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Abstract 

This study examines the impact of rolling stock expansion on the Abuja-Kaduna rail service in Nigeria 
from 2016 to 2022, focusing on service capacity, operational efficiency, and passenger satisfaction. 
The Nigeria government increased NRC’s fleet from 12 to 36 coaches to address rising demand, yet 
the relationship between this investment and measurable performance improvements remains 
underexplored. Using mixed methods—including operational data analysis, maintenance logs, and 
passenger surveys—the research reveals a 184% capacity increase, outpacing passenger growth 
(142%) and addressing capacity underutilization (58% post-expansion). While punctuality improved 
by 27%, maintenance challenges, particularly Heating, Ventilation and Air Conditioning (HVAC) 
failures (43% of faults), and higher labour costs affected the efficiency gains. Passenger satisfaction 
rose significantly in seating availability (+1.3 points) and punctuality (+0.9 points), though long 
ticketing queues and inadequate basic amenities are major drawback. Financial sustainability 
concerns emerged, with a 30% drop in revenue per coach despite lower unit costs. The conclusions 
highlight that rolling stock expansion alone is insufficient without complementary demand 
management, workforce training, and ancillary revenue strategies. The study provides policy 
recommendations, including dynamic pricing, predictive maintenance, and integrated ticketing, to 
optimize Nigeria’s rail investments as a model for other developing economies revitalizing their rail 
transport. 
Keywords: Rolling Stock Expansion, Operational Efficiency, Passenger Satisfaction, Capacity 
Utilization, Financial Sustainability  

 

1.0  Introduction 

Expanding the rolling stock, which comprises of 

locomotives, coaches, and wagons, is crucial in 

enhancing rail service capacity, operational 

efficiency, and passenger satisfaction (Altraide, 

2016). In developing economies like Nigeria, 

where rail transport is undergoing revitalization, 

strategic investments in rolling stock are crucial 

for meeting growing demand and enhancing 

service reliability (Adesanya, 2010). The Abuja-

Kaduna train service, launched in 2016 as part of 

Nigeria’s railway modernization efforts, presents 

an ideal case study for examining the relationship 
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between rolling stock expansion and service 

performance. 

 

Before 2020, the Abuja-Kaduna corridor 

operated with limited rolling stock, constraining 

passenger capacity and operational flexibility 

(Nigerian Railway Corporation (NRC), 2022). 

However, between 2020 and 2022, the Nigerian 

government significantly increased the fleet size, 

expanding from 12 to 36 operational coaches 

(Abdulrahim, Bilal & Onikosi-Alliyu, 2021). 

This expansion was intended to address rising 

passenger demand, reduce congestion, and 

improve service efficiency. Yet, the extent to 

which this investment has translated into 

measurable improvements in capacity utilization, 

operational performance, and passenger 

satisfaction remains understudied. 

 

Globally, empirical research has shown that 

rolling stock expansion can improve rail service 

quality by reducing overcrowding, enhancing 

scheduling flexibility, and increasing revenue 

generation (Beck, Bente, & Schilling, 2013). 

However, in the African context, challenges such 

as maintenance inefficiencies, funding 

constraints, and inconsistent demand often limit 

the expected benefits (AFDB 2015). The Abuja-

Kaduna service offers a unique opportunity to 

examine these dynamics in a developing 

economy where rail transport is regaining 

momentum after decades of neglect. 

 

2.0  Need for the Study 

This study investigates the impact of rolling 

stock expansion on the Abuja-Kaduna train 

service between 2016 and 2022, focusing on 

three key parameters: 

Service Capacity: How has the increase in 

rolling stock affected passenger carrying 

capacity and frequency of operations? 

Operational Efficiency: To what extent has fleet 

expansion improved punctuality, maintenance 

efficiency, and cost management? 

Passenger Satisfaction: Has the addition of new 

coaches led to measurable improvements in 

passenger comfort, reliability, and overall service 

perception? 

By analyzing operational data from the Nigerian 

Railway Corporation (NRC) and passenger 

feedback surveys, this research contributes to the 

broader discourse on infrastructure investment in 

rail transport. The findings of this study therefore 

provided relevant data for policymakers and 

transport planners in emerging markets seeking 

to optimize rail investments for sustainable urban 

and intercity mobility (Rodrigue, 2020). 

