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EFFECTIVE MAINTENANCE MANAGEMENT IN PETROCHEMICAL INDUSTRIES

N. K. K. PRASANNA
SR. VICE PRESIDENT
RELIANCE INDUSTRIES LTD.
HAZIRA

TUSHAR N. DESAI
ASSOCIATE PROFESSOR
DEPARTMENT OF MECHANICAL ENGINEERING
S. V. NATIONAL INSTITUTE OF TECHNOLOGY
SURAT

Traditional view of the general public towards maintenance is an unavoidable activity that costs money and takes time. To greater extent this view was matching
with the view held in board rooms of Industry 20 -25 years before. People used to think of maintenance when things used go badly wrong. The moment there is a
safety or environmental incident the people use to talk about gaps or cutback in maintenance. But slowly things have changed, not only industry but general
public also started talking about maintenance needs, life cycle costing and effect of not doing maintenance on business. It is very good sign for a maintainer and
a pride for each one who is in the field of maintenance. When we do business we manage risk of safety incidents, environmental incidents, loss of efficiency poor
productivity or loss of image in the market. The Maintenance Management particularly in Petrochemical Industries plays a vital role in managing the risks related
to safety and environment. The paper deals with the role of Effective Maintenance Management in managing such risks.

KEYWORDS
Efficiency, Effectiveness, Preventive Maintenance, Predictive Maintenance, Proactive Maintenance, Corrective Maintenance, Reliability Centered Maintenance,
Mean Time Between failure, Mean time to failure.

INTRODUCTION
ffective maintenance is one of the most cost effective methods for ensuring the reliability, safety and energy efficiency in process industry. Good
maintenance practices not only ensure availability but achieve safety, reliability and aesthetics also. Through effective maintenance improvements can be
seen in the performance of assets and this can be achieved immediately and at a relatively low cost. Maintenance is the decision and actions regarding
the control and upkeep of property and equipment. These are inclusive, but not limited to the following actions 1) actions focused on scheduling, procedures,
work/system control and optimization; and 2) performance of routine, preventive, predictive, scheduled and unscheduled actions aimed at preventing
equipment failure or decline with the goal of increasing efficiency, reliability and safety. Maintenance Excellency represents the life cycle, cost effective mix of
preventive, predictive and reliability centered maintenance technologies, coupled with equipment calibration, tracking and Computerized maintenance
management capabilities all targeting reliability, safety, occupant comfort and system efficiency.
Asset Management has three purposes:
. To prevent and eliminate the failure of facilities, plant and equipment
. To minimize and eliminate risk in the use of facilities, plant and equipment
. To optimize value from the use of facilities, plant and equipment.
Five important issues which prevent the achievement of these three purposes-variability in process ,prevention of failure, risk control, accuracy control and
process value contribution-which unless their effects and impacts are understood and completely controlled will continuously prevent organizations achieving
success in asset management.
The markets of the early twenty first century are more niches focused and segmental than those of the previous century. The impact on business of many small
markets means that new business opportunities can rise, mature and disappear within three to five years. Manufacturing must respond to the shortening of
product life cycles by ensuring their plant and equipment is run effectively and efficiently from the start of product life.
Efficiency in general describes the extent to which time or effort is well used for the intended task or purpose (It is a measure of how economically the firm’s
resources are utilized when providing a given level of requirements). Effectiveness means capability of producing an effect and is more frequently used in
connection with the degree to which something is capable of producing a specific desired effect. In management effectiveness relates to getting the right things
done (The accomplishment of the right thing on time, and within the quality requirements specified).
Many methodologies such as Total Productive Maintenance, Root cause Failure analysis, Failure Mode Effect criticality Analysis, Risk based inspection were used
specially in response to the need to remove the causes and cost of defects and failure demanded by the effective asset management. New technologies in
predictive maintenance and condition monitoring have allowed machines’ condition to be monitored and determine how they can most optimally be used and
maintained, and to tell the operators of impending problems before production is affected. Effective utilization of asset is a condition for business prosperity and
effective operation and maintenance is the only way to ensure better utilization.
The following figure (figure 1) depicts effect of adequate and timely maintenance and repairs on the service life of a equipment.

