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DEMAND ASSESSMENT AND FORECASTING

1 INTRODUCTION

1.1 Situational assessment

Development of the electricity demand projections presented in this report has benefited from high
levels of engagement with key stakeholders including ZESCO, Ministry of Energy, and others. This
engagement has resulted in access to the data required to analyse demand being made available
quickly in most cases, as well as allowing for options to be solicited and ideas regarding the
approach(es) to be used when analysing demand.

The demand assessment has taken account of the Government plans to grow the mining sector as
well as develop Zambia as an electricity export hub within the Southern Africa and the East Africa
Power Pools.

Analysis of residential and agricultural demand is building on analysis performed in preparation of the
Least-Cost Geospatial Electrification Plan (LCGEP). As noted in the IRP inception report, the LCGEP
identifies the least cost mode for delivering electrification for each location in Zambia, analysing the
split between solar home systems (SHS), mini-grids, and grid densification and extension. A draft final
report! was submitted by Tractebel (the consultant appointed by the World Bank to complete the
LCGEP) in late 2020. An updated version of the report has been used in developing the demand
projections for this IRP. Both LCGEP reports have been made available and reviewed in detail.
Detailed analytical outputs from Tractebel’s modelling have also been made available. Several
insightful calls with the World Bank and Tractebel teams were held to understand the LCGEP further.
In preparing the demand assessment for the IRP, the LCGEP outputs have been used to inform the
following assumptions:

e The role of the main electricity grid is reaching areas that are not currently electrified, vis-a-
vis the role of other modes of delivery, such as mini-grids and SHS.
e The timing of electrification, especially for grid-connected areas.
e The size and location of agricultural demand for electricity (used for irrigation).
1.2 Scope and assumptions

1.2.1 Approach to the demand assessment

As the demand assessment has been developed, the approach proposed in the inception report has
been followed. Demand has been broken down into four sectors or components, reflecting the
composition of electricity demand in Zambia today:

e Residential, which is the second-largest component of demand today and has the potential to
grow as access rates improve,

e Commercial and industrial (other than mining),
e Mining, which is the largest single component of demand for electricity in Zambia today, and
e Agriculture, which accounts for a small share of demand.

A mix of econometric and bottom-up approaches has been used to prepare the demand assessment.

Again, this is in line with the approach proposed in the inception report. For example, in the case of
commercial and industrial (C&I) demand, a purely econometric approach is being deployed, with

1 Tractebel (2020): Preparation of a least-cost geospatial electrification plan for grid and off-grid rollout in Zambia
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demand being modelled as being proportional to GDP, whereas for mining demand a bottom-up
approach is used, with each large mine being considered separately.

In the inception report several data challenges were identified, which have since been addressed.
Table 1 sets out how these data challenges have been addressed.
Table 1: Strategy for addressing data challenges identified in the inception report

Data challenge Strategy to address identified gap

Some of the ‘total system’ datasets presented in the
inception report currently extend to only 2018 or
2019. Ideally, the baseline data for the IRP should
leverage the latest data, i.e., at least until the end of
2020.

The IRP team has worked closely with ZESCO and
other stakeholders to check that the most up-to-
date data is used. However, because of the impact
of load shedding (see below), it has also been
determined that 2018 is being used as a ‘baseline’
year for the demand assessment. 2018 data will
therefore be used to represent the demand shape
during the year, because demand shape in 2019 and
2020 will have been distorted by the impact of load
shedding.

During the inception phase it was not possible to
reconcile the distribution level demand data with the
total system data.

The approach to disaggregating the national
demand projection to provide a detailed analysis of
demand by location (which feeds into the
distribution planning workstream) has evolved since
the inception report was prepared. Two main
sources are used for this exercise:

e Data outputs from the LCGEP, which analyses
thousands of ‘site’ locations across Zambia, are
used to determine where new residential and
agricultural demand is located.

e Actual substation demand data, provided by the
distribution planning workstream, are used to
analyse the starting point geographical
distribution of demand.

As is the case in many countries across Sub-Saharan
Africa, load shedding will sometimes have a material
impact on measured demand. In Zambia, drought
conditions have had a substantial impact on
measured demand in some years — for example, in
2016 and 2019. Actual demand connected to the grid
is likely to in fact be somewhat higher than measured
demand. This is referred to as ‘supressed demand’,
and the baseline should consider the impact of this
demand that is not currently met. ZESCO has not
been able to provide any detailed analysis of outages
across the electricity system so supressed load can
be estimated.

The finalised econometric approach for residential
demand (see Section 2.2.1) estimates the expected
impact of new connections on residential load.
When applying this approach, 2018 has again been
used as a base year, when load shedding was more
limited. This allows for the impact that load
shedding had on residential demand in 2019/2020
to be estimated.

Hourly data is only available across the transmission
network. Data on the distribution network is limited
to monthly granularity.

Outputs from the demand assessment for the
distribution planning component of the IRP are
limited to maximum demand numbers, so this does
not result in a limitation on the analysis.

1.2.2 Secondee participation

16 individuals from across key institutions in Zambia’s power sector have been seconded to be part of
a working group for the demand assessment component of the IRP. These individuals are from ZESCO,
Ministry of Energy (MoE), the University of Zambia (UNZA), the Energy Regulation Board (ERB),
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Ministry of Transport, and Africa GreenCo. Regular working group meetings (normally every 2-3
weeks) were held during the main period of the development of the IRP, from April 2021 until late
2021, to provide an update to members of the group on the progress made on the demand
assessment workstream and to discuss and seek views on key emerging issues on the analysis. On
average, ~5-10 members of the working group have been able to join the meetings.

Additionally, the IRP team has had regular contact with the ZESCO team members seconded to the
demand assessment workstream. In particular, this dialogue has been key to obtaining the most
appropriate datasets for input to the work on the IRP, and to validating our understanding and use of
the datasets obtained.

1.2.3  Capacity building

Capacity building, which is an important component of the IRP project, has been implemented
through training, workshops, and regular collaboration. A number of different channels have been
used so far to deliver capacity building:

e Workshops, such as the inception report workshops during week commencing 22" March
and the scenario development workshops on the 7" and 8™ July.

e Regular working group meetings, as discussed above.

e Afirst training session, as set out in the original project plan, which was held on 10" August.

e A second training session, covering the analytical inputs to this report, was held with the
working group on 2" December.

The training sessions focused on the methodologies used in demand forecasting, and how they have
been applied in the work carried out to date. All members of the working group were invited. Six were
able to attend the first training session, and six attended the second training session. A recording of
the session has been made available to other members of the working group through the Microsoft
(MS) Teams channel.

2 APPROACH

2.1 Overview of approach

Four components of demand are treated separately to capture the most important drivers of demand
for electricity in Zambia. As noted above, this approach treats residential, mining, C&I (other than
mining), and agriculture demand separately.

A blend of econometric and bottom-up methodologies is used to derive appropriate demand
forecasts. The methodology used to prepare each component of the demand assessment is
summarised in Table 2. As shown in the table, for C&|l demand a purely econometric approach is
taken, and for mining demand the approach is bottom-up. For residential and agriculture,
econometric analysis is combined with the bottom-up and locational analysis already performed
through the preparation of the LCGEP.