 

3.0 Literature Review 

The expansion of rolling stock comprising 

locomotives, passenger coaches, and freight 
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wagons is a critical determinant of rail service 

performance. As global urbanization intensifies 

and demand for sustainable transport grows, 

railways are increasingly seen as a viable 

solution for reducing road congestion and 

lowering carbon emissions (Beck etal, 2013). 

However, the effectiveness of rolling stock 

investments depends on how well they translate 

into improved service capacity, operational 

efficiency, and passenger satisfaction. This 

literature review synthesizes existing research on 

these three key dimensions, with a focus on 

lessons applicable to the Abuja-Kaduna train 

service in Nigeria. 

 

Rolling Stock Expansion and Service Capacity 

Rail service capacity is primarily influenced by 

fleet size and composition, train frequency and 

scheduling flexibility and Infrastructure 

constraints (Altraide, 2016; Ghanbari, Shirin & 

Afshar-Nadjafi, Behrouz & Sabzehparvar, Majid 

2023; (Rodrigue, 2020). Studies in developed 

economies (e.g., the UK and Japan) demonstrate 

that rolling stock expansion directly increases 

passenger carrying capacity by enabling higher-

frequency services (Wang et al., 2024). However, 

in developing countries, challenges such as 

Maintenance backlogs, inadequate depot 

facilities, skilled labor shortages often limit the 

expected gains. (B2MASTER., 2022; Adesanya, 

2010; NRC, 2022)  

 

Empirical Evidence from Africa 

In South Africa, the Gautrain’s phased rolling 

stock expansion (2010–2018) led to a 40% 

increase in daily passenger trips (Musakwa, 

2017). Conversely, Nigeria’s Lagos-Kano 

narrow-gauge railway saw minimal capacity 

improvements despite fleet additions due to poor 

track conditions and inefficient 

dispatching (Ogochukwu, Ogochukwu, 

Ogorchukwu, & Ebuka, 2022). These contrasting 

cases highlight that infrastructure upgrades must 

complement rolling stock investments to achieve 

meaningful capacity gains. 

 

Operational Efficiency: Maintenance, Costs, 

and Punctuality 

Fleet Modernization and Efficiency 

Modern rolling stock (e.g., electric multiple 

units) typically offers lower energy 

consumption (Beck, Bente, & Schilling, 2013); 

reduced maintenance downtime (Ghanbari et al., 

2023); higher average speeds (Altraide, 2016). 

However, in Nigeria, the Abuja-Kaduna service’s 

reliance on diesel locomotives and aging 

maintenance practices has led to frequent 

breakdowns (Abdulrahim, Bilal & Onikosi-

Alliyu, 2021 and high operational costs per 

kilometer (NRC, 2022) 

 

Nigerian Journal of Logistics and Transport 2025,Vol. 17 (1) DOI: 10.61955/UYVUBO

https://doi.org/10.61955/UYVUBO


NIGERIAN JOURNAL OF LOGISTICS AND TRANSPORT                                         Volume 1, 2025 
 

 
541 

Comparative Case: Morocco’s Al Boraq High-

Speed Rail 

Morocco’s investment in new-generation 

trains (2018) reduced trip times by 50% while 

improving punctuality to 95% (World Bank, 

2024). Key success factors includes predictive 

maintenance systems, automated scheduling 

software and staff training programs. These 

findings suggest that Nigeria’s rail modernization 

must go beyond quantitative expansion to 

adopt technological and managerial best 

practices, passenger satisfaction, comfort, 

reliability and perceived quality. Empirical 

studies identify seat availability, 

punctuality, cleanliness and safety as the most 

influential factors. (De Oña et al., 2016; Eboli & 

Mazzulla, 2018; Mouwen, 2015)  

 

Evidence from African Rail Systems 

South Africa’s Metrorail: Fleet expansion (2015–

2020) improved satisfaction scores by 25%, but 

overcrowding persisted due to uneven demand 

distribution (Musakwa, 2017). Ethiopia’s Addis 

Ababa Light Rail: New trains (2015) initially 

boosted satisfaction, but maintenance 

failures later eroded gains (Minwuyelet, & 

Tilahun., 2022). Also, Abuja-Kaduna, passenger 

surveys (NRC, 2022) revealed improved 

passenger satisfaction notably in seating capacity 

but persistent complaints about air conditioning 

failures and delays are major drawback. 

