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GENERATION RESOURCE ASSESSMENT AND PLANNING  

1 INTRODUCTION 

1.1 Background and key issues in the generation sub-sector 

Electricity supply in Zambia grew by 49.6% over a ten-year period (2005 to 2015), while consumption 
grew by 51.31% over the same period1. The total installed generation capacity is 2,981.23 MW2, a large 
proportion (about 80%) of which comprises of hydropower, and the remaining capacity includes thermal 
units and renewable energy plants.  

From the years 2015/2016, Zambia has had a poor rainfall pattern (climate change impact) compared to 
the previous years and the hydrogenation has been severely impacted. Overall generation in year 2016 in 
Zambia declined by about 15% compared to year 2015, causing great deal of distress among the 
electricity customer groups especially domestic, mining and manufacturing customers.  

In 2019, the largest consumer of electricity according to the ERB Sector Report of 2019 was the mining 
industry with a share of 51% (6,359 GWh) of the total energy consumption, followed by the domestic 
sector which consumed 33% (4,023 GWh), and the remaining sectors account for 16% (2,144 GWh). In 
2018, 34% of the Zambian population had access to electricity, 69% of which are in urban areas and 8% 
are in rural areas3.  

For energy sector governance, the Ministry of Energy (MoE) is the apex institution overseeing the 
development and operation of all facets of the electricity and petroleum sectors in Zambia. It provides 
policy guidelines, oversees the procurement of new capacity and infrastructure, and supports all 
international agreements. Energy Regulation Board (ERB) is an independent institution responsible for 
regulating the monopolistic operations in the energy sector. Zambia Electricity Supply Corporation 
Limited (ZESCO) is a state-owned vertically integrated electricity utility, which generates, transmits, 
distributes, and supplies electricity, and accounts for 80% of the total electricity consumption in Zambia. 
There are several private power producers which are engaged in the generation sub-sector in the 
country. MoE and ZESCO are the principal institutions which have been historically involved in the long-
term generation planning.  

The key issues in the generation sub-sector can be summarised as follows: (a) narrow generation-mix and 
major dependence on hydro generation with insignificant share of solar, wind, geothermal and biomass 
resources in the overall generation-mix; (b) relatively high cost of delivered electricity to the end-
customers compared to similar systems with legacy hydro in other developing economies,  and absence 
of cost reflective tariffs; (c) unreliable electricity supplies due to operational and climate change factors; 
(d) inadequate reserve margins in the system leading to unplanned outages; and (e) lack of long-term 
planning capacity to provide a basis for a least-cost generation expansion planning to support the vision 
and the development plans of the Government of the Republic of Zambia (GRZ). 

 
1Zambia, Energy Efficiency Quick Win actions and Specific Electricity Indicators, March 2018. 
2ERB Energy Sector Report 2019. 
3Zambia Demographic and Health Survey, 2018. 
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1.1.1 Planning challenges 

Zambia has experienced several periods of power supply shortfall (especially during the past six years), 
which resulted in nationwide load-shedding and “brown-outs” that have had adverse impacts on the 
economy. Mining industry and domestic households bore the major brunt of inadequate and unreliable 
supplies forcing the Government to resort to emergency solutions in the short-term.  

While the key issues contributing to the inadequacy of electricity generation have been stated in the 
foregoing paragraphs, it is important to discuss each of these in some level of detail. 

Current generation-mix 

Zambia’s electricity generation mix is predominantly hydro, accounting for 80.5 % of installed capacity as 
of 2019. The remainder of the generation mix comprises of coal at 10%; heavy fuel oil (HFO) at 3.7%; 
diesel at 2.8%; and solar at 3%.  

The national electricity generation reduced by 7.1 % from 16,189 GWh in 2018 to 15,040 GWh in 2019, 
mainly on account of generation constraints from hydro power stations induced by low water levels. 
During this period, the country experienced a reduction in water levels in major water reservoirs. For 
example, Kariba Dam experienced a reduction of water levels from 81% on 1st June 2018 to 31% on 1st 
June 2019.  

Consequent to this, the country experienced power deficits of up to 425 MW as of September 20194. 
With the benefit of hindsight, given the huge dependence on hydro generation sources and the impact of 
erratic and inadequate rainfall in Zambia, alternative supply measures could possibly have been taken to 
lessen the crushing impact such as: (a) setting up of additional thermal generation capacity along with the 
associated fuel-supply infrastructure, as well as larger renewable energy capacity; (b) conclusion of firm 
electricity supply contracts with sub-regional countries and strengthening of the inter-
connections/transmission infrastructure; and (c) promotion of Energy Efficiency (EE) and Demand Side 
Management (DSM) measures to rationalize electricity demand. However, it must be recognised that GRZ 
did everything possible within its limited resources to mitigate the adverse consequences of supply 
shortages and load shedding. 

Optimisation of generation from hydro-plants 

The near-total dependence on hydro generation resources under inadequate rainfall (due to climate 
change events) severely tested the ability of ZESCO to operate these assets under optimal conditions as 
the country faced supply shortages.  

The dominance of hydro plants under a constrained supply situation was recognised by ERB as follows: 
“The electricity sub-sector also experienced challenges in 2016 as hydropower generation continued to 
dominate power generation and accounted for 84.5%. The dominance of hydropower generation puts 
the country at risk due to changes in climatic conditions, such as global warming leading to insufficient 
rainfall and drought. These challenges pose a risk of inadequate water resources available for hydropower 
generation. Unfortunately, this risk graduated into reality in 2016 as the consequence of insufficient 
water resources manifested in load shedding averaging eight (8) hours a day and, in an increase in power 
imports by 178%, to 2,184 GWh, from 785.2 GWh, in 2015”. ZESCO was constrained to operate its large-

 
4ERB Energy Sector Report, 2019. 
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hydro generation assets to the fullest, even though the production declined significantly by 19.3% to 
10,244 GWh in 2016, from 12,697 GWh recorded in 20155.  

Infrastructure for fuel supply for thermal generation 

There are currently no known reserves of crude oil in Zambia and the country’s fuel requirements are 
serviced by the import of petroleum feedstock and finished products by both Government and Oil 
Marketing Companies (OMCs). Zambia imports spiked crude oil and finished products mainly from the 
Middle East. The finished petroleum products include petrol, Low Sulphur Gasoil (LSG), Jet A-1, Liquefied 
Petroleum Gas (LPG) and HFO. Spiked crude oil typically comprises 46% diesel, 41% crude oil and 13% 
condensate/naphtha. The Government, through competitive bidding, selects a supplier for petroleum 
feedstock. The product is then pumped through the 1,710 km Tanzania Zambia Mafuta (TAZAMA) 
Pipeline to INDENI Refinery in Ndola for processing into finished products. The finished products are 
stored at TAZAMA Petroleum Products Ltd. (TPPL) and then sold to OMCs.  

In 2019, import of petroleum feedstock went up to 705,000 Metric Tons (MT), reflecting a 13.9% increase 
over the previous year’s imports. Import of finished products (especially petrol and LSG) is also required 
to complement the INDENI Refinery production which is not sufficient to meet the full national demand.  

Given this background, it may be noted that:  

a) TAZAMA throughput capacity of 1.1 million MT per annum has declined to about 800,000 MT 
per annum, attributed mainly to wear and tear of the pipeline. 

b) INDENI refinery name-plate capacity of 1.1 million MT per annum declined to around 850,000 
MT per annum due to wear and tear of the plant; and  

c) During December 2019, INDENI refinery went on shutdown due to lack of availability of 
petroleum feedstock.  

d) Zambia has its domestic coal resources with reserves of approximately 50 million tonnes in 
accordance with the Zambia energy portal document developed by the World Bank. Currently 
the country has only developed a total of 330 MW of coal fired plants, 300 MW at Maamba and 
30 MW by Dangote.  

It is well recognised that in supply emergencies, the quickest way to deliver alternative capacity is through 
imported oil-fired diesel generation sets or combustion turbines (also using natural gas, if the 
infrastructure already existed in a country). This was what GRZ also did to overcome the supply shortfalls 
in the quickest possible time. 

Lack of adequate and timely Investments 

Electricity generation projects generally require lumpy investments and long lead times. Barring small-
scale projects (less than 50 MW), typical investments for a 200 MW power plant may run into several 
hundred million dollars and may require a completion time of 3 to 5 years, depending on the technology 
involved. Given these considerations, as well as the growth in electricity demand (especially in countries 
like Zambia where access rate is low), it is imperative that there is a pipeline of generation, transmission 
and distribution projects which could deliver reliable electricity supplies to the customers at an affordable 
and cost-reflective price.  

 
5ERB Energy Sector Report, 2016. 
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This also requires considering the uncertainties of the future and building adequate reserve margins in 
the power system to meet unforeseen supply shortfalls. Timely investments (public and private) and 
completion of projects as per plans is crucial. It is also essential to recognise that generation, 
transmission, and distribution constitute a single chain and projects in each of these three sub-sectors 
need to be undertaken in a synchronised and timely manner. 

Given this context, Zambia’s power system was not prepared to face the consequences of climate change 
events of 2015. ERB noted: “Since 2015, Zambia had been experiencing low power generation due to 
mainly the low rainfall experienced during the 2014/2015 rainy season. The resultant deficit rose from 
about 560 MW in April 2015 to 1,000 MW in December 2015. The power supply improved in mid-2016, 
owing to the commissioning of new generation power plants (Maamba Coal power plant, 300 MW and 
the Itezhi-Tezhi 120 MW hydropower), increased power imports and an increase in hydropower 
generation due to better rains experienced in 2016/2017 season. By the end of 2016 the deficit had 
reduced to 526 MW”6. The installed generation capacity has merely increased by 154 MW from 2,827 
MW in 2016 to 2,981 MW in 2019. While the macro-economic challenges faced by GRZ in mobilizing large 
investment resources is recognised, inadequate and delayed investments have had a detrimental impact 
on the operations of the sector. It may also be noted that ad-hoc or emergency solutions generally tend 
to be more expensive compared to well-planned and competitively procured generation projects. 