The use of an econometric approach means that some energy efficiency measures are implicitly
assumed in the projection. As energy efficiency measures have been implemented in the past, they
will have had an impact on electricity demand. Where the IRP uses past relationships between
demand and other variables to project electricity demand, these projections in effect assume a
continuation of these energy efficiency impacts.
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Table 2: Summary of approach used for each component of the demand assessment

Component of demand  Type of approach Outline of approach

Residential Econometric combined e Residential demand growth driven primarily by
with bottom-up new connections.
information from LCGEP

e |ncremental demand from new connections
varies with the cumulative number of residential
connections.

e Number of new connections informed by LCGEP,
which provides analysis down to ‘site’ level, of
which there are 3,248 across Zambia.

C&l (other than mining) | Econometric e C&I demand varies with real-terms GDP.

e Note that this component of the projection also
includes public sector buildings such as schools
and clinics. These facilities, while very important
for Zambia’s development, account for a very
small portion of total electricity demand.

Mining Bottom-up e Projections provided at the mine level by
individual mines and/or Copperbelt Energy
Corporation (CEC).

Agriculture Econometric combined e Overall agricultural demand for electricity

with bottom-up
information from LCGEP

assumed to vary with GDP (to be confirmed).

e Potential location of agricultural loads informed
by LCGEP analysis of Food and Agriculture
Organization of the United Nations (FAO) data.

The IRP demand projections are gross of future behind-the-meter generation additions, as set out in
the inception report. While the baseline demand numbers are defined at customer meter point (i.e.,
net of existing behind-the-meter generation), future behind-the-meter generation is accounted for
through the generation modelling.

The demand assessment is focused on Zambia. The modelling approach taken for the generation
planning component of the IRP is focused on Zambia only, without endogenous representation of the
interconnected Southern African Power Pool (SAPP) markets. However, the role of exports is
considered as an exogenous ‘adder’ to demand.

The analysis first analyses demand at the national level, and then considers the location of that
demand. This granular locational analysis is particularly important for feeding into the distribution
planning component of the IRP.

2.2 Progress on national demand projection

This section of the report presents analysis of each component of demand in turn. The analysis
presented in this section analyses total national demand for electricity. The sub-sections below
present further detail on the methodology used in projecting each component of demand before also
presenting the outputs from the projections.

2.2.1 Residential demand and energy access

Analysis of residential demand uses outputs from the LCGEP. The LCGEP analysis identified >3,000
demand ‘sites’ across Zambia. For each site LCGEP identified the least cost mode of delivering
electricity access (i.e., grid extension or densification, mini-grid, or solar home system), and the year
in which electricity access should be delivered in order to reach universal access by 2030, in line with
the United Nations Sustainable Development Goal (SDG) 7 on Affordable and Clean Energy. Focusing
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on sites where grid extension or densification was proposed, it is then possible to derive the number
of new household connections that would need to be delivered to implement the LCGEP.

The final LCGEP reflects the following assumptions:

e The target of achieving universal access to electricity by 2030 is retained in the LCGEP model,
maintaining alignment with SDG 7.

e However, to align outturn grid connections with real-world constraints, the number of new
grid-based connections has been capped. This cap increases from 50,000 connections per
year at the start of the scenario to 120,000 per year from 2026 onwards. Where the grid is
identified as the least cost mode of delivery, but a connection cannot be delivered by 2030
because of these constraints, it is assumed that a pre-electrification solution (either a mini-
grid intended to be subsequently integrated with the grid, or a solar home system) is
delivered to ensure SDG 7 is achieved.

e The target level of electricity access per ESMAP’s? multi-tier framework? is assumed to be Tier
1.

e Several existing mini-grids are also incorporated in the starting point for the LCGEP analysis.
The impact of these mini-grids on grid-based demand for electricity is small.

LCGEP outputs were combined with detailed analysis of recent household demand trends in Zambia,
which indicates rapidly falling demand per connection as the grid expands to peri-urban and rural
communities. Detailed analysis of meter point residential demand data was performed to understand
how demand has evolved over time. Figure 1 shows the annual demand per household for different
connection year cohorts. Each line shows the trend for customers connected to ZESCO’s network in
the years from 2007 to 2015. Two important conclusions can be drawn from this analysis:

e Asthe grid expands to households in less urban areas and (on average) with lower ability to
pay, the incremental demand from new household connections has declined very rapidly. This
is shown by the lower per household demand for connections added in more recent years.

e For agiven connection year cohort, demand has not grown over the period shown in the
figure. Indeed, if anything demand per household has declined slightly for some cohorts. This
trend is however partly impacted by the effect of load shedding, especially in 2016, indicated
by the dashed oval.

Figure 1: Average demand per household, by connection year cohort
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2 ESMAP is the Energy Sector Management Assistance Program is a technical assistance facility that is hosted by the World
Bank but supported by a wide range of international donors, including FCDO.

3 The multi-tier framework defines energy access from Tier O to Tier 5, depending on the characteristics of the access
provided. Tier 5 would reflect a reliable 24/7 grid connection, whereas lower tiers can reflect more basic levels of energy
access, or a less reliable supply of electricity. More information relating to the multi-tier framework is provided on
ESMAP’s website, here.
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This analysis can be used to derive a predictive relationship between connection numbers and
residential demand. Analysis of demand at nearly 1 million meter points can be used to perform a log-
linear regression. The left panel of Figure 2 shows the log-linear relationship between the total
number of residential connections and demand from those connection points. As connections
increase demand increases, but the rate at which demand grows starts to decline as the grid expands.
This results in a subtle flattening of the curve. The right panel of Figure 2 shows the implied
incremental demand from new households as connection numbers increase. The green horizontal
lines show the decline in actual per household demand for selected connection year cohorts. The
black horizontal lines show the per household demand assumed in the LCGEP, demonstrating
consistency between the bottom-up analysis described above and the top-down assumptions used as
an input to the LCGEP. It is assumed that once a household is connected, their demand remains
constant. Increases in demand as household wealth grows is assumed to be offset by energy
efficiency measures such as those described in Zambia’s Energy Efficiency Strategy and Action Plan.

The analysis is further disaggregated to reflect actual regional variations in demand. As would be
expected, households in more urban parts of the country (especially in Lusaka) typically have a
greater ability to pay for more electricity. This is reflected in the actual per household demand. Figure
3 shows the relative difference in per household demand by province. These factors are used in
developing the projections for demand from the new connections identified in the LCGEP.

Figure 2: (left) log-linear regression of demand versus connection numbers; (right) resulting
incremental per household demand
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Figure 3: Geographical demand multipliers for residential demand
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Residential demand is expected to reach close to 12 TWh by 2050. This projection used the latest
LCGEP modelling outputs. Figure 4 shows the cumulative connections and the resulting electricity

demand.

Figure 4: (left) projected residential connections; (right) resulting residential demand projection
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Peak demand from residential connections also increases gradually, reaching 1,976 MW by 2050. The

load factor for demand from the residential sector is constant over the modelled period at 68.5%.
Figure 5 presents the peak demand for the residential sector.

