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Introduction

Electricity is essential for domestic and national economic growth.

Zambia utilizes approximately 80% hydropower for electricity generation.
« Hydropower relies on water resources availability for electricity generation.

« Climate change threatens water resources, potentially affecting hydropower
generation.

« Climate change leads to changes in the hydrological regime including
Increased variability and more frequent hydrological extremes such as floods
and droughts.

« E.g. ElI Nifio events in 2015-2016 caused electricity outages due to reduced
rainfall.




Introduction

Response to climate change.

Adaptation and mitigation are two complementary responses to climate
change.

Adaptation is defined as an adjustment in natural and human systems in
response to actual or expected climatic stimuli or their effects (Stuart, 2017).

These can further be categorized as structural and non-structural.

Structural measures modify existing infrastructure like dams, reservoirs,
spillways, and turbines.

Non-structural measures integrate climate change considerations into
hydropower generation management and efficient water resources
management.



Introduction

Alto Rabagao Power Station - Portugal

« Pumped hydropower station with 68 MW installed capacity and average
annual generation of 83 GWh.

* Located in the Iberian Peninsula.

« The peninsula has experienced increased temperatures and reduced rainfall.
* EXxperiences abundant solar in summer and reduced water availability.

« |In 2017, integrated floating solar PV with hydropower.

« Covers 2500 m? area, and supports 840 PV modules.

* Floating solar PV installed capacity of 220 kW.

« Expected annual production of 300 MWh.




Introduction

Kafue Gorge Upper Power Station

 Located in Chikankata, Zambia along
the Kafue River.

 Constructed in the early 1970s.

« Initial total installed capacity of 900
MW and later uprated to 990 MW.

No. of Generating Units

Generator capacity per unit

165 MW

Full Supply Level (F.S.L)

977 m

Storage at F.S.LL

1178 mcm




Objectives

Research data spanned over the period 2000~2020.
Objective 1 - To investigate climate influence on hydropower generation.
Rainfall and temperature data collected from the NASA climate website.

Objective 2 - To investigate river flows and reservoir levels’ influence on
nydropower generation.

Kafue River flow data obtained from WARMA.
Hydrology and power generation data obtained from Zesco Ltd.

Objective 3 — To identify and assess climate change adaptation measures
Implemented at Kafue Gorge Upper hydropower station.

Data obtained from Zesco Ltd.



Methodoloqy

« Mixed-Method research approach and utilized both qualitative and
guantitative methods.

* Questionnaires distributed to KGU Power Station and Generation Directorate
personnel.

« Hydrometeorological data was obtained and analysed to establish and identify
any relationships between the datasets as per each research objective.

« Datasets were as follows:
Climate data 1.e. rainfall and temperature.

Kafue river flows, KGU reservoir levels and KGU power generation.

Trend analysis was used to describe relationships between the datasets.




Results and Discussion
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Results and Discussion

Objective 2 - The influence of river
flows and reservoir levels on
hydropower power generation.

Kafue River flows:

» The average river flow rates decreased
by approximately 13 m3/s per year and
an average change of 2%.

KGU Reservoir levels:
 Negative trend observed.

 This decrease translated to
approximately 0.03 meters above sea
level each year and a percentage
decrease of 0.3%
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Results and Discussion

Objective 2 - The influence of river
flows and reservoir levels on
hydropower power generation.

The study analysed power generation -
readings from 2010 to 2020 to determine
the correlation between reservoir levels

and power generation.

It was observed that the period exhibited a &«
negative trend. 5500

Power generation decreased by 75.40 3000
vagg} each year and at an average change o0
0 0.

Note: Power generation data was only
available from 2005~2020. The power
station also underwent a rehabilitation
project in 2005~2009. Therefore, the
period under consideration is 2010~2020
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Results and Discussion
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Results and Discussion

Objective 2 - The influence of river
flows and reservoir levels on
hydropower power generation.

Further analysis of the influence of
hydrometeorological changes on power
station's generation capacity using the
Pearson correlation analysis.

The R-value or coefficient is 0.74.

This indicates a close positive relationship
between river flows and power
generation.

Therefore, river flows can impact power
generation capacity by increasing or
decreasing, indicating that changes in
river flows can significantly impact the
capacity of a system.

River Power
Inflows Generation
River Inflows Pearson 1 0.74
Coefficient
N 120 120
Power Generation |Pearson 0.74 1
Coefficient
N 120 120




Results and Discussion

Objective 3 - Adaptation measures to withstand climate change

« Measures specifically in response to climate change have not been
Implemented by the power station during the period under consideration.

* Proposed measures to counter the effects of climate change include:

- diversification of the energy mix,

- Installation of low-water-level turbines,

- Introduction of cascaded hydropower generation systems,

- Implementation of mini hydropower stations,

- Improved government policies and government-driven funds for
renewables.



Conclusion

The changes in rainfall and temperature in the Kafue River catchment area
assoclated with the hydropower station influenced the changes in the Kafue
River flows.

Changes in the Kafue River flows influenced changes in the water level of the
reservoir of the hydropower station.

As a result, hydropower generation was also affected by reservoir level
fluctuations.

The study was consistent with the literature review - temperatures increased,
whilst rainfall and river flows decreased.

It also agreed that these changes would influence hydropower generation.
The hydropower station has not implemented countermeasures specifically to
tackle climate change impact.



Recommendations

« Structural Adaptation - Solar PV integration

- Solar PV energy can be integrated into the power station for electricity
generation.

- This enhances power plant output capacity and ensures efficient use during
low reservoir levels or minimal rainfall.

- Nyirenda's 2019 study showed an average annual irradiation of 5.5
KWh/m2/day, sufficient for electricity production.

« Non-structural Adaptation - Development of a real-time
hydrometeorological data system

- Inputs hydrometeorological data from Zesco Limited, WARMA, and
Meteorology Department.

- Software tools to analyse the data and model it for purposes of optimizing
operations and maintenance of the power station.
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