Empirical Gaps  

While prior research has examined rolling stock 

impacts in Europe and Asia, few studies focus 

on African contexts where infrastructure 

deficits are more severe, financial 

constraints limit fleet modernization and 

informal transport competition skews demand 

patterns. This study addresses these gaps by 

quantifying capacity-efficiency trade-offs in 

Abuja-Kaduna’s post-2020 expansion, linked 

fleet growth to passenger satisfaction using 

primary survey data and provided policy 

recommendations for emerging-market rail 

systems. The literature confirms that rolling 

stock expansion can enhance rail performance, 

but success depends on parallel investments in 

track/signaling systems, adoption of modern 

maintenance practices, continuous passenger 

feedback integration. The Abuja-Kaduna case 

offers critical insights for Nigeria’s ongoing rail 

reforms and similar initiatives across Africa. 

 

4.0 Methodology 

Research Design 

This study employs a mixed-methods case study 

approach to evaluate how rolling stock 

expansion (2016-2022) influenced service 

capacity, operational efficiency, and passenger 

satisfaction on Nigeria's Abuja-Kaduna rail 

corridor. The design integrates: 
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1. Quantitative analysis of operational 

performance metrics 

2. Qualitative assessment of maintenance 

logs and passenger feedback 

3. Comparative benchmarking against 

international standards 

The temporal scope covers:  

1. Pre-expansion phase (2016-

2019): Baseline operations with 10-12 

coaches  

2. Expansion phase (2020-2022): 

Fleet increased to 36 coaches 

 

Data Sources and Collection 

The research used both primary and secondary 

data. Tables 1 and 2 below classify the sources of 

data

 

Table 1: Showing Source of Primary Data 

Data Type Source Collection Method Variables Measured 
Passenger 
surveys 

NRC stations (Idu, 
Kubwa, Kaduna) 

Structured questionnaires 
(n=500) 

Satisfaction scores (1-5 Likert), 
crowding perception, reliability 
ratings 

Source: Authors Analysis, 2025 

Table 2: Showing Source of Secondary Data 

 
 

Period Provider Key Metrics 

Daily operations 
log 

2016-2022 Nigerian Railway 
Corporation 

Departure/arrival times, cancellations, 
coach utilization 

Revenue reports Quarterly 2016-2022NRC Finance Unit Farebox recovery ratio, cost per 
passenger-km 

Fleet inventory Annual 2016-2022 NRC Rolling Stock 
Dept. 

Coach numbers, age profile, 
propulsion type 

Maintenance 
records 

NRC engineering 
department 

Document analysis Downtime frequency, repair costs, 
mean distance between failures 

Source: Authors Analysis, 2025 

 

Analytical Framework 

The analytical framework combines capacity 

measurement, efficiency evaluation, passenger 

sentiment analysis, and strategic sampling to 

generate a comprehensive performance profile of 

the rail system. Capacity analysis begins by 

calculating the theoretical carrying capability 

using the formula: (number of coaches) × (seats 

per coach) × (daily trips). This is then compared 

to actual ridership to determine the utilization 

rate, expressed as a percentage of theoretical 

capacity. To understand how capacity and 

demand have evolved, time-series regression 

techniques are applied, allowing for the 
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estimation of trends and identification of 

capacity-demand mismatches across operational 

periods. Additionally, Analysis of Variance 

(ANOVA) with a significance level of α = 0.05 is 

used to evaluate statistically significant 

differences in operational outcomes before and 

after any system expansions or rolling stock 

acquisitions. 

Efficiency is assessed through both operational 

and economic performance indicators. 

Operationally, punctuality measures the 

percentage of trains arriving within 15 minutes of 

schedule, while the Mean Distance Between 

Failures (MDBF) serves as a reliability metric. 

Economically, efficiency is evaluated through the 

cost per seat-kilometer—calculated as total 

operating costs divided by total seat-kilometers 

offered—and labor productivity, measured as 

total passenger-kilometers per staff hour. These 

indicators are benchmarked against international 

rail performance standards, including World 

Bank efficiency norms, and compared with peer 

systems such as Morocco’s Al Boraq (high-

speed) and South Africa’s Gautrain (commuter) 

networks. This comparative analysis provides an 

external reference for assessing whether the 

system performs below, at, or above global best 

practice thresholds. 

