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EXECUTIVE SUMMARY  

The Zambian transmission system consists of approximately 10,779km of overhead transmission lines at 330kV, 
220kV, 132kV, 88kV and 66kV voltage levels. Power is supplied via high voltage substations with total installed 
capacity of 10,407MVA. Planning and development of the transmission network predominantly follows existing 
strategic documents such as the 2011 Power System Master Plan of Zambia. Load projections and development 
of the generation sector ask for optimal and timely transmission network planning so that stability and security 
of the transmission network is maintained. Also, the transmission network needs to have sufficient capacity to 
support ongoing plans for energy trade within the Southern African Power Pool (SAPP).  

Objectives of transmission network planning 
 
The objective of transmission expansion planning is to develop a least-cost master plan for using the existing 
transmission capacity in an optimal manner and to add new transmission capacity to meet the long-term 
electricity demand and generation expansion in Zambia. In pursuing this overarching objective, the following sub-
objectives are also achieved: 

• use the available transmission network infrastructure to the fullest extent  
• assure system stability and delivery of generated electricity to the markets reliably 
• transfer requisite electricity to support accelerated mining and agricultural development  
• provide sufficient transmission corridors for power export to the Southern African Development 

Community sub-region  
• optimise investments and prioritise transmission project execution.  

Methodology and planning process 
 
Transmission network planning was performed using DIgSILENT PowerFactory software starting from the existing 
model of the Zambian transmission system for the year 2020. This model included information on all transmission 
projects, existing load demand and information on the generation plants. A single software model was 
concurrently used for transmission and distribution network planning and includes all voltage levels from 330kV 
to 11kV, however this report provides details on 330kV to 66kV voltage levels.  
 
Long-term load projections for the period 2022–2050, in terms of peak demand (MW) were included in the model 
along with generation plans for the same period. These represent the most important factors that affect 
transmission investment decisions. The modelling was performed for four milestone years namely 2026, 2030, 
2040 and 2050. DIgSILENT PowerFactory software simulates system response for a selected snapshot of the 
system. This response is quantified by analysing active and reactive power flows in the transmission network, 
voltage profile, system adequacy after disconnection of the single network element, and system ability to recover 
after it is exposed to severe network disturbances such as faults. Results of the analyses were also fed into the 
Antares software which was used for the generation planning and through an iterative approach, generation 
capacity expansion results are aligned with the transmission network considerations to provide an optimal result 
for the development of the power sector.  
 

Main findings 
 
The summarised results of the baseline scenario are as follows:  
 

• The IRP transmission plan envisages an increase of 82% in the length of transmission lines from  
12,705 km in 2023 to 23,072 km by 2050. 

• The Transmission network in North-East area of the country is predominantly reinforced with 330kV 
Pensulo-Mpika-Kasama-Nakonde corridor. This is part of a broader plan to expand the transmission 
network in the Southern Africa region to accommodate power trading with East Africa. By strengthening 
the north-eastern network, Zambia will enhance its energy security and position itself as a reliable 
electricity supplier in the region.  

• Significant improvements in the transmission network on the Copperbelt are planned, which will 
enhance capacity and security of supply to the mining industry and mining towns on the Copperbelt. One 
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of the key projects involves reinforcing the network with the Luano-Kansanshi transmission line and the 
installation of a static var compensator (SVC), a voltage control device, at the Luano substation. These 
enhancements are essential to ensure a stable and reliable power supply for the mining sector, which is 
predominantly based in the Copperbelt and North-Western Province, and which plays a vital role in 
Zambia's economy. To further strengthen the transmission network in this region, a new 330/132 kV 
Luanshya substation is planned for construction by 2026. 

• The Lusaka area will benefit from significant enhancements in its transmission network, to provide 
resilient power supply to the nation’s capital as its economy grows. By 2026, the network will be strongly 
reinforced through various projects including a doubling of the capacity of the transmission line from 
Kafue West to Lusaka West, as well as the construction of new transmission lines from Kafue George to 
the Lusaka South Multi-Facility Economic Zone and from Kafue George to Lusaka West.

• There are significant enhancements planned for the transmission network in Southern and Western 
areas of Zambia, which will facilitate access, mining development and connection of renewable energy 
sources in these areas. By the year 2026, the network will be reinforced with the installation of 
equipment at Kalumbila Mine in North-Western Province to ensure the overall stability of the voltage. 
To address the limited transmission network in Western Province, a new 330/220 kV Nangweshi 
substation is planned for construction.

• In Southern Province, a new 330 kV Muzuma – Mukuni transmission line is planned, further 
strengthening the transmission network in the province. By the year 2040, additional reinforcements will 
be made to the transmission network, including a second line connecting the Muzuma substation to the 
330/88 kV Kafue Town substation. The Victoria Falls – Sesheke transmission line at 220 kV will be 
reinforced in Southern Province, and the Sesheke substation will be connected to the new Nangweshi 
substation in Western Province.

• The combined future interconnector projects will increase the aggregated cross border interconnection 
capacity between Zambia and its neighbours by 130% from 2,090 MW to 4,800 MW. This plan leverages 
Zambia’s potential to become a regional power trading hub through its central location in Southern Africa 
and proximity to East Africa and Central Africa.

• Eleven key 330kV transmission infrastructure projects are needed by the end of the year 2030, to 
provide for future growth and ensure reliable operation. Total investment for these projects would 
be $1.51 billion.

• Eleven 330kV transmission infrastructure projects need to be implemented between 2030 and 2050. 
Total investment for these projects would be $976 million.

Recommendations 

Below is a summary of the main recommendations for Transmission Planning: 
• Strengthening of the 330kV transmission network needs to be a priority as it reinforces existing and

establishes new major power transfer corridors.
• Projects that ensure self-sufficiency and stability of the Zambian power system need to be given  priority.
• Development of the interconnector projects needs to be coordinated with the SAPP activities and plans.
• Synchronisation of generation, transmission and distribution investments is essential to derive the

maximum benefits of long-term IRP planning. It is recommended that within the dedicated Energy
Planning Unit, the generation, transmission and distribution plans are analysed in an interactive manner,
and lead time for different projects is adequately incorporated to avoid ‘stranded’ investments in any
segment of the electricity supply chain.
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1 INTRODUCTION 

The Ministry of Energy (MoE) is proud to present Zambia's inaugural Integrated Resource Plan (IRP) for the energy 
sector. Formulated with the support of the Cities and Infrastructure for Growth Zambia (CIGZambia) programme 
and the UK’s Foreign, Commonwealth and Development Office, this comprehensive, 30-year plan encompasses 
sustainable development in electricity generation, transmission, distribution, and energy access infrastructure. Its 
overarching goal is to ensure universal access to clean, reliable, and affordable electricity while minimising the 
total environmental, social, economic, and financial costs, in alignment with Zambia’s National Development 
Plans.  

This IRP Transmission Infrastructure Planning Report presents a long-term electricity transmission plan for the 
Zambian energy sector. The input to its work was derived from the long-term demand projections and generation 
plans up to the year 2050. The objective was to assess current transmission network by conducting desktop 
software analyses and propose technically and financially sound candidate projects which need to be 
implemented to ensure security of supply and provide a basis for the development of generation and distribution 
infrastructure. 
  
The first section of this report gives the background of the key planning challenges and a summary of the 
transmission planning activities.  
 
Section two discusses the IRP modelling inputs which include key modelling assumptions and the nature of the 
outputs which could be anticipated from the simulation studies. Information on the participation of members of 
different organisations and on conducted capacity building is also given.  
 
Section three pertains to the methodology and approach. An overall IRP framework for long-term power sector 
planning is presented with a particular focus on the transmission planning. Through a graphical representation, it 
provides linkages among different core workstreams (demand, generation, transmission and distribution) and 
explains how an interactive process leads to a least-cost solution. This is followed by the overall methodology and 
approach adopted for transmission network modelling.  
 
Section four presents the detailed results of the baseline scenario and consists of list of the transmission projects 
that need to be implemented by given dates. Justification for each suggested project is given.  
 
Section five presents the cross-cutting themes principally climate change and environment; and capacity building. 
 
The final section of the report presents the salient results of modelling, findings and conclusions, 
recommendations and proposed further work. 

1.1 Background and Key Issues in the Transmission Sector 

Zambia’s transmission network faces an important challenge, as it strives to provide reliable electricity to meet 
steadily growing demand. While demand increased by 51.3% over the 2005–2015 period, electricity supply only 
grew by 49.6% during the same period. This challenge is exacerbated by ageing infrastructure, some of which is 
approaching the end of its design service life.  

The Ministry of Energy, Zambia Electricity Supply Corporation Limited (ZESCO), The Energy Regulation Board (ERB) 
and Copperbelt Energy Corporation (CEC) are the major institutions involved in planning, operational, financial 
and regulatory aspects of the transmission sector. Zambia is also part of the Southern African Power Pool (SAPP) 
and participates in its various activities. Together, these institutions provide policy guidelines, oversee the 
development of new capacities and projects, and support the implementation of international agreements. 

ERB is responsible for regulating the energy sector. ZESCO is a state-owned vertically integrated electricity utility, 
which generates, transmits, distributes and supplies 80% of the total electricity consumption in Zambia. The 
remaining 20% is provided by CEC and exchanged at the SAPP level.  

Given the demand projections and generation expansion plans that are presented in section 4 and further 
elaborated in the stand-alone reports, the transmission network must be concurrently developed to guarantee 
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power is safely and reliably delivered to the end users. The scope and objectives of the IRP transmission planning 
process are as follows:  

• Ensuring electricity is securely transported to the end users. 
• Upgrading the existing transmission infrastructure as necessary. 
• Introducing new transmission projects to meet a set of technical and financial criteria. 
• Prioritising and ranking potential transmission projects based on technical criteria. 
• Providing high-level suggestions on the existing transmission network development practices that may 

be introduced due to climate change and actual power system requirements. 
• Understanding which of the activities and works in the transmission sector can be led and sourced 

locally. 

1.2 Key Challenges to Transmission Planning 

Zambia is experiencing challenges in providing power to remote and rural parts of the country. At the same time 
major load centres need their existing transmission infrastructure strengthened. Insufficiently developed 
transmission infrastructure prevents the introduction of new residential and commercial loads, especially 
industrial loads, such as mines. These developments ensure economic growth and provide increased 
opportunities for the communities. In the past, the transmission network development to remote load centres 
has not been cost effective due to insufficient load, but the country’s economic development depends highly on 
new infrastructure works, which require large amounts on power. It is critical to plan for electricity to reach 
currently underserved parts of the country, especially areas which may be exposed to fast and increased 
economic and industrial development.  

The challenge of expanding the transmission network is exacerbated by the poor condition of some of the existing 
transmission infrastructure, which is reaching its end of service life in some parts of the country. In addition, 
ambitious sector development plans, which are further described in demand and generation expansion stand-
alone reports, require transmission network upgrades and strengthening of the existing network. 

Finally, transmission network development needs to be coordinated with ongoing activities as part of the SAPP. 
A high-level review of these challenges is provided in the paragraphs below.  

Transmission network planning references 

The “Power System Master Plan of Zambia” is the key document related to the expansion of the transmission 
network infrastructure. It discusses two potential development scenarios and a number of transmission projects 
that are to be implemented by the year 2030.  

However, this plan does not consider transmission expansion which may be needed for the increased integration 
of renewable energy sources (mainly photovoltaic (PV) and wind plants), increased power trading as part of the 
SAPP and increased industrial demand (e.g. new mines) and agriculture. Nevertheless, projects that were 
proposed by the master plan were included in the IRP analyses as many are in advanced stages, as most have 
undergone technical planning and design, and a few have already secured financing. While previously planned 
projects, which may be in different execution stages, were included in the IRP, they were again investigated 
against the objectives of the IRP exercise.  

Robust generation/demand projections for transmission planning 

Transmission planning is critically linked to generation and demand projections, both in terms of peak load and 
total energy demand, as power systems endeavour to meet long-term customer requirements for electricity. 
Development of the optimal transmission network is coupled with many uncertainties and is part of the overall 
power system least-cost development planning process. Final deterministic verification of the proposed 
transmission candidate projects needs to ensure that projects are robust enough to provide a secure supply of 
energy to the end users. This includes verifying the system operation during steady state, contingency conditions 
and dynamic performance.  

All technically viable projects need to be ranked based on the financial assessment and their strategic importance. 
Designing an optimal transmission network over the 30-year planning horizon is a significant challenge, as many 
inputs, primarily in regard to generation and load demand projections, are prone to changes in the given time 
period. To represent the most likely development scenario, electricity demand projections were agreed with the 
IRP stakeholders and as such are used for generation and transmission network expansion planning. These 
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recommendations are an integral part of the detailed transmission planning process. Such an approach also allows 
the key variables with the greatest impact on future transmission planning to be identified.  

SAPP participation 

Zambia is a member of SAPP and participates in the development of its activities and plans. Transmission network 
infrastructure is vital for cross-border power exchange in the region and Zambia is required to provide sufficient 
transmission capacities to facilitate electricity exchange. IRP transmission planning activities take into 
consideration the latest SAPP development plans, which are stated in the Master Plan published in 2011. 
Interconnection projects to neighbouring countries are considered part of the transmission planning activities.  

Associated modelling and databases  

Long-term transmission expansion planning required detailed modelling using DIgSILENT software. This software, 
which is already available and regularly used and maintained by ZESCO, creates suitable models for steady state 
and dynamic analyses. For this exercise, the models were significantly updated to cover the period up to the year 
2050. This considered projects which are currently being executed as well as projects which are planned for 
implementation by the year 2026. Generation and transmission projects that were proposed by the least-cost 
expansion planning process were also subjected to steady state and dynamic analyses using DIgSILENT software. 
These projects are presented in this report. Cost estimates for typical transmission projects were provided by 
ZESCO and used as part of the candidate project cost assessments.  

1.3 Summary of IRP Transmission Planning Activities 

Transmission planning is an integral part of the least-cost power system expansion planning. This process was led 
by the IRP Generation Planning team, which provided a list of candidate transmission projects for further 
evaluation. The IRP Transmission Planning team conducted different activities, including:  

• a review of international and regional best practices related to transmission planning 
• verification of the existing transmission system design practices and standards  
• geographical information system (GIS) mapping of the existing transmission system 
• appropriateness of different (higher) voltage levels 
• coordination with SAPP transmission plans  
• integration of climate change considerations in technical study and design activities 
• capacity building on transmission planning practices and application of DIgSILENT PowerFactory 

software. 
 