Figure 5: Peak demand for the residential sector
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(2016)* analyse energy consumption (covering both electricity and diesel) at copper mines globally
and find that the energy consumption at mines increases as the depth of mining increases and as the
ore grade being extracted declines. Electricity consumption from the mines in the Copperbelt could
therefore be modelled using such a relationship. However, after engagement with the mines and
stakeholders in the sector it was confirmed that the data required to calibrate such a model for
Zambia was not readily available.

It has, however, been possible to obtain more detailed electricity demand projections from sector
stakeholders. These provide mine-level forecasts of electricity demand for most of the mines. These
projections, have been used directly. A summary of the source used for each mine is shown in Table
3, along with the demand projected for selected spot years.

Table 3: Overview of data used for mining demand assumptions

Data source Electricity demand (GWh)

2021 2035
Konkola Copper Mines Plc Scaled with 1,490 2,293 2,293
production®

Mopani Copper Mines Plc CEC 944 962 962
Luanshya Copper Mines CEC 301 306 306
NFC Africa Mining Plc (Chisenga) CEC 158 158 158
NFC Luela CEC 54 54 54
Lubambe Copper Mine Ltd CEC 135 149 149
Chambishi Metals Plc CEC 4 4 4
Cosak CEC 2 2 2
China Copper Mines Ltd CEC 13 13 13
Chibuluma Mines Plc CEC 5 5 5
China Civil Engineering CEC 0 0 0
SinoHydro CEC 0 0 0
Yong Jia CEC 0 0 0
Mwekera Copper Mine CEC 0 23 23
Zhonghui Mining Group CEC 0 0 0
Kalumbila Minerals Limited (100%) Mine 1,438 0 0
Kansanshi Mining Plc (100%) Mine 1,840 2,409 2,409
Lumwana Mining Co. Limited (100%) Mine 394 455 262
Chambishi Copper Smelter COM® 600 600 600
Manganese sector - Luapuala COM 100 200 300
Manganese sector - Central COM 100 200 300
New smelters SXEW COM 600 1,200 1,200
NW Open pit mine 1 CcCoOM 0 1,400 1,400

4 Koppelaar and Koppelaar (2016): The Ore Grade and Depth Influence on Copper Energy Inputs
5 For KCM, actual electricity demand in 2020 is known and is then scaled against a forecast of increasing production to 2024,

after which demand is assumed to remain constant

6 Chamber of Mines
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Data source  Electricity demand (GWh)

2021 2035
NW Open pit mine 2 CoOM 0 1,400 1,400
CB development COM 0 400 400
NW Open pit mine 3 COM 0 1,400 1,400
Central open mine COM 0 0 150
Western open mine 1 COM 0 0 150
Northern open mine COM 0 0 150
Luapula open mine COM 0 0 150
Eastern open mine COM 0 0 150
Muchinga open mine COM 0 0 150
Mabiza open mine COM 0 0 150
Kitumba open mine COM 0 0 150
Kangaluwi open mine COM 0 0 150
Dunrobin open mine COoOM 0 0 150
Sasare open mine COM 0 0 150
Western open mine 2 COM 0 0 150

The demand projection for the mining sector aggregates these forecasts for each individual mine.
Figure 9 presents an overview of the demand projection for the sector. The figure indicates a gradual
increase in demand during the first few years of the 2020s, primarily driven by the increase in
demand from KCM and Kansanshi mines. Production then ramps up more substantially around 2030.
This reflects the new and ambitious mining productions targets set by government, balanced with the
realistic timescales over which projects can be brought online. Information on the pipeline of new
projects presented in Table 3 has been provided by Chamber of Mines.

The project reflects the Government’s ambition to greatly increase production from the mining
sector. The new Government has set ambitious targets to increase production to 2m tonnes by 2026
and to 3m tonnes by 2030. This compares to production closer to 1m tonnes currently. These are
highly ambitious, and several stakeholders have noted during consultations that it can take many
years to develop a mining project prior to production. Two scenarios for mining demand are therefore
presented below:

e A Policy Case is presented, which is broadly aligned with achieving these production targets,
on the timescales required by the Government.

e A Base Case in which the production targets are still assumed to be met, but later, with
electricity demand from the mining sector not reaching its peak until the late 2030s. This
arguably better reflects the time taken to develop larger mining projects.

Figure 6 shows demand from the mining sector under both scenarios for comparison. The Base Case
scenario projection is used in the consolidated demand projection, and in the remainder of the IRP
analysis.

13
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Figure 6: Demand for electricity from the mining sector
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As would be expected, the load factor for the mining demand is much higher than for other sectors.
In most years the load factor for the sector is between 85-87% (the only exceptions being in years
where mines are not online for a complete year). Figure 7 presents the peak demand and load factor
for the mining sector. Figure 7 again presents demand for both the Base and Policy cases.

Figure 7: Peak demand and load factor for the mining sector

2,500 - 100%
L 90%
2,000 L 80%
L 70%
1,500 L 60%
s L 50%
= 1,000 L 40%
g L 30%
g 500 L 20%
° L 10%
©
& 0 0%

R R R I < I AR
5 PP DD PR PR
AT AT AT AT AT A A A A A

Year

e POliCY CASE e Base case === |oad factor

2.2.3 Other commercial and industrial demand

Commercial and industrial demand for electricity is closely related to GDP. By contrast to residential
demand, this component of demand is straight-forward to model. Figure 8 shows the strong link
between demand and GDP. The regression formula shown in the figure does not include either 2016
or 2019 (both of which suffered from substantial load shedding). The regression analysis was also
performed using a manufacturing index published by Zambia’s Central Statistical Office, but the

14
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resulting relationship was not as strong as that for real-terms GDP. The relationship incorporates the
impact of past initiatives to improve energy efficiency. It is assumed that future initiatives to improve
efficiency, such as those described in Zambia’s Energy Efficiency Strategy and Action Plan, which we
understand was validated during a stakeholder meeting in early November 2021, do not result in any
material deviation from the relationship shown in Figure 8.

Figure 8: Linear regression showing C&| demand varying with real-terms GDP
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The derived regression formula can be used to project C&l electricity demand. An assumption for
future GDP growth can be translated to projected demand for electricity from the C&I sector using
the regression formula:

Demandg; = (13.49 X GDP) — 208.87

GDP projections can be taken from the IMF's World Economic Outlook, which is updated every six
months. The latest projections, published in October 2021, show GDP in Zambia increasing by 1.0% in
2021, with this rate gradually increasing to reach 1.5% by 2026. This is low for a country at Zambia's
stage of development but is reflective of the challenges currently faced by the country. In the demand
projection it is assumed that GDP growth increases to 5.0% per annum by 2030. The GDP assumption
and the resulting C&I demand projection are both shown in Figure 9. Figure 10 presents the
projection for peak demand along with the inferred load factor.

Figure 9: GDP assumption (left) and resulting C&| demand projection (right)
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Figure 10: Peak demand and load factor for the C&I sector
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2.2.4  Agricultural demand

As with residential demand, demand from the agriculture sector is also informed by the LCGEP. The
LCGEP is focused on electricity demand for irrigation. It is assumed that demand from value-add
downstream activities are incorporated in the C&I regression described in Section 2.2.3. These
activities may be co-located with other industrial activities, rather than being distributed on farms.
The resulting projections for total and peak demand are shown in Figure 11 and Figure 12
respectively.