Robust demand projections for generation planning 

Generation planning is critically linked to demand projections, both in terms of peak load and total energy 
demand, as power systems endeavour to meet the long-term requirements of electricity of its different 
customers. Forecasting of electricity demand on the grid has been particularly challenging in recent years 
for the following reasons:  

a) Uncertainty of mining and industrial uptake, as many of these customers are willing to switch to 
alternative options compared to utility supplies (e.g., thermal units or cheaper solar 
photovoltaic [PVs]). 

b) Increasing potential for domestic and commercial customers willing to invest in self-generation 
through solar PV systems to complement utility supplies. 

c) Regional supply-demand situation and ability of Zambia to engage in significantly large electricity 
trading to target countries. 

d) Effect of electric vehicles and EE and DSM measures especially for lighting, cooling, and 
industrial motors reducing growth in demand. 

e) Significantly suppressed electricity demand due to customers being underserved in the past 
(load shedding); and  

f) A large proportion of the Zambian population especially in rural areas have no access to 
electricity. Increasing accessibility to electricity will contribute to poverty reduction and 
increased economic activities in all the parts of the country. Rural population would, therefore, 
provide significant additional consumption base, especially when household income-grows in 
the future. 

The IRP Demand work-stream has taken all the above factors into account while making the demand 
projections. It may be noted that it is next to impossible to make long-term (30 years) demand 
projections which would turn out to be 100% accurate. In order to reduce the degree of uncertainty, 

 
6ERB Energy Sector Report, 2016 



D5.3 IRP Generation Resource Assessment and Planning Final Report  

   
9 

 

scenarios/cases (base, high, low growth) are built which indicate a different outcome based on the 
assumptions adopted. A sensitivity analysis also helps identify the key variables with the maximum impact 
on future electricity demand. Since demand analysis forms the foundation of generation planning, the 
underlying basis and assumptions should be continually reviewed to ensure that the overall framework is 
robust and relevant. Inaccurate demand projections could lead to expensive investment decisions which 
GRZ can ill-afford. 

Mapping of indigenous energy resources 

Zambia has a reasonable endowment of energy resources (especially renewable) which is being mapped 
so as to enable potential investors to develop specific projects. The country is estimated to have a hydro-
generation potential of 6,543 MW, solar generation projects of735 MW, and a wind energy project of 130 
MW7. However, the mapping of renewable energy resources is ongoing, and the true potential may be 
larger than what is currently believed. 

Zambia also holds 50 million tonnes of proven coal reserves (as of 2016) and significant geothermal 
resources which could help diversify the generation-mix.  

The country’s biomass resources (wood) are the principal source of charcoal production for household 
cooking, and along with crop residues, these could provide an alternative avenue for energy supplies. 
However, the biomass resources must be systematically mapped over several years (possibly using 
satellite imagery and GIS) to avoid unsustainable consumption and deforestation, which Zambia has faced 
in recent years.   

Zambia’s unique location in the sub-region 

Zambia has a unique geographical location in the South African sub-region, is a member of the Southern 
African Development Community (SADC), and is in an ideal position to be a net exporter of electricity. 
However, if the country were to become the export-hub, it would need to ensure a competitive edge 
over all its neighbours in terms of electricity generation and delivery.  

Considering this aspect, Zambia has to plan for adequate generation not only to meet its long-term 
domestic demand, but also cater to certain targeted net-export volumes at competitive prices. This 
means that certain level of analysis of the power system operations in the neighbour countries has also to 
be undertaken as part of this planning exercise. A least-cost generation expansion plan for Zambia, 
therefore, becomes doubly important to ensure that the marginal cost of generation is significantly lower 
than what prevails in the targeted neighbouring countries. It is inevitable that if Zambia becomes the 
export-hub, it will usher in the sector reforms and establish the Wholesale Electricity Market (WEM) in 
the country. 

Associated modelling and data bases 

Long-term generation expansion planning requires modelling of several associated matters and 
availability of quantitative data. For example, to adequately represent the operation of the hydro-
generation plants, hydrological (river basins, ecological zones) and climate change models are needed to 
represent the future outcomes based on historical data. Macro-economic analysis is required to establish 
the path of economic growth in Zambia for the long-term. Use of global models is necessary to establish 
the climate-targets and set the country-specific goals. While some Zambia-specific modelling has been 

 
77 IRP Inception Report, April 2021 
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undertaken recently, it is still early days. In the absence of specific outputs, a number of key assumptions 
need to be made for IRP.  

A major challenge of long-term energy planning pertains to an inadequate cost database for different 
generation technologies and locations in Zambia (investment cost, fixed and variable operations and 
maintenance (O&M) cost, un-served and spill-over cost of electricity, emission cost, etc.). Wherever 
Zambia-specific cost data is not available, the alternative of using industry data from a comparable 
developing country is being adopted. 

1.2 Scope and assumptions update 

1.2.1 Overall scope of IRP modelling 

IRP modelling is done using Antares software (developed by RTE France) and undertakes a Monte Carlo 
simulation for the selected years. It has the ability to utilize user-provided time-series or generate 
internally time-series based on the provision of stochastic parameters (Figure 1). The Hydro Energy 
Manager optimises the utilization of hydro-plants and the Power Scheduling and Unit Commitment 
Optimiser provides the best use of the available capacity to meet the electricity demand for the year. 
Should the existing generation and/or transmission capacity be inadequate to meet the expected 
demand, Antares Xpansion chooses the least-cost expansion option from among the candidate projects 
based on:  

• unit size (MW); 
• fixed annuity ($/MW/year); and  
• a maximum number of buildable units in the area (No).  

The choice of new units comprises of all generation technologies, and transmission investments include 
grid reinforcement or construction of a new transmission line and grid stations. 

Figure 1: Overview of Simulation Modelling of Zambia Power System 

 

Source: Antares RTE Reference Guide, 2021 
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1.2.2 Key modelling assumptions 

Following are the key modelling assumptions for generation-expansion planning: 

• Grid-connected Zambian generation system has been modelled along with the 330 kV high-
voltage transmission infrastructure in interconnected mode. 

• IRP is being developed for a thirty-year (30) period. However, Antares modelling has been done 
for the base year (2020), and for four reference years (2026; 2030; 2040; and 2050).  

• The Zambian power system has been represented by Bulk Supply Points, connected through high 
voltage line (330 kV) and with load centres and generation clusters. 

• Import and export of electricity has been considered with Zimbabwe and DRC (also Namibia, 
Tanzania, Angola and Mozambique through HV lines in the future). 

• Candidate projects by technology-type are added to the BSPs for future capacity expansion and 
would be in keeping with the resource endowment (hydro, geothermal potential) of a specific 
area. 

• Greenhouse gas (GHG) emissions from thermal units is considered for simulation run. 

The following were the sources of input data for generation modelling and specific assumptions made 
pertaining to the operation of the generation assets: 

• Project investment costs have been compiled from the World Bank publications /World Bank 
document, from the Zambian energy sector players i.e., ZESCO, CEC, IDC, MoE, ERB, Lunsemfya 
Hydro Power Company, Ndola Energy and Dangote. 

• Hydrological Data was provided by ZESCO, Lunsemfwa and ITPC for the 10 historical years 
beginning 2010. 

• The demand figures for the planning years were provided by the Demand Assessment Work-
stream within CIG Zambia.  

• The transmission parameters for the planning years were obtained from the Transmission Work-
stream within CIG Zambia. 

• Kafue Gorge Lower Hydro Power plant (750 MW) is assumed to be fully commissioned by 2025 
with the inflow capacity factor of 45% that of Kafue Gorge Upper power station. 

• System operating power reserves considered one large hydro machine (200MW) at Kariba North 
Bank Power station.  

• Dam size for Kariba 1.42 x 10^7 MWh, Ithezhi-Thezi Dam size of 6.19183x 10^6 MWh, data 
provided by ZESCO hydrology.  

1.2.3 Existing generation plants 

Table 1 provides a list of existing generation projects which have been included in the Antares modelling 
(some plants were suitably combined to provide generation clusters). The table shows that the average 
plant capacity factor for all the energy technologies as at 2020 was 57.6 %. 

Table 1: Existing Generation Power plants in Zambia (public and private) 

Licensee's 
Name 

Station Technology Installed 
Capacity 
(MW) 

Energy Generated (GWh) Plant 
Factor 
2019 (%) 2017 2018 2019 

ZESCO 
Limited 

Kafue Gorge Hydro 990.00 7363.00 6527.00 6165.00 71.1% 

Kariba North Hydro 720.00 2689.00 3597.00 3021.00 47.9% 

https://openknowledge.worldbank.org/bitstream/handle/10986/34018/Demystifying-the-Costs-of-Electricity-Generation-Technologies.pdf?sequence=4&isAllowed=y
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Kariba North 
Ext 

Hydro 360.00 599.00 1611.00 1363.00 43.2% 

Victoria Falls Hydro 108.00 684.00 723.00 725.00 76.6% 

Lunzua River Hydro 14.80 40.40 69.30 69.70 53.8% 

Lusiwasi Hydro 12.00 46.20 66.00 26.20 24.9% 

Chishimba Falls Hydro 6.00 15.80 15.70 18.40 35.0% 

Musonda Falls Hydro 10.00 6.10 54.00 51.00 58.2% 

Shiwang'andu Hydro 1.00 2.10 2.70 3.30 37.7% 

Itezhi-tezhi 
Power  

Itezhi-tezhi Hydro 120.00 735.40 709.21 715.80 68.1% 

Zengamina 
Ltd. 

Ikelengi Hydro 0.70 n.a. n.a. n.a. 0.0% 

Lunsemfwa 
Hydro Power 
Co. 

Mulungushi Hydro 32.00 n.a. n.a. n.a. 0.0% 

Lunsemfwa Hydro 24.00 292.60 318.56 174.01 82.8% 

Maamba 
Collieries Ltd. 

Maamba Power 
Plant 

Coal 300.00 1279.40 2040.47 1886.93 71.8% 

Copperbelt 
Energy 
Corporation 
(CEC) 

4 locations Diesel 80.00 n.a. n.a. n.a. 0.0% 

ZESCO 
Limited  

2 locations Diesel 3.60 3.30 3.40 4.00 17.6% 

Ndola Energy  Ndola HFO 110.00 698.80 451.02 698.74 72.5% 

REA, CEC, 
Others 

Several Units Solar 89.13 n.a. n.a. 117.56 15.1% 

Grand Total   2981.23 14456.10 16189.46 15040.74  

Source: ERB Energy Sector Report, 2019 and FAO Inception Report - Cost of Service Study, 2020 

1.2.4 Representation of Zambia power system 

Zambia’s power system is represented based on twenty-two (22) Bulk Supply Points (BSP) 8 on the 330 kV 
network which are connected to the loads (consumption markets) and generation clusters. The links 
connecting the BSPs represent the high voltage transmission lines with specific load transfer capability 
under a N-1 security protocol. Candidate generation and transmission projects are identified at the BSP-
level to arrive at the least-cost expansion plan. 

