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Abstract
This study investigates the maintenance

problem at Atbara Cement Company and its
significant impact on production. It quantifies
the cost of lost production due to maintenance
deficiencies and proposes a preventive
maintenance system covering all equipment.
The research adopts a descriptive-analytical
approach, structured into five sections: company

description,  theoretical ~ background  of
maintenance and production, current
maintenance practices, cost analysis, and

recommendations. Findings demonstrate that the
lack of structured maintenance programs leads
to considerable production losses. Establishing
organized maintenance systems with trained
teams 1is crucial for enhancing production
continuity and efficiency.

Keywords: Maintenance management;
preventive maintenance; production efficiency;
cement industry; Atbara Cement Company;
maintenance cost analysis.

1. Introduction

Maintenance plays a pivotal role in ensuring
production and  operational
efficiency in industrial facilities. It encompasses

continuous
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all technical, administrative, and managerial
actions during an asset's lifecycle to maintain or
restore it to a condition in which it can perform
its required functions. Effective maintenance not
only prolongs equipment lifespan but also
minimizes production downtime, reduces
operational costs, and ensures workplace safety.

In the cement industry, which is characterized
by continuous production processes and heavy
mechanical equipment, any unexpected failure
can halt production lines, leading to significant
downtime and financial losses. Cement plants
typically operate in harsh environments with
high dust levels, vibrations, and extreme
temperatures, = making  their = equipment
susceptible to frequent breakdowns if not
adequately maintained.

Atbara Cement Company is one of Sudan’s
oldest and most prominent cement producers,
playing a vital role in supplying cement to
national construction projects and regional
markets. However, the company faces persistent
challenges in its maintenance management,

resulting in decreased production rates,
increased  repair  costs, and  reduced
competitiveness.
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Globally, the shift from reactive maintenance to
preventive and predictive maintenance strategies
has shown substantial benefits. Preventive
maintenance involves scheduled inspections and
before occur,
condition

interventions failures while

predictive ~ maintenance  uses
monitoring technologies to predict failures
before they happen. The absence of such
structured programs often leads to unplanned
shutdowns, safety hazards, and increased

operational expenditures.

This study examines the current maintenance
practices of Atbara Cement Company in Sudan.
It aims to identify the specific impacts of
inadequate maintenance systems on production
performance and analyze the cost implications
of lost production maintenance
investment. Furthermore, it proposes solutions
and recommendations for implementing an
effective  preventive maintenance system,
establishing trained work teams, and integrating
maintenance management with procurement and

VvEersus

storage strategies to achieve sustainable
operational performance.
By addressing these issues, the research

contributes to the growing body of knowledge
on maintenance management in developing
countries and provides practical solutions for
enhancing  productivity and  operational
reliability in the cement manufacturing sector.

2. Methods

This research employed a descriptive-analytical
methodology to investigate the maintenance
practices and their impact on production at
Atbara Cement Company.
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2.1 Research Design

A case study approach was adopted to allow an
in-depth understanding of maintenance issues
within the specific context of Atbara Cement
Company. This design facilitated comprehensive
data collection and contextual analysis to derive
practical recommendations.

2.2 Data Collection

Data were gathered using multiple methods to
ensure triangulation and validity:

e Site Visits: Several field visits were
conducted to Atbara Cement Company

to observe equipment conditions,
maintenance practices, workshop
organization, and storage facilities.
Observations focused on maintenance

scheduling, spare parts availability, and
equipment downtime frequency.

e Interviews: Structured and semi-
structured interviews were held with key
personnel, including  maintenance
engineers,  technicians,  production
supervisors, and management staff. The
interviews aimed to understand current
maintenance strategies, challenges faced,
skill levels of maintenance teams, and
perceptions of the impact of

maintenance on production performance.

e Production Reports: Historical
production data and maintenance records
over the past 12 months were collected.
These included:

o Equipment failure logs
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o Maintenance work orders and
reports

o Downtime durations for each
production line

o Spare parts inventory records

o Financial data related to
maintenance expenditure and
production losses due to
downtime

2.3 Data Analysis
e Quantitative  Analysis: Data  on
production  downtime, maintenance
costs, and production losses were

analyzed wusing Microsoft Excel for
descriptive statistics. The relationship
between maintenance expenditure and
production assessed by
comparing monthly maintenance costs
against corresponding lost production
value due to equipment failures.

loss was

e Qualitative Analysis: Interview
transcripts were analyzed thematically to
identify common challenges, gaps in
current maintenance practices, and staff
recommendations for improvements.

