple turbines of 30 m3/s. 

The graph shows a gradual decrease in annual potential 

hydropower energy over time regardless of the option 

chosen. Similarly to the annual production time, it is noted 

that the forecasted hydropower energy productions have a 

decreasing pace. However, it is clear that the double and 

triple turbine options exhibit the same behavior in their 

forecast with significant increases in hydropower energy 

production compared to single-turbine option. For all the 

options, the graphs of energy production are similar to those 

of the production times. This indicates that the method of 

determining the nominal flow rate rather minimizes the 

impacts of climate change on the hydropower energy only 

based on the hydrological flow (a natural climatic parameter) 

contrary to the production time. The production time could 

be well controlled by tools for water resources management. 

For an in-depth analysis of the results obtained in this 

investigation, a comparative study of the performance of 

simulated options is carried out and presented in Table 4. 
Table 4. Annual average potential hydropower energy according to the three turbines’ options at Savè site. 

Annual mean potential for 

the period: 
Units Single Turbine (90 m3/s) option Double Turbine (45 m3/s) 

option 
Triple Turbine (30 m3/s) option 

1989 – 2016 GWh 89.97 92.69 94.92 

2017 – 2040 GWh 81.00 88.72 87.48 

Drop rate % 9.96 4.28 7.84 
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Table 4 clearly shows that hydropower energy generation 

could be strongly impacted by climate change in the future. 

In addition, it should be noted that the single-turbine option 

of 90 m
3
/s has the highest drop rate of 9.96%, unlike the 

double turbine option of 45 m
3
/s. The latter appears to be the 

best option for annual hydropower energy production in 

Savè. In fact the double turbine option exhibits not only, the 

lowest drop rate (4.28%), but offers the highest rate of 

production time in the order of 9.53% ((88.72-81)/81) for the 

forecast period of 2017-2040, in comparison with the single 

turbine option. 

3.5. Site of Kétou 

3.5.1. Simulation of the Annual Production Time 

Figure 9 shows the number of annual production hours at 

the Kétou site for the respective periods of 1989-2016 and 

2017-2040. A careful look at the graph shows that the single-

turbine and triple- turbine options presented almost identical 

trends. In the case of two turbines, there is a break point 

leading to a discontinuity in the production time between 

2020 and 2030. 

 

 

Figure 9. Annual production time for periods of 1989-2016 and 2017-2040 at Kétou site. (a) Case of a Single turbine of 145 m3/s; (b) Case of Double turbines 

of 72,5 m3/s; (c) Case of Triple turbines of 50 m3/s. 

Table 5 summarizes the values of production times over 

the periods 1989-2016 and 2017-2040. These values indicate 

that the single-turbine hydropower energy generation option 

of 145 m
3
/s is the one with the highest rate of decline of 

9.21%, unlike the triple turbine option of 50 m
3
/s which 

appears better with regard to annual hydropower energy 

production time at Kétou. The triple turbine option not only 

encounters the lowest drop rate (4.21%), but also offers, over 

the future period (2017-2040), the highest rate of production 

time in the order of 26.26% compared to the 145 single 

turbine option.  

Table 5. Annual production time of hydropower energy at Savè site 

Annual mean production time for 

the period: 
Units 

Single Turbine (145 m3/s) 

option 

Double Turbine (72.5 

m3/s) option 

Triple Turbine (50 m3/s) 

option 

1989 – 2016 H 2,960 3,377 3,543 

2017 – 2040 H 2,688 3,150 3,394 

Drop rate % 9.21 6.72 4.21 
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3.5.2. Simulation of the Potential Hydropower Energy 

a. Monthly Distribution of the Potential Hydropower 

Energy 

 

 

 

Figure 10. Monthly mean potential hydropower energy of the Ouémé river 

basin for periods of 1989-2016 and 2017-2040 at Kétou site. (a) Case of a 

Single turbine of 145 m3/s; (b) Case of Double turbines of 72.5 m3/s; (c) 

Case of Triple turbines of 50 m3/s. 