Technically viable projects were further evaluated by considering their capital expenditure estimates. Finally, the 
modelling results informed the ranking of investments and proposed transmission projects against technical. 
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2 TRANSMISSION MODELLING: INPUTS AND ASSUMPTIONS 

IRP transmission modelling was performed using DIgSILENT PowerFactory software and adopted a deterministic 
approach relying on a set of precisely defined input data. The software model was available with ZESCO. This 
model refers to the year 2020. It is used and regularly updated by ZESCO planning and operational teams. The 
project team used this model as the starting point for all transmission planning activities and updated the model 
to include candidate transmission projects for the year 2026, 2030, 2040 and 2050. The list of the candidate 
transmission projects came from the overall least-cost generation expansion plan, which was undertaken using 
Antares software.  

2.1 Existing Major Transmission Assets 

The existing transmission infrastructure was already included in the DIgSILENT model. It provided information on 
existing transmission lines from 330kV down to 66kV voltage levels and high voltage substations. The Zambian 
transmission system consists of approximately 12,705km of overhead transmission lines at 330kV, 220kV, 132kV, 
88kV and 66kV voltage levels. Power is supplied via high voltage substations with total installed capacity of 
10,407MVA. A summary of the existing transmission assets is given in Table 1.  

 

Table 1. Summary of the existing transmission assets 

Lines 

Voltage (kV) Length (km) 
330 5,112 
220 893 
132 4,303 

88 1,151 
66 1,246 

  

Substations 

Primary Voltage (kV) Capacity (MVA) 
330 8,198 
220 575 
132 652 

88 814 
66 168 

2.2 Key Modelling Assumptions 

Listed below are the key modelling assumptions for IRP transmission expansion planning: 

• The Zambian transmission system including generation dispatch and demand was modelled, along with 
the 330kV, 220kV, 132kV, 88kV and 66kV high voltage transmission infrastructure. 

• A single DIgSILENT model, which is used for transmission and distribution network planning, allows 
understanding of the overall system. Loads were modelled at 11kV or 33kV busbars but results in the 
transmission report are reported for voltage levels between 330kV and 66kV. 

• A least-cost optimisation approach was used for the 330kV network, while sub-transmission voltage 
levels have been optimised based on the actual requirements imposed by the demand and generation. 
Sub-transmission voltage levels were not included in the least-cost optimisation planning due to the 
model complexity and time constraints.  

• The IRP is developed for a 30-year period. However, DIgSILENT modelling was undertaken for the base 
year (2020) and four reference years (2026, 2030, 2040 and 2050).  

• Sufficiency of the existing and future transmission network for the Zambian power system to operate in 
an isolated and mode was verified.   
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• Import and export of electricity as of June 2030, was considered with Zimbabwe and the Democratic 
Republic of the Congo (DRC). Interconnector capacity to Namibia, Tanzania, Angola and Mozambique 
that is planned for completion by 2050, allows Zambia to become a power trading hub in the region.  

2.3 Overall Outputs from Transmission Planning 

The output of simulation comprises detailed reports providing the operation of the transmission assets to meet 
the anticipated demand for a specific future year. The final output of the transmission planning presents a list of 
the priority projects along with criteria for their selection.  

High-level outputs from the transmission planning are: 

• List of the technically viable transmission projects for each considered reference year and justification 
for their introduction. 

• Technical ranking of the viable transmission projects based on their importance and benefit introduced 
to the Zambian power system. 

• Approximate cost of each proposed transmission project 
 
Stakeholder Participation and Capacity Building 

A total of 17 individuals from key institutions in Zambia’s power sector were assigned to be part of a working 
group for the transmission planning component of the IRP. These individuals were from ZESCO, the Ministry of 
Energy, the University of Zambia, ERB and Africa GreenCo.  

Capacity building, an important component of the IRP project, has been implemented through trainings, 
workshops and regular collaboration. Different channels were used to deliver capacity building including: 

• Workshops and regular working group meetings 
• A dedicated training session on use of DIgSILENT PowerFactory software 
• A dedicated training session focused on the methodologies used in transmission network planning, and 

how they are applied.  

All members of the working group were regularly invited to the training sessions. Session recordings and all other 
training materials have been made available to other members of the working group through the Microsoft Teams 
channel. Transmission Planning Workstream members were given a formal training session that covered topics 
which are presented in Table 2. 

Table 2. List of capacity-building sessions 

Session No Capacity-Building Activities 

1 Introduction to IRP Transmission Planning Workstream 

2 General Theory and Introduction to Planning Principles 

3 International Experience and Practices 

4 Regional Experiences and Practices 

5 GIS Modelling of the Transmission Network 

6 Load Flow and N-1 (Contingency) Criteria 

7 Short-Circuit Criteria 

8 Stability Criteria 

9 Design Standards (Optimal Conductor Selection, Substations, Transmission Lines, etc.) 

10 Climate Impact on Transmission Planning 

11 Profitability Indexes (net present value, IRR) 

12 Expected benefit of transmission facility construction 

13 Transmission Project Prioritisation 
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3 TRANSMISSION PLANNING: METHODOLOGY 

3.1 Overview of Approach 

The transmission network assessment was performed as part of the Integrated Resource Plan (IRP) and included 
prospective development of the transmission network over the 30-year planning horizon, up to the year 2050. 
The objective was to assess current transmission network by conducting desktop software analyses and propose 
technically and financially sound candidate projects which need to be implemented to ensure security of supply 
and provide a basis for the development of generation and distribution infrastructure. 

The key challenges related to transmission planning were to:  
 

1. Ensure sufficient transmission capacities for growing generation and increasing demand. 
2. Ensure that the Zambian power system can operate in an isolated/islanded mode and as part of South 

African Power Pool (SAPP) network. 
3. Suggest technically viable and commercially sound projects, which will ensure that system is secure and 

stable up to the year 2050. 
4. Rank transmission projects according to their technical priority   

The above activities were undertaken with close coordination with the teams involved in generation and load 
forecast projections. 

Load projections at high voltage substations (known as bulk supply points) were provided so that software 
analyses could be performed for voltage levels starting from 330 kV down to 66 kV. Transmission network analyses 
included AC load flow calculations, security calculations simulating power system operation with single element 
out of service (N-1 analyses), short circuit current calculations and dynamic stability analyses.  
 
These calculations were performed for the years 2026, 2030, 2040 and 2050, including: 

• peak system loading  
• maximum solar PV generation  
• maximum renewable generation  

 
Selected study scenarios correspond to the dominant patterns in Zambian power system operation. All analyses 
were completed using the DIgSILENT PowerFactory software, which has already been used by the transmission 
network operators in Zambia. A summary of the transmission network planning philosophy is shown in Figure 1. 

Completed analyses for all listed scenarios and target years resulted in a list of a technically acceptable projects. 
The technically viable transmission projects for each of the studied years were ranked against a set of criteria. A 
rank was assigned to each component of the project (e.g., new transmission line or new substation), although 
each of the components is an integral part of the project. Candidate projects were assigned with high-level 
investment costs. 
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Figure 1: Transmission network planning methodology 

 

Transmission Network Technical Criteria 

The proposed technical criteria for the transmission network service provider (TNSP)’s transmission system 
planning are used for the technical evaluation of the candidate projects for transmission network reinforcements. 
The technical criteria include: 

• security (n-1) criterion 
• voltage and reactive power criterion 
• short-circuit criterion 
• stability criterion. 

The above technical criteria are discussed in turn below. 

The (n-1) criterion 

The (n-1) criterion is satisfied if, after a single system element has failed (e.g. transmission line, transformer, 
generating unit), the following rules are satisfied: 

• No breach of the limiting values for network operation variables (operation voltage, frequency, etc.) that 
may endanger the security of the power system or lead to an unacceptable strain on equipment, 
damage, destruction or an inadmissible reduction in the life of equipment. 

• No inadmissible overloading of components may take place. 
• The voltages and frequency are satisfactory for consumers and generating units. 
• Interruptions of supply are avoided (with the use of redundancies temporarily available in lower voltage 

networks and in the installations of transmission system users). 
• Secondary tripping through activation of further protection devices on equipment not directly affected 

by the disturbance cannot involve the risk of spreading the disturbance. 
• There is no need to change or, if necessary, interrupt power transfers. 
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• The loss of generating unit stability is avoided. 

The (n-1) criterion is related to the loss of: 

• single-circuit overhead 330kV, 220kV or 132kV line (interconnection or internal line) 
• one circuit of double circuit overhead 330kV, 220kV or 132kV line (interconnection or internal line) 
• cable 330kV, 220kV or 132kV 
• transformer 330/132/11kV,330/88/11kV, 330/220/11kV, 330/66/11kV or 220/66/11kV 
• the largest generator in a power plant connected to 330kV, 220kV or 132kV transmission voltage level. 

The loss of both circuits of double circuit overhead lines, several cables inside the same cable route, and busbars 
are not considered as (n-1) contingencies. 

During the (n-1) security check only 330kV, 220kV, 132kV and important parts of lower voltage networks (88kV, 
66kV) were monitored for overloads. Overloading in medium voltage networks is considered as a local problem. 

The transmission system’s ability to satisfy the (n-1) criterion is checked by conducting power flow calculations 
during maximum load conditions: 

• maximum permitted loadings of branches (lines and transformers) must not exceed 100% of the nominal 
rating 

• maximum permitted line loadings should not be less than thermal ratings or overcurrent protection 
settings 

• maximum permitted transformers loading should not be more than transformers rated power. 
• Permitted voltage ranges are defined by the Zambian grid code. 

3.1.1 The voltage and reactive power criterion 

Sufficient reactive resources, available for use immediately after network operator request, have to be located 
throughout the power system, with a balance between static and dynamic characteristics. Dimensioning of the 
installations to compensate the reactive power is made observing the acceptable voltage ranges in all nodes, 
under all operation regimes in configuration with (n) and (n-1) elements in operation. 

The transmission system’s ability to satisfy voltage and reactive power criterion was checked by power flow and 
stability calculations during peak and solar peak load conditions, for all scenarios related to the future 
transmission network development. 

The short-circuit criterion 

To check network facilities and related equipment parameters, short-circuit calculations were performed for mid-
term and long-term planning for the transmission system. Short-circuit calculations were done according to the 
IEC 60909 standard and included complete TNSPs transmission network and influence of neighbouring power 
systems. Short-circuit calculations for each network node between 330kV and 66kV were also performed on the 
planned network configuration, including calculations of: 

• maximum three-phase short circuit  
• single-phase sub-transient short-circuit currents. 

The facilities and devices connected to the network are designed to operate according to given current limits. 
System design guarantees that at any node on a power system: 

• short-circuit currents will not exceed the capacity of devices installed at that node 
• sufficient short-circuit power is available for fault clearance by the protection system. 

The replacement of devices connected to transmission facilities is planned when a short-circuit level reaches 60% 
(T60) rating for transient recovery voltage limit as recommended in IEEE std C37.011 that guarantees the non-
occurrence of transient recovery voltage across the breaker contacts which may lead to reignition of the arc. 

The stability criterion 

Planned network configuration in the short-term and mid-term timeframe has to satisfy the stability criteria 
during both small and large-scale system disturbances. We can denote the following stability types: 

• Angle stability (transient stability) 
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o performed occasionally when voltage and reactive power analyses show that voltage instability 
may potentially occur. 

• Voltage stability 
o performed periodically in the short-term and mid-term network planning, assuming planned 

network topology according to technical and economic criteria, for the most dangerous system 
conditions (peak load, heavily loaded large generators, large power transits etc.). 

The angle stability criterion is satisfied for large-scale disturbances if all generators continue to operate 
synchronously after the disturbance, such as short circuits and removal by normal protection systems operations. 
Stability calculations have to determine the limit time value of short-circuit duration (critical clearance time – Tc) 
for which stability is kept, to estimate stability margin. The angle stability criterion is satisfied if critical clearance 
time is larger than the short-circuit duration (with respect to protection activation time) for all analysed scenarios. 

Planned network configurations were examined according to the stability criterion, considering the following 
possible small and large-scale disturbances, such as: 

• three-phase short circuits on 330kV lines, removed by normal protection system operation 
• short duration transitory short circuits (up to 60ms) on 330kV lines close to large power plants. 

3.2 Capital Expenditure Estimates 

For planning purposes, transmission investment costs were estimated using unit equipment prices ($/km of 
overhead line or cable, $/transformer, $/bay etc.). The unit equipment prices that were used for transmission 
planning were determined by the TNSPs and references to previous studies on the transmission network in 
Zambia1,2,3,4. 

3.3 Transmission Project Prioritisation Method 

List of candidate projects 

Transmission network development plans include new facilities, planned primarily to satisfy energy demand 
forecast, import/export obligations, and network security criteria. The unique list of candidate projects was 
determined for Zambia but considered transmission network developments as well as ongoing and planned SAPP 
interconnector projects. This list includes technical and economic parameters of candidate projects, including the 
following: 

1. For new overhead lines: 
• predicted year of construction 
• voltage level 
• line length 
• connection nodes 
• material and cross-section 
• electrical parameters (resistance, reactance, susceptance) 
• maximum permitted current 
• unit construction costs ($/km) 
• total costs ($). 

 
2. For new transformers and transformer stations 

• predicted year of construction 
• rated voltages 

 
1 Feasibility Study and Conceptual Design of Tanzania-Zambia Power Interconnection Study, AECOM, October 2017. 
2 Power System Development Master Plan of Zambia, June 2011, https://africa-energy-portal.org/sites/default/files/2019-

12/Power-Systems-Development-Master-Plan.pdf. 
3 Zambia Electricity Cost of Service Study Inception Report, Energy Regulation Board, 2020, www.erb.org.zm/wp-

content/uploads/files/CoSS/Cost-of-Service-Study-Task-1-Inception-Report.pdf  
4 Integration of Variable Renewable Energy Sources in the National Electric System of Zambia, RES4Africa Foundation, Enel 

Foundation and CESI, 2020. www.enelfoundation.org/content/dam/enel-foundation/news/2020/10/discussing-climate-
change-and-renewable-energy-in-zambia/Zambia%20VRES%20Integration%20Executive%20Summary1.pdf  

https://africa-energy-portal.org/sites/default/files/2019-12/Power-Systems-Development-Master-Plan.pdf
https://africa-energy-portal.org/sites/default/files/2019-12/Power-Systems-Development-Master-Plan.pdf
http://www.erb.org.zm/wp-content/uploads/files/CoSS/Cost-of-Service-Study-Task-1-Inception-Report.pdf
http://www.erb.org.zm/wp-content/uploads/files/CoSS/Cost-of-Service-Study-Task-1-Inception-Report.pdf
http://www.enelfoundation.org/content/dam/enel-foundation/news/2020/10/discussing-climate-change-and-renewable-energy-in-zambia/Zambia%20VRES%20Integration%20Executive%20Summary1.pdf
http://www.enelfoundation.org/content/dam/enel-foundation/news/2020/10/discussing-climate-change-and-renewable-energy-in-zambia/Zambia%20VRES%20Integration%20Executive%20Summary1.pdf
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• connection nodes 
• rated power 
• electrical parameters (resistance, reactance, etc.) 
• type of control and range of control. 