 
8The Bulk Supply Points being considered are: (1) Chambishi East; (2) Chipata West; (3) Luano (4) Kitwe; (5) Msoro; (6) Leopards 

Hill; (7) Kabwe step down (8) Muzuma; (9) Mukuni; (10) Kansanshi; (11) Lumwana; (12) Kalumbila; (13) Kasama; (14) Mpika; 
(15) Kafue Town; (16) Kafue west; (17) Kariba North; (18) Kafue Gorge; (19) Nambala; (20) Pensulo; and (21) Sesheke. 
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Figure 2: Zambia Power System for Antares Modelling 

 
Source: CIGZambia IRP Team 

1.2.5 Key input data for generation plant (or clusters) 

The scope of Integrated Resource Planning (IRP) extends to the entire generation sub-sector and 
considers the backbone transmission infrastructure (330 kV). It considers all the available generation 
plants/capacity connected to the grid, along with its historical performance and cost of generation. Off-
grid plants and behind-the-meter generation capacities are not included in this analysis. The following key 
data is used for each generation plant (or cluster of plants): 

a) Name and location (Area). 
b) Number of units and nominal capacity (MW). 
c) Fuel(s) used (in case of thermal units). 
d) Full must-run status (Yes/No). 
e) Minimum stable power (MW). 
f) Minimum uptime and downtime (hours). 
g) Default contribution to the spinning reserve (% of nominal capacity). 
h) CO2 tons emitted per MWh of electricity generation. 
i) Marginal operating cost ($/MWh). 
j) Fixed cost (no-load heat cost) ($/hour of operation) and start-up cost ($/start-up). 
k) For hydro-generation units, the following additional inputs are considered:  

i. Hydrological data and water inflow 
ii. Reservoir levels and water value 
iii. Daily power and energy credits  
iv. Reservoir management options. 

For solar and wind energy units, hourly generation data for a representative year and solar irradiation and 
wind velocities in different sites has been considered. 
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1.2.6 Key input data for transmission infrastructure 

Table 2 provides the list of transmission links along with the length of the line, resistance, and transfer 
capability under N-1 security compliance, which has been incorporated in Antares modelling. 

Table 2: High Voltage Transmission Infrastructure in Zambia (generation modelling) 

 
Source: CIGZambia IRP Transmission Team 

1.2.7 Overall outputs from generation modelling 

The output of simulation modelling comprises of detailed reports providing the operation of the 
generation and transmission assets to meet the anticipated demand for a specific future year. Based on 
the historical performance of large-hydro, thermal and renewable energy generation projects, the 
simulation assesses the adequacy of the available assets and identifies new capacity to be added at the 
least-cost.   

Line Name
Voltage 

(kV) From Substation To Substation X1 (ohm) S (MVA)
N-1 

Compliant
Chamb-Kitwe 330 330   Chambishi 330   Kitwe 330 8.517      No
Chamb-Luano 330 330   Chambishi 330   Luano 330 5.451      No
Chipata West-Msoro 330   Chipata West330kV   Msoro330 25.552    No
KNB-KfWest 330   Kariba North C   Kafue West 330 45.994    706.6 No
Kabwe-Kitwe 330 1A 330   Kitwe 330   Kabwe 330 Reserve 71.888    706.6 Yes
Kabwe-Kitwe 330 2A 330   Kabwe 330 Reserve   Kitwe 330 71.888    667.5 Yes
Kabwe-Leopards  Hill 330 1A 330   Kabwe 330 Reserve   Leopards Hill 330 Main 33.048    415.1 Yes
Kabwe-Leopards  Hill 330 2A 330   Leopards Hill 330 Main   Kabwe 330 Reserve 33.048    352.2 Yes
Kabwe-Leopards  Hill 330 3A 330   Kabwe 330 Reserve   Leopards Hill 330 Main 33.048    380.5 Yes
Kabwe-Luano 330 1A 330   Kabwe 330 Reserve   Luano 330 84.153    380.5 Yes
Kabwe-Luano 330 2A 330   Luano 330   Kabwe 330 Reserve 84.153    391.7 Yes
Kabwe-Pensulo 3301A 330   Kabwe 330 Reserve   Pensulo 330 101.528 661.1 No
Kaf West - LS MFEZ 330   Kafue West 330 LSMFEZ 330/132/33kV 14.650    523.4 No
KafTown-Muz 330   KafueTown 330   Muzuma 330 64.392    687.0 No
Kafue Gorge-Kafue West 330 330   Kafue Gorge 330kV   Kafue West 330 14.650    702.8 No
Kafue Gorge-Leopards Hill 330 1A 330   Leopards Hill 330 Main   Kafue Gorge 330kV 16.013    661.2 Yes
Kafue Gorge-Leopards Hill 330 2A 330   Kafue Gorge 330kV   Leopards Hill 330 Main 16.013    643.5 Yes
Kafue Town-Kafue West 330 1A 330   Kafue West 330   KafueTown 330 1.022      686.3 No
Kafue West - Lusaka West 330 1A 330   Kafue West 330   Lusaka West 330 11.584    673.5 No
Kansanshi-Luano 330 1A 330   Luano 330   Kansanshi 330 67.118    673.5 No
Kansanshi-Lumwana 330_1 330   Lumwana 330   Kansanshi 330 24.530    698.2 No
Kariba North-Kariba South 330 1A 330   Kariba North C Kariba South 330 1A 0.341      640.7 Yes
Kariba North-Kariba South 330 2A 330   Kariba North C Kariba South 330 2A 0.341      656.8 Yes
Kariba North-Leopards Hill 1A 330   Kariba North C   Leopards Hill 330 Main 41.906    695.6 Yes
Kariba North-Leopards Hill 2A 330   Leopards Hill 330 Main   Kariba North C 41.906    663.4 Yes
Kariba North-Siavonga 330   Kariba North C   Siavonga330 1.022      696.7 No
LS MFEZ - Leopd Hill 330   Leopards Hill 330 Main LSMFEZ 330/132/33kV 3.407      696.9 No
Lsk Wst - Mumbwa1B 330   Mumbwa330   Lusaka West 330 49.414    706.6 Yes
LskWst - Mumbwa1A 330   Mumbwa330   Lusaka West 330 49.414    683.6 Yes
Lumwana-Kalumbila 330  - Lumwana 330  - Kalumbila330 20.442    663.4 No
Luswasi-Pensulo330 330   Lusiwasi330 Pensulo330 30.663    676.6 No
MCL-Muzuma 1A 330   Muzuma 330   Maamba330M 18.738    660.9 Yes
MCL-Muzuma 1B 330   Muzuma 330   Maamba330M 18.738    672.5 Yes
Mpika-Kasama 330 1A 330 Mpika Kasama 330 1A 71.888    695.6 No
Msoro-Lusiwasi 330 1A 330   Msoro330   Lusiwasi330 39.180    698.5 No
Mumbwa -Kalumbila 1A 330 Mumbwa Kalumbila 136.280 695.6 Yes
Mumbwa -Kalumbila 2A 330 Mumbwa Kalumbila 136.280 705.6 Yes
Mumbwa-Lumwana A1 330 Mumbwa  - Lumwana 330 136.280 686.0 No
Muz-Lstone 330 Muzuma   Livingstone330 54.171    686.0 No
Pensulo-Mpika 330 1A 330 Pensulo Mpika 67.118    695.6 No
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The overall output from an Antares simulation run includes: (a) adequacy report of the generation and 
transmission assets to deliver the electricity at the load centres in accordance with the long-term demand 
projections; and (b) economy report providing investment and cost information regarding the expansion 
and operation of the power system. 

Within the Adequacy and Economy Reports, the following output would be available: 

Adequacy Report: 

a) Generation capacity by technology type, and by different areas in Zambia, in a reference 
year. 

b) transmission capacity and transfer-capability along with associated technical parameters. 
c) Generation and transmission capacity additions during a reference year. 
d) Power system operations including inter alia hourly generation by plant clusters, outages, 

hydro-reservoir management, plant dispatch and unit commitment, etc. 
Economy Report: 

a) System operating cost (generation and transmission infrastructure). 
b) Fixed annuity for new generation and transmission capacity. 
c) Cost of un-served and spilled electricity for the reference year. 
d) Fuel supply and marginal generation cost of different generation clusters. 

1.2.8 Participation of seconded professionals 

The generation planning work has been undertaken with the full participation of representatives who 
were formally seconded by the stakeholder institutions. These secondees belonged to MoE, ZESCO, ERB, 
OPPPI, CEC, UNZA, Zambezi river Authority (ZRA), WWF, and Africa GreenCo. Representatives of MoE and 
ZESCO participated in the development of the generation model using Antares. 

1.2.9 Input data collection and consultation 

The generation work stream reached out to all the concerned institutions to request and compile input 
data for the public and private-sector plants. Most of the data was collected from ZESCO Generation 
Department / National Control Centre, Rural Electrification Authority (REA), MoE and ERB were the 
principal entities which provided input data. Information on private plants was obtained from CEC, MCL, 
Dangote, Ndola Energy, LHPC, ITPC, Ngonye, Bangueulu solar, with exception of Solera, Muhanya, 
Zengamina, and Standard Microgrid, which are off-grid power plants. 

1.2.10 Periodical sensitisation and dissemination sessions 

A number of sensitisation and dissemination sessions on IRP were organized for the stakeholders in the 
power sector, as follows: 

a) IRP Work-stream for ZESCO and IPP professionals, May 2021. 
b) Zambia Cost and Performance of Technologies for MoE, June 2021. 
c) Zambia Framework for Scenario Development, and Illustrative Scenarios for MoE, June 2021. 
d) Zambia Generation/Supply-side Scenario Development for MoE, July 2021. 
e) IRP – Zambia Overall Methodology and Approach for MoE, August 2021. 
f) Antares Expansion Model and cost Inputs by RTE, October-November 2021. 
g) Estimation of Future Mining-sector Demand, January 2022. 
h) Potential Electricity Exports from Zambia in the future, January 2022. 
i) IRP Climate Chang Impacts and Focus on Hydrology, March 2022. 
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In addition to the above sessions, three IRP Technical Committee meetings were held in June 2021, 
October 2021, and December 2021 during which the participants were provided with the progress on the 
generation planning and modelling. 

