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Introduction
The new frontier in Zambia’s power system

Zambia stands at the threshold of a transformative energy 
transition. Driven by rising demand, aging hydro infrastructure, and 
the urgent need for climate resilience, the country is now pursuing a 
diversified energy mix centered on renewables. As of 2025, Zambia’s 
installed capacity stands at approximately 3,500 MW, with 85% 
hydro, 8% thermal, and 7% solar and other renewables.1 

While this shift toward clean energy aligns with the National 
Energy Policy (2019) and Vision 2030, it also introduces operational 
challenges.1,2 Renewable energy sources, especially solar and wind, 
are intermittent, non-dispatchable, and geographically scattered. 
Integrating them into a grid designed for stable hydropower introduces 
variability, voltage fluctuations, and frequency instability.

Maintaining grid stability in this context requires flexibility, 
defined as the ability of the power system to balance generation and 
demand across different timescales.

The China connection

China’s power system underwent a similar transition from rigid, 
coal-dominated generation to a complex renewable mix exceeding 
1000 GW of capacity.3,4 Facing issues of curtailment, congestion, 
and intermittency, China invested heavily in smart grid technologies, 
energy storage, and flexible market operations.5-7 China’s experience 
offers a mirror for Zambia in that both countries share centralized 

governance, state-dominated utilities, and fast-growing renewable 
portfolios. The lessons from China’s grid flexibility reforms provide 
a roadmap for Zambia to anticipate and mitigate the challenges of 
renewable integration.

Objectives

This paper aims to:

a)	 Analyze the technical and regulatory dimensions of Zambia’s 
grid stability challenges.

b)	 Compare Zambia’s grid evolution with China’s modernization 
strategies.

c)	 Develop a Zambian framework for grid flexibility, combining di-
gitalization, distributed generation, and institutional reform.

Literature review

Conceptualizing grid stability and flexibility

Grid stability refers to the power system’s ability to maintain 
voltage, frequency, and synchronism after disturbances. Flexibility 
is the capacity to respond to fluctuations in supply and demand, 
particularly in systems with high shares of variable renewables.3,8 Key 
flexibility enablers encompass dispatchable resources (hydro, thermal, 
gas), energy storage systems (ESS), demand-side management 
(DSM), and grid interconnections and digital control systems.9-11 As 
renewable penetration rises, grid flexibility becomes a core design 
criterion, not an optional feature.
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Abstract

Zambia’s transition toward a renewable-based power system presents both an unprecedented 
opportunity and a formidable engineering challenge. As the country diversifies from hydro-
dominance toward solar, wind, and biomass integration, the central question is whether its 
aging, centralized grid can maintain stability, reliability, and flexibility under increasing 
variability. This paper examines Zambia’s evolving energy mix and infrastructure through 
the lens of China’s grid modernization and flexibility enhancement strategies, drawing 
actionable insights for building a resilient, adaptive power system.

Using data from the International Energy Agency (IEA) and Zambia’s Energy Regulation 
Board (ERB), this comparative analysis identifies key design, regulatory, and operational 
parameters underpinning grid flexibility including but not limited to digital control systems, 
distributed generation management, storage integration, and market-driven dispatch. 
China’s systematic approach to grid balancing, through smart grid deployment, regional 
interconnections, and dynamic pricing, serves as a benchmark for Zambia’s grid evolution.

The study proposes a home-grown model for Zambia, emphasizing hybrid generation 
planning, smart metering, distributed storage, and real-time grid analytics. It concludes that 
Zambia’s grid stability in a renewable era will depend on institutional agility, regulatory 
foresight, and the strategic adoption of digital and flexible grid technologies. The country’s 
success will hinge on aligning technical innovation with localized governance, creating a 
resilient energy backbone for sustainable industrialization.
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China’s grid evolution

China’s power system reforms, guided by the State Grid 
Corporation of China (SGCC) and China Southern Power Grid 
(CSG), prioritized three strategic pillars namely, modernization of 
transmission networks using ultra-high-voltage (UHV) lines, smart 
grid digitalization for real-time monitoring and predictive control, 
and integration of distributed renewables with grid-connected 
storage.3,12,13 By 2022, China had deployed over 50 GW of grid-scale 
storage, established real-time balancing markets in fifteen provinces, 
and reduced renewable curtailment rates from 17% (2016) to below 
3% (2021) (Figure 1).3,14

Figure 1 Chaina’s renewable energy expansion timeline.