Figure 10 shows the monthly production of electrical 

energy on Ouémé River in Kétou. The production is spread 

out from June to November in the period 1989 to 2016. For 

the forecasted period of 2017-2040 the production covers the 

period of July to November for the three options assessed. It 

is also noticed that forecasted productions could 

quantitatively exceed the current ones from July to October 

in Kétou. In addition, it is generally observed from these 

graphs that the distribution of the annual potential 

hydropower energy of Ouémé basin could be narrowed. 

b. Evolution of Potential Hydropower Energy Production 

Over Time 

Figure 11 shows the annual potential hydropower energy 

following the three turbine options at the Kétou site. 
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Figure 11. Annual potential hydropower energy over time for periods of 1989-2016 and 2017-2040 at Kétou site. (a) Case of a Single turbine of 145 m3/s; (b) 

Case of Double turbines of 72.5 m3/s; (c) Case of Triple turbines of 50 m3/s. 

Figure 6 shows the gradual reduction of the annual 

potential hydropower energy over time, regardless of the 

chosen turbine option. As with the annual production time, 

forecast productions are showing a decreasing pace. 

However, it is clear that the one and three-machines options 

of hydropower energy generation present the same behavior 

in their forecast periods with significant increases 

comparatively to two-machines energy generation option. 

The patterns of the hydropower energy generation graphs are 

almost similar to those obtained for production times in all 

the three options. This suggests that the method of 

determining the nominal flow rate minimizes the impacts of 

climate change on electrical power based on the hydrological 

flow (a natural climatic parameter) solely, in contrast to the 

production time. The production time could be well 

controlled using water resources management tools. Table 6 

presents the statistics on the annual mean potential 

hydropower energy for the considered period at Kétou site. 

Table 6. Annual average potential hydropower energy at Kétou site. 

Annual mean potential for the 

period: 
Units 

Single Turbine (90 m3/s) 

option 

Double Turbine (45 m3/s) 

option 

Triple Turbine (30 m3/s) 

option 

1989 - 2016 GWh 316.26 351.13 400.49 

2017 - 2040 GWh 279,56 325,96 381,35 

Drop rate % 11,60 7,17 4,78 

 

From Table 6, it is observed that the single-turbine 

hydropower energy generation option with 145 m
3
/s water 

flow-rate has the highest drop rate of 11.60%, unlike the 

triple-turbines option using 50 m
3
/s which is better in terms 

of annual hydropower energy production quantity (400 

GWh) in Kétou. The triple-turbines option not only makes it 

possible to achieve the lowest drop rate (4.78%), but also 

offers, over the forecasted period (2017-2040), the highest 

rate of production time in the order of 26.69% as compared 

with the single turbine option with 145 m
3
/s water flow-rate. 

4. Conclusion 

The production of hydropower energy is mainly influenced 

by the flow of watercourses. Changes in the flow of 

watercourse under the influence of climate or other hazards 

automatically lead to changes in capacity of the hydropower 

energy generation. Obtained results of this study showed that 

the capacity of hydropower energy generation is not the same 

at the three representative sites of Ouémé River Basin. It is 

highly dependent on the available hydrological regime, and 

therefore depends on the effects induced by local climatic 

factors. Results of achieved simulations prove that Kétou site 

offers better hydropower energy exploitation prospects than 

those available respectively in Bétérou and Savè. It is 

therefore imperative that any attempt of exploring the 

potential of any of the three studied sites, should consider the 

particularities of selected site. Moreover, results from 

analysis of the annual production times and annual mean 

potential hydropower energy have clearly indicated that the 

fractional implementation by several turbines usage of 

reduced capacity is the best option for management of the 

available water flow-rate, contrary to the single turbine 

approach of equal capacity to the sum of fractional turbines’ 

capacities. 
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