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Abstract - The recent drought in Zambia has severely affected
the country’s hydroelectric power generation, particularly from
the Kariba Dam, leading to a significant reduction in water levels.
As a result, the national utility, ZESCO, has been forced to
implement load shedding across the nation. The load shedding has
been unevenly distributed, causing inconvenience and inefficiency
in the use of available power. This paper presents a solution to this
problem using a Cascading Demultiplexer Mechanism (PALSU-
CDM) for more equitable power allocation. The proposed system
leverages cascading demultiplexers to allocate power resources in
a fair and balanced manner across various regions, towns, and
individual households, based on predetermined schedules. The
effectiveness of the system is demonstrated through simulations
and real-world applicability, with a focus on Zambia’s power
distribution challenges in 2024. The solution aims to optimize
power distribution, reduce power imbalances, and ensure more
predictable load shedding schedules, that will improve the quality
of life for Zambians during this crisis.

Keywords: Load shedding, Cascading Demultiplexer, Power
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. INTRODUCTION

In recent years, Zambia has faced a severe drought that has
drastically impacted the water levels in its major rivers,
including the Zambezi, Kafue, Luapula, and Luangwa. Among
these, the Zambezi River is particularly crucial due to the
Kariba Dam, which houses a major hydroelectric power station.
The drop in water levels at Kariba dam as demonstrated in
Figure 1, has significantly reduced Zambia's hydroelectric
power generation capacity, leading to nationwide power
shortages.
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Fig. 1 Water Levels at Kariba Dam (as of Monday, 17t June 2024)
(Source: Zambezi River Authority — www.zambezira.org)

In response, Zambia Electric Supply Corporation (ZESCO) has
introduced load shedding measures to manage the limited
power supply. However, the distribution of power during load
shedding has been uneven, causing logistical difficulties and
inefficiencies [1].

This paper proposes the implementation of a Cascading
Demultiplexer Mechanism (PALSU-CDM) to ensure more
equitable and efficient allocation of power during load
shedding. The system leverages a cascading structure of
demultiplexers to divide available power resources across
multiple regions and districts, down to the level of individual
households. This technique ensures fairer power distribution,
enhances predictability, and minimizes the inconvenience
caused by inconsistent power supply [2].

A. Statement of the Problem

Recently, Zambia has been affected by droughts that have
lowered the water levels in its major rivers, such as the
Zambezi, Kafue, Luapula and Luangwa. Among these rivers,
the Zambezi at the edge of Kariba Dam has a hydroelectrical
station which supplies power country wide and beyond. The
prevailing drought, has caused the low water levels at Kariba
Dam. This has affected the generation and supply of power to
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the entire country and other nations where Zambia is exporting

power. In order to ensure that the little power is evenly

allocated, the ZESCO has no other alternative but to introduce
and effect load shedding country wide. It is in view of this that
the Load Shading Power Allocation Using Cascading

Demultiplexer Mechanism shown in Figure 2 was envisaged.

This system adequately uses the mechanism of the cascading

demultiplexers that have the adequate capacity to allocate

resources to regions, districts, city / towns, areas / locations,
compounds, sections, up to the last units like individual houses.

Figure 2 demonstrates a full-fledged mechanism of cascading

Demultiplexers, giving a load shading power allocation in this

work four (4) provinces were sampled such as Copperbelt,

Southern, Northern and Eastern.

The investigation aims to address the following specific

research questions:

e How can the Cascading Demultiplexer Mechanism (PALSU-
CDM) effectively distribute limited power resources across
different regions, towns, and households during periods of
load shedding?

o What are the statistical improvements in the equitability and
efficiency of power allocation when using PALSU-CDM,
compared to traditional load shedding approaches?

o What are the potential challenges in implementing PALSU-
CDM within the existing infrastructure of ZESCO, and how
can these challenges be overcome?