1.2.11 Capacity building 

Formal training and capacity-building in the use of Antares software was arranged virtually during late 
October and first week of November 2021. This was followed by several support sessions (during 
November 2021 – February 2022 period) to impart hands-on training in modeling the Zambia power 
system through Antares. The primary objectives of these capacity-building events were to:  

a) Create adequate knowledge and understanding of the Antares software in doing long-term 
generation planning; 

b) Validate the basic model structure and rationalize the outputs of the baseline scenario; and  
c) Enable Zambian professionals to undertake generation modeling using Antares without any 

external support in the future.  

Ten (10) participants from MoE, ZESCO and CIGZambia completed the training (1 woman and 9 men). 

2 APPROACH 

2.1 Overview of approach 

An integrated approach for least-cost generation expansion planning is adopted whereby long-term 
demand projections drive the generation capacity decisions based on the optimised operation of the 
available capacity. In this regard, operation of the hydro-generation plants in the future is dependent on 
the hydrological conditions (determined exogenously through separate analysis) and optimised reservoir 
management practices. Electricity generation from existing renewable energy units and thermal plants is 
also optimised based on the operating characteristics and technical factors. In the event of available 
generation capacity falling short of meeting demand, consideration of additional capacity is made based 
on the least-cost criteria. The adequacy of the high-voltage transmission infrastructure is also 
simultaneously included in the analysis to ensure that the generated electricity could be delivered to the 
customers. Lastly, emissions from thermal power plants are considered (through binding constraints) to 
make sure Zambia complies with its environmental commitments. Integrated analysis is the hallmark of 
IRP and considers the following: (a) technical and cost parameters; (b) simultaneous and coordinated 
planning for the generation and transmission sub-sectors; and (c) consideration of environmental factors. 

2.1.1 IRP modelling framework 

Figure 3 provides a generalized framework for the Integrated Resource Planning (IRP) for the on-grid 
electricity sector in Zambia. It considers the existing generation units and identifies new potential power 
plants based on the resource endowment of the country. The high voltage transmission network is also 
modelled as crucial for the delivery of generated electricity to the markets. Like the generation sub-
sector, candidate transmission projects are also identified to de-bottleneck the system as increased loads 
are experienced to meet growing demand in the future. Long-term demand projections are provided as 
input to IRP to drive the overall planning process. The combination of generation, transmission and 
demand data is analysed keeping into account the historical performance and cost characteristics to 
arrive at a least-cost expansion plan.  
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The least-cost planning is undertaken for several scenarios and under varying assumptions, which are 
clearly outlined. The least-cost plans are also subjected to environmental, climate change, and other 
considerations in an interactive manner so as to arrive at a “least cost and resilient” power sector plan. 
This process is done in an integrated manner so that the power sector plan is not only least-cost but also 
meets the other long-term objective and ambitions of GRZ. It may be stated that an IRP-based power 
sector plan is not static in nature and is dependent upon the underlying basis and assumptions which are 
likely to change. It is, therefore, essential to use this framework for periodic reviews to ensure the validity 
and reasonableness of the recommendations.  

Figure 3: Generalised on-grid framework for Integrated Resource Planning (IRP) 

 
Source: CIGZambia IRP Team   

2.1.2 Energy resources and generation technologies 

IRP analysis has considered the resource endowment and potential new capacity additions for the 
following: (a) large hydro-generation; (b) mini- and micro-hydro and run-of-the-river units; (c) coal-based 
plants; (d) variable renewable energy (solar, wind); (e) geo-thermal; (f) nuclear; and (g) biomass.  
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According to the estimates developed based on studies undertaken in the past, Zambia has a potential of 
hydropower generation of more than 6,000 MW and only 2,398MW out of that has been developed so 
far. While solar and wind mapping is being undertaken in recent years, the potential of solar power is 
estimated at close to 1300 MW, several times more than the 100 MW currently being commercially 
utilized. Use of wind energy is in its initial stages, but the overall potential is estimated to be about 920 
MW. Based on the indigenous coal resources in Zambia, another 1300 MW new coal-fired generation 
potential is estimated in the short- and medium-term. Geothermal resources have not been fully 
estimated but projects of about 320 MW can be implemented in the country. Similarly, biomass and 
waste-to-energy projects of about 240 MW could be completed in Zambia9.  

Availability of the resource base and the ability to undertake the energy initiatives using different 
technologies is one thing but the commercial feasibility to generate and deliver electricity in the market is 
the major factor determining the candidacy of a specific project. IRP does not compare or evaluate 
projects proposed by different sponsors but identifies future capacity expansion by technology-type for a 
broad location e.g., certain level of MW of mini-hydro, or MW of solar PV at a certain BSP, without 
identifying a specific project of a developer. IRP provides an indicative investment plan which gives energy 
planners an idea about additional generation capacity by technology-type in different parts of the country 
and the planners can then apply additional filters to choose which specific project (of a sponsor) meets 
their goals the best.  

Table 3 provides the upper limit of generic capacity-expansions by technology-type at different BSPs in 
Year 2026, 2030, 2040 and 2050, based on the country’s resource endowment, lead-time for 
construction, and the projects identified by MoE, ZESCO, and others (see Annex 1: Generation projects (All 
Types) for the complete list of projects being considered by different institutions). 

Table 3: Upper Limit of Capacity-expansion by Technology-type in the future 

 Unit Large-
Hydro 

Mini-
Hydro/ RoR 

Solar PV Wind Coal Geo-
thermal 

Biomass Nuclear 

Lead-time  Year  5  3  2  3  5 4  4 10 

 Range of capacity during planning periods: 

Min Capacity MW  0 0  0  0  0  0 0  0 

MaxCapacity MW  1000 1000  1000  1000  1000  1000 1000  1000 

 New Capacity to be operational by 2026, 2030, 2040, and 2050: 

2021-2026  KGL750MW Yes  Yes  Yes  No  No Yes  No 

2026-2030  Yes Yes Yes  Yes  Yes Yes Yes  No 

2031-2040  Yes Yes Yes  Yes  Yes  Yes Yes  Yes 

2041-2050  Yes Yes Yes  Yes  Yes  Yes Yes  Yes 

Source: CIGZambia IRP Team 

 
9IRP Inception Report, 2021 
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2.1.3 Assessment of existing transmission lines 

There is no official list of transmission projects to be undertaken in the next several years. Examination of 
the 330 kV system in Zambia was done, and drew up a list of existing transmission lines that are not 
compliant with the N-1 protocol(see). Based on the Zambia-specific investment costs for different 
transmission lines, overall unit cost parameters (Million $ per MW) for different transmission links were 
developed to incorporate new transmission capacity to relieve congestion or make the system N-1 
compliant.  

Table 4: Existing transmission lines without N-1 Compliance 

 
Source: CIGZambia IRP Team 

2.1.4 IRP model structure and formulation 

Antares provides a simulation tool which replicates the operations of the power system for one full year 
(hour-by-hour) and provides pertinent information about generation from different plant clusters, and 
transmission to the end-customers through high-voltage lines. In simulating the operations, it uses the 
Hydro Manager to optimise the operations and manage the reservoirs based on the hydrological 
conditions. It also optimises unit commitment and plant dispatch to operate the system at least-cost. 

In the event of the generation and/or transmission capacity found to be insufficient to meet the yearly 
demand, the model also considers expansion based on the availability of candidate projects on a least 
cost basis. The objective of the simulation is to meet the electricity demand for the year as closely as 
possible, with little or no un-served or spilled electricity in the system. 

IRP modelling may be considered in the form of a Total Cost function, the operating variables which 
contribute to the costs, and a number of binding constraints which must be adhered to achieve the least-
cost performance of the power system. 

From Substation To Substation Length (km) Line Cost ($)
  Chambishi 330   Kitwe 330 9.6 4,206,000            
  Chambishi 330   Luano 330 9.6 4,206,000            

  Chipata West330kV   Msoro330 75 21,864,000         
  Kariba North C   Kafue West 330 7.83 3,728,100            

  Kabwe 330 Reserve   Pensulo 330 298 82,074,000         
  Kafue West 330 LSMFEZ 330/132/33kV 43 13,224,000         
  KafueTown 330   Muzuma 330 19.3 6,825,000            

  Kafue Gorge 330kV   Kafue West 330 43 13,224,000         
  Kafue West 330   KafueTown 330 3 2,424,000            
  Kafue West 330   Lusaka West 330 34 10,794,000         

  Luano 330   Kansanshi 330 197 54,804,000         
  Lumwana 330   Kansanshi 330 72 21,054,000         
  Kariba North C   Siavonga330 3 2,424,000            

  Leopards Hill 330 Main LSMFEZ 330/132/33kV 12 4,854,000            
 - Lumwana 330  - Kalumbila330 60 17,814,000         

  Lusiwasi330 Pensulo330 90 25,914,000         
Mpika Kasama 330 1A 211 58,584,000         

  Msoro330   Lusiwasi330 115 32,664,000         
Mumbwa  - Lumwana 330 400 109,614,000       
Muzuma   Livingstone330 159 44,544,000         
Pensulo Mpika 197 54,804,000         



D5.3 IRP Generation Resource Assessment and Planning Final Report  

   
20 

 

Capital and operating cost data 

Data for investment costs or overnight construction costs, capacity availability factors, economic life, fuel 
prices, heat rate, discount rate, fixed O&M costs, and variable O&M costs specific to Zambia are needed 
for simulation modelling. While some data has been collected from ZESCO and other generation utilities 
(see Annex-2), there is a challenge in terms of developing generalized cost profiles for long-term planning. 
Cost variables not only change across locations and technologies but also within the technology for a 
given location. O&M costs are also vastly different for different plants and generation technologies, 
requiring development of cost tables based on data from a number of developing countries. Fortunately, 
international institutions such as the World Bank have compiled cost databases which can be made use of 
for IRP modelling (Annex-3). Table-5 provides the key cost and operational parameters which were used 
in Antares simulation modelling. 