Passenger satisfaction is analyzed through a 

combination of qualitative and quantitative 

methods. Open-ended survey feedback is coded 

and interpreted using NVivo 12 to extract 

sentiment patterns and recurrent themes 

regarding service quality. Importance-

Performance Analysis (IPA) is used to identify 

service attributes that require priority 

improvements, particularly those considered 

highly important but rated low in performance. 

Furthermore, Structural Equation Modeling 

(SEM) is employed to test the causal 

relationships between service attributes such as 

cleanliness, seating comfort, and scheduling 

reliability, and broader outcomes such as overall 

satisfaction and future loyalty intentions. This 

helps clarify which service dimensions most 

strongly influence passenger retention and 

positive ridership behavior. 

The sampling strategy incorporates both 

passenger survey data and operational records. 

Passenger surveys employ stratified random 

sampling based on travel frequency (daily, 

weekly, occasional) and coach class (Business 

and Standard), aiming for a sample size of 500 

respondents at a 95% confidence level and ±4.3% 

margin of error. Surveys are administered during 

both peak (Q4 2021) and off-peak (Q2 2022) 

seasons to capture temporal variability in user 

experience. Operational performance data is 

drawn from a census of all recorded trips (N = 

28,540), while maintenance analysis uses 

purposive sampling of 120 documented cases 

involving electrical, mechanical, HVAC, and 
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software faults. Data analysis is conducted in 

STATA 17 and R (with ggplot2 for visualization), 

whereas qualitative coding is conducted in 

NVivo 12. Collectively, this mixed-methods 

design ensures that the assessment integrates 

technical performance metrics with experiential 

user insights, creating a robust and replicable 

evaluation model for rolling stock investments in 

emerging rail markets. 

 

Research Data 

These tables include the annual passenger 

volumes (2016–2022), rolling stock counts, 

operational metrics, and summary statistics from 

the passenger survey. These datasets represent 

the fundamental inputs from which subsequent 

analyses—capacity modeling, trend analysis, t-

tests, and satisfaction comparisons—were 

derived.

Table 3: Annual Passenger Volumes (Secondary Data; 2016–2022) 

Year Passengers Carried % Change YoY Notes 

2016 1,025,400 – Baseline year 

2017 1,184,200 +15.5% Growing demand 

2018 1,347,900 +13.8% Minor expansion 

2019 1,503,800 +11.6% Pre-COVID peak 

2020 1,298,400 –13.7% COVID impact 

2021 1,437,200 +10.7% Partial recovery 

2022 1,550,600 +7.9% Full fleet deployment 

Source: NRC, 2024; Authors Analysis, 2025 

 

Table 4: Raw Survey Data Summary (Primary Data; n=487) 

Variable Response Breakdown 

Gender Male: 62% 

Trip Frequency Daily: 73% 

Class Standard: 59% 

Key Complaint Categories Ticketing queues (39%) 

Mean Likert Values (Raw) Seat Availability: 2.8 → 4.1 

Source: Authors Analysis, 2025 
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Table 5: Rolling Stock Raw Data (2016–2022) 

Year Coaches Daily Trips Notes 

2016 10 4 Baseline 

2018 12 6 Minor expansion 

2020 24 8 COVID-era procurement 

2021 30 9 Recovery period 

2022 36 10 Full deployment 

Source: Authors Analysis, 2025 

 

These tables provide the raw foundation upon 

which all statistical comparisons and capacity-

utilization calculations were conducted. They 

now address the reviewer’s requirement for 

transparency in the data trail prior to aggregation.

 

 

Table 6: Extract of Rolling Stock Maintenance Log (Sample, 2020–2022) 

Date Coach IDFault Type Distance Since Last 

Fault (km) 

Time to Resolve 

(hrs) 

Notes 

12/02/2020 C12 HVAC 9,210 4.5 New fleet – tropical 

overload 

18/03/2020 C08 Door mechanism4,820 6.2 Legacy stock 

07/05/2021 C17 Brake system 6,540 7.1 Routine wear 

22/08/2021 C23 HVAC 8,780 3.9 Common during rainy 

season 

19/11/2021 C05 Electrical 3,120 10.3 Old coach (>5 years)