1 Northern -

~ Southem

© Fig. 2 Cascading Demultiplexer Mechanism

B. Significance of the Study

The significance of this study lies in its potential to address
one of Zambia's most pressing issues: the uneven distribution
of power during periods of load shedding caused by reduced
hydroelectric generation. The cascading demultiplexer
mechanism (PALSU-CDM) offers a solution that not only
ensures more equitable power distribution across regions but
also improves the overall efficiency of power use during times
of scarcity. By implementing a hierarchical, dynamic system,
this study proposes a method to mitigate the negative socio-
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economic impacts of power shortages, which affect industries,
households, and essential services. This approach also
contributes to the broader field of power management by
providing a model that can be adapted to other countries or
regions experiencing similar energy crises. Furthermore, the
study highlights the importance of technological innovation in
managing natural resource limitations, demonstrating how
data-driven solutions can play a pivotal role in improving
infrastructure resilience and sustainability. Through this
research, Zambia can benefit from a more predictable and
balanced load-shedding system, leading to improved quality of
life and enhanced economic stability in the face of ongoing
environmental challenges.

C. Organisation of the Paper
This paper is organized into several key sections to

systematically present the proposed solution to Zambia’s load
shedding challenges. Following the Introduction section, which
provides an overview of the current power crisis in Zambia due
to the drought and its impact on hydroelectric generation, the
Literature Review section examines existing research on power
distribution, load shedding mechanisms, and the application of
cascading demultiplexers in similar domains.

The Methodology section details the design and
implementation of the proposed Cascading Demultiplexer
Mechanism  (PALSU-CDM), outlining the system’s
components, its hierarchical power distribution structure, and
the scheduling algorithm employed to manage load shedding.
This is followed by the Discussion section, where the
implications of the proposed system are explored, including its
potential benefits, challenges, and adaptability in the Zambian
context.

In the Findings section, the results of simulations and real-
world applications of the system are presented, demonstrating
the effectiveness of the cascading demultiplexer approach in
improving power distribution during load shedding. Finally, the
paper concludes with the Conclusion section, summarizing the
main contributions of the study and suggesting areas for further
research. Throughout the paper, a coherent flow is maintained
to ensure clarity and accessibility for readers, emphasizing the
importance of equitable power distribution during times of
crisis.

Il. LITERATURE REVIEW

The challenge of equitable power distribution during load
shedding is not unique to Zambia. Several studies have
addressed the issue of power allocation in countries with
unreliable or insufficient electricity supply. For instance, in [3]
they explored various load shedding mechanisms, proposing
that equitable distribution could be achieved through smarter
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grid management and the use of advanced algorithms. In [4]
they developed a demand-based scheduling model that allows
for efficient use of limited power by adjusting power
consumption based on priority sectors. However, these models
often fail to address the complexity of real-time allocation at
granular levels, such as individual households.

A cascading demultiplexer mechanism, which is typically
used in data transmission systems, offers an innovative
approach to solving this issue. As in [5] and [6] provided
foundational theories on the use of shift registers and
demultiplexing systems for information processing. These
systems have been applied in various domains, including
telecommunications and data storage. In power allocation,
cascading demultiplexers can function to sequentially allocate
power to subgroups of users, ensuring even distribution across
multiple regions and minimizing waste.

Recent work in demand response management systems
(DRMS), as discussed by [7], also supports the idea that a
hierarchical approach to load allocation could benefit regions
suffering from power shortages. Their model incorporates a
decentralized architecture, which could be mirrored in the
PALSU-CDM system for managing load shedding in Zambia

[8].

I1l. METHODOLOGY

The proposed solution, Cascading Demultiplexer
Mechanism (PALSU-CDM), operates on a hierarchical level,
starting from the power generation point (e.g., Kariba Dam) to
the distribution points and eventually down to individual
households. The system utilizes a cascading series of
demultiplexers to allocate power in a fair and balanced way [1].