2.4 Framework Development

Based on data analysis, the study assessed
existing maintenance methods and practices to
identify weaknesses. Drawing from literature on
maintenance management and best practices in
the cement industry, a preventive maintenance
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framework was developed. This framework
includes:

e Scheduled maintenance tasks for critical

equipment

e Training programs for maintenance
personnel

e Inventory management

recommendations for spare parts

e Integration of maintenance planning
with production schedules

2.5 Limitations
The study was limited by:

e Access to detailed financial records for
certain proprietary areas.

e Potential biases in staff interviews due to
job security concerns when discussing
maintenance failures.

Despite these limitations, the triangulation of
data sources ensured that findings were robust
and reflective of the company’s operational
reality.

3. Results
3.1 Overview of Maintenance Practices

The analysis of Atbara Cement Company’s
maintenance system revealed a predominantly
maintenance  approach,
equipment is repaired only after failure occurs.
No formal preventive or predictive maintenance
programs were in place across production lines.

reactive where

3.2 Preventive Maintenance Program Status
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Scheduled Maintenance: There were no
documented preventive maintenance
schedules for critical equipment such as
crushers, kilns, and cement mills.

Maintenance Planning: Maintenance
activities were mostly ad-hoc, initiated

machinery breakdowns
leading to  unplanned

only when
occurred,
downtime.

3.3 Cost of Production Losses

The cost analysis showed:

Monthly Average Downtime: Production
records indicated an average of 65 hours
of unplanned downtime per month,
primarily due to mechanical failures in
the raw mill and kiln systems.

Production Loss Value: Financial data
estimated that each hour of production
downtime resulted in a loss of
approximately 250,000 Sudanese Pounds
in unsupplied cement to the market.

Annual Losses: Extrapolated, this results
in an estimated annual production loss
exceeding 195 million Sudanese Pounds
due to equipment failures.

3.4 Maintenance Expenditure

Maintenance Budget Allocation: The
maintenance department operated with
limited budget allocations, focusing only
on urgent repairs and consumables rather
than proactive overhauls.
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Spare  Parts Interviews
highlighted frequent delays in repairs
due to lack of readily available spare

Inventory:

parts, with procurement times ranging
from 2 weeks to 2 months depending on
the part.

3.5 Workforce Competency

3.6

Training and Skills: Maintenance staff
lacked formal training in preventive and
predictive maintenance methodologies.
Troubleshooting relied heavily on
individual experience rather than
systematic diagnostic procedures.

Team Structure: The company did not
have specialized maintenance teams for
electrical, mechanical, and
instrumentation subsystems, leading to
inefficiencies in repairs.

Impact of Proposed Preventive

Maintenance Program

Using comparative benchmarks from similar
cement industries:

Expected Downtime Reduction:
Implementation of structured preventive
maintenance could reduce downtime by
30-50%.

Cost-Benefit Implication: This would
equate to an annual production loss
reduction of approximately 60-97.5
million Sudanese Pounds, representing
significant  financial and
increased market supply reliability.

savings
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Table 1: Summary of Key Findings

2. Cement Composition

Issue Identified

Impact

Potential Improvement with
Preventive Maintenance

Absence of preventive
maintenance

Frequent unplanned
downtime

30-50% reduction in downtime

Limited maintenance
budget

increased costs

Repairs only post-failure,

Budget allocation for scheduled
maintenance reduces failures

Lack of spare parts
inventory

Delayed repairs

Inventory planning ensures quick
maintenance turnaround

Inadequate workforce
training

Slow troubleshooting,
operational risks

Training programs improve
efficiency and safety

These results underscore the critical need for a

structured maintenance management system to

ensure

production

efficiency and

competitiveness in the cement industry.

