

Technical & Commercial Losses in the West‑African Interconnected Electricity Network: Challenges and Prospects

Abstract
In the West African region, power system integration through the West Africa Power Pool (WAPP) is a strategic initiative aimed at enhancing energy security and facilitating cross-border electricity trade. Despite significant progress in regional interconnections, the efficiency and financial performance of electricity networks remain severely constrained by high levels of technical and commercial losses. Recent assessments indicate that average technical losses reach approximately 9.1%, while non-technical (commercial) losses account for nearly 21%, revealing persistent structural deficiencies in network operation and management.Technical losses are primarily driven by aging infrastructure, overloaded transmission and distribution lines, inadequate maintenance practices, and the limited deployment of advanced monitoring and control systems such as SCADA and smart grid technologies. Commercial losses, on the other hand, result from inaccurate metering and billing systems, illegal connections, electricity theft, and low revenue collection rates, often compounded by weak governance and insufficient regulatory enforcement.
Addressing these challenges requires a comprehensive and coordinated approach, including network modernization through digitalization and smart metering, capacity building for utility operators, harmonization of regulatory frameworks across WAPP member states, and increased consumer awareness regarding responsible electricity consumption. Implementing such measures would significantly reduce system losses, improve the financial sustainability of power utilities, enhance supply reliability, and strengthen subregional energy cooperation in West Africa.
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 Introduction
Electricity Losses in West Africa: A Critical Challenge for Regional Power Grid Unification Since the early 2000s, West Africa, aspiring to achieve sustainable energy independence, has embarked on a process of regional integration of its power systems through the West Africa Power Pool (WAPP), a large-scale project. Initiated by the Economic Community of West African States (ECOWAS), this project aims to interconnect national electricity grids in order to improve generation capacity, ensure safer distribution, and promote energy trade among countries. The ultimate ambition is to sustainably guarantee fair, stable, and affordable access to electricity for all communities in the region.
However, despite significant progress in the development of interconnection lines and the establishment of a regional electricity market, the sector continues to face a major structural challenge: electricity losses, both technical and commercial. These losses constitute a serious obstacle to the efficiency, profitability, and sustainability of the regional grid [13-15]. They reduce the revenues of national electricity utilities, jeopardize the investments required for infrastructure upgrades, and limit the tangible benefits of energy integration.
1. Scope and Classification of Electricity Losses in the Region
Two main categories of electricity losses can be identified:
· Technical losses, associated with the physical constraints of transmission and distribution networks.
· Non-technical or commercial losses, resulting from billing irregularities, fraud, electricity theft, or poor administrative management.
According to recent data from the WAPP and the African Development Bank (AfDB), average technical losses in the region amount to approximately 9.1% of generated energy, while non-technical losses approach 21%. These figures significantly exceed international standards, where total losses generally range between 6% and 10% in developed countries. Some national utilities exhibit even more alarming levels. For example, the Compagnie Ivoirienne d’Électricité (CIE), often cited as a model of good management, records total losses of around 13%, whereas in other countries such as Guinea, Nigeria, or Senegal, losses sometimes exceed 30%. These disparities highlight the structural differences among national grids and the difficulty of harmonizing technical performance within an integrated regional framework.
2. Causes of Technical Losses
Technical losses are inherent to any power system, but their magnitude largely depends on the technological level and the quality of network maintenance. In West Africa, several factors explain the persistence of high loss rates:
1. Aging infrastructure:
Many networks date back to the 1970s–1980s. Transformers, cables, and distribution lines are often obsolete and poorly maintained, leading to significant energy dissipation in the form of heat.
2. Low network density and overloads:
Transmission and distribution lines are frequently overloaded due to rapidly growing demand that is not matched by adequate capacity reinforcement. This results in additional losses and increased outage risks.
3. Insufficient preventive maintenance:
Maintenance operations are often delayed due to limited financial resources or inadequate planning, which increases technical failures and cumulative losses.
4. Lack of modern supervision systems (SCADA):
Most networks still lack advanced monitoring or automation technologies that enable rapid anomaly detection and precise localization of loss-prone areas.
5. Limited integration of renewable energy sources:
The intermittency of sources such as solar and wind, when poorly integrated into the grid, can cause voltage imbalances and additional losses.
Thus, technical losses are not merely physical constraints but also reflect technological and organizational delays in the management of regional electrical infrastructure.
3. Causes of Non-Technical (Commercial) Losses
Commercial losses represent an even more critical share of the problem, exceeding technical losses by more than double. They arise from several socio-economic and institutional factors:
1. Illegal connections and electricity theft:
In many countries, unregistered users connect directly to the grid without meters. This phenomenon is particularly widespread in densely populated urban areas and underserved peri-urban neighborhoods.
2. Inaccurate billing and obsolete systems:
Utilities still rely on mechanical meters that are easy to tamper with. In addition, manual meter readings are often inaccurate or falsified, leading to chronic underbilling.
3. Low bill collection rates:
Unpaid bills represent a significant loss of revenue, particularly from public institutions or state-owned enterprises. In several countries, more than 20% of issued bills are never paid.
4. Corruption and lack of transparency:
Some distribution agents bypass billing procedures or negotiate informal payments with consumers, further aggravating commercial losses.
5. Weak governance and regulation:
The absence of strong and independent regulatory authorities hinders the enforcement of effective sanctions against fraud and internal inefficiencies.
These commercial losses therefore reflect deep institutional weaknesses and a lack of performance-oriented culture within many electricity utilities.
4. Economic and Regional Consequences
Electricity losses have multiple repercussions on West African economies. From a financial perspective, they directly reduce the revenues of electricity companies, limiting their ability to invest in network maintenance or expansion. This creates a vicious cycle: fewer investments, more outages, higher losses, and declining financial returns.
At the macroeconomic level, these losses weaken industrial competitiveness, as production costs increase and companies are often forced to rely on private generators, which are more expensive and polluting. They also undermine the financial viability of regional interconnections, since cross-border energy exchanges cannot be fully profitable as long as national losses remain high.
From a social standpoint, service quality deteriorates: frequent outages, voltage instability, damage to household appliances, and consumer dissatisfaction. This situation fuels mistrust toward public utilities and perpetuates the cycle of fraud.
5. Mitigation Pathways and Strategic Measures
To sustainably reduce electricity losses and strengthen the reliability of the interconnected West African grid, several strategic actions can be considered:
1. Infrastructure modernization:
Replacing obsolete lines, upgrading transformers, and installing high-efficiency equipment. The gradual rehabilitation of distribution networks is an absolute priority.
2. Digitalization and smart metering:
The deployment of smart meters enables fraud detection, improves billing accuracy, and enhances transparency in electricity consumption.
3. Strengthening governance and regulatory frameworks:
The establishment of harmonized regional regulatory authorities within the WAPP would facilitate the enforcement of common standards for performance and loss reduction.
4. Training and professionalization of personnel:
Developing technical and managerial skills within electricity utilities is essential to improve maintenance, fault diagnosis, and commercial management.
5. Consumer awareness and accountability:
Effective communication on the economic consequences of electricity losses can encourage citizens to adopt more responsible behaviors and report fraudulent practices.
6. Use of advanced monitoring technologies (SCADA, IoT, AI):
The integration of advanced supervision, Internet of Things, and artificial intelligence solutions can enable real-time monitoring, predictive maintenance, and optimized loss reduction strategies across the regional grid.
 2. Materials and Methods
The data used in this study are drawn from regional reports published by the Economic Community of West African States (ECOWAS) and its specialized agencies, notably the West Africa Power Pool (WAPP) and the ECOWAS Regional Electricity Regulatory Authority (ERERA). According to 2022 statistics, the average technical losses recorded by electricity distribution companies in the West African region are estimated at 9.1%, while non-technical (commercial) losses reach approximately 21% in several member countries. These figures reflect significant structural imbalances within national and regional power grids.
The analysis is based on a comparison of these values with international standards, which generally range between 5% and 10%, as well as on an in-depth examination of the underlying explanatory factors. Technical losses mainly result from aging infrastructure, overloads on transmission lines, and a lack of preventive maintenance. Non-technical losses, on the other hand, are associated with illegal connections, meter tampering, inaccurate billing, and low revenue collection rates.
This assessment highlights the need for grid modernization, the integration of smart technologies, and the strengthening of regional energy governance in order to improve the performance, profitability, and sustainability of the West African electricity sector.