FIGURE 1: EFFECT OF ADEQUATE AND TIMELY MAINTENANCE AND REPAIRS ON THE SERVICE LIFE OF A EQUIPMENT
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RISK IN BUSINESS

Survival and prosperity decide the success of any business activity. Risk is inherent in all the tasks we undertake. So also with the business activity, no one likes
to meet adverse effects while taking some risks, particularly the non speculative or pure risks. Such risks, which involve loss, include

. Physical harm to employees

. Property damage to organization

. Physical harm or property damage to public

. Capital loss

. Security loss

In order to reduce risk, the potential hazards that are likely to result in loss are to be eliminated or controlled to the possible extent. To decide on the loss
control approaches, the hazards are to be identified. Hazard as relates to “Accident” is defined as the potential for causing harm to persons, damage to property
or environment degradation. Hazards are due to transfer of energy in one form or other and if the energy transferred is more than the withstanding capacity at
the receiving end, hazard is created. The hazard identification is essential for

. Statutory compliance

. Minimize loss exposure and risk

. Better safety Management

Hazard Identification techniques are as follows:

Reactive approach

o Accident Investigation

. Plant Inspection

. Critical Incident Technique

. Incident recall Technique

Proactive Approach

. Job safety Analysis

. Failure Mode Effect Analysis

. Hazard operability Study

. Fault Tree and Event Tree Analysis

. Management Oversight Risk Tree Analysis

. Fire Explosion and Toxicity Index

o Material/Chemical Reactive Analysis

o Consequence Analysis

Effective Maintenance Programme plays a vital role in hazard control and risk minimization.

EFFECTIVE MAINTENANCE

The following figure (figure 2) depicts DuPont defect and failure model. It highlights some of the many processes where failure causing defects and errors come
into a business.
FIGURE 2: DUPONT DEFECT AND FAILURE MODEL
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Failure: Failure is the inability of equipment, a sub-system, or system to meet a set of predetermined performance standards.
Failure Rate: The total number of failures within an item population, divided by the total no of life units, during a particular measurement interval under stated
conditions.
Mean time between Failures (MTBF): A basic measure of reliability for repairable items. Then mean number of life units during which all parts of the item
perform within their specified limits, during a particular measurement interval under stated conditions.
Mean Time to Failure (MTTF): A basic measure of reliability for non-repairable items. The total number of life units of an item divided by the total no of failures
within that population, during a particular measuring interval under stated condition.
Reliability: The probability that an item can perform its intended function for specified interval under stated condition.
The following figure (figure 3) depicts the general attitude of companies towards defects. They accept defects as normal and introduce maintenance and repair
systems to manage the failures.

FIGURE 3: DEFECT MANAGEMENT BY MOST COMPANIES
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Maintenance: As discussed in the introductory part in the past maintenance practices both in private and Government sectors would imply that maintenance is
the actions associated with equipment repair after it is broken. No Sector in developing nation can afford this thinking or practice in the present scenario of
globalization and competitiveness. The dictionary defines maintenance as follows “the work of keeping something in proper condition; upkeep.”This would
imply that maintenance should be actions taken to prevent a device or component from failing or to repair normal equipment degradation experienced with the
operation of the device to keep it proper working condition .Maintenance is the combination of all technical and associated administrative actions intended to
retain an item in or restore it to, a state in which it can perform its required function. Maintenance function as defined by Maintenance Engineering Society of

Australia (MESA) is “The Engineering decisions and associated actions necessary and sufficient for optimization of specified capability”. Where capability is the

ability to perform a specified function within a range of performance levels that may relate to capacity, rate, quality and responsiveness. Maintenance concept is

set of various maintenance interventions (Corrective, preventive, condition based, etc) and the general structure in which these interventions are brought
together. Maintenance Management is “Activities of Management that determine the maintenance strategy, objectives, and responsibilities and implement
them by means such as maintenance planning, maintenance control, and supervision, improvement of methods in the organization including economic aspects.

Maintenance is not merely preventive maintenance, although this aspect is an important ingredient .Maintenance is not lubrication, although lubrication is one

of the primary functions. Nor is maintenance simply a frenetic rush to repair a broken machine part or a building segment, although this is more often than not

the dominant maintenance activity.

In a more positive vein, maintenance is a science since its execution relies, sooner or later on most or all of the sciences. It is an art because seemingly identical

problems regularly demand and receive varying approaches and actions .An important element of Effective Asset Management is effective maintenance

Before we discuss Effective Maintenance in detail let us comeback to Asset Management and important issues which prevent achievement of the purpose of

effective asset management program.

a) Variability in Business and operation processes: Variability causes most operating and business problems. Any business with an aim of providing a product
or services with consistent specifications and properties does not want its processes producing out —of-specification merchandise .Out of specification
performance is waste of money, time and effort.