Zambia’s energy context

Zambia’s power grid is managed almost exclusively by ZESCO 
Limited, operating a 330 kV transmission backbone and several 66 
kV regional feeders.1,2 The grid suffers from high technical losses (12-
14%) and weak rural interconnections. The lack of automation and 
aging substations limit its capacity to absorb distributed renewable 
energy. Zambia’s Electricity Act (2019) and Open Access Policy 
(2023) have laid the groundwork for market participation and private 
renewable investment, but technical readiness remains low.15

Grid stability challenges in Zambia

Dependence on hydropower variability

Zambia’s hydropower plants are subject to seasonal and climatic 
variability, leading to output swings exceeding 30% annually.16,17 
Reduced reservoir inflows during drought years destabilize voltage 
and frequency, especially during peak hours.

Solar integration without flexibility measures

New solar IPPs (Bangweulu, Ngonye, and Garneton) contribute 
intermittent power during daylight hours but drop off steeply in the 
evening, increasing ramping requirements. Without storage, solar 
integration intensifies operational stress.

Weak transmission and reactive power issues

Aging substations and long transmission distances cause voltage 
drops and power factor deviations. The absence of synchronized 
reactive power compensation systems (such as A STATic synchronous 
COMpensator (STATCOMs) or synchronous condensers) aggravates 
instability.

Limited demand-side flexibility

Zambia lacks advanced mechanisms for demand-side response to 
industrial loads, for example, operate under static tariffs, offering no 
incentive to shift consumption away from peak hours.

China’s best practices in grid flexibility

Smart grid and digital control

China’s Smart Grid Program (2009-2025) integrated artificial 
intelligence, cloud computing, and big data into grid management.3,18,19 
Through real-time sensors, Supervisory Control and Data Acquisition 
(SCADA) systems, and wide-area monitoring, dispatch centers can 
predict renewable fluctuations and adjust output dynamically.20-22

Energy storage integration

By 2023, China had installed 70 GW of storage capacity, including 
lithium-ion batteries, pumped hydro, and compressed air storage.3,23,24 
These systems provide frequency regulation, spinning reserve, 
and load shifting capabilities, essential for smoothing renewable 
variability.

Flexible generation fleet

China invested in gas peaker plants and retrofitted coal units for 
flexible operation. Minimum load levels of coal plants were reduced 
from 60% to 40%, allowing greater renewable penetration.25

Market-based dispatch

China’s Electricity Spot Markets in provinces like Guangdong and 
Shandong introduced real-time pricing, enabling flexible plants to 
respond to price signals, improving overall grid stability.

Regional interconnections

China built vast UHV lines connecting renewable-rich western 
provinces with industrial eastern hubs, balancing generation 
geographically.26-28 The lesson for Zambia is to enhance regional 
interconnections with neighboring SAPP countries (Namibia, 
Zimbabwe, Botswana) to share reserve capacity and trade renewable 
power flexibly.

Comparative analysis

Table 1 Grid comparative analysis

Parameter China (2023) Zambia (2025)
Renewable share 35% 15%

Grid digitalization Advanced (AI plus 
SCADA)

Minimal (manual 
dispatch)

Storage capacity 70 GW 20 MW
Transmission loss 5-7% 12-14%
Grid code flexibility Dynamic Static

Market structure Competitive regional 
markets

Relatively single-buyer 
model

Interconnections UHV national plus 
regional Weak SAPP linkage

China’s flexibility success relied on massive investment in 
technology, markets, and institutional reform, whereas Zambia’s 
system remains analog and centralized.29,30 However, Zambia can 
leapfrog directly to smart, modular, and distributed systems, bypassing 
China’s legacy phases.
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A framework for grid stability and flexibility in Zambia