Figure 11: Agricultural demand
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Figure 12: Peak demand and load factor for the agriculture sector
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2.2.5 Exports

Exports have also been included in the final demand projection. While the published SAPP masterplan
does not indicate a strong export role for Zambia, the IRP Technical Committee suggested that
exports be added to the demand projection to reflect the new Government’s ambitions. Exports are
assumed to gradually increase to 1 GW baseload export by 2040. Half of this amount is exported to
DRC, the remainder south to Zimbabwe (in practice at least a portion of this power likely continues to
South Africa).

2.2.6 Technological developments and other considerations

This section considers the following potential technology changes that could impact the future
evolution of demand for electricity:

e Electric vehicles, the charging of which would add to electric load on the grid,
e Avreduction in the use of electric geysers, which could reduce electricity demand, and
e A shift towards using electricity for cooking.

Charging requirements for electric vehicles could add substantially to load at certain times of the day,
but a large impact is likely to be many years away in Zambia. Even in more developed markets, the
impact of charging on total electricity demand remains small. Zambia currently has ~750,000 vehicles
on the road. If 100,000 electric vehicles simultaneously charged through 3.6 KW trickle charging, this
would add 360 MW of load. 25,000 vehicles simultaneous using fast chargers (~20 kW) would add
500 MW load. For context, the UK currently has <4,000 rapid charge points. Although the impact of
charging could eventually be large, after considering diversity in charging times, it is difficult to
imagine electric vehicle charging being a major driver of electricity demand in Zambia over the next
~10 years. It is therefore suggested that the electrification of transport is further considered when the
IRP is updated in future, when Zambia’s policy will be more developed and the impact of electrified
transport on electricity demand is better understood.

Aggressive removal of electric geysers would reduce demand, but the impact is likely to be smaller
than other sources of uncertainty. Analysis performed by the University of Zambia’ suggests that

7 Mwewa (2013): Peak-load shifting utilizing load factor optimization: a centralized microprocessor-based smart metering
demonstration. (Link)
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~40% of domestic electricity demand is attributable to electric geysers. This would mean geysers
account for ~1.6 TWh of electricity demand. This is >10% of today’s electricity demand. However, any
bans on electricity geysers are likely to take years to take effect.

Conversely, a shift towards electric cooking could increase electricity demand. According to the
recent multi-tier framework survey for Zambia,® 32.5% of urban households have access to an electric
stove; this figure is 1.9% in rural households®. New hotplates or electric pressure cookers (EPCs) are
likely to add a load of ~1 kW (multi-plate systems would have a correspondingly higher power rating).
Hotplates are the most common form of electric cooking in Zambia today, although this might change
in future as EPC technology continues to develop. Adding 500,000 new electric stoves® and switching
them all on simultaneously would add a load requirement of 500 MW. While this is significant, it is
also a very aggressive assumption. It seems likely that adding this many stoves would take many
years. The impact on total energy required is likely to be less significant. If these stoves are switched
on for, on average, 1 hour per night, this would add 183 GWh to electricity demand, which is <1% of
the total indicative base case demand in 2040.

The IRP team has discussed the role of different clean cooking technologies with the USAID
Alternatives to Charcoal programme. USAID has commissioned research that is consistent with the
above conclusions. Our review of the research confirmed that:

e Even for high income consumers, because they use less efficient appliances and because they
often pay a higher electricity rate, it will often be cheaper to use charcoal. For these
consumers, the most likely trigger for a shift to using electricity more for cooking would be a
shift to more efficient appliances, so the impact on total electricity demand could be neutral.

e For low-income consumers, up-front cost of appliances is likely to be a barrier, compared to a
$2 mbaula. For these consumers, innovative commercial/financing models (PAYGo etc) could
unlock some higher uptake, but this would be using efficient appliances and the demand
would again likely be quite small in absolute terms. Further, behavioural barriers would likely
be substantial in practice: while there are clear benefits of moving to electricity, for many
households there might be no additional utility compared to the mbaula they already use.
This contrasts with the decision to purchase a SHS, which unlocks lighting, phone charging,
etc.

It therefore seems unlikely that individually any of the above technologies will fundamentally change
electricity demand in Zambia in the short to medium-term. Very aggressive assumptions are required
for any of these technology changes to have a substantial impact on total demand. Even when
considering peak demand, the impact is likely to be within +/-15% of the base case. While this is non-
trivial, given the wider uncertainties regarding future demand for electricity, it is likely to be better to
capture this effect through additional demand scenarios capturing non-specific higher or lower
demand growth, rather than explicit modelling of these technology changes.

Climate change could also result in changing demand patterns, although these changes are highly
uncertain and are likely to unfold over decadal timescales. It has already been noted in Section 2.2.4
that electricity needs for irrigation are highly uncertain, partly because of climate change. Climate
change is also likely to change demand patterns in other ways; for example, increase demand for
cooling. However, in the short term it is expected that the affordability of cooling technologies is likely
to be a binding constraint on the adoption of such technologies for many households. Zambia’s

8 ESMAP (2019): Zambia: Beyond Connections — Energy Access Diagnostic Report based on the Multi-Tier Framework. (Link)

9 It should be noted that there is a material discrepancy between the figures presented in the multi-tier framework report
and alternative numbers presented in Zambia’s Demographic and Health Survey (DHS), 2018, (Link), which suggests that
only 18% of urban households use electricity for cooking; the equivalent number for rural households is 2%. Either way, it
is expected that any switch to electricity for cooking would result in a modest increase in demand.

10 Adding 500,000 new electric stoves would be broadly in line with achieving the targets in the Gender and Energy Strategy
and Action Plan (GESAP). This proposes targets for cooking with electricity of 24% of urban households and 13% of rural
households, compared to the DHS numbers above.
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baseline climate means that businesses and households that can afford such technologies are likely to
already have these installed. Any increase in the use of these technologies is likely to be very gradual
and already built into the statistical relationships that underpin the demand projections presented in
this report.

2.2.7 Losses, and a consolidated national demand projection

Transmission and distribution losses are assumed to decline gradually over time. Generation
infrastructure requirements need to be modelled taking into account the impact of network losses,
i.e., considering demand gross of losses. According to data published by ERB, network losses in
Zambia are low compared to many other countries in Sub-Saharan Africa. The potential for further
loss reduction is therefore likely to be limited in the near term, especially as the distribution network
expands and line lengths increase. Transmission losses are assumed to decline gradually from 5% to
3%, distribution losses decline from 11% to 9%. When applied to the net demand projections
described in the sections above, this results in the total losses shown in Figure 13.

Figure 13: Total transmission and distribution losses included in Base Case demand projection
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Consolidating all of the analysis outlined above indicates that demand for electricity is projected to
roughly double in the period to 2050. The consolidated demand projection is shown in Figure 14. The
figure shows the consolidated peak demand projection as well as total energy. For peak demand, the
figure shows the impact of the policy case for mining demand, as described previously in Section
2.2.2. The numbers behind these projections are attached to this report in Annex A.
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Figure 14: Consolidated Base Case demand projection to 2050
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2.3 Distribution-level demand projections

The location of demand is also important for planning electricity sector infrastructure. The analysis
presented in Section 2.2 analysed demand across Zambia as a whole. However, the location of
demand is also important when planning the electricity system. In particular, the location of demand
informs where it is necessary to expand or reinforce the distribution network. This in turn has an
impact on the requirements for upstream transmission and generation infrastructure. Locational
demand projections have therefore also been prepared, to feed into other IRP workstreams.
Specifically, substation-level analysis has been performed to feed into the distribution workstream,
and BSP (bulk supply point) projections have been provided to the generation workstream.