Table 5: Cost and Operational Parameters for Antares Simulation 

Technology Cost 
(mUSD/MW) 

Marginal 
cost (USD/ 
MWh) 

CO2 
Emission 
factor (Ton/ 
MWh) 

Capacity 
factors (%) 

Economic 
Life 
(years) 

Lead 
Time 
(Years) 

Hydro 
Storage(H_STOR) 

3.800 1.39 0.025 70 50 
5 

Hydro (Run-of-River) 1.282 0.00 0.024 50 35 3 
Coal Thermal  1.072 96.81 0.830 85 40 5 
Geothermal  1.600 1.16 0.038 85 35 4 
Biomass  0.630 5.50 0.038 70 25 3 
Solar PV 1.005 0.00 0.048 20 25 2 
Wind onshore  1.287 0.00 0.011 35 30 3 
Nuclear  6.460 4.60 0.012 85 50 10 
Solar CSP 6.603 0.00 0.000 68 25 4 
Mixed Fuel  0.673 5.62 0.490 60 30 3 

Source: CIGZambia IRP Team 

Total cost function 

Total cost function may be essentially considered as the sum of the fixed annuity of new generation and 
transmission capacity (investment) and the O&M cost for the total infrastructure. The O&M cost applies 
to existing and new generation and transmission capacity and includes fixed and variable operating and 
maintenance costs, fuel costs, etc. In addition, two more cost parameters are added to the cost function 
e.g., the un-served energy cost which is the economic penalty of electricity shortfall, and spilled energy 
cost, which is the penalty of having electricity in the system for which there is no demand. The aim of the 
last two parameters is to align the capacity expansion as close to the yearly demand as possible. 

Total Costs = GenCosts + NewCapCosts + TranCosts+ UnservedEngyCost + SpilledEngyCost 

= (Energy generated from different technology plants*Marginal Cost) + 

                        (Annuity of Capex for new generation and transmission capacity additions +  

                        (Load transmitted*Unit transmission Charge) +  
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                        (Supply-demand deficit*Penalty of un-served electricity)+ 

                        (Supply-demand surplus*Penalty of spilled electricity). 

Decision variables 

The major decision variables are the (a) generation and transmission levels which are optimally possible in 
the power system; and (b) capacity additions which could be economically included to ensure the full 
demand is met. The choice of the optimal level of operations and capacity-additions is determined by the 
least-cost considerations. The two additional parameters – cost of un-served and spilled electricity 
provides the economic rationale for staying as close to the yearly demand as possible. 

Binding constraints 

Antares simulation also enables the consideration of binding constraints in the operation of the power 
system. For example, hourly constraints which pertain to instant power (generation and/or transmission), 
daily constraints relating to import/export of electricity to specific locations, or weekly binding constraints 
which could be concerned with the weekly cycle of a pumped-storage operation or performance under a 
commercial contract. 

2.1.5 Climate change impact and hydrology assumptions 

Climate change events (drought and reduced and irregular rainfall) have seriously impacted hydro-
generation in Zambia in the past. Based on the climate studies, it is expected that relatively poor 
hydrology is likely to persist and would constitute the new normal. Considering this, hydrological data for 
the past ten (10) years – comprising of normal and drought years – has been made the basis for the 
‘historical past’. Based on extensive discussions during the Technical Committee meeting in March 2022, 
it was agreed that historical hydrology is unlikely to persist, and IRP should assume a 7.5% reduction in 
water inflows into the reservoir in the Baseline Case. Further, in order to evaluate the impact of a 
severely-poor hydrology, an Alternate Case should also consider a 15% reduction in water inflows in 
Zambia during the period 2022-50. Hence two Cases have been simulated, the Base Case and the 
Alternate Case. 

2.1.6 Generation planning assumptions 

Following are the sources of input data and some of the significant generation planning assumptions 
adopted for Antares simulation: 

• 750MW Kafue Gorge Lower power station modelled as run-of-the-river hydro power plant with 
capacity factor of 45%. 

• Data for the existing hydro plants for ten (10) historical years was compiled and average values of 
water-inflow were used. 

• Hydrological data for the past ten years for hydro stations with reservoirs (water inflows, 
reservoir levels, etc.) was collected from ZESCO. 

• Dam size for Ithezhi-Thezi and Kariba was provided by ZESCO. 
• Initial dam filling was assumed from the month of January each year. 
• Capacity factor profile (solar irradiation data) from Meteonorm was used. 
• Wind capacitor profile was obtained for the available potential sites which include, Mpika, 

Serenje, Nakonde, Lusaka, Chipata and Muzuma. 
• Inflow data for the Northern circuit existing plants was used to model candidate projects for 

hydro run-of-the-river power plants. 
• Simulations were done using 20 Monte Carlo years. 
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• Existing thermal plants were operated in the future to generate at historical levels in an adjusted 
merit-order dispatch. 

• Simulations are undertaken with economic optimisation feature in Antares. 

2.1.7 IRP case definition 

In order to simulate the power system in Zambia under the current conditions, a Baseline Case was 
developed which made key assumptions regarding demand, limits on investment resources, allowance on 
un-served electricity, allowable emission levels, nature of the generation mix, energy security 
considerations, and the impact on the delivered cost of electricity (Figure 4). These assumptions were 
discussed in details with the stakeholders in the Technical committee meeting in March 2022, and were 
agreed upon. 

Figure 4: Definition of Baseline Case for long-term Generation Planning 

Parameter Description Basis and Assumptions 

Demand Long-term projections (30 years) by major 
sectors/areas and exports. 

See IRP Report on Demand Assessment. 

Investment 
resources 

Investments would be needed to add 
generation and transmission capacity to meet 
growing electricity demand. 

No constraint on available investment 
resources for new capacity additions is 
assumed. 

Committed 
project 

Kafue Gorge Lower power plant(750MW) 
assumed to be fully commissioned by 2025. 

Kafue Gorge Lower full capacity shall be 
available in 2025 and thereafter.  

Hydrological 
situation 

Water inflow in the reservoir is envisaged to 
reduce by 7.5% (from the past) in future.  

Past 10-year actual hydrological data is the 
basis for past inflows. 

Un-served 
electricity  

It is envisaged that there may be some areas 
that may not meet the full demand in certain 
years. 

Penalty for un-served demand is the 
system-wide Opportunity Cost.  

Emissions 
control 

Emissions from thermal generation would be 
calculated to assess it vis-à-vis Zambia’s 
Nationally Determined Contribution (NDC). 

Compliance with Zambia’s NDC is assumed 
to be mandatory.  

Generation-
mix 

New generation capacity additions would occur 
on the basis of least-cost (after meeting 
emissions constraint). 

No restrictions on choice of any generation 
technology, except that coal-fired and geo-
thermal capacity are allowed in 2030 or 
thereafter.  

Merit order 
Dispatch 

Merit Order Dispatch for least-cost operations 
except existing thermal units. 

Modified merit order dispatch adopted and 
Maamba, Dangote and Ndola Energy 
dispatched at historical values. 

Energy 
Security 

Import/export of electricity; use of domestic 
energy resources to be freely allowed.  

Import/export and use of indigenous 
resources solely on commercial basis.  

Delivered 
cost 

Operating existing infrastructure, adding new 
capacity, and meeting environmental targets 
would entail costs.  

No limits on least-cost plan; cost-reflective 
tariffs would be introduced. 
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In addition, an Alternate Case was also defined to reflect a pessimistic situation, whereby water inflows 
are envisaged to go down by 15% compared to the historical pattern. All other parameters were assumed 
to remain the same as in the Baseline Case above. 

2.1.8 IRP modelling results 

This section tabulates the results from Antares simulation modelling for the Baseline and Alternate Cases. 
The Generation team worked closely with the Transmission team to undertake a dynamic analysis (using 
the Power-Factory software) and ensure consistency between generation expansion and need for 
transmission infrastructure. In this regard, following key assumptions were made: 

• Calculations were done assuming Peak solar occurs at 9:25 AM in the morning and peak load at 
7:25PM in the evening. 

• Steady state results proposed grid reinforcements as follows: 
o Third line between Kabwe and Pensulo i.e., Kabwe – Pensulo 330kV 3A. 
o Second line between Lusiwasi and Pensulo i.e., Lusiwasi – Pensulo 330kV 2A. 
o Second line between Msoro and Pensulo i.e., Msoro – Pensulo 330kV 2A. 

• Dynamic study indicated the following:  
o For the year 2026, the studies revealed for both the peak demand and peak solar 

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

o Furthermore, in 2026 and 2030, the study revealed that protection coordination is 
required between the bus bar voltages at Msoro and Chipata 330kV 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 resulted in sustained over voltage ranging from 600ms to 9s with peaks between 
1.06 p.u to 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. 

For the 2026, 2030 and 2040 study scenarios i.e., Peak Demand Condition and Peak Solar Condition; no 
under frequency and over frequency event caused a rate of change of frequency above 1Hz/s. However, 
the highest rates of change of frequency were recorded for the 2030 Peak Solar Condition on the Loss of 
275MW Kansanshi load at 0.2576Hz/s for over frequency and Loss of Lusaka West Solar PV 210MW at -
0.3394Hz/s for under frequency for 2026 Peak Solar Condition. 

While the generation-expansion model using Antares has been set up for a thirty-years period (up to 
2050), fully analysed results have been produced up to year 2040 for the Baseline Case only. The analysis 
is anticipated to be extended to year 2050 subsequently in the future, both for the Baseline and Alternate 
Cases.  