3. Results
3.1 Technical Losses
In 2022, the average level of technical losses in the electricity networks of West Africa was estimated at 9.1%. These losses correspond to energy physically dissipated during transmission and distribution, mainly in the form of heat in cables and transformers.
TABLE 1. Technical losses (%) in different countries 
	Country 
	 Technical Losses (%) 
	Remarks

	Liberia
	15,0
	 Ging, undersized, and poorly maintained networks

	Guinea-Bissau
	13,5
	Aging networks with insufficient maintenance

	 Ivory Coast
	4,4
	Recent investments in modernization

	Nigeria
	3,6
	Modernized networks with regular maintenance

	Regional Average
	9,1
	 Based on WAPP and AfDB statistics


Main causes:
· Aging transmission lines and transformers
· Overloads resulting from growing electricity demand
· Lack of modern supervision systems (SCADA, smart sensors)
· Insufficient or irregular maintenance







3.2 Non-Technical (Commercial) Losses
Commercial losses represent an even more significant share and often exceed 20%. They arise from administrative, economic, and social dysfunctions.
TABLE 2. Commercial Losses (%) in different countries 
	Country 
	Commercial Losses (%) 
	Main Causes

	Ghana
	25
	Fraud, illegal connections, inaccurate billing

	Guinée
	25
	Illegal connections, low bill collection

	Sénégal
	20
	Fraud, unpaid bills, poor billing

	Côte d’Ivoire
	10
	Relatively efficient management, low fraud

	Regional Average
	21
	WAPP and AfDB data



Key factors:
· Illegal connections and electricity theft
· Inaccurate billing and obsolete meters
· Low bill collection rates
· Corruption and lack of transparency
· Weak governance and regulatory frameworks
3.3 Total Losses and Comparison with International Standards

Table 3 presents the Total Losses and Comparison with International Standards
Table 3: Total Losses and Comparison with International Standards
	Country
	Technical Losses (%)
	Commercial Losses (%)
	Total Losses (%)
	Deviation from International Standards (5–10%)