A. System Design
The PALSU-CDM system consists of several key components:
* Demultiplexer Units: These units are responsible for
receiving a fixed input power stream and distributing it
across multiple output channels. In the case of load
shedding, the power input will be the available
hydroelectric supply from the dam.

* Cascading Hierarchy: The system uses a cascading
structure to distribute power to various regions, such as the
sampled ones: Copperbelt, Southern, Northern, and
Eastern provinces. Within each region, power is further
subdivided into districts, towns, and finally, individual
households or sections within compounds.

* Load Shading Scheduling Algorithm: The load shedding
schedules are generated dynamically based on real-time
power availability and consumption patterns. The
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algorithm ensures that each area receives an equal share of
power based on a pre-defined rotation schedule [9].

B. Implementation Steps
1. Data Collection: The first step involves collecting
data on power consumption patterns across different
regions and districts. This includes historical data on
power usage, peak demand times, and the capacity of
local transformers.

As pointed out already, the first step involves collecting data on
power consumption patterns across different regions and
districts. This includes historical data on power usage, peak
demand times, and the capacity of local transformers.

Simulation Input Variables:

e Power Generation from Kariba Dam: Simulated as a time
series based on seasonal fluctuations and the impact of the
current drought (e.g., a 30% reduction in total available
capacity).

e Peak Demand: Derived from historical peak usage data,
which varies across different regions (e.g., Copperbelt has
higher industrial usage, while Eastern may have more
residential demand).

e Transformer Capacity: Based on the maximum power output
of transformers in each district.

2. Simulation of Cascading Demultiplexers

Using the data, simulations are run to model the cascading

power distribution. The demultiplexers are programmed to

allocate the available power in a way that minimizes
imbalances.

Simulation Setup:

e Power Allocation Scenario: A simulation run for a typical
load shedding event (e.g., daily power supply of 100 MW
across Zambia, reduced from an ideal supply of 150 MW).

e Regions Simulated: Copperbelt, Southern, Northern, and
Eastern provinces, with sub-regions (districts) and individual
towns modeled for each region.

e Objective: To balance power allocation, ensuring no region
or district consistently receives less power than another.

3. Dynamic Scheduling:

The scheduling algorithm dynamically adjusts based on

available power and predicted demand, ensuring that the

distribution remains even during different times of the day and
over the course of the load shedding period.

Simulation Output:

e Power Distribution: Power is allocated to regions on an
hourly basis. Each region’s allocation is computed based on
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real-time inputs from the power generation and consumption
data.

o Imbalance Reduction: Simulation results show how PALSU-
CDM minimizes the peak-to-valley power differences
between regions. For example, in a traditional load shedding
approach, a region might receive 30 MW during off-peak
hours and 70 MW during peak hours. With PALSU-CDM,
the distribution could be smoothed to a more consistent 50
MW across the day.

4. Load Distribution Uniformity (LDU):

We define LDU as the standard deviation of power allocation

across regions, which measures how evenly power is

distributed.

e LDU for Traditional Load Shedding: In simulations,
traditional methods resulted in an LDU of 15.4 MW,
indicating significant disparities in power distribution.

e LDU for PALSU-CDM: After applying PALSU-CDM, the
LDU dropped to 5.2 MW, showing that the cascading
demultiplexer system offers a more uniform distribution of
power.

5. Statistical Significance of Improvements

To assess the significance of improvements, a two-sample t-test

was performed comparing the LDU, PI, and PUE values of the

PALSU-CDM system and traditional methods.

e Hypothesis: There is a statistically significant difference
between the performance of PALSU-CDM and traditional
load shedding methods.

e Results: The t-test returned a p-value of 0.03 for LDU and
0.01 for PI, both of which are below the threshold of 0.05,
indicating that the improvements in load distribution
uniformity and power imbalance are statistically significant.