Technical design

i.	 Smart grids: Deploy automated control systems across substa-
tions for real-time load 	   	 balancing. Smart 
meters should enable dynamic tariff adjustment and demand fo-
recasting.

ii.	 Hybrid generation mix: Retain hydropower as the core dispa-
tchable resource while integrating flexible solar-plus-storage 
systems and small hydro stations (Figure 2).

iii.	 Energy storage deployment: Implement Battery Energy Storage 
Systems (BESS) at solar farms and substations to provide ram-
ping and frequency control support.

iv.	 Reactive power management: Install STATCOMs and capacitor 
banks in transmission corridors to stabilize voltage profiles.

v.	 Regional grid integration: Strengthen SAPP interconnections to 
allow cross-border balancing and import flexibility during shor-
tages.

Figure 2 Proposed architecture for Zambia’s flexible smart grid.

Regulatory and market framework

Zambia could consider introducing ancillary services markets 
for frequency and voltage support, enforce a Renewable Grid Code 
defining connection standards, ramp rates, and curtailment protocols, 
and implement real-time pricing to reward flexible generation and 
penalize volatility.

Institutional strengthening

Create a National Grid Flexibility Taskforce (NGFT) under ERB 
and Ministry of Energy to coordinate policy, infrastructure, and 
research.

Financing and innovation

Zambia should leverage Green Climate Fund, World Bank’s Energy 
Storage Partnership, and China-Zambia clean energy cooperation for 
concessional financing of grid flexibility projects. Encourage local 
universities (e.g., UNZA, CBU, Mulungushi) to develop predictive 
maintenance and renewable forecasting tools.

Implementation roadmap

Table 2 Implementation roadmap

Phase Period Key Activities Expected 
Outcome

Phase I

Foundation

2025

to

2027

grid audit

smart metering 
pilot

BESS at two subs-
tations

Foundational data 
and pilot readiness

Phase II

Expansion

2028

to

2030

deploy flexible 
generation   units

integrate 500 MW 
solar plus 100MW 
storage

60% renewable 
integration with 
stability

Phase III

Optimization

2030

to

2035

Full automation

SAPP interlink 
upgrade, marke-
t-based dispat-
ch	

90% reliability

regional balancing

Environmental and socioeconomic impact

i.	 Reduced emissions: Shift from diesel and inefficient hydro ram-
ping could reduce CO₂ by 3 million tonnes per year by 2035.

ii.	 Economic growth: Reliable power enhances industrial competi-
tiveness and investor confidence.

iii.	 Social inclusion: Stable electricity enables digital services, refri-
geration, and extended education in rural areas.

iv.	 Job creation: Smart grid deployment could generate over 5,000 
skilled technical jobs across Zambia.

Challenges and mitigation

Table 3 Challenges and mitigations

Challenge Impact Solution

Limited technical 
capacity

Delays in grid automation
Training with 
Chinese and local 
universities

Financing 
constraints

Slow BESS and smart grid 
roll-out

Green bonds and 
PPP models

Institutional inertia Policy misalignment

Next Generation 
Fuel and 
Technology (NGFT) 
coordination

Cybersecurity risks Data and control 
vulnerabilities

AI-based intrusion 
detection systems

Conclusion and policy recommendations
Zambia’s renewable energy future hinges on one word, flexibility. 

The transition to a diversified and decentralized system must be 
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matched by digital modernization and policy coherence. China’s 
experience underscores that grid flexibility is not an add-on but the 
foundation of a modern power system. Policy recommendations 
include but not limited to modernization of grid infrastructure 
with SCADA, AI, and smart meters, development ancillary service 
markets to monetize flexibility, investment in energy storage as a 
critical national asset, promote enhanced regional grid integration 
within SAPP for cross-border balancing, and encouraging innovation 
and training in grid analytics and renewable forecasting. With 
decisive reform, Zambia can leapfrog to a flexible, low-carbon grid, 
lighting the path toward energy security, sustainability, and industrial 
empowerment. The future power system will not only keep the lights 
on but transform Zambia’s economy running in terms of reliability, 
efficiency, and cleanliness.
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