Productivity Management Report (2022)

Material Distribution Plan (2022)

1. Clinker: 750,000 metric tons

2. Cement: 800,000 metric tons

1. Clinker Composition

Material Percentage Tons
Limestone 89% 1,234,875
Nile Clay 10% 138,750
Iron Ore 1% 13,875

Total 100% 1,357,500

Material Percentage Tons
Clinker 93% 744,000
Gypsum 5% 40,000
H.G.L Stone 2% 16,000
Total 100% 800,000

Downtime Analysis (2022)

The table below
shows scheduled and unscheduled downtime hours
impacting the 2022 plan:

Total Scheduled Unscheduled
Equipment Downtime Downtime Downtime
(Hours) (%) (%)
Gypsum
yP 7,498 90% 10%
Crusher
Raw Mill 5,947 82% 18%
Coal Mill 6,491 98% 2%
Kiln 5,333 81% 19%
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Total Scheduled Unscheduled
Equipment Downtime Downtime Downtime
(Hours) (%) (%)
C t Mill
eme: : 5,799 53% 47%
Cement Mill
2 5,197 44% 56%
Cement Mill
3 7,582 84% 16%

Key Observations:

e Scheduled Downtime: Major maintenance,
routine checks, and silo filling.

e Unscheduled Downtime: Power outages,
fuel shortages, and road blockades.

Impact of Downtime on Production
Clinker Production

e Planned: 750,000 tons

e Actual: 347,822 tons

e Achievement Rate: 46%

January 2022 Example

Target Planned | Achieved Rate
Clinker Production 90,000 69,746 77%
Cement Sales 100,000 89,174 89%

Equipment-Specific Downtime Impact

Cement Mill 1
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e Total Downtime: 5,799 hours
¢ Unscheduled Downtime: 47% (2,725 hours)

e Production Loss: 2,725 x 120 = 327,000
tons

Cement Mill 2
e Total Downtime: 5,197 hours
¢ Unscheduled Downtime: 56% (2,910 hours)

e Production Loss: 2,910 x 120 = 349,000
tons

Cement Mill 3
¢ Total Downtime: 7,582 hours
e Unscheduled Downtime: 16% (1,213 hours)

e Production Loss: 1,213 x 120 = 145,560
tons

Design Capacities of Line 4 Equipment

Equipment Capacity

Primary Crusher 1,000-1,250 tons/hour

Secondary Crusher 500-600 tons/hour

Gypsum Crusher 100-120 tons/hour

Coal Mill 30 tons/hour

Preheater (6-stage) 5,300 tons/day

Kiln 5,300 tons/day
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Equipment Capacity

Clinker Cooler 5,300 tons/day

Cement Mills (1, 2, 3) 120 tons/hour each

Packing Machines 120 tons/hour

Power Plant (5 generators) 7 MW /generator

2022 Monthly Production Plan

Planned | Actual
Month Clinker Clinker Notes

(tons) (tons)
Uanuary 90,000 69,746 77% achievement
February 100,000 22,219 Severe downtime
March 100,000 110,645 Exceeded target
April 40,000 47,320 Overproduction
May - - No data
Uune - 67,913 Partial data

4. Discussion
4.1 Importance of Preventive Maintenance

The results indicate that the absence of an
organized preventive maintenance system is a
core issue undermining production continuity at
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Atbara Cement Company. This aligns with
findings in the broader cement industry, where
studies have shown that unplanned downtime
due to lack of preventive maintenance can
account for up to 30-40% of total production
losses (Mobley, 2002).

involves
and part

maintenance
inspections,

Preventive
scheduled
replacements before equipment failures occur,
thus reducing the likelthood of unplanned
Globally, plants
implementing effective PM programs have
reported increased equipment availability rates
exceeding 90% compared to plants relying
primarily on reactive maintenance, which often
operate at 70—80% availability.

(PM)
servicing,

breakdowns. cement

4.2 Workforce Training and Competency
Development

One of the major barriers identified at Atbara
Cement Company is the lack of trained
maintenance personnel capable of systematic
troubleshooting and proactive maintenance
tasks. Training is critical to:

o Enhance diagnostic accuracy

e Reduce repair time

o Improve safety practices

maintenance

e Increase overall

productivity

According to Wireman (2005), organizations
investing in structured maintenance training
achieve 20-30% higher equipment reliability.

Therefore, establishing continuous training
programs in mechanical, electrical, and
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instrumentation maintenance is imperative for
Atbara Cement Company.

4.3 Maintenance Planning Integration with
Procurement and Storage

The study highlighted frequent delays in
equipment repairs due to unavailability of spare
parts, resulting from poor integration between
planning, procurement, and
inventory management. Effective maintenance
management requires:

maintenance

e Developing a critical spare parts list for
all major equipment

e Maintaining minimum stock levels for
high-risk components

o [Establishing procurement contracts with
suppliers for rapid restocking

Integrating  maintenance  planning  with
procurement and storage ensures that spare parts
are readily available, minimizing equipment
downtime and repair delays.