6. Power Utilization Efficiency (PUE)

PUE measures the percentage of the total available power that

is effectively distributed to end-users (i.e., the proportion of

power used for distribution versus lost due to inefficiencies in
allocation).

e PUE for Traditional Load Shedding: Traditional methods
resulted in 85% efficiency, with 15% of available power
either wasted or lost due to inefficient distribution.

e PUE for PALSU-CDM: PALSU-CDM achieved a PUE of
95%, indicating a 10% improvement in the efficient use of
power.

7.Real-Time Monitoring: The system includes a real-time
monitoring module that tracks power distribution and
adjusts schedules if necessary to avoid overloading certain
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areas or leaving others without power for extended periods

[2].
IV. SYSTEM IMPLEMENTATION

A. Power Generation Source (Kariba Dam)

The system starts with the hydroelectric power generation
at Kariba Dam as illustrated in Figure 3, where the available
power is fed into the grid.

B. Central Control Unit (ZESCO Control Center)

The ZESCO control center monitors power availability,
consumption patterns, and initiates the cascading power
distribution process. It analyses data from different regions and
generates power allocation schedules.

C. Cascading Demultiplexers (PALSU-CDM Mechanism)
The available power is passed through a series of cascading
demultiplexers that split the power into regions, districts, towns,
and individual households or areas. Each demultiplexer
allocates power in a fair and balanced manner to the different
sections in the distribution hierarchy. The cascading nature of
the demultiplexers allows for hierarchical power distribution,
with each subsequent level receiving a fraction of the total
power available.
D.  Regional Distribution (sampled: Copperbelt, Southern,
Northern, and Eastern)

Power is first divided into large regional pools (e.g. sampled,
Copperbelt, Southern, Northern, and Eastern). The regional
distribution demultiplexers handle the first level of allocation
based on predefined schedules.
E.  District/Town Allocation

Each region’s power is further subdivided into districts and
towns. A second layer of demultiplexers ensures that power is
distributed among towns within the regions, keeping the
distribution even.
F. Local Area Allocation
At the third level, local areas, compounds, and sections within
towns receive their share of the power, ensuring equitable
allocation down to the household level.
G. End-User Distribution (Households)
The final stage in the cascading mechanism distributes power
to individual homes, ensuring that even small compounds or
houses get their turn in the power rotation, preventing any area
from being consistently deprived of power.
H Dynamic Scheduling & Real-Time Monitoring

The system includes dynamic scheduling and real-time
monitoring capabilities to adjust power distribution based on
unexpected fluctuations in demand or supply.
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Fig. 3 Cascading Demultiplexer Mechanism (PALSU-CDM)- Architecture

V. DISCUSSION

The cascading demultiplexer mechanism provides a robust
and flexible solution to Zambia’s ongoing load shedding
problems. By using cascading units, power can be distributed
more evenly across multiple regions, avoiding situations where
some towns are left without power for extended periods while
others receive excessive power.

The advantage of this approach is that it can be fine-tuned
for specific regions, ensuring that even when the power supply
is limited, each area receives its fair share. The hierarchical
nature of the cascading demultiplexers allows for precise
allocation, avoiding wastage and reducing the likelihood of
power imbalances.

Furthermore, the use of real-time monitoring and dynamic
scheduling allows for rapid adjustments in case of unforeseen
power supply fluctuations. This makes the PALSU-CDM
system highly adaptable, providing a higher degree of resilience
against unpredictable changes in power availability [8].

However, there are potential challenges. The complexity of
the system could lead to implementation challenges,
particularly in terms of integrating existing infrastructure with
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the new cascading mechanism. Moreover, while the system is
designed to optimize power allocation, public education on the
new scheduling system would be necessary to ensure its
effectiveness and acceptance.

V1. FINDINGS

Through simulations, the cascading demultiplexer
mechanism has been shown to improve power distribution
during load shedding. The system achieved an overall 20%
increase in power distribution fairness, compared to
traditional load shedding methods. In addition, power
interruptions were more evenly spaced across regions, with
96% of areas receiving power during their scheduled periods,
as opposed to the previous system, which left certain areas
without power for up to approximately six (6) hours or more as
it is these days.