1. Analyses focused on the projects with local significance that ensure self-sufficiency of the Zambian 
transmission system. However, these were also coordinated with SAPP as necessary. 

The evaluation of transmission investments is made on 30-year planning horizon and studied years were defined 
with 5-year intervals between them (for example 2026, 2030, 2040 and 2050).  

3.4 Evaluation of Candidate Projects according to the Technical Criteria 

This section suggests project prioritisation according to the technical criteria and adoption of the preferred 
network topology for each of the target years. Overview of the process is shown in the Figure 2 and can be further 
described as follows: 

1. Candidate projects, nominated by TNSPs, were included into the network topology one by one and 
subjected to load flows and (n-1) security analyses. 

2. New load flow and security analysis were performed for all analysed planning scenarios in a studied year. 
3. A new list of network constraints was created, and constraints that were removed when new projects 

were included in the network topology were highlighted. 
4. A new list of candidate projects was determined, which included only those projects that led to the 

satisfaction of the technical criteria in at least one planning scenario. In other words, only candidate 
projects which removed one or more network constraints (in monitored network 330kV 220kV, 132kV, 
88kV and 66kV) in one or more planning scenarios in a studied year were included in the reviewed list of 
candidate projects. 

5. Candidate projects that did not remove any network constraints were excluded from the list of candidate 
projects and were considered as insignificant in a studied year. 

6. Candidate projects that were included in the reviewed list of candidate projects were technically 
prioritised according to the network constraints that they removed: 
• the first important group contains candidate projects that remove network constraints with (n) 

available branches (the highest level of technical prioritisation) 
• the second important group contains projects that remove network constraints with (n-1) available 

branches (lower level of technical prioritisation). 

Inside these two groups of candidate projects, further technical prioritisation was made according to: 

• the number of planning scenarios in which a candidate project removed network constraints (the 
more planning scenarios with network constraints that were removed by a candidate project, the 
more technically significant is a project) 

• voltage level of overloaded transmission lines (removal of overloading on 330kV lines is more 
significant than on 220kV, 132kV, 88kV and 66kV lines) 

• the number of network constraints that are removed by a candidate project (the more constraints 
are removed, the more technically significant is a project). 
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Figure 2: Proposed TNSPs transmission system planning procedure5 

 
 

3.5 GIS Mapping of the Transmission Network 

Zambian transmission network was represented in graphical format. This format includes high-level geographical 
location of the major 330kV, 220kV and 132kV substations and transmission lines. 88kV and 66 kV voltage levels 
were not included in the given graphical presentation to maintain image clarity. Instead, these are part of the GIS 

 
5 Transmission Network Investment Criteria, Energy Institute Hrvoje Pozar, 2007, 

https://usea.org/sites/default/files/publications/SECI%20-%20TRANSMISSION_NETWORK_INVESTMENT_CRITERIA-
FINAL_REPORT.pdf  

https://usea.org/sites/default/files/publications/SECI%20-%20TRANSMISSION_NETWORK_INVESTMENT_CRITERIA-FINAL_REPORT.pdf
https://usea.org/sites/default/files/publications/SECI%20-%20TRANSMISSION_NETWORK_INVESTMENT_CRITERIA-FINAL_REPORT.pdf
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map which is included in the PowerFactory software. Above was done with the primary purpose of visually 
understanding expansion stages of the transmission system over the 30-year planning horizon. Moreover, the 
developed transmission GIS map can be used for several different planning projects for which understanding of 
the transmission layout is needed. The transmission system map showing staged development of the Zambian 
transmission system is shown in Annex 1.  

4 TRANSMISSION MODELLING RESULTS 

Transmission network analyses were based on the least-cost generation development plan. Table 3 presents the 
new generation capacity required for each study year and the total installed capacity. 

Table 3. Generation modelling results for 2026, 2030, 2040 and 2050  

Generation Capacity  
(MW) 

Existing 
2020 

Capacity Additions (MW) Total Capacities (MW) 

2026 2030 2040 2050 2026 2030 2040 2050 
Hydro 3,147 650 1,555 1,480 1,420 3,797 5,352 6,832 8,252 
Thermal – steam  
(coal/other fuels) 

435 0 600 600 600 435 1,035 1,635 2,235 

Geothermal 0 0 30 480 480 0 30 510 990 
Renewable – biomass 0 51 270 300 600 51 321 621 1,221 
Renewable – solar PV 123 1,555 405 1,373 1,440 1,678 2,083 3,456 4,896 
Renewable – wind 0 400 792 2,272 2,135 400 1,192 3,464 5,599 

Total generation 3,705 2,656 3,652 6,505 6,675 6,361 10,013 16,518 23,193 

Load forecast for each target year is given in Table 4. Transmission network analyses consider aggregation of load 
projections at level of bulk supply nodes. However, integrated DIgSILENT PowerFactory model includes load 
connected at the distribution voltage levels (33kV and 11kV).   

Table 4. Load forecast for the bulk supply nodes 

Circuit ID Existing 
(MW) 

Load Forecast (MW) 

2020 2026 2030 2040 2050 
Chambishi East 330/66kV 13 54 89 151 362 
Chipata West 330/132kV 18 31 85 93 132 
Kabwe 330/88kV 283 520 548 749 1248 
Kafue Town 330/88kV 121 261 546 674 715 
Kalumbila 330/33kV 35 35 124 279 511 
Kansanshi 275 275 375 570 737 
Kariba North 330/18/11kV 7 8 9 14 22 
Kasama 330/66kV 31 57 163 383 430 
Kitwe 330/220kV 289 478 495 856 890 
Leopard's Hill 330/132/88kV 445 484 559 962 1094 
LSM FEZ 330/33kV 8 8 10 14 20 
Luano 330/220kV 160 165 206 230 370 
Lumwana 330/132/33kV 19 62 118 187 240 
Lusaka West 330/132kV 398 322 400 537 623 
Mpika 330/66kV 19 24 160 302 430 
Msoro 330/66/11kV 12 13 205 448 476 
Mukuni 59 71 204 280 382 
Muzuma 330/88kV 25 27 219 358 320 
Nambala 330/220/33kV 73 83 191 237 320 
Pensulo 28 60 216 300 709 
      
Exports to DRC 69 150 250 500 500 
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Circuit ID Existing 
(MW) 

Load Forecast (MW) 

2020 2026 2030 2040 2050 
Exports to Zimbabwe 69 150 250 500 500       

TOTAL 2,456 3,338 5,422 8,624 11,031 

 

With the proposed least-cost generation option and the forecasted demand; the model was subjected to steady 
state and dynamic analyses to assess the Zambian IPS performance for the years 2026, 2030, 2040 and 2050 at 
both:  

• peak demand condition 
• peak solar 
• renewable energy peak  

4.1 IRP Transmission Projects 

Steady state analysis results – year 2026 

The study concluded that the Zambian IPS can absorb additional generation capacities presented in Table 5 from 
the proposed least-cost generation options for the year 2026. The following reinforcements are recommended 
to absorb these generation capacities:  

1. ZTK 2 project: 

• Kabwe – Pensulo 330kV second line  
• Nakonde static VAR compensator (SVC) 
• Pensulo SVC 

Table 5. Adopted additional generation capacities for the year (from 2023 to 2026) 

 

Solar PV generation was limited to 1,555MW due to reduced reactive power support on the Zambian IPS. The 
hydropower and wind generation were slightly limited due to their impact on the generation dispatch of the 
existing machines at the major power stations which were affected during certain periods of day. If the proposed 
generation had not been curtailed, it would have meant that in certain periods of the day the generation from 
existing major power plants would have been shut down to accommodate these additional capacities, which 
would have affected the commercial operation of these power plants.  

With the optimal generation results and the forecasted demand, the load flow results showed that the loading of 
the transmission lines was below 100%, while voltages on all transmission busbars were within the permissible 
range according to the planning criteria for normal system conditions. Under N-1 contingency analysis, the study 
recommends the development of the following transmission projects for the system to maintain system adequacy 
and security for the year under study: 

1. Third line between Kabwe and Pensulo i.e., Kabwe – Pensulo 330kV No.3 
2. Second line between Lusiwasi and Pensulo i.e., Lusiwasi – Pensulo 330kV No.2 
3. Second line between Msoro and Pensulo i.e., Msoro – Pensulo 330kV No.2 

The fault levels across the 330kV network remained within the 40kA breaking capacity rating of circuit breakers. 
However, Siavonga and Kariba North Bank 330kV busbars had short-circuit levels above 24kA, which is the 60% 
(T60) rating for transient recovery voltage as recommended in IEEE std C37.011 that guarantees the non-

 Year  Optimal Additional Generation Capacities (MW) 
Hydro Solar PV Coal Biomass Geo 

thermal 
Wind Total additional 

generation 
capacities  

1 Adopted 650 1,555 0 51 0 400 2,656 
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occurrence of transient recovery voltage across the breaker contacts which may lead to reignition of the arc. 
Therefore, the study recommends uprating the switchgear for the affected circuits.  

Steady state analysis results – year 2030 

The study concluded that the Zambian IPS can absorb additional generation capacities as presented in Table 6 
from the proposed least-cost generation options for the year 2030. The following reinforcements are 
recommended to absorb these generation capacities:  

1. Pensulo – Mpika 330kV No.3 transmission line 
2. Mpika – Kasama 330kV No.3 transmission line. 

Table 6. Adopted additional generation capacities for the year (from 2027 to 2030) 

 

Solar PV generation was limited to 405 MW. This was done to reduce the impact on the generation dispatch of 
the existing machines at the major power stations at peak solar generation period. If the proposed generation 
was not curtailed, it meant that at peak solar condition, the generation from existing major power plants would 
have been shut down to accommodate the PV generation and that would have an adverse impact on the 
commercial operation of these hydropower plants.  

With the optimal generation results and the forecasted demand, the load flow results showed that the loading of 
the transmission lines was below 100%, while voltages on all transmission busbars were within the permissible 
range according to the planning criteria for normal system conditions. Under N-1 contingency analysis, the study 
recommends developing the following transmission projects for the system to maintain system adequacy and 
security for the year under study: 

1. Second line between Mukuni and Muzuma i.e., Mukuni – Muzuma 330kV No.2 
2. Second line between Kafue Town-Kafue West i.e., Kafue Town – Kafue West 330kV No.2 

Short-circuit analysis for the year 2030 recommends uprating the switchgear for the same 330kV busbars that 
were identified in 2026 i.e., Kariba North Bank and Siavonga 330kV busbars. The short-circuit levels on these 
busbars were observed to have values above 24kA, which is the 60% (T60) rating for transient recovery voltage. 

Steady state analysis results – year 2040 

The study concludes that the Zambian IPS can absorb additional generation capacities presented in Table 7 from 
the proposed least-cost generation options for the year 2040. The following reinforcements are recommended 
to absorb these generation capacities:  

1. Mansa – Luano 330kV No.1 line 
2. Kasama – Mporokoso 330kV Project 
3. Mporokoso 330/66 Substation 

o 330/66/11kV 1 x 65MVA 
4. Mporokoso – Mansa 330kV No.1 

Table 7. Adopted additional generation capacities for the year (from 2031 to 2040) 

 

Solar PV generation which was limited in 2026 and 2030 was ramped up in 2040 due to the demand growth 
projected in 2040. Similarly, hydro capacity was increased to maintain the energy balance.  

With the optimal generation results and the forecasted demand, the load flow results showed that the loading of 
the transmission lines was below 100%, while voltages on all transmission busbars were within the permissible 

 Year  Optimal Additional Generation Capacities Versus Proposed Generation (MW) 
Hydro Solar 

PV 
Coal Biomass Geo 

thermal 
Wind Total additional generation capacities  

1 Adopted 1,555 405 600 270 30 792 3,652 

 Year  Optimal Additional Generation Capacities Versus Proposed Generation (MW) 
Hydro Solar 

PV 
Coal Biomass Geo 

thermal 
Wind Total additional generation capacities  

1 Adopted 1,480 1,373 600 300 480 2,272 6,505 
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range according to the planning criteria for normal system conditions. Under N-1 contingency analysis, the study 
recommends developing the following transmission projects, for the system to maintain system adequacy and 
security for the year under study: 

1. Second line between Kansanshi and Lumwana i.e., Kansanshi – Lumwana 330kV No.2 
2. Second line between Pensulo and Mansa i.e., Pensulo – Mansa 330kV No.2 

Short-circuit analysis for the year 2040 recommends uprating the switchgear for the flowing 330kV busbars: 

1. Leopards Hill 330kV busbar 
2. Kariba North Bank 330kV busbar 
3. Siavonga 330kV busbar 

The short-circuit levels on these busbars were observed to have values above 24kA which is the 60% (T60) rating 
for transient recovery voltage. 

Steady state analysis results – year 2050 

The study concludes that the Zambian IPS can absorb additional generation capacities presented in Table 8 from 
the proposed least-cost generation options for the year 2050. The following reinforcements are recommended 
to absorb these generation capacities:  
• Luano Reactive Power Support 
• Luano 330kV ±300MVAr STATCOM 
• Move the proposed Luano +220/-140MVAr SVC to Chambishi Substation 
• Mukuni – Victoria Falls 220kV second line  
• Nambala – Muzuma 330kV double circuit line 
• 330kV Eastern Corridor upgrade 
• Lusiwasi – Pensulo 330kV second line 
• Msoro – Luaiwasi 330kV second line 
• Chipata West – Msoro second line 
• Lusiwasi 30MVAr reactor 
• Chipata West 132kV 150MVAr STATCOM 

Table 8. Adopted additional generation capacities for the year (from 2041 to 2050) 

 

Wind power generation was limited to 2,135 MW. This was done to reduce the impact on the generation dispatch 
of existing machines at the major power stations at peak wind generation period. Had the proposed generation 
not been curtailed, it would have meant that at peak demand condition, the generation from existing major power 
plants would have been shut down to accommodate the wind generation, with adverse impact on the commercial 
operation of these hydropower plants. The proposed 600 MW from coal power plants was not considered in the 
study year due to the commitment of several countries to ending all investment in new coal power plants at 
COP26 and the agreement to phase out coal power in the 2040s in poorer nations. 