	Nigeria
	3,6
	8,0
	11,6
	+1,6 à +6,6

	Côte d’Ivoire
	4,4
	10,0
	14,4
	+4,4 à +9,4

	Ghana
	6,0
	25,0
	31,0
	+21 à +26

	Guinée
	10,0
	25,0
	35,0
	+25 à +30

	Liberia
	15,0
	22,0
	37,0
	+27 à +32

	Guinée-Bissau
	13,5
	20,0
	33,5
	+23,5 à +28,5

	Sénégal
	8,0
	20,0
	28,0
	+18 à +23

	Sierra Leone
	12,0
	18,0
	30,0
	+20 à +25

	Mali
	9,5
	19,0
	28,5
	+18,5 à +23,5

	Burkina Faso
	9,0
	21,0
	30,0
	+20 à +25

	Niger
	11,0
	23,0
	34,0
	+24 à +29

	Togo
	7,5
	18,0
	25,5
	+15,5 à +20,5

	Bénin
	9,0
	20,0
	29,0
	+19 à +24



Comments:
· Total losses significantly exceed international standards in nearly all countries.
· The most critical gaps are observed in Guinea, Liberia, Ghana, and Guinea-Bissau, with total losses exceeding 30%.
· Countries such as Nigeria, Côte d’Ivoire, and Togo demonstrate that modernization and good governance help limit losses.
· Commercial losses are generally higher than technical losses, highlighting the importance of institutional reforms and improved billing systems.
4. Discussion
Impacts, causes, and remedies for electricity losses in West Africa
Electricity losses, whether technical or commercial, are a critical issue for the efficiency of power networks in West Africa. Despite progress achieved through the West Africa Power Pool (WAPP), the region continues to face high loss levels that hinder the profitability, reliability, and efficiency of the interconnected system.
Data from 2022 reports by ECOWAS and WAPP indicate that average technical losses amount to 9.1%. The most critical levels are observed in Liberia (~15%) and Guinea-Bissau (~13.5%), while better performance is recorded in Nigeria (3.6%) and Côte d’Ivoire (4.4%). In contrast, non-technical (commercial) losses exceed 20% in several countries, particularly where weak collection, billing errors, and high rates of illegal connections persist.
A notable example is Ghana, where total losses (technical and commercial) were estimated at approximately 32% in 2025, highlighting the magnitude of the problem despite partial network modernization. These observations underscore that regional interconnection initiatives, such as CLSG or OMVG, cannot alone solve the loss problem. As long as national networks remain fragile and inefficient, the expected benefits of cross-border electricity trade will remain partially compromised.
4.1 Reduced Reliability: A Structural Constraint on Service Quality
The primary impact of high losses affects the reliability of the electricity network. A significant portion of generated energy does not reach end-users, indicating that the actual supplied capacity is much lower than the installed or introduced capacity.
This performance gap leads to a series of cascading effects:
· Frequent outages are inevitable when demand exceeds available capacity.
· Voltage drops and frequency fluctuations compromise electricity quality, causing damage to household and industrial equipment.
· Distribution companies are forced to implement scheduled outages, affecting the continuity of public service.
Network instability erodes user confidence and threatens economic activity. Manufacturing and service sectors experience production declines, while households face high costs for self-supply via generators. Consequently, lower network reliability in West Africa directly impacts economic competitiveness and social welfare.
4.2 Compromised Profitability: A Chronic Financial Imbalance
High losses also undermine the economic profitability of electricity companies. When 25–30% of generated or purchased energy is unbilled or unpaid, revenue becomes insufficient to cover production, transmission, and distribution costs.
Public utilities face structural deficits. In some cases, revenue losses reach tens of millions of dollars per year. This limits their ability to:
· Maintain and modernize infrastructure;
· Invest in new generation capacity;
· Meet financial obligations to independent power producers (IPPs).
This financial instability creates a vicious cycle: reduced investments lead to more failures, causing higher losses, and so on. Over the long term, these deficits affect public finances, as governments are regularly required to provide financial support to prevent utility collapse. This situation jeopardizes not only state financial health but also sector credibility with private investors and international donors.
4.3 Impact on Regional Interconnection and Cross-Border Trade
One of WAPP’s major objectives is to promote a regional electricity market, enabling surplus-producing countries (e.g., Côte d’Ivoire or Ghana) to export energy to deficit countries (e.g., Guinea-Bissau, Liberia, or Niger). However, high losses significantly reduce the effectiveness of this mechanism.
Specifically:
· When national networks are inefficient, imported energy is partially lost before reaching end-users, reducing the economic benefits of interconnection.
· Performance disparities between countries complicate pricing and reliability, making it difficult to reflect real costs.
· Regional operators must over-dimension interconnection infrastructure to compensate for these losses, increasing investment costs.