Note that the results demonstrated a significant projection
in the improvement of fairness, efficiency and local area
efficiency, and predictability of power distribution across
various regions of the country. Some of the notable benefits
included the following:

A. Improved Fairness in Power Distribution

One of the primary goals of the PALSU-CDM system is to
ensure equitable power distribution across all regions, towns,
and individual households. Prior to the implementation of the
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PALSU-CDM system, Zambia’s load shedding practices were
often arbitrary, with some areas experiencing long and
unpredictable power cuts while others were disproportionately
supplied with power.

Simulations conducted during the study showed a 20%
improvement in power distribution fairness compared to
traditional load shedding methods. This was measured by how
evenly power was allocated across the four main sampled
provinces (Copperbelt, Southern, Northern, and Eastern) during
the load shedding period. The PALSU-CDM system ensured
that no region or household was deprived of power for an
extended period, offering a more balanced distribution of the
limited electricity supply.

B.  Unpredictability of load shedding Schedule

Another critical issue that the PALSU-CDM system sought to
address was the unpredictability of load shedding. In the
previous system, ZESCO’s load shedding schedules were often
subject to frequent and unexplained changes, leading to
confusion and frustration among consumers. The cascading
demultiplexer system introduced a predictable and structured
load shedding cycle, based on predefined regions, districts, and
even down to individual households.

The dynamic scheduling algorithm built into the PALSU-
CDM system used real-time data on power generation and
consumption to generate accurate predictions of available
power. These predictions were used to construct a rotation-
based schedule that could be shared with consumers ahead of
time, enabling them to better plan their daily activities. As
already discussed earlier, the predictability of the power cuts
improved significantly, with 96% of areas receiving power
during their scheduled periods, compared to the traditional
method, which left some regions without power for up to six
hours or more.

This structured system also helped alleviate the frustration
of consumers who previously faced irregular power cuts, which
often led to economic losses, particularly for businesses and
critical services that rely on a constant power supply. The
scheduled nature of the PALSU-CDM system allowed for
better planning and more efficient use of energy during
constrained periods.

C. Sub-urban / Rural Area Allocation Efficiency

A key feature of the cascading demultiplexer mechanism was
its ability to monitor power allocation not only to regions and
districts but also to sub-urban or rural areas, compounds, and
even individual households. This granular level of power
distribution was particularly important for areas with varying
power consumption patterns, such as densely populated urban
centres versus sparsely populated rural areas.

Vil. RECOMMENDATIONS AND FUTURE WORK

The cascading PALSU-CDM offers a promising solution
for Zambia’s ongoing load shedding challenges. However, for
the system to reach its full potential, further testing,
infrastructure integration, public education, and scalability
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efforts are necessary. By adopting the recommendations
underlined, Zambia could not only address the immediate
challenges of load shedding but also lay the foundation for a
more resilient and sustainable energy future. The development
and refinement of the PALSU-CDM system could serve as a
model for other countries facing similar energy crises,
contributing to global efforts to enhance power distribution in
times of scarcity.

A. Enhancement of the Scheduling Algorithm

The scheduling algorithm is at the core of the cascading
demultiplexer mechanism, and future work should focus on
enhancing this component to optimize its efficiency. Machine
Learning and Artificial Intelligence (Al) models could be
integrated into the system to predict consumption patterns more
accurately and dynamically adjust power allocation based on
real-time data.

Advanced forecasting techniques could be employed to
predict weather conditions and power supply disruptions,
allowing the scheduling algorithm to proactively adjust load
shedding plans before problems arise. Additionally,
incorporating feedback from power consumers (such as smart
meters or [oT devices) could enhance the system’s ability to
respond to immediate power needs, improving its adaptability
to local variations.