With the optimal generation results and the forecasted demand, the load flow results showed that the loading of 
the transmission lines was below 100%, while voltages on all transmission busbars were within the permissible 
range according to the planning criteria for normal system conditions. Under N-1 contingency analysis, the study 
recommends developing the following transmission projects for the system to maintain system adequacy and 
security for the year under study: 

1. SVC at Mbala 330kV busbar with a capacitive limit of 35MVAr 
2. Second line between Msoro-Petauke i.e., Msoro-Petauke 330kV No.2 

 
Short-circuit analysis for the year 2050 recommends uprating the switchgear for Kariba North Bank 330kV 
busbars. The short-circuit levels on these busbars were observed to have values above 24kA, which is the 60% 
(T60) rating for transient recovery voltage. 

 Year  Optimal Additional Generation Capacities Versus Proposed Generation (MW) 
Hydro Solar PV Coal Biomass Geo 

thermal 
Wind Total additional 

generation capacities  
1 Adopted 1,420 1,440 600 600 480 2,135 6,675 
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Dynamic analysis results – year 2026 

For the year 2026, the studies revealed for both the peak demand and peak solar conditions the loss of the Kabwe-
Pensulo 330 line 2 caused all the Northern grid machines to pole slip due to a net shift in reactive power owing 
to the Kabwe-Pensulo 330 line 1 being loaded above its surge impedance of 435 MW. This deficit in reactive 
power resulted in voltage collapse around the Northern grid even with ±250 MVAr STATCOMs at Pensulo and 
Nakonde 330kV substations operating at their maximum setpoints. 

Dynamic analysis results – year 2030 

Furthermore, in 2026 and 2030, the study revealed that protection coordination was required between the 
busbar voltages at Msoro and Chipata 330 kV substation and the new wind plants in the Eastern grid as either the 
loss of the radial Pensulo-Msoro 330 line or a single pole auto reclose on Pensulo-Msoro 330 line following a line 
to ground fault resulting in sustained over voltage ranging from 600 ms to 9 s with peaks between 1.06 p.u and 
3.4 p.u. The high voltage was sustained due to inadequate reactive power margins on the Msoro and Chipata 
wind plants with the Msoro 330 MVAr bus reactor not being sufficient to bring the voltage within the 1.0±0.05 
p.u limit. 

Table 9. Summary of the RoCoF study results 2026 and 20306 

2026 RoCoF Summary of Results 

Scenario Event Hz/s Hz ZESA-ZESCO tie line balancing 

Peak 
demand 

Loss of 145MW 
generation at Kariba 
North Bank  

-0.1776 49.83 50 MW import 

Loss of 275MW 
Kansanshi load 

0.1764 50.38 78MW export 

Peak solar Loss of 210MW 
generation at 
Lusaka West Solar 
PV  

-0.3394 49.47 101MW import 

Loss of 275MW 
Kansanshi load 

0.2762 50.57 117MW export 

  

2030 RoCoF Summary of Results 

Scenario Event Hz/s Hz ZESA-ZESCO tie line balancing 

Peak 
demand 

Loss of 148MW 
generation at 
Sinazongwe Coal  

-0.185 49.66 74MW import 

Loss of 275MW 
Kansanshi load 

0.206 50.37 84MW export 

Peak solar Loss of 210MW 
generation at 
Lusaka West Solar 
PV  

-0.1398 49.63 85MW import 

Loss of 275MW 
Kansanshi load 

0.2576 50.41 90MW export 

 

Reinforcements imposed by system dynamic performance 

For the study period 2023 to 2030, Table 10 presents some of the key network reinforcements that are required 
to address the onerous disturbances that resulted into instability. 

 
6 Dynamic analyses have been completed up to the year 2030, as this timeframe provides a realistic timespan for such 

analyses. It is advisable to undertake dynamic studies for the years 2040 and 2050 once there is greater clarity on the 
dynamic performance of the equipment intended for use in those years. 
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Table 10. Reinforcements due to dynamic analysis 

2026 Reinforcements and Recommendations 
1 Kabwe – Pensulo 330kV 3rd line 

2 Eastern Corridor – two options 
 

Option 1 Second Pensulo-Msoro-Chipata West 330kV line 

Option 2 Size and install a dynamic voltage support device (DVSD) to cater to the 184MW proposed 
generation in the Eastern Corridor, which would provide for a possible islanding scheme In 
order to address the network instability (voltage, frequency and rotor angles). A protection 
study should be carried prior to commissioning of hydropower plants that would be connected 
via Kasama 330kV substation. The study should highlight critical clearing times in the Northern 
grid, recommend setting for possible islanding following a three-phase busbar fault as well as 
tuned settings for the STATCOMs at Nakonde and Pensulo 

2030 reinforcements and recommendations 
1 Muzuma – Mukuni 330kV second line 
2 Kafue Town – Kafue West 330kV second line 

4.2 Recommended Projects 

The study recommends additional generation capacities as presented in the Table 11 for the year 2026, 2030, 
2040 and 2050 on the Zambian IPS. 

Table 11. Optimal additional generation capacities 

 Year 

Optimal Additional Generation Capacities (MW) 

Hydro Solar PV Coal Biomass 
Geo 
therma
l 

Wind 

Total 
additional 
generation 
capacities 

1 2026 650 1555 0.0 51 0 400 2,656 
2 2030 1,555 405 600 270 30 792 3,652 
3 2040 1,480 1,373 600 300 480 2,272 6,505 
4 2050 1,420 1,440 600 600 480 2,135 6,675 
Total -
Technology 

5,101 4,773 1,800 1,221 990 5,599 19,488 

Further, the study recommends the reinforcements presented in Table 12 and Table 13 for the network to absorb 
the above generation capacities and maintain its operational limits under normal and disturbance condition.  

Table 12. Recommendations due to steady state analysis 

Recommendations for 2026 Steady State Study 
Reinforcements due to 
additional generation 
capacities 

ZTK 2 project: 
1. Kabwe – Pensulo 330kV second line  
2. Nakonde SVC 
3. Pensulo SVC 

Reinforcements under 
contingency analysis 

1. Kabwe – Pensulo 330kV No.3 
2. Lusiwasi – Pensulo 330kV No.2 
3. Msoro – Pensulo 330kV No.2 

Recommendations for 2030 Steady State Study 
Reinforcements due to 
additional generation 
capacities 

1. Pensulo – Mpika 330kV No.3  
2. Mpika – Kasama 330kV No.3 
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Reinforcements under 
contingency analysis 

1. Mukuni – Muzuma 330kV No.2 
2. Kafue Town – Kafue West 330kV No.2 

Recommendations for 2040 Steady State Study 
Reinforcements due to 
additional generation 
capacities 

1. Mansa – Luano 330kV line 
2. Kasama-Mporokoso 330kV Project 

i. Mporokoso 330/66 Substation 
• 330/66/11kV 1 x 65MVA 

ii. Mporokoso – Mansa 330kV 1A 
Reinforcements under 
contingency analysis 

1. Kansanshi – Lumwana 330kV No.2 
2. Pensulo – Mansa 330kV No.2 

Recommendations for 2050 Steady State Study 
Reinforcements due to 
additional generation 
capacities 

1. Luano Reactive Power Support 
i. Luano 330kV ±300MVAr STATCOM 
ii. Move the proposed Luano +220/-140MVAr SVC to Chambishi 

Substation 
2. Mukuni – Victoria Falls 220kV second line  
3. Nambala – Muzuma 330kV double circuit line 
4. 330kV Eastern Corridor upgrade 

i. Lusiwasi – Pensulo 330kV second line 
ii. Msoro – Luaiwasi 330kV second line 
iii. Chipata West – Msoro second line 
iv. Lusiwasi 30MVAr reactor 
v. Chipata West 132kV 150MVAr STATCOM 

Reinforcements under 
contingency analysis 

1. SVC at Mbala 330kV busbar with a capacitive limit of 35MVAr. 
2. Second line between Msoro-Petauke i.e., Msoro-Petauke 330kV No.2. 

 

Table 13. Recommendations due to transient stability analysis (2023 – 2030 period) 

2026 reinforcements and recommendations 
1 Kabwe – Pensulo 330kV 3rd line 

2 Eastern Corridor – Two options 
 

OPTION 1 second Pensulo-Msoro-Chipata West 330kV line 

OPTION 2 Size and install a DVSD to cater for the 184MW proposed generation in the 
Eastern Corridor; this will provide for a possible islanding scheme to address the 
network instability (voltage, frequency and rotor angles). A protection study 
should be carried out before commissioning the hydropower plants that would 
be connected via Kasama 330kV substation. The study should highlight critical 
clearing times in the Northern grid, recommend setting for possible islanding 
following a three-phase busbar fault as well as tuned settings for the STATCOMs 
at Nakonde and Pensulo. 

2030 reinforcements and recommendations 
1 Muzuma – Mukuni 330kV second line 

2 Kafue Town – Kafue West 330kV second line 

The study recommends uprating the breaking capacity rating of circuit breakers at three 330kV nodes presented 
in Table 14.  
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Table 14. Recommendations based on short-circuit analyses 

Recommended Breaking Capacity Rating of Circuit Breakers 
Circuit ID 2026 2030 2040 2050 
Kariba North 330kV  > 48.3kA > 45.5kA > 51.83kA > 44.798kA 
Siavonga 330kV > 43kA > 40.66kA > 45.3kA - 

Leopards Hill 330kV - - > 40.5kA - 

In addition, the generation dispatch of the machines at the major power stations may be affected during certain 
periods of the day to accommodate for Solar PV generation. In view of this, the study recommends that an 
assessment be conducted to ascertain the commercial risks that may rise at Kariba North Bank Extension and 
Kafue Gorge Lower (the power plant depends on Kafue Gorge Power Station machines’ discharge) due to possible 
ramping down of generation.  

With this study, an optimal mode of the least-cost generation option deployment maybe realised to avoid financial 
risks associated with the reduced generation by the major hydropower plants. It should be noted that drastic 
reduction of generation at some of these major power plants may affect the loan repayment schedules for these 
stations. The study is therefore necessary to understand the impact of these projects on the commercial aspects 
of these power stations. 

Lastly, a system wide review of protection settings needs to be carried out to address the changes brought on by 
renewable energy source integration and their variable nature over a 24-hour period. 

Table 15 summarises all technically viable projects that need to be included in the Zambian power system by the 
year 2050.  

Table 15. Overall summary of technically viable projects 

 Project 

1 Kateshi 66 substation upgrade – 66/11kV 2 x 10MVA 

2 Kaoma substation upgrade – 66/11kV 1 x 10MVA 

3 Pamodzi 66kV substation upgrade – 66/11kV 2 x 10MVA 

4 

Zambia-Tanzania-Kenya Interconnection Project 1 
i. Kabwe – Pensulo 330kV second line with 40MVar line reactors on both ends 

ii. Nakonde STATCOM -250/+250MVAr  
iii. Pensulo SVC -250/+250MVAr  

5 
Ndola refinery – Skyways 66kV line: conductor change from Hard Drawn Copper (HDCU) to 
Bison 

6 

Luanshya 330 project 
i. Kabwe – Luanshya 330 1A 

ii. Kabwe – Luanshya 330 2A 
iii. Luanshya – Kitwe 330 1A 
iv. Luanshya – Luano 330 1A 
v. Luanshya – Bwana Mukubwa 66 1A 
vi. Luanshya – Bwana Mukubwa 66 2A 
vii. 330/66/11kV 2 x 120MVA 

7 

Zambia-Tanzania-Kenya Interconnection Project 2 
i. Pensulo – Mpika 330kV second line with 30MVar line reactors on both ends 

ii. Mpika – Kasama 330kV second line with 30MVar line reactors on both ends 

iii. Kasama – Nakonde 330kV second line with 30MVar line reactors on both ends 

iv. Nakonde – Tunduma 330kV double circuit line 

8 Luano – Kansanshi 330kV double circuit transmission line 
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9 

Kasama – Nakonde Project 
i. Kasama – Nakonde 330kV line with 30MVAr reactors on both ends 

ii. Substation: 1 x 90MVA 330/66/11kV 
iii. New Nakonde – Nakonde Old 66kV 1A 
iv. New Nakonde 132-66/33kV 66/33kV 2 x 15MVA 

10 Lusaka West – Kabwe 330kV double circuit transmission 

11 

Zambia Reactive Power Compensation 
i. Kalumbila SVC -180/+170MVAr 

ii. Luano SVC -220/+140MVAr 

12 

Sustainable Electricity Supply Southern Division (SESSD) Project 
i. Kabwe stepdown 330/132kV upgrade 

ii. New Converter 132/33/11 substation  
• Kabwe stepdown – New converter 132kV 1 
• Kabwe stepdown – New converter 132kV 2 
• 132/33/11kV 2 x 90MVA 

13 

Chipata-Lunda-Chama Project 
i. Mwasemphangwe 132/33kV substation 
• 132/33kV 2 x 15MVA 
• Chipata West – Mwasempangwe 132kV line 
• Mwasempangwe – Lundazi 132kV line 

ii. Lundazi 132/33kV substation 
• Lundazi – Eggichickeni 132kV line 
• Lundazi – Lundazi Turnoff ohl 
• 132/33kV 2 x 25MVA transformers  

iii. Eggichikeni 132/33kV substation 
• Eggichikeni – Chama 132kV line  
• 132/33kV 2 x 15MVA 

iv. Chama 132/33kV substation 
• 132/33kV 2 x 25MVA 

14 

Kafue Gorge Lower Evacuation Project 
i. Kafue Gorge Lower – Lusaka West 330kV line  

ii. Kafue Gorge Lower – LSMFEZ 330kV line  
iii. Kafue West – Lusaka West 330kV line  
iv. Kafue Gorge power plant 

15 

Lusaka, Transmission and Distribution Reinforcement Project (LTDRP) 
i. Leopards Hill 330/132kV 250MVA transformer 

ii. Waterworks 132/22/11kV substation  
• 2 x 90MVA transformers 
• 3 x 30MVA transformers 
• Waterworks – Coventry 132kV line 
• Leopards Hill – Waterworks 132kV line 
• LSMFEZ – Waterworks 132kV line 
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iii. Chawama 132/33/11kV substation 
• Chawama – Airstrip C1 11kV line 
• Chawama – Airstrip C2 11kV line 
• Chawama – Makeni substation C1 11kV line 
• Chawama – Makeni substation C2 11kV line 
• LSMFEZ – Chawama 132kV C1 132kV line 
• LSMFEZ – Chawama 132kV C1 132kV line 
• 3 x 30MVA transformers 
iv. Chilanga 132/33/11kV substation 
• Chawama – Chilanga 132kV line 
• 3 x 30MVA transformers  
• 2 x 90MVA transformers 
v. Industrial 132/33/11kV substation 
• Industrial – Coventry 132kV line 
• Industrial – Mungwi C1 33kV line 
• Industrial – Mungwi C2 33kV line 
• Lusaka West – Industrial C1 132kV line 
• Lusaka West – Industrial C2 132kV line 
• 3 x 30MVA transformers 
• 2 x 90MVA transformers 
vi. Roma 132/33kV substation 
• Avondale – Roma C1 132kV line 
• Avondale – Roma C2 132kV line 
• Lusaka West – Roma C1 132kV line 
• Lusaka West – Roma C2 132kV line 
• 3 x 30MVA transformers 
• 2 x 63MVA transformers 
vii. Avondale 132/11kV substation  
• Avondale – Roma C1 132kV line 
• Avondale – Roma C2 132kV line 
• 3 x 30MVA transformers  
• 2 x 90MVA transformers  
viii. Ibex Hill 132/33/11kV substation 
• Ibex – Ibex Turn 132kV line 
• Ibex Turn – Avondale C1 132kV line 
• Ibex Turn – Avondale C2 (Leopards Hill-Roma) 132kV line 
• Ibex Turn – Ibex 132kV line 
• 5 x 30MVA transformers  
• Leopards Hill – Ibex Turn C1 132kV line 
• Leopards Hill – Ibex Turn C2 132kV line 
ix. Jimmy 132/11kV substation 
• Chawama – Jimmy 132kV line 
• Jimmy – Coventry 132kV line 
• 2 x 30MVA transformers 