Table 6 provides the input peak demand projections prepared by the Demand Work-stream, both at the 
national and BSP-level so as to provide the context for generation expansion planning. The long-term 
projections take into account electricity needs for accelerated mining development in Zambia as well as 
exports to the selected neighbouring countries. 
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Table 6: Long-term peak demand (MW) projections 

MW 2020 2026 2030 2040 2050 
Chambishi East 330/66kV 13 15 16 22 32 
Chipata West 330/132kV 18 31 45 76 105 
Chishimba Falls 3.3kV 1 1 1 3 4 
Itezhi Tezhi 11kV 10 12 13 27 40 
Kabwe 330/88kV 528 635 638 670 733 
Kafue Gorge 330kV 0 0 0 0 0 
Kafue Town 330/88kV 121 133 159 230 342 
Kafue West 330kV 0 0 0 0 0 

Kalumbila 330/33kV 106 163 161 161 163 
Kansanshi 207 321 318 312 312 
Kariba North 330/18/11kV 7 8 9 14 22 
Kasama 330/66kV 30 36 41 71 106 
Kitwe 330/220kV 454 475 493 638 857 
Leopard's Hill 330/132/88kV 260 324 355 476 651 
LSM FEZ 330/33kV 8 8 10 14 20 
Luano 330/220kV 0 0 0 0 0 
Lumwana 330/132/33kV 19 27 34 52 72 
Lunzua 6.3kV 0 0 1 1 1 
Lusaka West 330/132kV 398 482 496 375 524 
Lusemfwa 66kV 2 2 2 4 6 
Lusiwasi 330kV 4 4 4 9 12 
Mpika 330/66kV 19 20 32 67 88 
Msoro 330/66/11kV 12 13 21 43 60 
Mulungushi 66/11kV 28 28 37 56 83 
Muzuma 330/88kV 25 27 35 54 76 
Nambala 330/220/33kV 63 68 70 68 51 
NECL HFO Plant 11kV 3 3 4 4 6 
Pensulo 330/66kV 24 29 31 49 71 
Sesheke 220/66kV 1 1 1 2 3 
Victoria Falls 220/66/33/11kV 58 70 79 128 192 

Additional nodes      
Chambishi smelter 0 93 92 90 90 
Manganese - Luapula 0 21 25 35 45 
Manganese - Central 0 21 25 35 45 
SXEW – CB 0 126 151 180 180 
New mine - NW1 0 0 214 210 210 
New mine - NW2 0 0 214 210 210 
New mine – CB 0 0 61 60 60 
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New mine - NW3 0 0 0 210 210 
New mine - Central 0 0 0 22 22 
New mine - W1 0 0 0 22 22 
New mine – N 0 0 0 22 22 
New mine - Luapula 0 0 0 22 22 
New mine – E 0 0 0 22 22 
New mine - Muchinga 0 0 0 22 22 
New mine - Mabiza 0 0 0 22 22 
New mine - Kitumba 0 0 0 22 22 
New mine - Kangaluwi 0 0 0 22 22 
New mine - Dunrobin 0 0 0 22 22 
New mine – Sasare 0 0 0 22 22 
New mine - W2 0 0 0 22 22 
Exports to DRC 69 150 250 500 500 
Exports to Zimbabwe 69 150 250 500 500 

Total 2,318 3,496 4,390 5,922 6,950 
Source: IRP Demand Workstream 

In addition to peak demand, long-term electricity requirements (GWh) were also estimated at the BSP 
level so that Zambia’s power system is able to meet both peak demand and the average electricity 
requirements up to 2050 at the least cost. Table 7 provides the details of these demand projections 
which were developed in close coordination with the IRP Demand Work-stream.  

Table 7: Long-term electricity requirements (GWh) 
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Source: IRP Demand Workstream 

IRP modelling results - Baseline case 

The following tables summarize the results of the Baseline Case. Table 8 provides the new generation 
capacity required by each of the reference year, and the total installed capacity using Antares. 

Table 8: Capacity addition, total capacity, and generation-mix using Antares (Baseline Case) 

Generation Capacity (MW) 
Existing 
2020 

Existing 2026 
B/A; KGL is 
added 2025 

Capacity Addition (MW) Cumulative capacity (MW) 

2026 2030 2040 2026 2030 2040 

Hydro Storage (H_STOR) 2352 2352 0 0 0 2352 2352 2352 
Hydro Run-of-River (ROR) 45 795 650 871 555 1445 2316 2871 
Thermal - Steam (Coal etc) 450 450 0 445 566 450 895 1461 
Geothermal 0 0 0 30 0 0 30 30 
Renewable – Biomass 0 0 51 52 48 51 103 151 
Renewable - Solar PV 89 89 1555 100 862 1644 1744 2606 
Renewable – Wind 0 0 400 100 0 400 500 500 
Nuclear 0 0 0 0 0 0 0 0 
Solar CSP 0 0 0 0 0 0 0 0 

Total Generation 2936 3686 2656 1598 2031 6342 7940 9971 
Source: IRP Generation Workstream  

Table 9 provides the optimised generation from plants of different technology-types for the reference 
years, and the supply-demand balance.  
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Table 9: Energy supply and supply-demand balance using Antares (Baseline Case) 

Energy Generation (GWh) 
Existing 

2020 
Generation (GWh) 

2026 2030 2040 

Hydro Storage(H_STOR) 10122 8617 10300 12753 
Hydro Run-of-River(ROR) 2222 10541 14024 17458 

Thermal - Steam (Coal/other fuels) 2020 1589 2802 6008 

Geothermal              0 0 111 189 
Renewable – Biomass 0 6 0 0 
Renewable - Solar PV 137 3151 3235 5049 
Renewable – Wind             0 898 1069 1069 
Nuclear             0 0 0 0 
Solar CSP             0 0 0 0 
ROW Balance (Exports/Imports) 879 2628 3344 6421 

Total Generation 14501 24803 31541 42526 

Total Demand  16685 24803 31541 42526 

Unsupplied Energy  2185 0 0 0 

Spilled Energy  0 0 0 0 

Energy Balance  0 0 0 0 
Source: IRP Generation Workstream 

The optimal investment for new generation capacity (of different technology-types) for the reference 
years, as well as for the period 2021-2040 (20 years) is provided in Table 10.  

Table 10:  Investment profile for generation expansion for 2022-40 (Baseline Case) 

Investment by Generation 
Technology 

Annuity by 
Technology 

(Million USD / 
MW) 

Generation Investments (Million USD) 

2026 2030 2040 
Total (2020-

40) 

Hydro Storage(H_STOR) 3.800 0 0 0 0.0 

Hydro (Run-of-River) 1.282 833 1117 712 2661.4 

Thermal - Steam (Coal/other fuels) 1.072 0 477 607 1083.8 

Geothermal 1.600 0 48 0 48.0 

Biomass 0.630 32 33 30 95.1 

Solar PV 1.005 1563 101 866 2529.6 

Wind 1.287 515 129 0 643.5 

Nuclear  6.400 0 0   0.0 

Solar CSP 3.831 0 0   0.0 

Total  Investment (Million USD)   2943 1904 2215 7061.4 
Source: IRP Generation Workstream 

Table 11 presents the phasing of investment on a year-wise basis, taking into account the lead-time for 
construction of different projects. The breakdown of investments for reference years into yearly figures 
takes into account the following: (a) interpolation of investments in the intervening periods on a linear 
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basis; (b) construction lead time for different generation projects (by technology type); and (c) the typical 
unit cost for generation plants.  

Table 11: Phasing of generation investments year-wise (Baseline Case) 

Capex for New 
Capacity (2021-30) 

Lead 
(Years) 

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 

Hydro 
Storage(H_STOR) 

5 
0 0 0 0 0 0 0 0 0 0 

Hydro Run-of-
River(ROR) 

3 
43 121 200 235 249 264 279 279 210 140 

Thermal - Steam 
(Coal/other fuels) 

5 
0 0 24 48 72 95 108 96 84 72 

Geothermal 4 0 0 0 3 6 9 12 9 6 3 

Renewable – Biomass 3 3 5 8 8 8 8 8 8 6 5 

Renewable - Solar PV 2 0 195 391 391 391 208 25 25 25 56 

Renewable – Wind 3 43 86 129 129 97 64 32 32 21 11 

Nuclear 10 0 0 0 0 0 0 0 0 0 0 

Solar CSP 4 0 0 0 0 0 0 0 0 0 0 

Total Capex   89 408 751 813 822 649 464 449 353 287 

Capex for New 
Capacity (2031-40) 

2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 Total 

Hydro 
Storage(H_STOR) 0 0 0 0 0 0 0 0 0 0 0.0 

Hydro Run-of-
River(ROR) 71 71 71 71 71 71 71 71 47 24 2661.4 

Thermal - Steam 
(Coal/other fuels) 61 61 61 61 61 61 49 36 24 12 1083.8 

Geothermal 0 0 0 0 0 0 0 0 0 0 48.0 

Renewable – Biomass 3 3 3 3 3 3 3 3 2 1 95.1 

Renewable - Solar PV 87 87 87 87 87 87 87 87 87 43 2529.6 

Renewable – Wind 0 0 0 0 0 0 0 0 0 0 643.5 

Nuclear 0 0 0 0 0 0 0 0 0 0 0.0 

Solar CSP 0 0 0 0 0 0 0 0 0 0 0.0 

Total Capex 221 221 221 221 221 221 209 197 160 80 7061.4 
Source: IRP Generation Workstream 

Table 12 presents the Generation Capacity Addition, Peak Demand and Reserves in the Zambian power 
system under the Baseline case. 

Table 12: Generation Capacity Addition, Peak Demand and Reserves (Baseline Case) 

Generation capacity Addition, Peak Demand and Reserves Unit  
 Cumulative Installed Generation Capacity 

(MW) 

2026 2030 2040 
Hydro Storage(H_STOR) MW 2352 2352 2352 
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Hydro Run-of-River(ROR) MW 1445 2316 2871 
Thermal - Steam (Coal/other fuels) MW 450 895 1461 
Geothermal MW 0 30 30 
Renewable – Biomass MW 51 103 151 
Renewable - Solar PV MW 1644 1744 2606 
Renewable – Wind MW 400 500 500 
Nuclear MW 0 0 0 
Solar CSP MW 0 0 0 

Total Installed Capacity (MW) MW 6342 7940 9971 

Peak Demand  (MW)  MW 2995 3434 4761 
Total installed available power from conventional energy 
sources (Hydro, HFO and Coal power plants)  (MW) MW 4298 5666 6835 

Spinning Reserves  MW 60 69 95 

Quick Reserve MW 60 69 95 

Operating Reserves  MW 120 137 190 

% of Planning Reserves  % 20.54 28.11 20.80 

Average Reserve Margin (2026-40) % 23.15% 
Source: IRP Generation Workstream 

IRP modelling results – Alternate case 

A set of tables, similar to the Baseline Case, is now presented for the Alternate Case (see Tables 13-17). 
Under this case, the water inflows are assumed to be reduced by 15% from the historical pattern in the 
future. 