The location of residential and agricultural demand for electricity can be inferred from the LCGEP. As
noted earlier in this report, the LCGEP model disaggregates Zambia into >3,000 demand sites. This
site-level analysis has been used to prepare the projections for residential and agricultural demand
presented in Sections 2.2.1 and 2.2.4 respectively. The sites have also been mapped to substations
according to geographical proximity.

The location of C&I demand can be estimated as a residual. In addition to being able to analyse the
location of residential and agricultural demand using data from the LCGEP model, the location of
mining demand is also known. Using data on actual substation loadings, the location of existing C&l
demand can be derived as a residual. While C&I demand for electricity does grow over time, it
remains more focused on large urban centres than other components of demand.

Having mapped the individual components of demand to each substation, demand projections for
each substation have been prepared. The same rules described in Section 2.2 can be applied to the
substation-level demand estimates. These more granular projections of demand provide an important
input to other IRP workstreams. These substation-level projections for years to 2030 are attached to
this report in Annex 2.
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3 CROSS-CUTTING THEMES

3.1 Climate change and environment

Climate change could result in higher demand for electricity in future. As the effects of climate change
are increasingly felt, this could result in higher demand for both air conditioning and for irrigation, to
the extent that households, businesses, and farmers have access to these technologies. As illustrated
by the projection in Section 2.2.4, agricultural demand for grid-based electricity is expected to be low
compared to total demand, so even a gradual increase in irrigation-related demand is unlikely to have
a material impact. As mentioned in Section 2.2.6, any growth in demand from air conditioning is also
expected to be small in the short to medium-term as constraints such as affordability are likely in
practice to constrain the extent to which households invest in cooling.

However, uncertainty means that it is very difficult to quantify these impacts. There is considerable
uncertainty over the exact impact of climate changes on individual locations. Low levels of electricity
demand in Zambia also mean that there is considerable uncertainty over the future use of air
conditioning and irrigation, even without taking into account the impacts of climate change. The
uncertainty associated with climate change, while considerable, is unlikely to account for a large share
of the total uncertainty in the electricity demand assessment. As noted earlier in this report,
affordability is also likely to be a binding constraint on the acquisition of cooling equipment in the
short-term.

A shift to using electricity for cooking is not expected to result in a major step-change in demand in
the near future. A shift toward cleaner cooking technologies, and away from traditional biomass,
could have a dramatic impact on Zambia’s contribution to global emissions of greenhouse gases.
While this shift will need to take place for global climate objectives to be met, it seems more likely
that most households would shift to an alternative that does not use grid-based electricity, such as
sustainable biomass or LPG.
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ANNEX 1: NATIONAL DEMAND PROJECTION

Table shown on the next page
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GWh 2020 2026 2030 2035 2040 2045 2050
Chambishi East 330/66kV 81 91 96 113 135 162 196
Chipata West 330/132kV 108 183 265 383 443 520 611
Chishimba Falls 3.3kV 6 6 8 15 17 21 24
Itezhi Tezhi 11kV 56 70 77 129 154 187 227
Kabwe 330/88kV 3,615 4,389 4,407 4,492 4,590 4,766 4,979
Kafue Gorge 330kV 0 0 0 0 0 0 0
Kafue Town 330/88kV 737 809 970 1,166 1,406 1,717 2,100
Kafue West 330kV 0 0 0 0 0 0 0
Kalumbila 330/33kV 920 1,420 1,408 1,405 1,395 1,401 1,408
Kansanshi 1,813 2,812 2,788 2,758 2,729 2,729 2,729
Kariba North 330/18/11kV 4] 51 55 71 87 109 137
Kasama 330/66kV 187 222 252 359 434 531 651
Kitwe 330/220kV 2,878 2,987 3,103 3,533 4,003 4,619 5,371
Leopard's Hill 330/132/88kV 1,566 1,946 2,136 2,478 2,865 3,349 3,917
LSM FEZ 330/33kV 49 50 61 72 85 101 122
Luano 330/220kV 0 0 0 0 0 0 0
Lumwana 330/132/33kV 117 167 208 272 317 375 445
Lunzua 6.3kV 3 3 3 4 6 7 9
Lusaka West 330/132kV 2,698 3,301 3,386 1,951 2,279 2,693 3,188
Lusemfwa 66kV 12 13 15 19 23 28 35
Lusiwasi 330kV 22 22 25 47 53 61 71
Mpika 330/66kV 112 116 190 353 400 460 528
Msoro 330/66/11kV 68 75 124 212 246 289 341
Mulungushi 66/11kV 169 173 226 283 341 415 507
Muzuma 330/88kV 148 157 206 266 312 371 443
Nambala 330/220/33kV 433 515 527 522 499 532 296
NECL HFO Plant 11kV 18 18 21 24 26 30 33
Pensulo 330/66kV 146 172 189 250 297 357 430
Sesheke 220/66kV 6 6 6 13 14 16 18
Victoria Falls 220/66/33/11kV 360 433 489 653 790 968 1,189
Additional nodes

Chambishi smelter 0 700 694 687 680 680 680
Manganese - Luapula 0 158 190 229 264 302 340
Manganese - Central 0 158 190 229 264 302 340
SXEW - CB 0 951 1,141 1,374 1,359 1,359 1,359
New mine - NW 1 0 0 1,620 1,603 1,586 1,586 1,586
New mine - NW2 0 0 1,620 1,603 1,586 1,586 1,586
New mine - CB 0 0 463 458 453 453 453
New mine - NW3 0 0 0 1,603 1,586 1,586 1,586
New mine - Central 0 0 0 0 170 170 170
New mine - W1 0 0 0 0 170 170 170
New mine - N 0 0 0 0 170 170 170
New mine - Luapula 0 0 0 0 170 170 170
New mine - E 0 0 0 0 170 170 170
New mine - Muchinga 0 0 0 0 170 170 170
New mine - Mabiza 0 0 0 0 170 170 170
New mine - Kitumba 0 0 0 0 170 170 170
New mine - Kangaluwi 0 0 0 0 170 170 170
New mine - Dunrobin 0 0 0 0 170 170 170
New mine - Sasare 0 0 0 0 170 170 170
New mine - W2 0 0 0 0 170 170 170
Exports to DRC 605 1,314 2,190 3,285 4,380 4,380 4,380
Exports to Zimbabwe 605 1,314 2,190 3,285 4,380 4,380 4,380
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ANNEX 2: SUBSTATION-LEVEL DEMAND PROJECTIONS TO 2030

