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ABSTRACT 

The Inga hydroelectric facilities play a central role in supplying 
electricity to the Democratic Republic of Congo, particularly to 
Kinshasa and several provinces in the southeast and west. However, 
their actual capacity remains limited due to manufacturing defects 
and insufficient maintenance, as highlighted in several reports, 
including one by the African Development Bank. The maintenance 
policy for the Inga 1 and 2 power plants is therefore crucial to 
ensuring their industrial performance. Controlling equipment lifespan 
and maintenance costs is essential to guaranteeing the reliability and 
profitability of the facilities. Without this control, significant risks 
can compromise the safety, quality, and efficiency of the 
infrastructure. This is why a reliability-oriented maintenance (ROM) 
approach is essential to reduce unnecessary costs, improve safety, 
and extend asset lifespan. Observations conducted over an eleven-
year period provide robust data to support this approach and guide 
informed technical decisions. 
 

 

KEYWORDS: Maintenance, Maintainability, Reliability, Availability, 

Productivity, Safety. 
 

 
 

How to cite this paper: Birhingingwa 
Ntumwa | Cimbela Kabongo | Hamisi 
Lundu "Study of Reliability-Oriented 
Maintenance Inga I And II Power 
Plants" Published in 
International 
Journal of Trend in 
Scientific Research 
and Development 
(ijtsrd), ISSN: 
2456-6470, 
Volume-10 | Issue-
4, August 2026, pp.467-477, URL: 
www.ijtsrd.com/papers/ijtsrd142037.pdf 
 
Copyright © 2026 by author (s) and 
International Journal of Trend in 
Scientific Research and Development 
Journal. This is an 
Open Access article 
distributed under the 
terms of the Creative Commons 
Attribution License (CC BY 4.0) 
(http://creativecommons.org/licenses/by/4.0) 

 

1. INTRODUCTION 

The Democratic Republic of Congo (DRC) has an 

estimated hydroelectric potential of 100,000 MW, 
42% of which is concentrated at the Inga site, located 

in Kongo Central province. To date, only 2.5% of this 

potential is being exploited, while less than 20% of the 

Congolese population has access to electricity. The 

two power plants installed at Inga have a total 
capacity of 1,775 MW, representing approximately 

55% of the country's installed electrical capacity of 
3,216.4 MW. This figure underscores the strategic 

importance of the Inga site, which primarily supplies 

the city-province of Kinshasa, the mining areas of 
Katanga, several provinces in the west of the country, 
as well as some neighboring African countries. Given 

its crucial role in national and regional energy supply, 
maintenance policy and equipment performance 

analysis must be a major priority for the operators of 
these facilities. Rigorous and reliable maintenance 

management is essential to guarantee the performance, 
durability and safety of these vital infrastructures. 

 
Given the numerous breakdowns that occur, we can 

ask ourselves what needs to be done (or what 
solutions can be implemented) to reduce breakdowns. 
To address this, we will propose solutions to these 

breakdown problems by implementing reliability-
based maintenance, in order to reduce their frequency 

(breakdowns) and lower maintenance costs. 

2. General concepts 

2.1. The operational safety parameters 

An electrical installation must ensure a continuous 
supply of electrical energy with a quality that meets 
applicable standards. Power outages and poor energy 

quality are becoming increasingly unacceptable to 

consumers. To guarantee the reliability of the 

electrical supply, a maintenance policy must be 

developed based not only on the manufacturer's 
recommendations but also on observations and 

analysis of the parameters that characterize the 

condition of the equipment. 

 

 
 

IJTSRD142037 



International Journal of Trend in Scientific Research and Development @ www.ijtsrd.com eISSN: 2456-6470 

@ IJTSRD   |   Unique Paper ID – IJTSRD142037   |   Volume – 10   |   Issue – 4   |   Jul-Aug 2026 Page 468 

2.1.1. Reliability (R (t)) 

Reliability is the ability of a piece of equipment to perform its function without failure for a given period of time, 
under given conditions. 
 Noted: R(t) 
 Related to the failure rate (λ) 
 With the aim of reducing the probability of breakdowns 

According to IEC Standard No. 191 of June 1988, reliability is the probability that an entity can perform a 

required function, under given conditions, for a given time interval. [ t1, t2 ] 

The reliability R (t) of a device at time t ≥ 0 is the probability that it is still functioning at time t: 

R (t) = P (T > t) = 1 – F T (t) ε [ 0; 1]  (1.1) 

F T (t) being the failure function. 

Since FT is an increasing function, the reliability R(T) is a decreasing function . 