Table 13: Capacity addition, total capacity, and generation-mix (Alternate Case) 

Generation Capacity (MW) Existing 
2020 

Existing 2026 
Installed 
Capacity  

Capacity Additions 
  

Total capacity (MW) 
   

2026 2030 2040 2026 2030 2040 
Large Hydro 2352 2352 0 0 1063 2352 2352 3415 
Mini-Micro Hydro (Run-of-River) 45 795 658 855 0 1453 2308 2308 
Thermal - Steam (Coal/other fuels) 450 450 0 300 0 450 750 750 
Geothermal 0 0 0 75 0 0 75 75 
Renewable – Biomass 0 0 51 52 0 51 103 103 
Renewable - Solar PV 89 89 987 515 530 1076 1591 2121 
Renewable – Wind 0 0 1549 560 775 1549 2109 2884 
Nuclear 0 0 0 0 0 0 0 0 
Solar CSP 0 0 0 0 0 0 0 0 
Total Generation 2936 3686 3245 2357 2368 6931 9288 11656 

Source: IRP Generation Workstream 

Table 14: Energy supply and supply-demand balance (Alternate Case) 

Energy Generation (GWh) 
Existing 2020 

Future Generation (GWh) 
 2026 2030 2040 
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Large Hydro 10122 9710 6677 18022 
Hydro (Run-of-River) 2222 5490 10505 12295 

Thermal - Steam (Coal/other fuels) 2020 5929 6929 3496 
Misc thermal (Biomass and 
Geothermal) 

             0 407 2095 41 
Renewable - Solar PV 137 2785 3757 4290 
Renewable – Wind             0 486 1578 4382 
Nuclear             0 0 0 0 
ROW Balance 879 1691 3344 6421 

Total Generation 14501 24808 31541 42526 

Total Demand  16685 24808 31541 42526 

Unsupplied Energy  2185 0 0 0 

Spilled Energy  0 0 0 0 

Energy Balance  0 0 0 0 
Source: IRP Generation Workstream 

Table 15: Investment profile for generation expansion (Alternate Case) 

Technology 
Annuity  
(Million 
$/MW) 

Investments (Million USD)) 

2026 2030 2040 
Total 

(2021-40) 

Hydro Storage(H_STOR) 3.8 0 0 4039 4039 

Hydro (Run-of-River) 1.282 844 1096 0 1940 

Thermal - Steam (Coal/other fuels) 1.072 0 322 0 322 

Geothermal 1.6 0 120 0 120 

Biomass 0.63 32 33 0 65 

Solar PV 1.005 992 518 533 2042 

Wind 1.287 1994 721 997 3712 

Nuclear  6.4 0 0 0 0 

Solar CSP 3.831 0 0 0 0 

Total Investment (million USD)   3861 2809 5569 12239 
Source: IRP Generation Workstream 

Table 16: Phasing of generation investments year-wise (Alternate Case) 

A. 2021 – 2030  
Capex for New 
Capacity (2021-30) 

Lead 
Time 
(Years) 

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 

Hydro 
Storage(H_STOR) 

5 0 0 0 0 0 0 81 162 242 323 

Hydro Run-of-
River(ROR) 

3 43 123 202 238 250 262 274 274 183 91 

Thermal - Steam 
(Coal/other fuels) 

5 0 0 16 32 48 64 64 48 32 16 

Geothermal 4 0 0 0 8 15 23 30 23 15 8 

Renewable – 3 3 5 8 8 8 8 8 8 5 3 
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Biomass 

Renewable - Solar 
PV 

2 0 124 248 248 248 189 129 129 129 91 

Renewable – Wind 3 166 332 498 498 392 286 180 180 153 127 

Nuclear 10 0 0 0 0 0 0 0 0 0 0 

Solar CSP 4 0 0 0 0 0 0 0 0 0 0 

Total Capex   212 584 972 1032 962 832 767 824 760 659 

B. 2031 – 2040  
Capex for New 
Capacity (2031-40) 

2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 Total 

Hydro 
Storage(H_STOR) 404 404 404 404 404 404 323 242 162 81 4039.4 

Hydro Run-of-
River(ROR) 0 0 0 0 0 0 0 0 0 0 1939.7 

Thermal - Steam 
(Coal/other fuels) 0 0 0 0 0 0 0 0 0 0 321.6 

Geothermal 0 0 0 0 0 0 0 0 0 0 120.0 

Renewable – 
Biomass 0 0 0 0 0 0 0 0 0 0 64.9 

Renewable - Solar 
PV 53 53 53 53 53 53 53 53 53 27 2042.2 

Renewable – Wind 100 100 100 100 100 100 100 100 66 33 3711.7 

Nuclear 0 0 0 0 0 0 0 0 0 0 0.0 

Solar CSP 0 0 0 0 0 0 0 0 0 0 0.0 

Total Capex 557 557 557 557 557 557 476 395 281 141 12239.4 
Source: IRP Generation Workstream 

Table 17: Generation Capacity Addition, Peak Demand and Reserves (Alternate Case) 

Generation capacity Addition, Peak Demand 
and Reserves Unit  

 Cumulative Generation Capacity (MW) 

2026 2030 2040 
Hydro Storage(H_STOR) MW 2352 2352 3415 
Hydro Run-of-River(ROR) MW 1453 2308 2308 
Thermal - Steam (Coal/other fuels) MW 450 750 750 
Geothermal MW 0 75 75 
Renewable – Biomass MW 51 103 103 
Renewable - Solar PV MW 1076 1591 2121 
Renewable – Wind MW 1549 2109 2884 
Nuclear MW 0 0 0 
Solar CSP MW 0 0 0 

Total Installed Capacity (MW) MW 6931 9288 11656 

Peak Demand  (MW)  MW 2995 3434 4761 
Total installed available power from 
conventional energy s (Hydro, HFO and Coal 
power plants)  (MW) MW 4306 5513 6576 
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Spinning Reserves  MW 60 69 95 

Quick Reserve MW 60 69 95 

Operating Reserves  MW 120 137 190 

Reserve Margins MW 1311 2079 1815 

% of Planning Reserves  % 18.91 22.38 15.57 

Average Reserve Margin (2026-50) % 18.95% 
Source: IRP Generation Workstream 

2.1.9 Findings and conclusions 

Simulation runs for the two cases provide indicative results for generation capacity expansion by 
technology-type in the long-term (without identifying project of a specific sponsor). It takes into 
consideration the provision of reserve margin, comprising of spinning and operating reserves to provide 
system stability on the one hand, and comply with the requirements of the regional South African Power 
Pool (SAPP). However, establishing the reserve margin in the Zambian power system entails significant 
investments in the near-term. Given the long gestation period for the completion of generation projects, 
suitable assumptions have been made with regard to the construction lead-time for generation projects 
by technology type (Hydro = 5 years; Nuclear = 10 years; Coal-fired = 5 years; Geothermal = 4 years; Solar 
PV = 2 years; CSP = 4 years; Wind onshore = 3 years; and Biomass = 3 years). Investments have been 
exogenously spread out to reflect the phased implementation of generation projects so as to deliver the 
necessary capacity expansions by the reference years. The detailed year-by-year generation investment 
plans have been developed as part of the planning process. 

The least-cost generation expansion plan under the two cases (Baseline and Alternate) is based first on 
“single busbar” with an assumed ‘adequate’ transmission capability. Under this first step, this effectively 
means that transmission network constraints are not taken into account. However, in the second step, 
simulation runs are being undertaken to take into account the 330 kV network and its transfer capability 
(in MW) for different links (transmission lines and grid-stations). This analysis highlights broad constraints 
and congestion on different links, and the need to add new inter-connection lines or augment the existing 
transmission infrastructure. 

The Baseline and Alternate Case definition has taken into account a number of GRZ policy objectives as 
follows: (a) long-term demand would be met in full and the incidence of load-shedding shall be 
completely eliminated; (b) domestic renewable energy sources shall be utilised to the fullest-extent while 
simultaneously developing the coal-based plants in the medium-term; (c) environmental conservation 
would be fully adhered and Zambia shall fulfil its NDC obligations; (d) adequate reserve margins shall be 
built in so as to ensure the reliability of the system; and (e) new generation capacity would be developed 
close to the BSPs / demand centres so as to reduce transmission investments. The definition of the 
Baseline and Alternate Cases also takes into account the most significant climate-change impact i.e. 
reduced water inflow into the reservoirs and consequent reduction in hydro-generation, and prepares 
Zambian authorities to meet such a future with alternative generation options. IRP analysis, therefore, 
identifies the “least-worst regrets approach” for the long-term development of the power sector in the 
country.  

The major findings and conclusions of the Antares simulation indicate the following: 

• Large generation capacity expansion is indicated in the short-term (by 2026) to overcome the 
shortfalls the power system has experienced in the recent years, as well as to create the reserve 
margins for efficient and reliable operations. 
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• While the peak demand is anticipated to roughly triple during the period 2020 –2040 from 2318 
MW to 6950 MW, generation capacity is indicated to increase from 2936 MW to 9,971 MW (Base 
Case) - capacity addition of 7,035 MW over a 20-years period. The reasons for large generation 
capacity addition is significant inclusion of variable renewable energy with low-capacity factor 
(principally solar and wind), creation of reserve margin in the system, and ensuring that demand 
is met in full (no load-shedding in the future).  

• If the generation-mix is broadened by including renewable energy and additional thermal 
capacity, the impact of poor hydrology on a pre-dominantly hydro-based system can be lessened.  

• Addition of new thermal generation capacity (based on coal) is, however, likely to impact 
Zambia’s commitment vis-a-vis NDCs under COP-21. The meeting of NDC commitment is being 
included in the two simulation runs to be a binding constraint to be met at all costs.     

• Investments in new generation assets alone by year 2040 would require a capital expenditure of 
$7.061 billion in the Baseline Case, and $12.239 billion in the Alternate Case over the next 20 
years. 

• Large hydro is indicated in later years (2040 and 2050) as feasible options. Nuclear power plant 
and Concentrated Solar Power is not indicated in the optimal generation expansion plan given 
their Capex and availability of more attractive options e.g. run-of-the-river plants, mini and micro-
hydro, solar, wind and biomass. However, the situation could change if the cost structure of 
nuclear and CSP changes significantly in the coming years.  

3 CROSS-CUTTING THEMES 

3.1 Climate change and environment 

3.1.1 Hydropower 

Hydropower generation is sensitive to inflows and, consequently, is likely to be impacted by both 
decreases in precipitation and increases in evapotranspiration in both hydropower dams and in upstream 
catchments. Hydropower installations in the Zambezi, Kafue and Luangwa catchments are expected to be 
the most sensitive to these changes, with decreases in water availability expected to reach 4-10% in the 
mid-century.  