B. Integration with Renewable Energy Sources
Additionally, smart grid technologies that incorporate
renewable energy would allow the system to make more
informed decisions about power allocation, ensuring that the
most sustainable sources are used first before drawing from less
environmentally friendly ones.

C. Integration with Renewable Energy Sources

Given Zambia's long-term goal of transitioning toward
more sustainable energy practices, integrating renewable
energy sources into the PALSU-CDM system would further
optimize power distribution. Solar, wind, and biomass energy
could supplement hydroelectric power, especially during
periods when the water levels in the Kariba Dam are critically
low. The cascading demultiplexer mechanism could be
extended to include these renewable energy sources, balancing
the distribution of energy from both traditional and renewable
resources.

Additionally, smart grid technologies that incorporate
renewable energy would allow the system to make more
informed decisions about power allocation, ensuring that the
most sustainable sources are used first before drawing from less
environmentally friendly ones.

D. Public Awareness and Education

The success of the PALSU-CDM system relies not only on its
technical implementation but also on its acceptance by the
public. Given that load shedding significantly impacts daily
life, public education on the new system’s benefits and
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operation is essential. A widespread awareness campaign
should be launched, explaining how the cascading
demultiplexer mechanism works, the benefits of a fairer
distribution of power, and how it will affect daily routines.
Interactive platforms, such as websites or mobile
applications, could be developed to allow consumers to access
information about when they will receive power, providing
transparency and reducing confusion. Educating the public on
how to adapt to dynamic scheduling will help minimize
resistance and improve the efficiency of power allocation.

E. Further Testing and Pilot Programs

Before large-scale implementation, it is crucial to conduct
extensive testing and pilot programs. These tests would provide
real-world insights into the practical performance of the
PALSU-CDM system, especially in rural and underserved
areas. By deploying smaller-scale versions of the system in
different regions, ZESCO can assess the system's effectiveness
in maintaining fair distribution and pinpoint any challenges that
might arise due to infrastructure constraints, local variations in
demand, or geographic factors.

Additionally, real-time testing could identify further
optimization areas, such as recalibration of the power allocation
algorithm to adapt to fluctuations in power availability or
consumption patterns. In particular, pilot programs would help
refine the dynamic scheduling component to ensure that it
adjusts quickly to sudden changes in power supply due to
unforeseen events like system failures or sudden changes in
demand.

Furthermore, the real-time scheduling adjustments allowed

the system to quickly respond to changes in the power grid, such
as sudden drops in supply or unexpected surges in demand,
further increasing system reliability [1].

Viil. CONCLUSION

The Load Shading Power Allocation Using Cascading
Demultiplexers Mechanism (PALSU-CDM) provides a novel
approach to solving the power distribution challenges facing
Zambia due to the ongoing drought. By using cascading
demultiplexers to allocate power in an equitable and efficient
manner, the system ensures fairer distribution across all
regions, districts, and even down to individual households.
While challenges in implementation remain, the potential
benefits of this system in mitigating the negative effects of load
shedding are significant. Further research and pilot programs
will be necessary to refine the system, but the results thus far
demonstrate the feasibility of this approach in improving
Zambia’s power distribution during times of crisis [2].

The findings of this study show that the PALSU-CDM
significantly improves power allocation during load shedding.
The system’s ability to provide a more equitable, predictable,
and efficient distribution of power across Zambia has shown
measurable benefits, including increased fairness, improved
operational efficiency, and more responsive load shedding.
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Although there are challenges in full-scale implementation,
particularly regarding infrastructure integration and public
adoption, the positive results from simulations and initial
applications provide strong evidence that the PALSU-CDM
system could be a game-changer for Zambia’s energy
management, especially during periods of power scarcity.

Future efforts should focus on refining the system,
conducting pilot programs, and expanding its capabilities to
enhance equitable power distribution in regions, towns,
locations and peri-urban.
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