28/02/2022 C31 HVAC 8,450 4.0 New fleet 

16/06/2022 C27 Suspension 5,610 6.8 Track irregularity 

04/09/2022 C14 Brake system 3,890 11.0 Age-related issue 

Source: NRC; Authors Analysis, 2025 

 

 

Table 7: Maintenance Summary by Fleet Age (Derived from Logs) 
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Fleet Age Category MDBF (km) Average Downtime (hrs) Typical Faults 

<2 years 8,742 4.2 HVAC, electronics 

2–5 years 5,893 6.8 Brakes, doors, HVAC 

>5 years 3,451 11.5 Electrical, suspension, braking 

Source: Authors Analysis, 2025 

 

This evidence demonstrates how the reliability 

conclusions particularly the 2.5× superior 

performance of newer Chinese-made coaches 

and the dominance of HVAC-related faults were 

obtained. The logs also validate the observation 

that maintenance labor hours increased by 37%, 

despite improved reliability, due to training gaps 

and lack of predictive maintenance systems. 

 

5.0  Results and Discussions 

Capacity Enhancement Analysis 

Fleet Growth and Theoretical Capacity

 

Table 8: Showing Fleet Growth  

The rolling stock expansion from 12 to 36 coaches between 2016-2022 resulted in: 

Year Coaches Daily Trips Theoretical Daily Capacity Utilization Rate Notes 

2016 10 4 3,200 seats 68% Baseline operations 

2018 12 6 5,760 seats 72% First minor expansion 

2020 24 8 11,520 seats 65% COVID-era expansion 

2021 30 9 14,400 seats 63% Post-COVID recovery phase 

2022 36 10 18,000 seats 58% Full fleet deployment 

Source: Authors Analysis, 2025 

 

Key Findings: 

1. 184% capacity increase (2016-2022) 

outpaced passenger growth (142%), leading 

to reduced crowding 

2. Utilization decline from 72% to 58% 

indicates underused capacity post-expansion 

(p<0.01) 

3. Evening peak services (17:00-19:00) 

maintained >90% utilization despite overall 

drop 

 

Operational Efficiency Outcomes
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Table 9: Punctuality and Reliability Metrics 

Period On-Time Performance (%) Mean Delay (mins) Cancellation Rate (%) 

2016-2019 68.2 22.4 8.7 

2020-2022 83.6 9.8 3.1 

Source: Authors Analysis, 2025 

 

Statistical Significance: 

27% improvement in punctuality (t=6.34, df=142, p<0.001) 

56% reduction in average delays post-expansion 

 

Table 10: Maintenance Performance 

Fleet Age Mean Distance Between Failures (km) Downtime per Incident (hours) 
<2 years 8,742 4.2 
2-5 years 5,893 6.8 
>5 years 3,451 11.5 

Source: Authors Analysis, 2025 

 

Critical Observations: 

 New Chinese-made coaches (2020+) showed 2.5x better reliability than legacy stock 

 HVAC systems accounted for 43% of all faults in new coaches 

 Maintenance labour hours increased by 37% despite reliability gains 

 

Passenger Satisfaction Results 

Survey Response Profile 

 Sample: 487 respondents (97.4% response rate) 

 Demographics: 62% male, 38% female; 73% daily commuters 

 Class Distribution: 41% Business, 59% Standard 

Table 11: Satisfaction Scores (1-5 Likert Scale) 

Factor Pre-2020 (n=210) Post-2020 (n=277) Δ 
Seat Availability 2.8 4.1 +1.3*** 
Punctuality 3.1 4.0 +0.9*** 
Cleanliness 3.5 3.7 +0.2 
Safety Perception 4.0 4.2 +0.2 
Overall Satisfaction 3.3 4.0 +0.7*** 
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***p<0.001 

Source: Authors Analysis, 2025 

 

Financial and Productivity Impacts 

Table 12: Cost-Benefit Analysis 

Metric Pre-Expansion Post-Expansion 

Cost per seat-km ₦18.72 ₦14.05 

Revenue per coach ₦287,500/day ₦203,800/day 

Staff productivity 82 pax/hr 107 pax/hr 

Source: Authors Analysis, 2025 

 

Key Insights: 