Six Sigma: Like all innovations, Six Sigma had the perspective of the great thinkers of manufacturing and production. Although the concept originated with a

group of Motorola Engineers during the mid -1980s Six Sigma includes the theory and logic of quality pioneers such as W.E. Deming Joseph Juran and Philip

Crosby to address the age old question: Is the effort to achieve quality dependent on detecting and fixing defects? Or can quality be achieved by preventing

defects through manufacturing controls and product design?

Six Sigma is a problem solving Technology that uses human assets, data, measurements and statistics to identify the vital few factors to decrease waste and

defects while increasing customer satisfaction, profit and shareholder value.

b)  Failure Prevention: Proactive defect elimination and failure prevention is a most effective variability control methodology for reducing plant and
equipment downtime. The best way to fix a problem is not to have it. Failure is an event or circumstance which prevents the accomplishment of an
intended purpose. An unplanned machine stoppage or a customer getting their delivery a day late are both failures. Each has consequences on the
organization. The equipment failure means lost production, unwanted repair and consequential knock on costs. Reliability Engineering plays a vital role in
failure prevention.

c)  Risk control: Risk exists in everything we do. Risk is the chance or possibility of loss. It is combination of two elements —the frequency, or probability of the
occurrences of a specified event with the consequence should the event happen. The challenge is to develop methods to increasing the likelihood of good
outcomes while addressing and mitigating the bad. Equipment criticality is a risk indicator.(Equipment Criticality =Risk=Failure Frequency X cost
consequence)and it is used to identify operating equipment in priority order of importance to the continued operation of a facility. Those equipments that
stop operation or cause major costs if they fail are identified as critical. Higher quality engineering design, better materials selection and more demanding
levels of maintenance and operator precision and care are given to those items to maximize their level of availability and benefits for production.

d)  Accuracy Control: Great SOP’s/SMP’s are those that ensure work and workmanship quality, but do not necessarily need only qualified people to do them.
They are written with more detail and guidance and include a target to hit .a tolerance on accuracy and regular proof-tests of compliance so that job
quality is guaranteed. By this way of accuracy control, defects are prevented from arising and future failures are prevented.

e) Value contribution: Enterprise Asset Management is as much about the wise use of money as it is about the wise use of engineering, maintenance, and
operational management to deliver top performance from production equipment and processes. A business should be viewed as a system for supplying
the customer’s requirements effectively and efficiently. This requires an ongoing commitment to continually improve and tune the organization to be more
efficient and do its functions faster, better and cheaper.

The purpose of most equipment in a production process is to support the production of product destined to downstream customers. Equipment performance is

associated with quality, availability, cost/unit, safety and environmental integrity. To achieve this performance there are three inputs to be managed.

. Process Technology-provides capable equipment “by design” to meet the equipment performance

. Operating Practices —make use of the inherent capability of process equipment

. Maintenance Practices —that maintain the inherent capability of the equipment

The objectives of an “Effective Maintenance’ programme are

. Support operations by keeping production equipment in good condition so that production targets can be met.

. Maintain the plant facilities by keeping the plant site and its buildings, utilities and grounds in a functional attractive state.

o Perform quality work.

. Anticipate and prepare for future work

. Achieve continued improvement by evaluating performance, taking corrective actions and measuring progress.

. Ensure statutory regulations are met in addition to availability.

Effective Maintenance has its foundation in Best Maintenance Practices. Those practices include the following areas

. Leadership and Policy deployment

. Organizational Structure

. Inventory control

. Computerized Maintenance Management systems

. Preventive Maintenance

. Predictive Maintenance

. Corrective Maintenance

. Proactive Maintenance

o Reliability Centered Maintenance

. Planning and Scheduling

. Work Flow

. Financial Control

. Operational Involvement

. Staffing and Development

. Continuous Improvement

INTERNATIONAL JOURNAL OF RESEARCH IN COMMERCE, IT & MANAGEMENT ,,

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories
WWWw.ijrcm.org.in



VoLUME No. 1(2011), | ssue No. 7 (DECEMBER) | SSN 2231-5756

. Purchasing

. Accountability

Leadership and Policy Deployment: Effective Maintenance relies on leadership providing direction, focus and support .This involves management establishing a
clear mission and vision supportive of the organization’s direction and goals. Leadership also responsible for establishing the policies and expectations that
serves to guide maintenance and the total organization in supporting maintenance activities.