While studies investigating the expected decline in hydropower production across Zambia due to climate 
change are not available, the Zambezi River basin has been investigated for potential hydropower futures. 
A 2016 analysis of expected climate change impacts on hydropower generation indicated expected 
decreases in hydropower generation of between 18 – 20% by 2050.10 This analysis considered five (5) 
dams in the Zambezi River basin, comprising ~4,833 MW of installed capacity (including the Cahora-Bassa 
hydropower plant). A similar study in 2017, which compared wet and dry climate futures, indicated a 
potential decline of 10-20%.11 A climate risk analysis of the Kafue Gorge Lower plant indicated changes in 
production potential from +4% to -17% by mid-century.12 A continental assessment by the International 

 
10Hamududu & Killingtveit. 2016. Hydropower production in Future Climate Scenarios; the Case for the Zambezi River 
11Spalding-Fletcher et al. 2017.Climate change and hydropower in the Southern African Power Pool and 

Zambezi River Basin: System-wide impacts and policy implications 
12IFC. 2011. Climate Risk and Business hydropower, Kafue Gorge Lower, Zambia. 
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Energy Agency (IEA) estimates decreases of hydropower capacity factors of Mozambique, Zambia and 
Zimbabwe to fall by more than 9% in a global 3oC scenario, with average changes for the Zambezi and 
Congo basin countries being around 7% for 2o and 3o scenarios.13 Based on these considerations, it has 
been agreed in consultation with relevant experts that future hydrology (named ‘Normal’) for Zambia 
would be based upon the past ten (10) years actual rainfall and water inflow data, and given the 
significant uncertainty about the future, two cases shall be evaluated as follows ; (a) Baseline case which 
would be based on a 7.5% reduction in water inflows from the ’Normal‘ during the period 2021-50; and 
(b) Alternate Case which would be a 15% reduction in water inflows from the ’Normal’ during the period 
2021-50. 

Hydropower installations may also be sensitive to increases in upstream erosion, which will contribute to 
increased sedimentation rates (for dams) and increased damage to generation turbines. Both will result in 
increased operational costs and, in the case of sedimentation, may contribute towards reduced lifetimes 
of hydropower infrastructure. Upstream erosion is likely to increase – absent adaptation interventions – 
in already degraded catchments as a result of increasing rainfall intensity across Zambia. The assessment 
of the impact of increased sedimentation is beyond the scope of the IRP simulation. 

Adaptation  

A number of hard and soft measures can be implemented to strengthen the overall climate resilience of 
hydropower installations. Soft measures include the development of resilience strategies, plans and 
regulations to promote the uptake of a diverse, climate-resilient energy mix, incentivise climate resilient 
sustainable development and regulate for enhanced resilience. At the operational level, soft measures 
could include the consideration of possible climate impacts in the design and operation of hydropower 
plants, and, where necessary, revise operational measures based on projected climate impacts. For future 
hydropower planning, the spatial variability in climate change impacts on precipitation and temperature 
should be considered. Spatial diversification away from hydropower infrastructure located in the south of 
the country will not only facilitate a redistribution of energy across the country, but also increase the 
resilience to catchment-scale impacts.  

Hard measures can include changes to infrastructure to enhance climate resilience, such as increasing the 
reservoir capacity or dam height, modifying generation infrastructure, improving sediment and flood 
control facilities and other infrastructure-related changes based on local conditions at the target site. 
Upstream of the hydropower plant in question, improved catchment management can contribute 
towards attenuating climate-induced hydrological changes as well as reducing erosion and consequent 
sedimentation.  

To further improve the resilience of existing hydropower infrastructure, upstream integrated water 
management approaches should be implemented for priority installations. This should include integrated 
land and water use planning approaches to ensure catchment integrity and adequate water use allocation 
for different users. Water efficiency plans – including drought management plans – should be put in place 
to ensure adequate preparedness for climate change-induced dry periods and subsequent low-flow 
conditions.  

 
13 IEA. 2020. Available at: https://www.iea.org/reports/climate-impacts-on-african-hydropower/climate-impacts-on-african-

hydropower 
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3.1.2 Other Generation 

Solar 

A continental assessment of Solar Photovoltaic (PV) potential across Africa in response to predicted 
changes in surface down-welling shortwave radiation, surface air temperature and 10 metres wind speed 
indicated a minor increase in PV potential for Zambia of about 2% by the end of the century, contrary to 
an overall decline in solar PV of ~4% across the continent.14 Consequently, solar generation is not 
expected to be significantly impacted by climate impacts over the period 2020-2050. 

Thermal 

Thermal generation may be impacted by rising temperatures and decreasing water availability, which is 
likely to reduce the cooling efficiency of thermal generation infrastructure. Additionally, rising 
temperatures and temperature extremes may increase water demand, which may result in water use 
conflicts. 

Floods, expected to increase in frequency and intensity, are likely to impact at-risk thermal generation 
assets. Appropriate adaptation actions may include the relocation of generation assets out of flood zones 
or physical hardening of these assets to increase the resilience to flooding.

 
14Bichetet al. 2019. Potential impact of climate change on solar resource in Africa for photovoltaic energy: analyses from 

CORDEX-AFRICA climate experiments 
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ANNEX 1: GENERATION PROJECTS (ALL TYPES) 

The following are the proposed and committed generation projects that have been identified by the 
IRP project stakeholders: 
 
Generation projects (all types) with completed feasibility studies 

Project Title Site 
Capacity 

(MW) Developer 

Pensulo Wind Power Project Serenje, Central Province 130 Access Infra Africa 

Consolidated Farming Baggasse Kafue, Lusaka 24 Consolidated Farming Ltd 

Kabompo Gorge Hydroelectric Mwinilunga, Northwestern 40 Copperbelt Energy Corp (CEC) 

EMCO Coal Fired Power Sinazongwe, Southern 300 EMCO Energy Zambia Ltd 

Bulemu West, Solar PV Kabwe, Central Province  20 GET-FIT Program 

Bulemu East, Solar PV Kabwe, Central Province  20 GET-FIT Program 

Aurora Solar 1, Solar PV Kafue, Lusaka Province  20 GET-FIT Program 
GET-FIT Program 
GET-FIT Program 

Aurora Solar 2, Solar PV Kafue, Lusaka Province  20 

Garnaton North, Solar PV Kitwe, Copperbelt Province 20 

Garnaton South, Solar PV Kitwe, Copperbelt Province 20 GET-FIT Program 

Leopards Hill Solar Project Leopards Hill, Lusaka 100 Globeleq 

Luakela Hydroelectric Project Mwinilunga, Northwestern 0.3 Hydro Electric Power Ltd 

KushijikaKesi Hydroelectric Proj. Mwinilunga, Northwestern 0.5 Hydro Electric Power Ltd 

Chiyesu (Zengamina II) Hydro Ikelenge, Northwestern 1.3 Hydro Electric Power Ltd 

Lufubu Hydroelectric Power Lufubu, Northern Province  163 Lufubu Power Company 

Muchinga Hydroelectric Mkushi, Central province 230 Lunsemfwa Hydropower Ltd 

MGC Solar Power Project Mumbwa, Central Province 100 MGC Power Corporation 

Chunga Solar PV Mini-grid Project Luapula 0.2 Rural Electrification Authority 

Kasanjiku Mini Hydropower Proj. KasanjikuRiver,Mwinilunga Dist. 0.64 Rural Electrification Authority 

Lunga Mini-grid Project, Solar PV Mumbwa, Central Province 0.3 Rural Electrification Authority 

Chavuma Hydroelectric Project Chavuma, Northwestern 30 Sinohydro Zambia Ltd 

Chipota Falls Hydroelectric Project Mulembo River, Serenje, C. Prov 0.2 UNDP/Ministry of Energy 

Ngonye Falls Hydroelectric Sioma, Western 180 Western Power Company 

Ndeke Solar PV Power Plant Mufulira, Copperbelt Province 53 ZESCO 

Chipata West Solar PV plant Chipata, Eatern Province  100 ZESCO 

Kafue Gorge Lower solar plant Kafue Gorge, Chikankata Dist. 200 ZESCO 

Kabwe solar power plant Chisamba, Kabwe Step Down  200 ZESCO 

siavonga solar PV power Plant Siavonga, Southern Province 200 ZESCO 

Chambish east solar PV plant  Chambishi, Copperbelt Prov. 241 ZESCO 

Kalungwishi Hydroelectric Kalungwishi, Northern Prov.  247 ZESCO/GRZ 

Kafue Gorge Lower Kafue, Lusaka 750 ZESCO/KGLHC 

Total 3,411.4  

Source: IRP Inception Report, April 2021 
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Proposed generation projects (all projects from MoE) 

 
Source: MoE 
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ANNEX 2: OPERATIONAL COST DATA RECEIVED FROM STAKEHOLDERS 

CEC Data 

Description  

 

Generation Technology  

GTA-Diesel  Solar 

Investment cost ($/MW) 1.2m - 2m 0.7m - 1.1m 

Marginal cost of generation ($/MWh) 400 - 500 8 $ - 15 $ 

O&M Costs ($/MWh) 20 - 24 8 $ - 15 $ 

Fixed ($/MWh) 11$ - 13$  7.5$ - 13$ 

Variable ($/MWh) 9$ - 11$  0.5$ - 2$ 

Fuel costs ($/MWh) 380 - 476 N/A 

Forced and planned outage rates (%) 2 - 10% 0.5 - 2% 

New projects lead time(years) 1.5 - 3 0.8 – 2 

Data received from other IPPs 

REQUIRED INFORMATION BANGWEULU POWER COMPANY NGONYE POWER COMPANY 

Capital Cost $60.16million $44.96million 

EPC Cost $46.6million $41.0million 

Interest rates 10.4% 7.65% 

Operational &Maintenance Cost p.a. $581,714 $412,500 

New project lead Times 18 Months 18Months 

Forced and Planned outage rates 2% 2% 

 

S/N Project Name/ 
Developer 

Planned 
Capacity (MW) 

Technology/ 
Location 

Planned Year of 
COD 

Total Cost 

(US$ “000”) 

1 Access  130 Wind/ Serenje 2022 271,500 

2 Hive Energy 50 Solar PV/ 
Chisamba 

2023 60,000 

3 Hive Energy 50 Solar PV/ 
Mufulira 

2023 60,000 

4 Hive Energy 100 Solar PV/ 
Siavonga 

2023 120,000 

5 CGM Power Group 100 Solar PV/ Luapula 2023/4 134,000 

6 Cora Energy + Mashikili 
solar 

150 Solar PV/ 
Mumbwa 

2024 178,000 
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ANNEX 3: GLOBAL CAPITAL AND O&M COST DATA AND OPERATIONAL PARAMETERS 

 
Source: IRENA (2020), Lazard (2019), IEA (2015), EIA (2020) and NREL (2019) 

 

 
Sources: IRENA (2018), Lazard (2019), IEA (2015) and EIA (2020) for capacity factors and economic life and fixed O&M 
costs; World Bank (2020) for fuel prices. WB Policy Research Working Paper 9303 (2000) 
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