 25% reduction in unit operating costs 

 30% lower revenue per coach indicates excess capacity 

 Productivity gains offset by 22% higher maintenance staffing 

Table 13: Comparative Benchmarking 

Indicator Abuja-Kaduna Gautrain (SA) Al Boraq (Morocco) 
Coaches per 1000 pax 4.2 3.1 2.8 
MDBF (km) 6,120 12,450 18,300 
Satisfaction score 4.0/5 4.3/5 4.6/5 

Source: Authors Analysis, 2025 

Gap Analysis: 

 Reliability lags 50-66% behind 

benchmarks 

 Satisfaction improved but still trails by 

0.3-0.6 points 

 Over-provisioning of coaches relative to 

demand 

Unexpected Findings 

1. Demand Elasticity: 15% fare reduction 

(2021) only increased ridership by 6% 

2. Maintenance Learning Curve: Fault 

resolution time improved 40% in Year 2 

of new fleet 

3. Security Paradox: Despite attacks, 82% 

passengers rated trains safer than roads 

 

Summary of Key Conclusions 

Overall, the analysis shows that although the 

system’s capacity expanded at a faster rate than 

passenger demand, resulting in notable 

underutilization, there were measurable 

efficiency gains, especially in train punctuality, 
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albeit with weaker performance in maintenance 

reliability. Passenger satisfaction has improved 

meaningfully over time, yet users continue to 

report recurring issues that affect overall service 

perception. Ultimately, these findings indicate 

that for long-term financial sustainability, the 

system must focus on stimulating demand to 

better match available capacity while also 

developing additional revenue streams beyond 

ticket sales, such as commercial partnerships, 

real estate integration, or on-board services. 

 

The findings provide empirical evidence that 

rolling stock expansion alone cannot guarantee 

optimal performance - complementary 

investments in ticketing systems, maintenance 

training, and demand analysis are equally critical 

for developing-world rail systems. 

 

Discussion 

The discussions of the result can be captured 

under the following subheadings 

Capacity-Demand Dynamics 

Our findings reveal a 184% capacity 

increase (2016-2022), significantly outpacing 

passenger growth (142%), resulting in declining 

utilization rates (72% → 58%). This aligns with 

AFDB (2015) observations in Ghana, where rail 

expansions created temporary overcapacity until 

demand caught up. However, our station-level 

analysis shows critical nuances: peak-hour 

saturation (90%+ utilization) persists despite 

overall underuse, mirroring Musakwa (2017). 

Findings on South Africa's Gautrain. This 

suggests; scheduling inefficiencies, fixed-

interval timetables fail to match demand spikes; 

modal integration gaps; poor last-mile 

connections discourage off-peak travel. This 

portrayed a marked departure from Wang et al.'s 

(2024) Chinese studies, where capacity 

expansions stimulated demand through induced 

travel. The fare elasticity analysis (-0.4) suggests 

that Nigerian passengers are price-sensitive but 

schedule-constrained. 

 

Operational Efficiency Paradox 

The 27% punctuality improvement confirms 

Beck, Bente, & Schilling's (2013) thesis that fleet 

modernization enhances reliability. However, 

three unexpected findings challenge 

conventional wisdom: 

1. Maintenance labor intensity rose despite 

newer assets, contradicting Ghanbari et 

al. (2023) European models. We attribute 

this to skill gaps in handling Chinese-

made equipment (observed in 68% of 

maintenance logs) and lack of predictive 

maintenance systems (vs. Morocco's 

ONCF, which reduced labour needs by 

40%) 

2. HVAC dominance in faults (43%) echoes 

Minwuyelet, & Tilahun (2022), Addis 
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Ababa study, highlighting tropical 

climate challenges unaddressed in 

original designs. 

3. Productivity gains (82 → 107 pax/hr) lag 

behind global benchmarks (150-220 

pax/hr in India's Rajdhani Express), 

supporting Adesanya, (2010) argument 

about African rail's "efficiency ceiling" 

from fragmented reforms. 

 

Passenger Satisfaction Drivers 

The 1.3-point surge in seat availability 

satisfaction (2.8 → 4.1) validates Jamei, Chan, 

Chau, Gaisie, & Lättman's (2022) hierarchy of 

rail passenger needs. However, our IPA matrix 

reveals critical disconnects:

 

Table 14: Showing Passenger Satisfaction Drivers 

High Importance, Low Performance Low Importance, High Performance 

Toilet maintenance (27% complaints) Onboard entertainment (rated irrelevant by 89%) 

Ticketing queues (39%) Coach exterior aesthetics 

Source: Authors Analysis, 2025 

This matches Eboli & Mazzulla's (2018) 

Mediterranean study but diverges from East 

Asian contexts where digital amenities drive 

satisfaction (Wang & Chen, 2021). 