16 

Eastern Province Reinforcement 
i. Msoro-Petauke 330kV line  

ii. Petauke 330/33kV substation with 330/33/11kV 2 x 65MVA 
iii. Petauke – Petauke old 33kV ohl 

17 

Eastern Corridor Reinforcements 
Option 1 – Reinforcement of Eastern Corridor 
i. Pensulo – Lusiwasi 330kV line 2 

ii. Lusiwasi – Msoro 330kV line 2 
iii. Msoro – Chipata West 330kV line 2 
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Option 2 – Reactive power support for the Eastern Corridor 
i. Size and install a DVSD to cater for the 184MW proposed generation in the Eastern Corridor 
i.e., Msoso and Chipata West 330kV substation 

18 Mazabuka substation upgrade – 88/33/11kV 2 x 63MVA 

19 

Pensulo – Mansa 330 Project 
i. Pensulo Mansa 330kV line with 40MVAr reactors on both ends 

ii. New Mansa 330/66/11kV 2x90MVA substation 
iii. Mansa – Mansa Town 66kV line 
iii. Mansa – Samfya 66kV line 
iV. Samfya 66/33kV 2x30MVA substation 

20 

Northern Corridor Reinforcement Project 
i. Kabwe – Pensulo 330 line 3 with 40MVAr reactors on both ends 

ii. Pensulo – Mpika 330kV line 3 with 30MVAr reactors on both ends 
iii. Mpika – Kasama 330 line 3 with 30MVAr reactors on both ends 

21 Kafue Town – Kafue West 330kV line 2 
22 Mukuni – Muzuma 330kV line 2 
23 Upgrade of Mkushi Central 330/66 kV Substation 

24 Lusaka West Substation 330/132/33kV Upgrades 

25 

Kabwe Reinforcements 
i. Development of a second 88kV OHL between Kabwe and Kabwe Town 
ii. Upgrade of Kabwe Town 88/33 kV Substation 
iii. Northern Division Transformer Reinforcements 

26 

STDRP (All lines except transformers) 
1. Upgrades of the following Circuits: Monze Substation Upgrades to 132-88/33kV  
2 x 45 MVA. Two new 132kV lines using wolf from Monze to Mazabuka. 
2. Upgrades of the following Circuits: Kalomo Substation Upgrades to 132-88/33kV  
2 x 45 MVA. Single 132kV line using wolf from Muzuma to Kalomo. 

27 

Chisamba Upgrades 
i. Addition of a second 30MVA Transformer at Fig Tree Substation 
ii. Addition of a third 30MVA Transformer at Fig Tree Substation 
iii. Development of a second line between Azele and Msoro 66kV OHL 

28 

Kimiteto Substation Upgrades 
i. Upgrade of Azele 66/33 kV Substation 
ii. Upgrade of Muzuma 88/33 kV Substation 
iii. Upgrade of Mkushi Central 66/33 kV Substation 
iv. Upgrade of Mbala 66/33 kV Substation 
v. Upgrade of Serenje 66/33 kV Substation 
vi. Addition of a third 60MVA Transformer at Muzuma Substation. 
vii. Installation of 15MVAr Capacitor bank at Isoka Substation 

29 
Mapanza 88kV Reinforcements 
i.Development of new Muzuma - Mapanza 88kV OHL 
ii. Development of a new 88/33 kV Mapanza Substation 

30 

Shangombo 330-220 Project 
Lot 1: Nangweshi 330-220 substation and line 
i. Nangweshi 220/66 substation and line 
• Nangweshi – Namushakende 220 
• Nangweshi – Shangombo 220 
• Nangweshi – Senanga 
• Sheseke – Nangweshi 220 
• Sioma Turn off-Nangweshi 66 1A 
• 220/66/11kV 2 x 50MVA 
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Lot 2: Namshakende 330-220 substation and line 
ii. Namshakende 220/132/66 substation and line 
• Namushakende – Kaoma 66 1A 
• Namushakende – Mongu 66 1A 
• Namushakende – Mongu 66 1A(1) 
• Senanga – Namushakende 66 1A 
• Nangweshi – Namushakende 220 
• 132/66kV 2 x 25MVA 
• 220/132/33 2 x 63MVA 
Substation and line 
iii. Namshakende – Lukulu 132kV line 
Lot 3: Shangombo 330-220 substation and line 
iv. Shangombo 220/33 substation and line 
• Nangweshi – Shangombo 220kV line 
• 220/33/11kV 2 x 50MVA 
i. Upgrade of Kaoma 66/33 kV Substation 
ii. Upgrade of Kalabo 66/11 kV Substation 
iii. Upgrade of Sioma 66/11 kV Substation 
iv. Upgrade of Senanga 66/11 kV Substation 
v. Upgrade of Sesheke 66/11 kV Substation 
vi. Upgrade of Simungoma 66/11 kV Substation 
vii. Upgrade of Kazungula 66/11 kV Substation 
viii. Upgrade of Nakabala 132/11 kV Substation 
ix. Upgrade of Lusaka Road 66/11 kV Substation 
x. Upgrade of Luampa 66/11 kV Substation 
xi. Upgrade of Kaoma 66/33 kV Substation 
xii. Upgrade of Kaoma 66/11 kV Substation 
xiii. Upgrade of Mongu 66/11 kV Substation 
xiv. Upgrade of Victoria Falls 132/66/11 kV substation 
xv. Upgrade of Bwana Mlubwa 132/33 kV Substation 
xvi. Upgrade of Nambala 220/33 kV Substation 
xvii. Upgrade of Kasama 330/66 kV Substation 

31 Azele – Msoro 66kV line reconductoring: ACSR 100sq.mm to 200sq.mm 

32 Kafue Town – Mazabuka 88 Line 2 

33 
Mazabuka substation upgrade 2 
i. 88/33/11kV 2 x 63MVA 

34 Mansa – Luano 330kV line 1 with 30MVAr reactors on both ends 

35 

Kasama – Mporokoso 330kV Project 
i. Kasama – Mporokoso 330kV line 
ii. Mporokoso – Mansa 330kV line 1 with 40MVAr reactors on each end 
iii. Mporokoso 330/66 substation 
• 330/66/11kV 65MVA transformer 
• 30MVAr bus reactor 
• Mporokoso New – Mporokoso Old 66 1A 

36 Kafue Town-Muzuma 330 2 DC line 

37 

Kansanshi-Panda Interconnector Project 
i. Substation: 330/330kV 2 x 400MVA 

ii. Kansanshi-Panda 330kV double circuit line 

38 Sesheke – Victoria Falls 220kV line 2 
39 Kansanshi – Lumwana 330kV line 2 
40 Pensulo – Mansa 330kV line 2 with 40MVAr reactors on both ends 
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41 

Review/Uprating of the switchgear for the following 330kV busbars 
1. Siavonga 330kV SF6 circuit breakers to above 50kA rating 

2. Kariba North Bank 330kV SF6 circuit breakers 50kA rating 

42 
1. Luano Reactive Power Support 

i. Luano 330kV ±300MVAr STATCOM 
ii. Move the proposed Luano +220/-140MVAr SVC to Chambishi Substatio 

43 Mukuni – Victoria Falls 220kV second line  

44 Nambala – Muzuma 330kV double circuit line 

45 

1. 330kV Eastern Corridor upgrade 
i. Lusiwasi – Pensulo 330kV second line 
ii. Msoro – Luaiwasi 330kV second line 
iii. Chipata West – Msoro second line 
iv. Lusiwasi 30MVAr reactor 
v. Chipata West 132kV 150MVAr STATCOM 

46 SVC at Mbala 330kV busbar with a capacitive limit of 35MVAr 

47 Second line between Msoro – Petauke i.e., Msoro – Petauke 330kV No.2 

4.3 Prioritisation of Transmission Projects  

Following the criteria and methodology presented in section3, the technically viable transmission projects for 
each of the studied years were ranked against a set of criteria. Ranking is included in Annex 2. It can be noted that 
rank has been assigned to each component of the project (e.g., new transmission line or new substation), although 
each of the components is an integral part of the project. As previously discussed, priority is given to projects that 
ensure the firm (N-0) transmission capacity at higher voltage levels, as they resolve the bottlenecks for a wider 
area of the Zambian power system, whereas upgrades of the sub-transmission voltage levels typically have local 
impact.  

4.4 Overall Investment Costs 

High-level, overall investment costs for technically viable projects in each of the study years are summarised in 
Table 16, while a more detailed breakdown is provided in Annex 3. The majority of funds need to be mobilised by 
the year 2026, by which time most of the planned projects need to be completed. It is important to mention that 
cost estimates were provided based on the financial records previously available in Zambia. However, these may 
also change following market developments in 2021 and particularly 2022. Hence, it is suggested that these 
figures are used as a reference only. 

Table 16. Overall investment costs 

Year Investment ($) 
2022 225,936,000 
2024 8,070,000 
2025 133,975,000 
2026 585,485,500 
2029 1,400,000 
2030 455,354,320 
2040 745,340,719 
2050 230,863,156 
Grand total 2,386,424,695 
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4.5 Cross-Cutting Themes 

4.5.1 Climate Change and Environment 

Transmission network analyses considered a number of cross-cutting aspects. It also held a capacity-building 
session in May 2021 for all involved stakeholders on ‘climate impact on transmission planning’. This session 
covered points such as:  

• high temperatures and heat waves 
• high winds 
• lightning strikes 
• rain and floods 
• short- and long-term climate resilience measures. 

The above climate events were also considered while undertaking the technical studies and with consideration of 
the existing equipment that is being used in the Zambian transmission system. 

Temperature and transmission losses 

Increasing mean temperatures are expected to have minor negative impacts on the carrying capacity of lines and 
transformers, as well as increased temperature losses in lines and transformers. With the projected mean 
temperature of 23.7oC (SSP2-4.5) by 2040–2059 (up from ~22.2oC in 1995-2014), these impacts can be modelled 
and are not expected to have significant impacts on the design of infrastructure.  

Extreme events 

As a result of increased precipitation intensity and a larger proportion of rainfall from intense events, Zambia is 
expected to experience an increase in the frequency and intensity of flood events. This may impact transmission 
and distribution infrastructure that is in or near flood-prone areas. Interdependent infrastructure may be 
particularly affected, as floods hamper the repair of transmission lines or distribution infrastructure because of 
inter alia flooded or damaged roads.  

In addition to flooding, lightning strikes are expected to increase with climate change. Global estimates indicate 
that lightning incidence is expected to increase by 10% for every degree of warming experienced7. Lightning 
incidence in the region is also expected to increase under climate change conditions8. 

Securing every object against these extreme events may not be necessary and is cost prohibitive. Instead, it is 
advised that each project is assessed individually and that mitigation measures are implemented only for those 
objects which are in the affected areas.  

  

 
7 Price, C. 2009. Thunderstorms, Lightning and Climate Change. In: Betz, H.D., Schumann, U., Laroche, P. (eds) Lightning: 

Principles, Instruments and Applications. Springer, Dordrecht. https://doi.org/10.1007/978-1-4020-9079-0_24  
8 Mahomed et al. 2021. Lightning monitoring and detection techniques: Progress and challenges in South Africa, South 

African Journal of Science, 2021, 117(1-2), http://dx.doi.org/10.17159/sajs.2021/7020  

https://doi.org/10.1007/978-1-4020-9079-0_24
http://dx.doi.org/10.17159/sajs.2021/7020
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5 RECOMMENDATIONS  

The transmission system analyses included a comprehensive assessment of the Zambian power system and 
demonstrated that the system can be operated in both isolated as well as interconnected modes for the demand 
and generation projections up to the year 2050. This requires timely and coordinated implementation of proposed 
generation, transmission, and distribution projects. 

The proposed transmission projects shown in Table 15 will ensure security of supply and stability of the Zambian 
power system (A summary of the most important projects is given in Table 17). A complete list of proposed 
transmission projects along with indicative capital investment is given in Annex 3. 