R=       (1.2)  

the failure rate (λ) =  

2.1.2. Maintainability 

Maintainability is the ability of a piece of equipment to be repaired quickly. 
 Noted: M (t) 
 Key indicator: MTTR (Mean Time To Repair) 

Maintainability is the probability that a given active maintenance operation can be performed during a given time 

interval [t1, t2 ] which is written: M(t1, t2). 

2.1.3. Availability D(t) 

Availability is the probability that a piece of equipment will be operational at a given time. 

D =   

With : 
MTBF = Mean Time Between Failure 

MTTR = Mean Time To Repair 

This is also the probability that an entity is in a state to perform a required function under given conditions at a 

given time t, assuming that the necessary external resources are available. The average availability D( 0) over a 

given time interval can be evaluated by the expression: 

Do =      (1.3) 

With : 
TCBF = Cumulative Time to Good Operation 

TCI = Cumulative Immobilization Time 

2.1.4. Security 

Safety is defined as the probability of avoiding a catastrophic or dangerous event. 

The concept of security is closely linked to that of risk, which itself depends not only on the probability of 
occurrence but also on the severity of the event. 

2.2. Safety parameters as a function of average times 

2.2.1. Mean time between failures (MTBF) 

MTBF (Mean Time Between Failures) is the average time between two failures. It is the expected lifespan t. It is 
expressed as: 

MTBF =       (1.4) 

MTBF  
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 λ =        (1.5) 

2.2.2. Mean time to first failure (MTTF or MTFF) 

The MTTF or MTFF (Mean Time To Fist Failure) defines the time between commissioning and the occurrence of 
the first failure . 

2.2.3. Mean time to failure (MTF) 

The MDT (Mean Down Time) includes the time to detect the fault, the time to intervene, the time to repair and 

the time to return to service. 

2.2.4. Mean time to repair (MTTR) 

MTTR (Mean Time To Repair) is the average time between the start of the repair and its completion. 

2.2.5. The average duration of proper functioning after repair (MUT) 

MUT (Mean Up Time) expresses the time that elapses between the repair and the next breakdown. 

2.3. safety variables and mean time 

The most commonly used average time metrics are MTBF and MTTR. 

The indicators Reliability (R), Maintainability (M)) and Availability (D), allow equipment to be classified 

according to its values and to decide on a maintenance policy and the priorities of specific actions. 

Availability is the result of Reliability and Maintainability. 

R  

M  

D  

2.4. Maintenance 

The AFNOR X 60-010 standard of 1994 defines maintenance as a set of technical, administrative and 

management activities intended to maintain or restore an asset to a state in which it can perform a required 

function. 

This standard describes two types of maintenance: predictive maintenance and corrective maintenance. The NF 

EN 13306 standard, revised in 2018, retains the concept of maintaining or restoring proper functioning but 
integrates digital tools and intelligent strategies. The trend is moving towards a maintenance classification system 

from 2 to 7. These classifications are: corrective, curative, palliative, preventive, predictive, condition-based, and 

adaptive. 

2.5. Reliability-Oriented Maintenance Optimization (ROM)  

Optimizing maintenance through reliability involves using reliability methods, tools and indicators, particularly 

reliability, to reduce breakdowns, improve equipment performance and decrease costs. 

This method, which emerged in the 1960s in the aeronautical field, was adopted by EDF in 1990 for the 

maintenance of its nuclear power plants and is increasingly being applied to many complex industrial sites where 

maintenance operations are performed. This method pursues three objectives:  
reducing maintenance costs without compromising reliability, improving the safety and availability of 
installations (by being more precise in determining maintenance intervals and components), and extending the 

lifespan of equipment (sometimes exceeding the career length of maintenance operators). 

Reliability -based maintenance (RCM) : Reliability Centered Maintenance) has the following strategy : 
 identify the functions 
 identify the failure mode 

 define the optimal maintenance tasks (preventive, predictive, replacement...) 

Therefore, RCM leads to an optimized maintenance plan. 

Why optimize maintenance through reliability? 

Optimizing maintenance through reliability allows us to: 
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 Reduce production breakdowns and interruptions ; 
 Reduce maintenance costs and therefore have less urgency; 
 Increase the lifespan of assets (Equipment); 
 Moving from reactive maintenance to predictive maintenance. 

3. Presentation of the Inga I and II power plants 

The Inga I and II hydroelectric power plants are located in the Democratic Republic of Congo, in the Kongo 

Central province, approximately 30 km north of the city of Matadi. They are located at 5°31' south latitude and 

13°37' east longitude. 