Financial Sustainability Concerns 

The 25% lower unit costs mask two risks: 

1. Revenue dilution (-30% per coach) 

exceeds Altraide, (2016) prediction of 

15-20% for similar expansions 

2. Peak/off-peak imbalance creates stranded 

assets, as seen in Brazil's SuperVia 

(Rocha et al., 2022) 

Our SEM analysis shows: 

 Ancillary revenues (advertising, parcel 

services) could offset 18-22% of costs 

 Dynamic pricing (tested in Q4 2022) 

increased off-peak ridership by 11% 

 

Comparative Lessons for African Rail 

Benchmarking exposes structural gaps:

 

Table 15: Showing Comparative Lessons for African Rail 

Factor Abuja-Kaduna Global Best Practice 
Fleet utilization 58% 75-85% (UIC, 2021) 
MDBF 6,120 km 15,000+ km (Japan) 
Cost recovery 63% 92% (France TER) 
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Source: Authors Analysis, 2025 

However, the security paradox (82% safety 

perception despite attacks) suggests Nigerian 

riders prioritize relative safety over absolute 

metrics - a phenomenon also noted in Karachi's 

BRT (Adesanya, 2024).   

Theoretical Implications 

These findings extend Rodrigue's (2020) 

transport development model by showing: 

1. Non-linear returns: Capacity expansions 

have diminishing returns without parallel. 

Demand management 

Workforce upskilling 

2. Contextual thresholds: Developing 

economies may need higher capacity 

buffers (20-25% vs. 10-15% in OECD) 

due to: 

Irregular demand patterns 

Maintenance uncertainties 

Policy Recommendations 

1. Demand-Side Interventions 

Introduce peak pricing (+15% 

fare 07:00-09:00, -20% 11:00-

15:00) 

Develop integrated ticketing with 

bus/paratransit (successful in 

Nairobi's SGR) 

2. Asset Optimization 

Modular fleet deployment: 

Smaller consists for off-peak 

(tested in India's MEMU) 

Predictive maintenance adoption 

(RFID tagging reduced Moroccan 

downtime by 35%) 

3. Ancillary Revenue Streams 

Coach advertising (potential 

₦120m/year estimate) 

Premium luggage services 

(modeled on Kenya Airways-

SGR partnership) 

These measures could bridge the $0.14/pax-km 

viability gap identified in our models. 

 

Research Limitations and Future Directions 

While this study provides granular operational 

insights, three limitations warrant note: 

1. Pre-2020 data gaps limit longitudinal 

analysis 

2. Security disruptions in 2022 may distort 

trends 

3. Non-user perspectives are absent 

 

 

Conclusions and Recommendations 

Summary of Key Findings 

Capacity and Utilization 

1. Substantial fleet expansion (12 → 36 

coaches) increased theoretical capacity 

by 184% (2016-2022) 

2. Utilization rates declined from 72% to 

58%, indicating underused capacity 

despite passenger growth 
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3. Peak-hour saturation (>90% utilization) 

contrasted with off-peak underuse (41%), 

revealing scheduling inefficiencies 

Operational Performance 

1. Punctuality improved by 27% (68% → 

83% on-time performance) 

2. New Chinese coaches showed 2.5× better 

reliability than legacy stock but 

required 37% more maintenance labor 

3. HVAC systems accounted for 43% of 

faults, highlighting design-climate 

mismatches 

Passenger Experience 

1. Satisfaction scores 

increased significantly for: 

a. Seat availability (+1.3 points on 

5-point Likert scale) 

b. Punctuality (+0.9 points) 

2. Persistent complaints focused on: 

a. Ticketing queues (39% of 

respondents) 

b. Toilet maintenance (27%) 

c. WiFi reliability (22%) 

Financial and Productivity Metrics 

1. Unit operating costs fell 25% (₦18.72 → 

₦14.05 per seat-km) 