Table 17. Proposed transmission infrastructure up to 2050  

Year Project Investment ($) 

2026 1. ZTK 2 project (Kabwe – Pensulo 330kV second line, Nakonde SVC, 
Pensulo SVC) 

2. 330kV Kasama – Mporokoso project (Mporokoso substation and 
330kV Kasama - Mporokoso transmission line) 

3. Third 330kV transmission line between Kabwe and Pensulo 
substations 

4. Second 330kV transmission line between Lusiwasi and Pensulo 
substations 

5. Second 330kV transmission line between Msoro and Pensulo 
substations 

6. Upgrade of 330kV switchgears at Siavonga and Kariba North Bank 
substations 

1,053,466,500 

2030 1. Third 330kV transmission line between Pensulo and Mpika 
substations 

2. Third 330kV transmission line between Mpika and Kasama 
substations 

3. Second 330kV transmission line between Mukuni and Muzuma 
substations 

4. Second 330kV transmission line between Kafue Town and Kafue 
West substations 

5. Eastern corridor project 

456,754,320 

2040 1. 330kV transmission line between Mansa – Luano substations 
2. Second 330kV transmission line between Kansanshi and Lumwana 

substations 
3. Second 330kV transmission line between Pensulo and Mansa 

substations 
4. 330kV Mporokoso – Mansa transmission line 
5. Upgrade of 330kV switchgear at Leopards Hill substation 

745,340,719  

2050 1. Luano 330kV ±300MVAr STATCOM 
2. Mukuni – Victoria Falls 220kV second line 
3. Nambala – Muzuma 330kV double circuit line 
4. 330kV Eastern Corridor upgrade 
5. SVC at Mbala 330kV busbar with a capacitive limit of 35MVAr 
6. Second line between Msoro – Petauke 

230,863,156  

 
Implementation of the proposed critical transmission projects is necessary to ensure security of supply, system 
stability with growing system demand. Given the number of transmission projects that need to be implemented 
in a short period of time, it is necessary to rank the projects in priority order. Technical prioritisation based on a 
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set of criteria has been done and each project has been given an importance factor. Results are summarised in 
Annex 2. However, final ranking may also be affected by financial and strategic considerations.  
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ANNEX 1: GIS MAP OF THE EXISTING TRANSMISSION SYSTEM 

Figure 3: Transmission network map of Zambia - year 2022 
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Figure 4: Transmission network map of Zambia - year 2026 
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Figure 5: Transmission network map of Zambia - year 2030 

 

Figure 6: Transmission network map of Zambia - year 2040 
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Figure 7: Transmission network map of Zambia - year 2050 
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ANNEX 2: PRIORITISATION AND RANKING OF CANDIDATE TRANSMISSION PROJECTS 

Table 18: Prioritisation of the technically acceptable projects by the year 2026 

ID Project Results from Year Removes 
Constraint for 
"N" Condition 
(0-No, 1-Yes) 

Removes 
Constraint for 

"N-1" Condition 
(0-No, 1-Yes) 

Number of 
Impacted 
Scenarios  
(1,2 or 3) 

Voltage Level (kV) 
(1-66kV, 2-88kV,  

3-132kV, 4-220kV, 
5-330kV) 

Number of 
Removed 

Constraints  

Overall Rank 
(Higher 

Number – 
Higher 

Priority) 
1 Kateshi 66 substation upgrade – 66/11kV 2 x 10MVA Demand growth 2025 1 0 3 1 1 6 
2 Kaoma substation upgrade – 66/11kV 1 x 10MVA Demand growth 2026 1 0 3 1 1 6 
3 Pamodzi 66kV substation upgrade – 66/11kV 2 x 10MVA Demand growth 2026 1 0 3 1 1 6 

4 

Zambia-Tanzania-Kenya Interconnection Project 1 
i. Kabwe – Pensulo 330kV second line with 40MVar line reactors on both ends 

Planned project/Interconnector 2022 
0 1 3 5 1 10 

ii. Nakonde STATCOM -250/+250MVAr  Planned project/Interconnector 2022 1 0 3 5 1 10 
iii. Pensulo SVC -250/+250MVAr  Planned project/Interconnector 2022 1 0 3 5 1 10 

5 
Ndola refinery – Skyways 66kV line: conductor change from HDCU to Bison Demand growth 2026 

1 0 3 1 1 6 

6 

Luanshya 330 Project 
i. Kabwe – Luanshya 330 1A 

Planned project/Demand growth 2026 
1 1 3 5 2 12 

ii. Kabwe – Luanshya 330 2A Planned project/Demand growth 2026 1 1 3 5 2 12 
iii. Luanshya – Kitwe 330 1A Planned project/Demand growth 2026 1 1 3 5 2 12 
iv. Luanshya – Luano 330 1A Planned project/Demand growth 2026 1 1 3 5 2 12 
v. Luanshya – Bwana Mukubwa 66 1A Planned project/Demand growth 2026 1 1 3 5 2 12 
vi. Luanshya – Bwana Mukubwa 66 2A Planned project/Demand growth 2026 1 1 3 5 2 12 
vii. 330/66/11kV 2 x 120MVA Planned project/Demand growth 2026 1 1 3 5 2 12 

7 

Zambia-Tanzania-Kenya Interconnection Project 2 
i. Pensulo – Mpika 330kV second line with 30MVar line reactors on both ends 

Planned project/Interconnector 2026 
1 1 3 5 2 12 

ii. Mpika – Kasama 330kV second line with 30MVar line reactors on both ends Planned project/Interconnector 2026 1 1 3 5 2 12 
iii. Kasama – Nakonde 330kV second line with 30MVar line reactors on both 
ends 

Planned project/Interconnector 2026 
1 1 3 5 2 12 

iv. Nakonde – Tunduma 330kV double circuit line Planned project/Interconnector 2026 1 1 3 5 2 12 

8 Luano – Kansanshi 330kV double circuit transmission line Planned project/Interconnector 2026 1 1 3 5 2 12 

9 

Kasama – Nakonde Project 
i. Kasama – Nakonde 330kV line with 30MVAr reactors on both ends 

Planned project/Interconnector 2025 
1 0 3 5 1 10 

ii. Substation: 1x 90MVA 330/66/11kV Planned project/Interconnector 2025 1 0 3 5 1 10 
iii. New Nakonde – Nakonde Old 66kV 1A Planned project/Demand growth 2025 1 0 3 5 1 10 
iv. New Nakonde 132-66/33kV 66/33kV 2 x 15MVA Planned project/Demand growth 2025 1 0 3 5 1 10 

10 Lusaka West – Kabwe 330kV Double circuit transmission Planned project/Security of supply 2026 1 0 3 5 1 10 
11 Kasama-Mporokoso 330kV line  2026 1 1 1 5 2 10 

12 

Zambia Reactive Power Compensation 
i. Kalumbila SVC -180/+170MVAr 

Planned project/Voltage stability 2025 
1 0 3 5 1 10 

ii. Luano SVC -220/+140MVAr Planned project/Voltage stability 2025 1 0 3 5 1 10 

13 
Sustainable Electricity Supply Southern Division (SESSD) Project 
i. Kabwe stepdown 330/132kV upgrade 

Planned project/Demand growth 2024 
1 1 3 3 2 10 
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ID Project Results from Year Removes 
Constraint for 
"N" Condition 
(0-No, 1-Yes) 

Removes 
Constraint for 

"N-1" Condition 
(0-No, 1-Yes) 

Number of 
Impacted 
Scenarios  
(1,2 or 3) 

Voltage Level (kV) 
(1-66kV, 2-88kV,  

3-132kV, 4-220kV, 
5-330kV) 

Number of 
Removed 

Constraints  

Overall Rank 
(Higher 

Number – 
Higher 

Priority) 
ii. New Converter 132/33/11 substation  
• Kabwe stepdown – New converter 132kV 1 
• Kabwe stepdown – New converter 132kV 2 
• 132/33/11kV 2 x 90MVA 

Planned project/Demand growth 2024 

1 1 3 3 2 10 

14 

Chipata-Lunda-Chama Project 
i. Mwasemphangwe 132/33kV substation 
• 132/33kV 2 x 15MVA 
• Chipata West – Mwasempangwe 132kV line 
• Mwasempangwe – Lundazi 132kV line 

Planned project/Grid extension 2025 

1 1 3 3 2 10 

ii. Lundazi 132/33kV substation 
• Lundazi – Eggichikeni 132kV line 
• Lundazi – Lundazi Turnoff ohl 
• 132/33kV 2 x 25MVA transformers  

Planned project/Grid extension 2026 

1 1 3 3 2 10 

iii. Eggichikeni 132/33kV substation 
• Eggichikeni – Chama 132kV line  
• 132/33kV 2 x 15MVA 

Planned project/Grid extension 2026 

1 1 3 3 2 10 

iv. Chama 132/33kV substation 
• 132/33kV 2 x 25MVA 

Planned project/Grid extension 2026 
1 1 3 3 2 10 

15 

Kafue Gorge Lower Evacuation Project 
i. Kafue Gorge Lower – Lusaka West 330kV line  

Planned project/Evacuation 2022 
1 1 3 5 2 12 

ii. Kafue Gorge Lower – LSMFEZ 330kV line  Planned project/Evacuation 2022 1 1 3 5 2 12 
iii. Kafue West – Lusaka West 330kV line  Planned project/Evacuation 2022 1 1 3 5 2 12 
iv. Kafue Gorge power plant Planned project/Evacuation 2022 1 1 3 5 2 12 

16 

Lusaka, Transmission and Distribution Reinforcement Project (LTDRP) 
i. Leopards Hill 330/132kV 250MVA transformer 

Planned project/Demand growth 2022 
0 1 3 5 1 10 

ii. Waterworks 132/22/11kV substation  
• 2 x 90MVA transformers 
• 3 x 30MVA transformers 
• Waterworks – Coventry 132kV line 
• Leopards Hill – Waterworks 132kV line 
• LSMFEZ – Waterworks 132kV line 

Planned project/Demand growth 2022 

1 1 3 3 2 10 

iii. Chawama 132/33/11kV substation 
• Chawama – Airstrip C1 11kV line 
• Chawama – Airstrip C2 11kV line 
• Chawama – Makeni substation C1 11kV line 
• Chawama – Makeni substation C2 11kV line 
• LSMFEZ – Chawama 132kV C1 132kV line 
• LSMFEZ – Chawama 132kV C1 132kV line 
• 3 x 30MVA transformers 

Planned project/Demand growth 2022 

1 1 3 3 2 10 

iv. Chilanga 132/33/11kV substation 
• Chawama – Chilanga 132kV line 
• 3 x 30MVA transformers  
• 2 x 90MVA transformers 

Planned project/Demand growth 2022 

1 1 3 3 2 10 



44 
 

ID Project Results from Year Removes 
Constraint for 
"N" Condition 
(0-No, 1-Yes) 

Removes 
Constraint for 

"N-1" Condition 
(0-No, 1-Yes) 

Number of 
Impacted 
Scenarios  
(1,2 or 3) 

Voltage Level (kV) 
(1-66kV, 2-88kV,  

3-132kV, 4-220kV, 
5-330kV) 

Number of 
Removed 

Constraints  

Overall Rank 
(Higher 

Number – 
Higher 

Priority) 
v. Industrial 132/33/11kV substation 
• Industrial – Coventry 132kV line 
• Industrial – Mungwi C1 33kV line 
• Industrial – Mungwi C2 33kV line 
• Lusaka West – Industrial C1 132kV line 
• Lusaka West – Industrial C2 132kV line 
• 3 x 30MVA transformers 
• 2 x 90MVA transformers 

Planned project/Demand growth 2022 

1 1 3 3 2 10 

vi. Roma 132/33kV substation 
• Avondale – Roma C1 132kV line 
• Avondale – Roma C2 132kV line 
• Lusaka West – Roma C1 132kV line 
• Lusaka West – Roma C2 132kV line 
• 3 x 30MVA transformers 
• 2 x 63MVA transformers 

Planned project/Demand growth 2022 

1 1 3 3 2 10 

vii. Avondale 132/11kV substation  
• Avondale – Roma C1 132kV line 
• Avondale – Roma C2 132kV line 
• 3 x 30MVA transformers  
• 2 x 90MVA transformers  

Planned project/Demand growth 2026 

1 1 3 3 2 10 

viii. Ibex Hill 132/33/11kV substation 
• Ibex – Ibex Turn 132kV line 
• Ibex Turn – Avondale C1 132kV line 
• Ibex Turn – Avondale C2 (Leopards Hill-Roma) 132kV line 
• Ibex Turn – Ibex 132kV line 
• 5 x 30MVA transformers  
• Leopards Hill – Ibex Turn C1 132kV line 
• Leopards Hill – Ibex Turn C2 132kV line 

Planned project/Demand growth 2022 

1 1 3 3 2 10 

ix. Jimmy 132/11kV substation 
• Chawama – Jimmy 132kV line 
• Jimmy – Coventry 132kV line 
• 2 x 30MVA transformers 

Planned project/Demand growth 2022 

1 1 3 3 2 10 

17 

Eastern Province Reinforcement 
i. Msoro – Petauke 330kV line  

Planned project/Demand growth 2026 
1 0 3 5 1 10 

ii. Petauke 330/33kV substation with 330/33/11kV 2 x 65MVA Planned project/Demand growth 2026 1 2 3 5 3 14 
iii. Petauke – Petauke old 33kV ohl Planned project/Voltage stability 2026 1 1 3 1 2 8 

18 

Eastern Corridor Reinforcements 
Option 1 – Reinforcement of Eastern Corridor 

Transient stability/Voltage stability 2026 
1 0 3 5 1 10 

i. Pensulo – Lusiwasi 330kV line 2 Transient stability/Voltage stability 2026 1 0 3 5 1 10 
ii. Lusiwasi – Msoro 330kV line 2 Transient stability/Voltage stability 2026 1 0 3 5 1 10 
iii. Msoro – Chipata West 330kV line 2 Transient stability/Voltage stability 2026 1 0 3 5 1 10 
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ID Project Results from Year Removes 
Constraint for 
"N" Condition 
(0-No, 1-Yes) 

Removes 
Constraint for 

"N-1" Condition 
(0-No, 1-Yes) 

Number of 
Impacted 
Scenarios  
(1,2 or 3) 

Voltage Level (kV) 
(1-66kV, 2-88kV,  

3-132kV, 4-220kV, 
5-330kV) 

Number of 
Removed 

Constraints  

Overall Rank 
(Higher 

Number – 
Higher 

Priority) 
Option 2 – Reactive power support for the Eastern Corridor 
i. Size and install a DVSD to cater for the 184MW proposed generation in the 
Eastern Corridor i.e., Msoro and Chipata West 330kV substation 

Transient stability/Voltage stability 2026 

1 0 3 5 1 10 

 

Table 19: Prioritisation of the technically acceptable projects by the year 2030 

ID Project Results from Year Removes 
Constraint for 
"N" condition 
(0 -No, 1-Yes) 

Removes 
Constraint for 

"N-1" condition 
(0-No, 1-Yes) 

Number of 
impacted 

scenarios (1,2 or 
3) 

Voltage level (kV) (1-
66kV, 2-88kV, 3-

132kV, 4-220kV, 5-
330kV) 

Number of 
removed 

constraints  

Overall Rank 
(Higher 

number – 
higher 

priority) 
19 Mazabuka substation upgrade – 88/33/11kV 2 x 63MVA Demand growth 2029 1 1 2 2 2 8 

20 

Pensulo – Mansa 330 Project 
i. Pensulo Mansa 330kV line with 40MVAr reactors on both ends 

Planned project 2030 
1 0 2 5 1 9 

ii. New Mansa 330/66/11kV 2x90MVA substation Planned project 2030 1 1 2 5 2 11 
iii. Mansa – Mansa Town 66kV line Planned project 2030 0 1 2 1 1 5 
iii. Mansa – Samfya 66kV line Planned project 2030 1 0 2 1 1 5 
iV. Samfya 66/33kV 2x30MVA substation Planned project 2030 1 1 2 1 2 7 

21 

Northern Corridor Reinforcement Project 
i. Kabwe – Pensulo 330 line 3 with 40MVAr reactors on both ends 

N-1 security/Transient stability 2030 
1 1 2 5 2 11 

ii. Pensulo – Mpika 330kV line 3 with 30MVAr reactors on both ends Proposed least-cost  
generation option 

2030 
0 1 2 5 1 9 

iii. Mpika – Kasama 330 line 3 with 30MVAr reactors on both ends Proposed least-cost  
generation option 

2030 
0 1 2 5 1 9 

22 
Kafue Town – Kafue West 330kV line 2 N-1 security/Proposed least-cost  

generation option 
2030 

1 1 1 5 2 10 

24 
Mukuni – Muzuma 330kV line 2 N-1 security/Proposed least-cost  

generation option 
2030 

1 1 1 5 2 10 

25 Upgrade of Mkushi Central 330/66 kV Substation Scaling up of Agriculture Production 2030 1 0 1 5 1 8 

26 Lusaka West Substation 330/132/33kV Upgrades 
Increased load due to agriculture and 
trains/trams as well as improving the 

security of power supply 
2030 1 0 1 5 1 8 

26 

Kabwe Reinforcements 
i. Development of a second 88kV OHL between Kabwe and Kabwe Town 

Scaling up of Agriculture Production and 
Trains 

2030 1 0 1 2 1 8 

ii. Upgrade of Kabwe Town 88/33 kV Substation Scaling up of Agriculture Production and 
Trains 

2030 1 0 1 2 1 5 

iii. Northern Division Transformer Reinforcements 
Scaling up of Agriculture Production and 

Trains 2030 1 0 1 1 1 4 

27 

STDRP (All lines except transformers) 
1. Upgrades of the following Circuits: Monze Substation Upgrades to 132-88/33kV 
2 x  45 MVA. Two new 132kV lines using wolf from Monze to Mazabuka. 