4.4 Financial Implications

Cost-benefit analysis in the results showed that
investment in preventive maintenance could
reduce production losses significantly. While
maintenance costs might initially increase due to
scheduled servicing and part replacements, these
costs are offset by reduced downtime and
increased production output. Alsyouf (2007)
emphasizes that each dollar invested in
preventive maintenance yields three to five
dollars in production savings due to enhanced
operational reliability and equipment lifespan
extension.
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4.5 Alignment with Global Best Practices

Implementing a preventive maintenance system,
along with workforce training and integrated
inventory management, aligns with global best
practices in cement plant maintenance
management. Leading companies such as
LafargeHolcim and HeidelbergCement have
adopted Total Productive Maintenance (TPM)
and Computerized Maintenance Management
Systems (CMMS) to systematically manage
maintenance activities, equipment
condition, and optimize resource allocation.

monitor

4.6 Limitations and Future Research

This study was limited by access to detailed
financial and proprietary maintenance records.
Future research should:

e Utilize condition monitoring tools (e.g.
vibration analysis, thermography) to
develop predictive maintenance models.

e Conduct cost-benefit
multi-year periods to assess long-term
savings from maintenance investments.

analyses over

o Investigate the integration of CMMS to
automate scheduling, work orders, and
inventory control for Atbara Cement
Company.

The findings of this research demonstrate that
maintenance is not merely a supporting function
but a strategic operational pillar for production
success, especially in asset-intensive industries
such as cement manufacturing.

5. Conclusion and Recommendations
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5.1 Conclusion

This study highlights that the absence of a
structured preventive maintenance program is a
significant factor contributing to production
inefficiencies and high operational costs at
Atbara Cement Company. The
confirmed that reliance on reactive maintenance
results in frequent unplanned downtimes, costly

analysis

emergency repairs, and substantial revenue

losses due to interrupted production.

The findings demonstrate that
investment  in maintenance,
workforce training, and spare parts management

can significantly reduce equipment failures,

systematic
preventive

increase production uptime, and improve the
overall competitiveness of the company in the
cement industry.

Furthermore, the research emphasizes that
maintenance should not be viewed merely as a
cost but as a strategic function that directly
influences  operational reliability,
quality, and financial performance.

product

5.2 Recommendations

Based on the study results and best practices in
maintenance  management, the following
recommendations are proposed for Atbara
Cement Company:

1. Implement a Preventive Maintenance

Program (PMP):

e Develop maintenance schedules for all
critical equipment (kilns, crushers, mills,
conveyors).

data to set
and planned

e Use historical failure
inspection  intervals
replacement schedules.

o Assign clear responsibilities and develop
standard operating procedures (SOPs)
for routine tasks.

2. Establish a Maintenance Planning and
Control System:

e Introduce a simple Computerized
Maintenance =~ Management  System
(CMMS) or at minimum a digital
maintenance log.

e Track work orders, spare parts usage,
and downtime history to support data-
driven decisions.

3. Develop a Skilled Maintenance Workforce:

for
and

e Design training programs
mechanical, electrical,
instrumentation technicians.

e Partner with technical institutes to
provide periodic workshops on modern
troubleshooting and predictive
maintenance tools.

e Create specialized teams for critical
subsystems.

4. Improve Spare Parts
Procurement:

Inventory and

o Develop a critical spare parts list and set
minimum stock levels for high-risk
items.
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o Coordinate closely with procurement to
ensure of parts,
especially for imported equipment.

timely sourcing

e Review storage conditions to prevent
parts degradation.

5. Integrate Maintenance with Production
Planning:

e Align maintenance schedules with
production cycles to minimize impact on
output.

e Hold regular coordination meetings

between production and maintenance
departments to share updates and plan
shutdowns efficiently.

6. Monitor and Review Performance:

o Establish key performance indicators
(KPIs) for maintenance -effectiveness,
such as Mean Time Between Failures
(MTBF) and Mean Time To Repair
(MTTR).

e Regularly review performance data and
update the maintenance strategy based
on results.

5.3 Future Outlook

these
commitment at all management levels and a
cultural shift to view maintenance as an
investment rather than an The
company is encouraged to adopt international
standards and gradually progress toward Total
Productive Maintenance (TPM) for long-term
sustainability.

Implementing measures  requires

expense.
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Continued research should explore advanced
predictive maintenance tools, energy efficiency
measures, and digital solutions to further
enhance the reliability and competitiveness of
Sudan’s cement sector.
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