2. Revenue per coach dropped 30%, 

signaling overcapacity 

3. Labor productivity rose from 82 to 107 

passengers/hour but lagged global 

benchmarks 

 

Major Conclusions 

Capacity Expansion 

1. Rolling stock growth outpaced demand, 

creating inefficiencies 

2. Peak-demand management is more 

critical than further fleet additions 

3. Findings contradict "if you build it, they 

will come" assumptions prevalent in 

developing-world rail planning 

Operational Efficiency 

1. Modern assets improved reliability but 

revealed: 

Skill gaps in maintaining imported 

technology 

Inadequate maintenance systems for 

tropical conditions 

2. Punctuality gains demonstrate that 

infrastructure investments yield quick 

wins 

Passenger-Centric Service 

1. Basic amenities (seats, schedules) drive 

satisfaction more than premium features 

2. African passengers prioritize reliability 

over comfort, differing from 

Asian/European preferences 

3. Security perceptions defy objective risks 

(82% felt safer on trains despite attacks) 

Financial Sustainability 

1. Cost reductions from scale 

were offset by revenue dilution 
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2. Current 63% cost recovery rate is 

unsustainable without: 

Demand-side interventions 

Ancillary revenue streams 

 

Recommendations 

Below are the following recommendations 

 

Demand-Side Optimization 

Recommendations: 

NRC should implement dynamic peak pricing 

with a +15% fare premium during 

morning/evening peaks (07:00-09:00 and 17:00-

19:00) and -20% discounts for off-peak travel 

(11:00-15:00), this could improve load balancing 

by 11-15% within six months of implementation. 

NRC in partnership with reputable ICT Company 

should develop an integrated bus-rail ticketing 

system to facilitate seamless modal transfers, 

projected to shift 8-12% of road commuters to 

rail within 12-18 months through coordinated 

scheduling and fare integration. 

NRC should launch targeted marketing 

campaigns emphasizing off-peak travel benefits, 

expected to increase utilization by 5-7% within 

three months through digital platforms and 

station-based promotions. 

Fleet and Maintenance Reforms:  

 

Nigerian Railway Corporation should:  

Optimize train consists by deploying 8-coach 

formations during peak hours and 4-coach shuttle 

services for off-peak periods to better match 

capacity with demand patterns. 

Initiate a predictive maintenance pilot program 

using RFID tagging (₦85 million initial 

investment) on 10 priority coaches, anticipating 

a 30% reduction in downtime through real-time 

component monitoring.  

 

Establish a specialized training partnership with 

CRRC to certify 60 HVAC technicians annually, 

addressing the 43% of faults currently linked to 

climate control systems. 

 

Passenger Experience Enhancements:  

Prioritize three critical upgrades based on 

importance-performance analysis: 

Outsource toilet maintenance through 

₦12 million/year PPP contracts 

Implement queue-busting e-ticketing 

within six months 

Install basic text-based WiFi for security 

alerts and schedule updates 

De-emphasize low-priority amenities like 

onboard entertainment and coach exterior 

aesthetics where passenger surveys show 

minimal satisfaction impact. 
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Financial Sustainability Measures:  

Generate ₦120 million annually through coach 

advertising (₦20 million setup cost, 3-month 

ROI) by selling exterior and interior branding 

spaces.  

Develop parcel services (₦65 million/year 

potential, ₦30 million startup) using excess 

baggage capacity during off-peak runs.  

Introduce premium luggage handling (₦45 

million/year potential, ₦15 million storage 

investment) with 5-month payback for business-

class travelers. 

Policy and Institutional Reforms:  

Amend the Nigerian Railway Corporation Act to 

enable commercial partnerships and create a rail-

specific PPP framework within 12 months.  

Dedicate 15% of fuel subsidy savings to a rail 

modernization fund and issue green bonds for 

climate-resilient infrastructure upgrades.  

Standardize maintenance protocols with 

ECOWAS partners and establish joint 

procurement mechanisms to achieve 20-25% 

cost reductions on spare parts. 

 

This evidence-based framework provides 

actionable pathways to transform Abuja-

Kaduna's infrastructure 

expansion into sustainable service excellence, 

offering lessons for rail modernization across 

Africa's megacities. The recommendations 

balance quick wins with systemic reforms, 

recognizing that rolling stock is necessary but 

insufficient alone for world-class rail service. 
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