MWh demand

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Albidon 901 911 922 935 948 961 984 1,018 4,970 9.910
Avondale 39.196 39.114 39,033 38,952 38,872 38,792 42,711 46,342 48,281 50,091
Azele 66/33kV 67,864 67,938 68,012 68,085 71,703 74,573 76,510 79.889 102,557 124,004
Bonaventure 31,235 31,167 31,100 31,032 30,965 30,898 30,832 30,765 35,122 39,192
Burnet 36,687 37.010 37,398 37,828 39,266 40,603 41,372 42,460 43,942 45,641
Chadiza 17,348 17,471 17,615 17,774 19,008 20,094 20,363 20,686 24,910 31,715
Chalabesa 5,151 5,149 5,147 5,146 5,144 5,123 5,121 5,100 5,218 5,173
Chati 7,267 7.278 7,292 7,310 7.328 7,341 7,379 7,434 7,848 8,225
Chavuma 1,802 1,821 1,844 1,870 1,896 1,923 1,969 2,035 2,123 2,236
Chelston 120,462 120,200 147,389 172,665 172,292 171,919 171,548 171,178 170,810 170,442
Chibuluma 73,931 74,180 75,560 76,910 80,683 84,147 84,874 85,922 87,337 88,960
Chilanga 69,313 69,251 69,204 69,168 69,134 69,102 69,145 69,265 78,462 87.168
Chimbotela 5,736 5,742 5,749 5,756 5,762 5,730 5,737 5,703 6,032 6,027
Chinsali 12,433 12,412 12,391 12,370 15,728 18,785 18,750 18,703 18,784 18,764
Chipangula 5,851 5,847 5,844 5,841 5,837 5,815 5,812 5,789 6,033 6,109
Chipata Town 51,492 51,516 75,046 96,942 96,879 96,616 96,583 96,374 107,492 117,926
Chirundu 15,173 15,153 15,132 15,112 15,092 15,046 15,026 14,980 17,968 20,556
Chisekesi 18,835 18,854 18,873 18,892 18,910 18,809 20,377 21,710 21,800 23,908
Chishimba Falls 33kV 6,088 6,099 6,114 6,131 6,149 6,165 6,202 6,257 7.336 8,352
Chitope 0 0 0 0 0 0 0 0 0 0
Choma 22,972 22,980 22,989 22,999 23,009 22,918 25,952 28,668 30,257 30,930
Chongwe 58,979 58,856 66,807 74,195 77,395 80,300 80,131 79.953 79,785 79.541
Chongwe Town 42,895 49,052 49,019 48,991 48,965 48,915 48,933 48,972 49,407 53,188
Converter 49,404 49,897 50,490 51,148 51,818 52,497 53,679 55,381 58,556 62,257
Cosak 396,417 403,682 404,908 404,031 406,531 405,652 404,776 403,904 403,034 402,166
Coventry 225,237 225,184 268,797 309,422 309,321 309,232 309,507 310,168 311,244 312,777
Coventry 132/33kV 310,543 311,881 313,553 315,444 319,984 324,312 349,128 374,124 382,075 391,793
EC Mining 2,504 2,413 2,399 2,413 3,176 3.914 3.937 3,973 4,024 4,086
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Farmers 12,103 12,172 12,256 12,349 12,445 12,536 12,710 12,958 14,194 15,417
Figtree 88/33kV 41,766 41,737 41,711 41,688 41,665 41,562 45,596 49,271 49,322 49,806
Fikondi 42,082 45,053 45,120 45,202 45,352 45,495 45,868 46,346 46,803 47,368
Forest 12,614 12,748 12,910 13,090 13,273 13,460 13,781 14,246 14,864 15,651
Funda 5,648 5,645 5,642 5,639 5,635 5,614 5,611 5,689 5,626 5,513
Gotagota 7,810 7.811 7,812 7,813 7.814 7,779 8,068 8,299 8,298 8,004
Green Inn 12,301 12,286 12,271 12,257 12,242 12,203 14,790 17,164 18,355 19,274
Greenfields 39,096 39,220 39,377 39,555 41,749 43,747 45,294 46,896 47,588 48,253
Grizzly Mining 2,369 2,412 2,420 2,415 2,429 2,424 2,419 2,414 2,409 2,403
Gwembe 16,996 16,990 16,984 16,978 18,729 20,268 20,908 21,436 22,213 24,892
Isoka 9.792 9.775 11,906 13,886 13,860 13,826 14,743 15,583 15,654 15,453
Itezhi-tezhi 8,470 8,486 8,502 8,518 8,533 8,480 8.820 9,065 9,393 9,139
J Ross 2,703 2,732 2,766 2,805 2,844 2,884 2,953 3,053 3,185 3,354
Kabanana 52,754 52,793 59,149 65,054 68,199 71,042 70,899 70,734 70,592 70,268
Kabangwe 57,675 63,556 63,527 63,508 63,491 63,455 63,510 63,619 69.867 75,643
Kabeta 5,338 5,377 5,425 5,478 5,632 5,583 5,680 5,815 6,001 6,207
Kabompo 5,056 5,063 5,072 5,083 5,095 5,101 5,125 5,158 5,210 5,233
Kabulonga 101,129 101,001 122,300 142,117 141,930 141,745 141,639 141,614 141,678 141,838
Kabundafyela 4,738 4,737 4,736 4,736 4,735 4,715 4,714 4,693 5,342 5,795
Kabwe Town 161,451 187,097 186,716 186,337 185,959 185,532 185,404 185,208 191,759 197,452
Kafironda 18,584 18,545 18,507 18,469 19,024 19,525 19,953 20,343 20,660 20,924
Kafue Town 129,477 130,659 135,410 140,089 141,691 143,312 146,159 150,276 155,785 162,723
Kala 4,505 4,553 4,611 4,675 4,740 4,807 4,922 5,088 5,318 8,485
Kalabo 6,819 6,814 6,809 6,804 6,798 6,774 6,769 6,744 8,995 10,944
Kalomo 14,331 14,331 14,330 14,330 17,043 19,460 19,449 19,373 19,361 18,841
Kalumbila 1,696,886 | 1,620,379 | 1,737,896 | 1,734,133 | 1,730,381 | 1,726,642 | 1,722,915 | 1,719,200 | 1,715,497 | 1,711,806
Kankoyo 454,541 462,854 464,256 463,252 466,145 465,167 464,164 463,162 462,166 461,144
Kansanshi 2,171,027 | 2,166,315 | 2,161,618 | 2,824,561 | 2,818,450 | 2,812,360 | 2,806,289 | 2,800,238 | 2,794,207 | 2,788,194
Kaoma 14,945 15,062 15,202 15,357 15,515 15,658 17,442 19,536 20,066 20,555
Kapiri Mposhi 38,279 38,420 38,593 38,788 38,986 39,128 43,657 47,991 48,690 49,094
Kapiri Mposhi 88/33kV 39,304 40,253 40,218 40,185 40,410 40,560 41,816 42,943 42,962 42,560
Kariba North 41,652 41,962 42,338 42,755 46,812 50,541 51,284 52,343 53,795 55,449