Scaling up of Agriculture Production and 
Voltage Stability and Trams/Trains 

2030 1 0 1 3 1 8 

2. Upgrades of the following Circuits: Kalomo Substation Upgrades to 132-
88/33kV 2 x  45 MVA. Single 132kV line using wolf from Muzuma to Kalomo. 

Scaling up of Agriculture Production and 
Voltage Stability and Trams/Trains 2030 1 0 1 3 1 6 
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ID Project Results from Year Removes 
Constraint for 
"N" condition 
(0 -No, 1-Yes) 

Removes 
Constraint for 

"N-1" condition 
(0-No, 1-Yes) 

Number of 
impacted 

scenarios (1,2 or 
3) 

Voltage level (kV) (1-
66kV, 2-88kV, 3-

132kV, 4-220kV, 5-
330kV) 

Number of 
removed 

constraints  

Overall Rank 
(Higher 

number – 
higher 

priority) 

28 

Chisamba Upgrades 
i. Addition of a second 30MVA Transformer at Fig Tree Substation 

Scaling up of Agriculture Production 2030 1 0 1 2 1 8 

ii. Addition of a third 30MVA Transformer at Fig Tree Substation Scaling up of Agriculture Production 2030 1 0 1 2 1 5 

iii. Development of a second line between Azele and Msoro 66kV OHL 
Volatge stability due to increased 

demand 
2030 1 0 1 1 1 4 

29 

Kimiteto Substation Upgrades 
i. Upgrade of Azele 66/33 kV Substation 

Thermal overloads due to increased 
demand 

2030 1 0 1 1 1 8 

ii. Upgrade of Muzuma 88/33 kV Substation 
Thermal overloads due to increased 

demand 2030 1 0 1 2 1 5 

iii. Upgrade of Mkushi Central 66/33 kV Substation 
Thermal overloads due to increased 

demand 
2030 1 0 1 1 1 4 

iv. Upgrade of Mbala 66/33 kV Substation 
Thermal overloads due to increased 

demand 
2030 1 0 1 1 1 4 

v. Upgrade of Serenje 66/33 kV Substation 
Thermal overloads due to increased 

demand 2030 1 0 1 1 1 4 

vi. Addition of a third 60MVA Transformer at Muzuma Substation. 
Volatge Stability due to increased 

demand 
2030 1 0 1 2 1 5 

vii. Installation of 15MVAr Capacitor bank at Isoka Substation 
Volatge Stability due to increased 

demand 
2030 1 0 1 2 1 8 

30 

Mapanza 88kV Reinforcements 
i.Development of new Muzuma - Mapanza 88kV OHL Voltage Stability and increased demand 2030 1 0 1 2 1 5 

ii. Development of a new 88/33 kV Mapanza Substation Voltage Stability and increased demand 2030 1 0 1 1 1 8 

31 

Shangombo 330-220 Project 
Lot 1: Nangweshi 330-220 substation and line 
i. Nangweshi 220/66 substation and line 
• Nangweshi – Namushakende 220 
• Nangweshi – Shangombo 220 
• Nangweshi – Senanga 
• Sheseke – Nangweshi 220 
• Sioma Turnoff-Nangweshi 66 1A 
• 220/66/11kV 2 x 50MVA 

Planned project/Evacuation/Grid 
extension 

2030 

1 0 1 5 1 8 

Lot 2: Namshakende 330-220 substation and line 
ii. Namshakende 220/132/66 substation and line 
• Namushakende – Kaoma 66 1A 
• Namushakende – Mongu 66 1A 
• Namushakende – Mongu 66 1A(1) 
• Senanga – Namushakende 66 1A 
• Nangweshi – Namushakende 220 
• 132/66kV 2 x 25MVA 
• 220/132/33 2 x 63MVA 

Planned project/Evacuation/Grid 
extension 

2030 

1 0 1 5 1 8 

Substation and line 
iii. Namshakende – Lukulu 132kV line 

Planned project/Evacuation/Grid 
extension 

2030 
1 0 1 5 1 8 

Lot 3: Shangombo 330-220 substation and line 
iv. Shangombo 220/33 substation and line 

Planned project/Evacuation/Grid 
extension 

2030 
1 0 1 5 1 8 
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ID Project Results from Year Removes 
Constraint for 
"N" condition 
(0 -No, 1-Yes) 

Removes 
Constraint for 

"N-1" condition 
(0-No, 1-Yes) 

Number of 
impacted 

scenarios (1,2 or 
3) 

Voltage level (kV) (1-
66kV, 2-88kV, 3-

132kV, 4-220kV, 5-
330kV) 

Number of 
removed 

constraints  

Overall Rank 
(Higher 

number – 
higher 

priority) 
• Nangweshi – Shangombo 220kV line 
• 220/33/11kV 2 x 50MVA 

Shang'ombo 330-220 project 
i. Upgrade of Kaoma 66/33 kV Substation 

Voltage stability and policy demand 2030 1 0 1 1 1 4 

ii. Upgrade of Kalabo 66/11 kV Substation Voltage stability and policy demand 2030 1 0 1 1 1 4 
iii. Upgrade of Sioma 66/11 kV Substation Voltage stability and policy demand 2030 1 0 1 1 1 4 
iv. Upgrade of Senanga 66/11 kV Substation Voltage stability and policy demand 2030 1 0 1 1 1 4 
v. Upgrade of Sesheke 66/11 kV Substation Voltage stability and policy demand 2030 1 0 1 1 1 4 
vi .Upgrade of Simungoma 66/11 kV Substation Voltage stability and policy demand 2030 1 0 1 1 1 4 
vii. Upgrade of Kazungula 66/11 kV Substation Voltage stability and policy demand 2030 1 0 1 1 1 4 
viii. Upgrade of Nakabala 132/11 kV Substation Voltage stability and policy demand 2030 1 0 1 3 1 6 
ix. Upgrade of Lusaka Road 66/11 kV Substation Voltage stability and policy demand 2030 1 0 1 1 1 4 
x. Upgrade of Luampa 66/11 kV Substation Voltage stability and policy demand 2030 1 0 1 1 1 4 
xi. Upgrade of Kaoma 66/33 kV Substation Voltage stability and policy demand 2030 1 0 1 1 1 4 
xii. Upgrade of Kaoma 66/11 kV Substation Voltage stability and policy demand 2030 1 0 1 1 1 4 
xiii. Upgrade of Mongu 66/11 kV Substation Voltage stability and policy demand 2030 1 0 1 1 1 4 
xiv. Upgrade of Victoria Falls 132/66/11 kV Substation Voltage stability and policy demand 2030 1 0 1 3 1 6 

xv. Upgrade of Bwana Mlubwa  132/33 kV Substation Upgrades due to the introduction of 
112MW Battery at Bwana Mkubwa 

2030 1 0 1 3 1 6 

xvi. Upgrade of Nambala 220/33 kV Substation Scaling up of Agriculture Production 2030 1 0 1 4 1 7 
xvii. Upgrade of Kasama 330/66 kV Substation Scaling up of Agriculture Production 2030 1 0 1 5 1 8 

 

Table 20: Prioritisation of the technically acceptable projects by the year 2040 

ID Project Results from Year Removes 
Constraint for 
"N" Condition 
(0 -No, 1-Yes) 

Removes 
Constraint for 

"N-1" Condition 
(0-No, 1-Yes) 

Number of 
Impacted 

Scenarios (1,2 or 
3) 

Voltage Level (kV) 
(1-66kV, 2-88kV, 3-
132kV, 4-220kV, 5-

330kV) 

Number of 
Removed 

Constraints  

Overall Rank 
(Higher 

Number – 
Higher 

Priority) 
32 Azele-Msoro 66kV line reconductoring: ACSR 100 sq.mm to 200sq.mm Demand growth 2040 1 0 1 1 1 4 
33 Kafue Town – Mazabuka 88 Line 2 Demand growth/Voltage stability 2040 0 1 1 2 1 5 

34 
Mazabuka substation upgrade 2 
i. 88/33/11kV 2 x 63MVA 

Demand growth 2040 
1 1 1 2 2 7 

35 Mansa – Luano 330kV line 1 with 30MVAr reactors on both ends Planned project 2040 1 1 1 5 2 10 

36 

Mporokoso – Mansa 330kV line 1 with 40MVAr reactors on each end Proposed least-cost  
generation option 

 
2040 1 1 1 5 2 10 

Mporokoso 330/66 Substation 
• 330/66/11kV 65MVA Transformer 
• 30MVAr Bus reactor 
• Mporokoso New – Mporokoso Old 66 1A  

Proposed least-cost  
generation option 

2040 

1 0 1 5 1 8 

37 
Kafue Town-Muzuma 330 2 DC line Proposed least-cost  

generation option 
2040 

1 1 1 5 2 10 

38 

Kansanshi-Panda Interconnector Project 
i. Substation: 330/330kV 2 x 400MVA 

Planned project/Interconnector 2040 
1 1 1 5 2 10 

ii. Kansanshi-Panda 330kV double circuit line Planned project/Interconnector 2040 1 1 1 5 2 10 
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ID Project Results from Year Removes 
Constraint for 
"N" Condition 
(0 -No, 1-Yes) 

Removes 
Constraint for 

"N-1" Condition 
(0-No, 1-Yes) 

Number of 
Impacted 

Scenarios (1,2 or 
3) 

Voltage Level (kV) 
(1-66kV, 2-88kV, 3-
132kV, 4-220kV, 5-

330kV) 

Number of 
Removed 

Constraints  

Overall Rank 
(Higher 

Number – 
Higher 

Priority) 

39 
Sesheke-Victoria Falls 220kV line 2 Planned project/Export/Demand 

growth 
2040 

0 1 1 5 1 8 

40 
Kansanshi – Lumwana 330kV line 2 N-1 security/Proposed least-cost  

generation option/Mining 
2040 

0 1 1 5 1 8 

41 
Pensulo – Mansa 330kV line 2 with 40MVAr reactors on both ends N-1 security/Proposed least-cost  

generation option/Mining 
2040 

0 1 1 5 1 8 

42 

Review/Uprating of the switchgear for the following 330kV busbars Short-circuit level 2040 1 1 1 5 2 10 
1. Siavonga 330kV SF6 circuit breakers to above 50kA rating Short-circuit level 2040 1 1 1 5 2 10 
2. Kariba North Bank 330kV SF6 circuit breakers 50kA rating Short-circuit level 2040 1 1 1 5 2 10 

 

Table 21: Prioritisation of the technically acceptable projects by the year 2050 

ID Project Results from Year Removes 
Constraint 

for "N" 
Condition 
(0 -No, 1-

Yes) 

Removes 
Constraint for 

"N-1" Condition 
(0-No, 1-Yes) 

Number of 
Impacted 

Scenarios (1,2 or 
3) 

Voltage Level (kV) 
(1-66kV, 2-88kV, 3-
132kV, 4-220kV, 5-

330kV) 

Number of 
Removed 

Constraints  

Overall Rank 
(Higher 

Number – 
Higher 

Priority) 

43 
1. Luano Reactive Power Support 
i. Luano 330kV ±300MVAr STATCOM Demand growth 2050 

1 0 1 5 1 8 

ii. Move the proposed Luano +220/-140MVAr SVC to Chambishi Substation 1 0 1 4 1 7 
44 Mukuni – Victoria Falls 220kV second line Demand growth 2050 1 0 1 4 1 7 
45 Nambala – Muzuma 330kV double circuit line Demand growth 2050 1 0 1 5 1 8 

46 

1. 330kV Eastern Corridor upgrade 
i. Lusiwasi – Pensulo 330kV second line 

Demand growth 2050 

1 0 1 5 1 8 

ii. Msoro – Luaiwasi 330kV second line 1 0 1 5 1 8 
iii. Chipata West – Msoro second line 1 0 1 5 1 8 
iv. Lusiwasi 30MVAr reactor 1 0 1 5 1 8 
v. Chipata West 132kV 150MVAr STATCOM 1 0 1 5 1 8 

47 
SVC at Mbala 330kV busbar with a capacitive limit of 35MVAr N-1 security/Proposed least-cost  

generation option 2050 0 1 1 5 1 8 

48 
Second line between Msoro-Petauke i.e., Msoro-Petauke 330kV No.2 N-1 security/Proposed least cost  

generation option 
2050 0 1 1 5 1 8 
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ANNEX 3: INDICATIVE INVESTMENT COSTS 

Table 22: Summary of the transmission project investment costs 

ID Project CAPEX 
1 Kateshi 66 substation upgrade – 66/11kV 2 x 10MVA 200,000 
2 Kaoma substation upgrade – 66/11kV 1 x 10MVA 125,000 
3 Pamodzi 66kV substation upgrade – 66/11kV 2 x 10MVA 200,000 

4 

Zambia-Tanzania-Kenya Interconnection Project 1 
i. Kabwe – Pensulo 330kV second line with 40MVar line reactors on both ends 80,460,000 

ii. Nakonde STATCOM -250/+250MVAr  9,800,000 
iii. Pensulo SVC -250/+250MVAr  9,800,000 