Therefore, as long as each member country does not improve its performance indicators—particularly regarding technical and commercial losses—the potential for low-cost energy exchange remains limited. Interconnection is only meaningful if national grids are robust, reliable, and well-managed.
4.4 Structural and Institutional Causes
The causes of losses are multiple and interdependent:
1. Aging infrastructure: Transformers, cables, and distribution lines are often obsolete, resulting in low energy efficiency.
2. Network overloads: Rapid urbanization and population growth have caused demand to exceed planned capacity, increasing thermal losses.
3. Low reliability of metering systems: The absence of modern meters and frequent manipulation of old meters facilitate fraud and underbilling.
4. Illegal connections and commercial fraud: Unauthorized connections remain common, sometimes tolerated in underprivileged areas.
5. Insufficient collection: Non-payment, particularly by public administrations, represents a major revenue loss. In some countries, actual collection rates do not exceed 65%.
These causes reflect systemic delays in technical modernization, governance, and electricity sector management.
4.5 Solutions and Improvement Prospects
To address these challenges, several structural and operational measures are necessary to enhance the performance of West African power networks:
1. Infrastructure modernization: Replace high-voltage lines, transformers, and distribution equipment, and adopt modern load management and monitoring technologies (SCADA, IoT sensors).
2. Widespread deployment of prepaid and smart meters: These devices reduce fraud, improve billing, and promote consumer accountability. They also enable automated consumption data collection, essential for planning.
3. Strengthening revenue collection and financial discipline: Implement electronic payment systems and enforce penalties for non-payment to restore utility financial viability.
4. Regular network audits: Technical and commercial audits help identify critical points and establish targeted loss-reduction plans.
5. Integrated loss reduction programs: Countries can adopt Loss Reduction Programs (LRPs) supported by technical and financial partners, combining technical upgrades and institutional reforms.
6. Regulatory harmonization and regional cooperation: WAPP and ERERA should continue harmonizing performance standards and encourage countries to achieve loss thresholds below 10%.
7. Human capacity development: Training and specialization of engineers and technicians in maintenance, energy management, and digital network supervision is essential for sustainable reforms.
Electricity losses in West Africa are a major obstacle to the success of regional energy integration. Their magnitude estimated at nearly 30% of total produced or imported energy in some countries—threatens the technical and financial stability of the sector.
To overcome this challenge, a comprehensive and coordinated approach is essential: modernize networks, improve governance, harmonize regulations, and strengthen technical cooperation within WAPP. Sustainable loss reduction is not only a technical issue but also an economic, social, and political one. It determines supply reliability, operator profitability, and the success of West African energy integration a cornerstone of regional development.

Conclusion: 
Technical and commercial losses in West African electricity networks represent a significant barrier to achieving the energy integration goals promoted by the West Africa Power Pool (WAPP). The region exhibits substantial deviations from international standards (5–10%), with average technical losses estimated at 9.1% and non-technical losses reaching up to 21% in various countries. These losses, primarily due to infrastructure degradation, illegal connections, and insufficient billing and collection systems, significantly reduce sector profitability and reliability.
For regional interconnection to fully serve as a lever for energy efficiency and economic integration, each member country must implement specific structural reforms. These initiatives include upgrading electricity networks (replacement of aging lines and transformers, increased transmission capacity), implementing digital metering and billing systems, and deploying smart meters to reduce fraud and optimize collections. Simultaneously, improving governance, training technicians, and raising consumer awareness are essential to optimize energy management and minimize non-technical losses.
A coordinated strategy among member states, supported by regional institutions such as WAPP, ECOWAS, and ERERA, is therefore essential. By addressing technical, commercial, and institutional aspects, the region can strengthen the financial resilience and sustainability of its utilities while improving access to stable, affordable, and reliable electricity. Reducing losses is thus a key condition for fully realizing the potential of energy integration in West Africa.
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