330/18/11kV
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Kasabay 2,703 2,732 2,766 2,805 2,844 2,884 2,953 3,053 3,185 3,354
Kasama 34,888 35,166 35,501 35,876 36,258 36,641 39,242 42,005 43,319 44,953
Kasempa 5,485 5,519 5,560 5,606 5,653 5,697 5,782 5,901 6,066 6,246
Katembula 2,703 2,732 2,766 2,805 2,844 2,884 2,953 3,053 3,185 3,354
Kateshi 16,780 16,746 16,712 16,679 23,567 29,859 29,797 29,730 29,668 29,564
Katima Mulilo 901 211 922 935 948 961 984 1,018 1,062 1,118
Katuba 13,205 13,258 13,322 13,394 13,468 13,519 13,651 13,820 14,897 15,796
Kawambwa 15,500 15,496 15,491 15,487 15,482 15,419 19,705 23,619 24,373 24,602
Kazungula 18,616 18,734 18,873 19,027 20,392 21,600 22,256 22,940 23,517 23,771
Keembe 9.279 9,292 9.305 9.317 9.330 9.276 9,525 9.688 9.971 9,699
Kwamwena 12,618 12,643 12,678 12,719 12,761 12,804 18,536 23,905 20,401 17,189
Kyabankanka 5,801 5,820 5,818 5,808 5,810 5,795 5,785 5,770 8,067 10,171
Landless Corner 24,446 24,684 24,970 25,286 25,608 25916 26,822 27,929 29,004 30,202
Linda 65,251 65,281 65,338 65,413 90,922 114,242 115,124 116,078 116,488 116,933
LSM FEZ 49,428 49,464 49,523 49,598 49,675 49,747 50,500 51,325 56,184 60,826
Luampa 1,396 1,398 1,401 1,403 1,405 1,397 1,399 1,390 1,392 1,307
Luangwa 63,934 63,800 63,668 63,535 71,581 78,917 78,752 78,576 78,412 78,159
Luano 665,696 677,896 679,955 678,482 682,680 681,205 679,734 678,268 676,807 675,351
Luano 330/220kV 2,115,493 | 2,255,288 | 2,520,822 | 3,054,105 | 3,065,249 | 3,074,933 | 3,073,625 | 3,072,615 | 3,070,900 | 3,069,331
Lubasenshi 1,351 1,366 1,383 1,402 1,422 1,442 1,477 1,526 1,593 1,677
Lubombo 8,192 8.185 8,178 8,172 8.165 8,136 10,886 13,414 13,395 13,197
Lubushi 1,668 1,665 1,662 1,659 1,656 1,651 1,648 1,644 1,641 1,630
Lukashya 18,980 18,960 18,939 18,919 22,961 26,612 27,442 28,165 28,125 27,740
Lukulu 2,977 2,974 2,973 2,971 2,969 2,964 2,964 2,963 2,967 2,942
Lumwana 464,968 512,794 514,856 503,468 529,321 514,817 513,536 545,301 528,451 527,222
Lundazi Turn Off 39,378 39,397 39.416 39,435 51,666 66,418 73,980 80,709 95,255 115,220
Lusaka Road (KB) 17,316 17,409 17,522 17,649 17,777 17,890 18,122 18,441 19,591 20,667
Lusaka Road (LIV) 36,610 36,886 37,222 37,598 39,736 41,731 44,638 47,695 49,017 50,705
Lusaka West 132/33kV 733,056 731,723 804,612 872,359 908,315 940,958 951,753 961,721 965,971 969,178
Lusiwasi 450 455 461 467 474 481 492 509 531 559
Luwingu 7,993 7,999 8,008 8,019 8.031 8,035 8,063 8,099 9.387 10,548
Luwombwa 5,995 6,032 6,077 6,127 6,178 6,224 6,315 6,441 6,618 6,794
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Maamba 13,426 13,422 13,417 13,413 15,155 16,698 18,389 19,906 19,886 19,466
Magoye 8,530 8.535 8,540 8,546 8.551 8,508 9,549 10,466 10,466 10,076
Manda Hill 131,090 146,486 157,471 167,669 167,307 166,945 166,585 166,226 165,868 165,510
Mangango 2,530 2,531 2,533 2,534 2,535 2,523 2,524 2,511 2,512 2,402
Mansa Main 35,092 35,047 35,002 34,958 37,082 39,113 66,611 92,040 91,872 91,174
Manyama 6,740 6,730 6,721 6,712 6,703 6,683 6,674 6,654 6,644 6,547
Mapanza 14,666 14,677 14,688 14,698 14,919 15,036 15,726 16,277 16,438 15,891
Mapepe 99,784 99,572 99,361 99,151 98,941 98,722 98,514 98,296 111,900 124,532
Maposa 220/66/11kV 975,370 991,411 | 1,007,642 | 1,020,720 | 1,054,035 | 1,081,208 | 1,082,938 | 1,084,238 | 1,085914 | 1,086,184
Mazabuka 99.245 111,331 112,087 112,934 114,653 116,272 117,847 120,109 123,208 126,817
Mazabuka Town 22,610 22,732 22,878 23,038 25,812 28,300 28,570 28,894 29,673 30,041
Mbabala 5,757 5,767 5,776 5,786 5,799 5,768 5,871 5,921 5,929 5,579
Mbala 60,357 60,796 61,327 61,917 65,638 70,283 72,301 74,655 76,710 78,752
Mbereshi 28,508 28,541 28,583 28,632 28,682 28,659 30,641 32,462 33,652 34,237
Mfuwe 20,393 20,384 20,376 20,368 20,359 20,279 20,270 20,187 22,171 23,440
Mikango 68,098 67,963 67,828 67,693 67,559 67,400 67,735 68,011 76,011 83,284
Mindola 145,038 145,414 145,905 146,473 157,611 167,860 169,692 172,078 174,467 177,567
Mkushi Central 66/33kV 56,582 56,801 57,071 57,373 57,682 57,913 58,579 59,414 65,092 70,092
Mongu 22,756 22,730 22,705 22,679 22,654 22,581 22,556 22,481 22,455 22,039
Monze 27,590 31,693 31,723 31,756 32,603 33,263 33,701 34,020 34,441 35,409
Mpanshya 0 0 0 0 0 0 0 0 0 0
Mpika 30,810 30,756 30,703 30,650 30,597 30,517 30,464 30,384 31,590 32,496
Mporokoso 6,596 6,584 6,572 6,560 6,548 6,532 6,520 6,503 6,492 6,443
Mpulungu 4,955 5,008 5,072 5,142 5214 5,288 5,414 5,597 5,839 6,149
Msoro 1,361 1,361 1,361 1,362 1,362 1,356 1,356 1,349 1,350 1,296
Mubofwe 8,109 8.195 8,299 8,415 8.533 8,653 8,859 9,158 9,596 13,278
Mubuyu 2,703 2,732 2,766 2,805 2,844 2,884 2,953 3.053 3,185 3,354
Mufulira 142,957 147,416 152,406 157,220 159,091 160,903 162,772 165,524 169,214 173,921
Mufulira West 23,844 23,971 25,476 26,906 27,106 27,303 27,628 28,103 28,750 29,548
Mufumbwe 2,703 2,732 2,766 2,805 2,844 2,884 2,953 3,053 3.185 3.354
Muijila 901 211 922 935 948 961 984 1,018 1,062 1,118
Mujimanzovu 1,772 1,773 1,774 1,775 1,776 1,767 1,768 1,759 1,759 1,683