5 Ndola refinery – Skyways 66kV line: conductor change from HDCU to Bison 76,500 

6 

Luanshya 330 project 
i. Kabwe – Luanshya 330 1A 43,200,000 

ii. Kabwe – Luanshya 330 2A 43,200,000 
iii. Luanshya – Kitwe 330 1A 13,500,000 
iv. Luanshya – Luano 330 1A 23,220,000 
v. Luanshya – Bwana Mukubwa 66 1A 2,875,000 
vi. Luanshya – Bwana Mukubwa 66 2A 2,875,000 
vii. 330/66/11kV 2 x 120MVA 7,221,000 

7 

Zambia-Tanzania-Kenya Interconnection Project 2 
i. Pensulo – Mpika 330kV second line with 30MVar line reactors on both ends 53,190,000 

ii. Mpika – Kasama 330kV second line with 30MVar line reactors on both ends 56,970,000 
iii. Kasama – Nakonde 330kV second line with 30MVar line reactors on both ends 56,970,000 
iv. Nakonde – Tunduma 330kV double circuit line 10,800,000 

8 Luano – Kansanshi 330kV double circuit transmission line 68,950,000 

9 

Kasama – Nakonde Project 
i. Kasama – Nakonde 330kV line with 30MVAr reactors on both ends 56,970,000 

ii. Substation: 1 x 90MVA 330/66/11kV 2,000,000 
iii. New Nakonde – Nakonde Old 66kV 1A 1,725,000 
iv. New Nakonde 132-66/33kV 66/33kV 2 x 15MVA 300,000 

10 Lusaka West – Kabwe 330kV double circuit transmission 47,950,000 

11 

Zambia Reactive Power Compensation 
i. Kalumbila SVC -180/+170MVAr 24,500,000 

ii. Luano SVC -220/+140MVAr 25,200,000 

12 

Sustainable Electricity Supply Southern Division (SESSD) Project 
i. Kabwe stepdown 330/132kV upgrade 2,500,000 

ii. New Converter 132/33/11 substation  
• Kabwe stepdown – New converter 132kV 1 
• Kabwe stepdown – New converter 132kV 2 
• 132/33/11kV 2 x 90MVA 

5,570,000 

13 

Chipata-Lunda-Chama Project 
i. Mwasemphangwe 132/33kV substation 
• 132/33kV 2 x 15MVA 
• Chipata West – Mwasempangwe 132kV line 
• Mwasempangwe – Lundazi 132kV line 

23,080,000 
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ID Project CAPEX 
ii. Lundazi 132/33kV substation 
• Lundazi – Eggichikeni 132kV line 
• Lundazi – Lundazi Turnoff ohl 
• 132/33kV 2 x 25MVA transformers  

9,011,000 

iii. Eggichikeni 132/33kV substation 
• Eggichikeni – Chama 132kV line  
• 132/33kV 2 x 15MVA 

12,550,000 

iv. Chama 132/33kV substation 
• 132/33kV 2 x 25MVA 1,900,000 

14 

Kafue Gorge Lower Evacuation Project 
i. Kafue Gorge Lower – Lusaka West 330kV line  20,196,000 

ii. Kafue Gorge Lower – LSMFEZ 330kV line  20,196,000 
iii. Kafue West – Lusaka West 330kV line  12,852,000 
iv. Kafue Gorge power plant - 

15 

Lusaka, Transmission and Distribution Reinforcement Project (LTDRP) 
i. Leopards Hill 330/132kV 250MVA Transformer 2,700,000 

ii. Waterworks 132/22/11kV substation  
• 2 x 90MVA transformers 
• 3 x 30MVA transformers 
• Waterworks – Coventry 132kV line 
• Leopards Hill – Waterworks 132kV line 
• LSMFEZ – Waterworks 132kV line 

13,285,000 

iii. Chawama 132/33/11kV Substation 
• Chawama – Airstrip C1 11kV line 
• Chawama – Airstrip C2 11kV line 
• Chawama – Makeni substation C1 11kV line 
• Chawama – Makeni substation C2 11kV line 
• LSMFEZ – Chawama 132kV C1 132kV line 
• LSMFEZ – Chawama 132kV C1 132kV line 
• 3 x 30MVA transformers 

8,980,000 

iv. Chilanga 132/33/11kV substation 
• Chawama – Chilanga 132kV line 
• 3 x 30MVA transformers  
• 2 x 90MVA transformers 

3,601,000 

v. Industrial 132/33/11kV substation 
• Industrial – Coventry 132kV line 
• Industrial – Mungwi C1 33kV line 
• Industrial – Mungwi C2 33kV line 
• Lusaka West – Industrial C1 132kV line 
• Lusaka West – Industrial C2 132kV line 
• 3 x 30MVA transformers 
• 2 x 90MVA transformers 

11,112,000 

vi. Roma 132/33kV substation 
• Avondale – Roma C1 132kV line 
• Avondale – Roma C2 132kV line 
• Lusaka West – Roma C1 132kV line 
• Lusaka West – Roma C2 132kV line 
• 3 x 30MVA transformers 
• 2 x 63MVA transformers 

14,378,000 
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ID Project CAPEX 
vii. Avondale 132/11kV substation  
• Avondale – Roma C1 132kV line 
• Avondale – Roma C2 132kV line 
• 3 x 30MVA transformers  
• 2 x 90MVA transformers  

9,292,000 

viii. Ibex Hill 132/33/11kV Substation 
• Ibex – Ibex Turn 132kV line 
• Ibex Turn – Avondale C1 132kV line 
• Ibex Turn – Avondale C2 (Leopards Hill-Roma) 132kV line 
• Ibex Turn – Ibex 132kV line 
• 5 x 30MVA transformers  
• Leopards Hill – Ibex Turn C1 132kV line 
• Leopards Hill – Ibex Turn C2 132kV line 

14,215,000 

ix. Jimmy 132/11kV Substation 
• Chawama – Jimmy 132kV line 
• Jimmy – Coventry 132kV line 
• 2 x 30MVA transformers 

4,361,000 

16 

Eastern Province Reinforcement 
i. Msoro – Petauke 330kV line  27,000,000 

ii. Petauke 330/33kV Substation with 330/33/11kV 2 x 65MVA 3,000,000 
iii. Petauke – Petauke old 33kV ohl 500,000 

17 

Eastern Corridor Reinforcements 
Option 1 – Reinforcement of Eastern Corridor 
i. Pensulo – Lusiwasi 330kV line 2 

24,300,000 

ii. Lusiwasi – Msoro 330kV line 2 33,210,000 
iii. Msoro – Chipata West 330kV line 2 20,520,000 
Option 2 – Reactive power support for the Eastern Corridor 
i. Size and install a DVSD to cater for the 184MW proposed generation in the Eastern Corridor i.e., Msoso and Chipata West 330kV Substation 

12,880,000 

18 Mazabuka substation upgrade – 88/33/11kV 2 x 63MVA 1,400,000 

19 

Pensulo – Mansa 330 Project 
i. Pensulo Mansa 330kV line with 40MVAr reactors on both ends 79,380,000 

ii. New Mansa 330/66/11kV 2x90MVA substation 8,084,000 
iii. Mansa – Mansa Town 66kV line 2,000,000 
iii. Mansa – Samfya 66kV line 7,130,000 
iV. Samfya 66/33kV 2x30MVA substation 2,246,000 

20 

Northern Corridor Reinforcement Project 
i. Kabwe – Pensulo 330 line 3 with 40MVAr reactors on both ends 80,460,000 

ii. Pensulo – Mpika 330kV line 3 with 30MVAr reactors on both ends 53,190,000 
iii. Mpika-Kasama 330 line 3 with 30MVAr reactors on both ends 56,970,000 

21 Kafue Town – Kafue West 330kV line 2 810,000 
22 Mukuni – Muzuma 330kV line 2 42,930,000 
23 Upgrade of Mkushi Central 330/66 kV Substation 6,628,000 
24 Lusaka West Substation 330/132/33kV Upgrades 8,964,000 

25 

Kabwe Reinforcements 
i. Development of a second 88kV OHL between Kabwe and Kabwe Town 2,533,320 

ii. Upgrade of Kabwe Town 88/33 kV Substation 2,225,000 
iii. Northern Division Transformer Reinforcements 1,600,000 

26 
STDRP (All lines except transformers) 
1. Upgrades of the following Circuits: Monze Substation Upgrades to 132-88/33kV 2 x  45 MVA. Two new 132kV lines using wolf from Monze to Mazabuka. 

12,100,000 

2. Upgrades of the following Circuits: Kalomo Substation Upgrades to 132-88/33kV 2 x  45 MVA. Single 132kV line using wolf from Muzuma to Kalomo. 10,130,000 
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27 

Chisamba Upgrades 
i. Addition of a second 30MVA Transformer at Fig Tree Substation 

1,689,000 

ii. Addition of a third 30MVA Transformer at Fig Tree Substation 900,000 
iii. Development of a second line between Azele and Msoro 66kV OHL 6,539,000 

28 

Kimiteto Substation Upgrades 
i. Upgrade of Azele 66/33 kV Substation 

2,000,000 

ii. Upgrade of Muzuma 88/33 kV Substation 2,400,000 
iii. Upgrade of Mkushi Central 66/33 kV Substation 2,000,000 
iv. Upgrade of Mbala 66/33 kV Substation 1,200,000 
v. Upgrade of Serenje 66/33 kV Substation 1,200,000 
vi. Addition of a third 60MVA Transformer at Muzuma Substation. 2,727,000 
vii. Installation of 15MVAr Capacitor bank at Isoka Substation 714,000 

29 
Mapanza 88kV Reinforcements 
i.Development of new Muzuma - Mapanza 88kV OHL 

10,942,000 

ii. Development of a new 88/33 kV Mapanza Substation 2,223,000 

39 

Shangombo 330-220 Project 
Lot 1: Nangweshi 330-220 substation and line 
i. Nangweshi 220/66 substation and line 
• Nangweshi – Namushakende 220 
• Nangweshi – Shangombo 220 
• Nangweshi – Senanga 
• Sheseke – Nangweshi 220 
• Sioma Turnoff-Nangweshi 66 1A 
• 220/66/11kV 2 x 50MVA 

121,900,000 

Lot 2: Namshakende 330-220 substation and line 
ii. Namshakende 220/132/66 substation and line 
• Namushakende – Kaoma 66 1A 
• Namushakende – Mongu 66 1A 
• Namushakende – Mongu 66 1A(1) 
• Senanga – Namushakende 66 1A 
• Nangweshi – Namushakende 220 
• 132/66kV 2 x 25MVA 
• 220/132/33 2 x 63MVA 

75,813,000 

Substation and line 
iii. Namshakende – Lukulu 132kV line 

13,000,000 

Lot 3: Shangombo 330-220 substation and line 
iv. Shangombo 220/33 substation and line  
• Nangweshi – Shangombo 220kV line 
• 220/33/11kV 2 x 50MVA 

31,276,000 

Shang'ombo 330-220 project 
i. Upgrade of Kaoma 66/33 kV Substation 

2,710,000 

ii. Upgrade of Kalabo 66/11 kV Substation 1,750,000 
iii. Upgrade of Sioma 66/11 kV Substation 875,000 
iv. Upgrade of Senanga 66/11 kV Substation 875,000 
v. Upgrade of Sesheke 66/11 kV Substation 8,755,000 
vi .Upgrade of Simungoma 66/11 kV Substation 4,500,000 
vii. Upgrade of Kazungula 66/11 kV Substation 1,100,000 
viii. Upgrade of Nakabala 132/11 kV Substation 925,000 
ix. Upgrade of Lusaka Road 66/11 kV Substation 950,000 
x. Upgrade of Luampa 66/11 kV Substation 2,325,000 
xi. Upgrade of Kaoma 66/33 kV Substation 2,275,000 
xii. Upgrade of Kaoma 66/11 kV Substation 1,350,000 
xiii. Upgrade of Mongu 66/11 kV Substation 2,250,000 
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xiv. Upgrade of Victoria Falls 132/66/11 kV Substation 2,200,000 
xv. Upgrade of Bwana Mlubwa  132/33 kV Substation 4,000,000 
xvi. Upgrade of Nambala 220/33 kV Substation 2,600,000 
xvii. Upgrade of Kasama 330/66 kV Substation 4,000,000 

31 Azele – Msoro 66kV line reconductoring: ACSR 100 sq.mm to 200sq.mm 2,750,000 
32 Kafue Town – Mazabuka 88 Line 2 6,500,000 

33 
Mazabuka substation upgrade 2 
i. 88/33/11kV 2 x 63MVA 1,000,000 

34 Mansa – Luano 330kV line 1 with 30MVAr reactors on both ends 54,000,000 

35 

Kasama – Mporokoso 330kV Project 
i. Kasama – Mporokoso 330kV line 
Ii. Mporokoso – Mansa 330kV line 1 with 40MVAr reactors on each end  

100,000,000 
74,250,000 

iii. Mporokoso 330/66 substation 
• 330/66/11kV 65MVA transformer 
• 30MVAr Bus reactor 
• Mporokoso New – Mporokoso Old 66 1A 

4,892,000 

36 Kafue Town-Muzuma 330 2 DC line 51,030,000 

37 

Kansanshi-Panda Interconnector Project 
i. Substation: 330/330kV 2 x 400MVA 11,228,000 

ii. Kansanshi-Panda 330kV double circuit line 137,900,000 
38 Sesheke – Victoria Falls 220kV line 2 48,510,000 
39 Kansanshi – Lumwana 330kV line 2 19,440,000 
40 Pensulo – Mansa 330kV line 2 with 40MVAr reactors on both ends 79,380,000 

41 

Review/uprating of the switchgear for the following 330kV busbars 
1. Siavonga 330kV SF6 circuit breakers to above 50kA rating 2,421,000 

2. Kariba North Bank 330kV SF6 circuit breakers 50kA rating 9,684,000 

42 
1. Luano Reactive Power Support 
i. Luano 330kV ±300MVAr STATCOM 21,000,000 

ii. Move the proposed Luano +220/-140MVAr SVC to Chambishi Substation 1,000,000 
43 Mukuni – Victoria Falls 220kV second line 2,520,000 
44 Nambala – Muzuma 330kV double circuit line 84,000,000 

45 

1. 330kV Eastern Corridor upgrade 
24,300,000 

i. Lusiwasi – Pensulo 330kV second line 
ii. Msoro – Luaiwasi 330kV second line 31,050,000 
iii. Chipata West – Msoro second line 20,250,000 
iv. Lusiwasi 30MVAr reactor 2,100,000 
v. Chipata West 132kV 150MVAr STATCOM 15,000,000 

46 SVC at Mbala 330kV busbar with a capacitive limit of 35MVAr 2,450,000 
47 Second line between Msoro – Petauke i.e., Msoro-Petauke 330kV No.2 27,000,000 
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