The Inga site includes the following high-power electrical installations: 
 The Inga 1 (IN 1) nuclear power plant 
 The Inga 2 (IN 2) nuclear power plant 
 The Inga dispersal station (PDI) 
 The Inga Converter Station (SCI) 

The Inga hydroelectric power plants are of vital importance. Part of the energy produced by the two plants (Inga 1 

and 2) supplies the city-province of Kinshasa, the Katanga province via the Inga-Kolwezi line, the Kongo Central 
province, and the Bandundu province. Another portion of the energy is exported to Congo-Brazzaville, Angola, 
Zimbabwe, and South Africa. However, the energy produced is significantly reduced due to poor maintenance 

and design flaws in the facilities. 

The characteristics of the two power plants are as follows: 
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4. Study Methodology 

To produce this publication, we collected data from the various entities by utilizing different management 
documents and periodic reports. 

These are the following documents: 

• At the level of the Inga Technical General Secretariat 
 The annual technical reports 

• At the Inga I and II power plants 
 The logbook 

 The logbook 

 The Highlights Booklet 
 Operating instructions 

 The Highlights Booklet 
 Operating instructions 

 The consignment and deconsignation logbook 

 The walking log 

• Regarding maintenance services (Electrical, Mechanical and Electronic) 
 The weekly work log 

 The intervention log 

 The service order book 

 The annual maintenance planning logbook 

 The walking log 

5. Tools used and additional data 

After collecting and grouping the data according to several criteria, we used Excel software for presentation, data 

processing and the generation of various diagrams and curves. 

The reliability study alone did not allow us to draw sufficient conclusions about the behavior of the equipment. 

We have combined the additional operating data 

6. Presentation of results 

The results are presented in the form of Excel tables with a definition of the indicator, its expression, the 

observation and the partial conclusion. 

We analyzed the following quantities: 
We analyzed the 8 characteristic quantities in order to evaluate the quality of maintenance (Reliability, 

Availability and operational quantities). 
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These are the following quantities: 
1. The availability rate 

2. The downtime and walking time of the groups 

3. Peak Power 
4. peak utilization rate 

5. The number of triggers 

6. The number of blackouts 
7. The reliability index 

8. Group productivity 
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7. General observations 

Based on the data analyzed in this chapter: 

1. We observe that a huge effort is being made to 

increase the number of groups available on the 

networks. 

2. Reliability alone, as a study based on historical 
data and feedback, is not a determining factor in 

analyzing the operational reliability of an 

installation. Its analysis should be supplemented 

by the use of other operational metrics. 

3. The random nature of reliability indicates the 

following facts: 

The machines at Inga, and especially Inga II, 
already had manufacturing defects from the 

moment they were put into service in 1982; 

Some groups were very productive, mainly groups 

G25, G28 and G27 of Inga 2 (Siemens 
manufacture), while some groups were poorly 

productive for various reasons including 

manufacturing defects. 

The absence of a targeted, regular, and adaptive 

maintenance policy. 

4. The networks supplied by the two power plants 

have a serious problem of proper functioning and 

contribute enormously to the tripping of the Inga 

groups (Inga-Kinshasa line and Inga-Kolwezi 
line). 

5. The unavailability of spare parts contributes to the 

shutdowns of the groups, it reached 76 percent of 
the causes of unavailability at Inga II. 

6. An annual average of 8 blackouts or general 
power outages is a very high number and deserves 
special attention, compared to the average in 

Africa which is 6, and that of Europe which is 0.3 

per year. 

7. The peak demand recorded at Inga is also 

constantly increasing, which, conversely, reduces 

the number of available units in terms of rotating 

or cold reserve. This makes scheduling 

maintenance, repair, or upkeep work more 

difficult. 

8. General recommendations 

Based on the observations mentioned above, we 

recommend the following to the operator: 

To continue efforts to improve the reliability of 
machines and associated networks in order to enhance 

the quality of energy supplied to consumers. 

For the power plant 

To organize the management of stores by making 

spare parts available, which often break down. 

Make the less productive power plant groups more 

reliable, G12, 13 and 14 at Inga 1 and G21 and G22 at 
Inga 2. 

To develop a coherent maintenance policy in terms of 
human, material, and financial resources. Consider the 

construction of new power plants to facilitate 

maintenance by increasing rotating and cooling 

capacity, while maintaining a cooling capacity of at 
least 25 percent. Establish a dynamic maintenance 

work schedule that takes into account machine 

behavior. 

Opt for Reliability-Based Maintenance (RCM) : 
Reliability Centered Maintenance) Modernize 

outdated equipment by taking into account new 

technology. Ensure almost continuous staff training. 

For the transport networks supplied by the power 

plant 

Particular attention should be paid to improving the 

reliability of the Inga-Kolwezi high voltage direct 
current line and the high voltage alternating current 
network, which account for three-quarters of the 

causes of tripping. 
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