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Mukonchi 6,555 6,562 6,569 6,576 6,582 6,547 6,553 6,516 7,154 9,310
Mukumpu 3,452 3,450 3,447 3,445 3,443 3,430 3,450 3,458 3,455 3,365
Mukutuma 4,533 4,528 4,524 4,519 4,515 4,500 4,495 4,479 4,475 4,382
Mukwela 7,402 7414 7,426 7,438 7,449 7,405 8,001 8,497 8,708 9.887
Mulungushi Agro 8,619 8.621 8,623 8,625 8.627 8,687 8,589 8,548 8,731 8,662
Mulungushi Textiles 44,195 44,239 44,302 44,379 44,459 44,504 52,255 59,523 64,179 68,377
Mumbezhi 2,225 2,223 2,220 2,218 2,216 2,208 2,206 2,199 2,196 2,153
Muyobe 901 211 922 935 948 961 984 1,018 1,062 1,118
Muzuma 10,945 10,950 10,956 10,961 10,966 10,913 10,918 10,862 12,946 15,505
Mwambashi 66,988 67,341 67,777 68,268 68,769 69.279 72,609 76,200 78,398 81,076
Mwange 9,328 9.324 9.320 9.316 9.312 9.275 9.271 9,233 11,072 12,526
Mwenda 901 211 922 935 948 961 984 1,018 1,062 1,118
Mwense 8,344 8,332 8,320 8,309 8,297 8.273 10,275 12,118 13,726 15,125
Mwinilunga 4,131 4,151 4,176 4,203 4,231 4,253 4,303 4,370 4,468 4,545
Nakabala 12,912 12,973 13,048 13,131 13,217 13,294 13,451 13,671 15,223 16,698
Nakonde 19,982 19,942 19,902 19,863 27,414 34,308 34,237 34,159 34,089 33,962
Namaluba 11,239 11,246 11,253 11,259 11,266 11,210 11,216 11,158 14,206 19,357
Nambala 42,994 48,140 48,189 48,243 48,596 48,741 51,601 56,366 56,842 55,538
Nampundwe 74,730 75,453 76,320 77,283 78,263 79.225 80,946 83,389 87,719 92,579
Namwala 9.689 9.709 9.729 9.749 11,587 13,188 13,200 13,127 13,137 12,479
Nanga 13,738 13,857 14,000 14,157 14,318 14,459 15,221 16,046 16,575 17,068
Ndeke 46,015 46,135 46,290 46,470 49,936 53,124 53,500 54,063 54,819 55,778
Ndola Refinery 18,017 17,979 17,940 17,901 17,863 17,824 19,693 21,422 21,376 21,325
Neganega 18,826 18,812 18,798 18,784 18,770 18,702 21,581 24,194 24,698 24,731
New Scaw 57,189 57,105 64,991 72,327 72,222 72,118 72,049 72,014 72,017 72,059
NEZAM 10,805 10,988 11,019 10,996 11,059 11,034 11,011 10,986 10,964 10,919
Ngoli 9,942 9,935 9,928 9,921 9.914 9.878 9.871 9.834 9.826 9,582
Ngwerere 35,138 35,514 35,964 36,465 36,975 37,495 38,391 39,684 41,406 43,599
Nkana 3 256,795 258,994 261,654 264,616 272,767 280,536 285,893 293,673 304,067 317,330
Nkyema 3,845 3,845 3,844 3,844 3,844 3,827 3,827 3,810 3,809 3,678
Nselauke 450 455 461 467 474 481 492 509 531 559
Old Mill 160,591 162,166 164,063 166,170 169,688 173,129 176,916 182,394 189,696 199,001
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Palabana 20,964 20,929 20,894 20,860 20,825 20,769 20,735 20,679 23,104 25,195
Parklands 120,632 120,533 125,637 130,398 139,334 147,502 147,563 147,764 148,095 148,582
Pensulo 330/66kV 66,899 67,250 67,678 68,156 68,644 69,069 71,363 73.883 78,126 82,088
Ravens 69,026 69,302 69,649 70,043 74,183 78,012 79.276 80,875 82,401 84,358
Rockdale 13,570 13,570 13,570 13,570 13,963 14,264 14,956 15,536 16,432 16,791
Senanga 8,513 8,550 8,692 8,639 8.686 8,697 10,146 11,490 11,629 11,500
Senkobo 6,448 6,440 6,431 6,422 6,414 6,395 6,386 6,366 6,461 6,461
Sesheke 9.336 9.384 9.441 9.503 11,413 13,135 13,235 13,348 13,544 13,537
Shimabala 47,571 47,477 47,384 47,291 47,198 47,086 48,368 49,530 54,258 58,520
Sibanyati 25,415 25,394 25,373 25,352 25,331 25,242 25,221 25,129 32,387 38,614
Silverlands 2,252 2,277 2,305 2,337 2,370 2,404 2,461 2,544 2,654 2,795
Simungoma 13,274 13,355 13,449 13,552 13,656 13,699 13,870 14,045 14,359 14,244
Sinazongwe 24,974 25,008 25,051 25,100 25,150 25,132 31,765 38,706 38,877 38,425
Sioma 3,866 3,895 3,929 3,968 4,008 4,049 4,120 4,224 4,363 4,541
Solwezi Main 81,452 81,809 82,253 82,755 109,032 133,094 145,859 158,197 163,598 169,144
St. Dorothy 3,012 3,010 3,008 3,007 3,005 2,993 2,992 2,980 2,978 2,899
Sun 12,972 13,072 13,193 13,328 13,465 13,605 13,852 14,211 15,752 17,355
Tambero 901 211 922 935 948 961 984 1,018 1,062 1,118
Tazara 14,866 15,025 15216 15,427 15,643 15,863 16,242 16,790 17,518 18,446
Tundula 3,107 3,104 3,101 3,097 3,094 3,084 3,081 3,070 3,067 3,008
Turf 40,764 40,754 40,757 40,769 44,346 47,619 47,684 47,817 48,383 48,991
UNZA 176,065 208,483 208,059 207,639 207,221 206,805 206,410 206,038 206,179 206,315
Victoria Falls 116,676 117,923 119,421 121,082 122,776 124,501 127,478 131,773 137,490 144,772
Water Surface 13,335 13,326 13,318 13,310 13,302 13,252 13,244 13,193 14,045 14,500
Waterworks 88/33kV 532,683 560,869 559,683 558,503 557,329 556,158 609,756 659,401 661,383 663,180
Zamberzi 3,153 3,187 3,228 3,272 3,318 3,365 3,445 3,561 3,716 3,913
Zimba 8,059 8,060 8,062 8,063 8,065 8,028 8,794 9,465 9,529 9.278
Chambishi smelter 708,097 706,561 705,029 703,502 701,980 700,463 698,951 697,444 695,942 694,444
Manganese - Luapula 118,016 126,172 134,291 142,375 150,424 158,438 166,417 174,361 182,270 190,146
Manganese - Central 118,016 126,172 134,291 142,375 150,424 158,438 166,417 174,361 182,270 190,146
SXEW - CB 708,097 757,029 805,747 854,252 902,546 950,629 998,502 | 1,046,166 | 1,093,623 | 1,140,873
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