Organizational Structure: Maintenance Organizations function at three major levels: organizational level (Functional and structural relationships), process level
(Work activities) and job performer level (Individual worker). The ineffectiveness of one level could negatively impact another level. For example poorly defined
work activities, such as the lack of planning and scheduling, can hinder an individual’s performance and attitude.

Inventory Control: Maintenance is closely associated with materials and its management. The analysis of financial statements of large no of companies indicates
that 60% of the total expenditure is on materials, any efforts made to optimize cost in this area go a long way in improving the profitability of the company. For a
maintenance man inventory means spare parts, lubricants and other consumables Maintenance managers along with material department in charge are
responsible for necessary stock, re-ordering, receiving, inspection and storage.

Computerized Maintenance Management Systems: A computerized maintenance management system is a software which supports in managing maintenance
activities like work order generation, prioritization, history capturing, PM Schedules, Inventory management etc.

Preventive Maintenance: Preventive Maintenance is often defined as “those timed or meter —based service activities used to extend the life of equipment and
identify potential problems through inspection and early detection”

Preventive Maintenance includes work performed on selected equipments like inspection, cleaning, testing, lubrication efforts and scheduled shutdown
services. PM is a major component in moving from reactive to proactive through early detection and correction.

Predictive Maintenance: Predictive Maintenance is the application of Technologies and early detection processes to monitor and detect changes in condition to
allow more precise intervention. It includes vibration analysis, shock pulse methods, ultrasonic, thermographic analysis, electrical surge comparisons, coolant
analysis, wear particle analysis and performance trending.

Corrective Maintenance: PM tasks are implemented before a problem is evident and corrective tasks are scheduled to correct specific problem that have been
identified in plant system The fundamental objective of this approach is to eliminate breakdowns, deviations from optimum operating condition and
unnecessary repairs and to optimize the effectiveness of all critical plant systems..

Proactive Maintenance: Proactive Maintenance is a term to identify the enhancement of both the preventive and predictive maintenance technologies. It is
absolutely necessary that managers identify and document data gained from both the PM and PdM programs so that they can develop the PAM portion of the
equitation. The PAM will provide managers a vehicle to effectively create a reduction in total maintenance downtime while maximizing equipment production
reliability and useful life.

Reliability Centered Maintenance: Reliability Centered Maintenance is a rigorous, highly structured approach to work identification.RCM can go beyond
maintenance program development by including failure modes addressing causes of human error and design deficiencies. When these are included RCM
produces the following outcomes:

. Maintenance programs evaluated on Technical feasibility and worth doing.

. Recommendations addressing changes to standard operating and Standard Maintenance Practices.

. Operational and Maintenance training recommendations.

The RCM process requires answers to the following seven questions:

. What are the functions of the asset in its present operating context?

. In what ways can it fail?

. What causes it to fail?

. What happens when it fails?

. Does it matter if it fails?

. What can be done to predict or prevent the failure?

. What can be done if you can’t predict or prevent the failure?

Planning and Scheduling: Planning is devising a process for doing, making or arranging maintenance work. It involves preparing job plans and other resources to
enable the craftsperson to perform the work quicker and more efficiently. It often deals with the “What” and “how”

Scheduling is creating a schedule for when the work is to be performed. Scheduling deals with the “When” and “Who”.

The majority of maintenance work can be planned and for the most part, should be. Increasing productivity or value —added work of maintenance personnel
depends a great deal on properly planned activities.

Work Flow: Work order is an integral part of an effective maintenance operation. It serves to the following

. Identify work

. Request work

. Prioritize work

. Schedule work

. Track work

. Analyze work

This process is to control and monitor activities and most significant purpose is to analyze work that has been performed, identify costs, losses, and trending
problems.

Financial Control: This includes fiscal control procedures of the maintenance organization. It includes budget control, contractor cost monitoring, and overall
labor and material cost control.

Operational Involvement: It is becoming rarer to find organizations that have not broadened their level of operator involvement in basic care type activities.
This may be in the form of “Total Productive Maintenance” or some other structured process to encourage ownership, involvement and improve equipment
reliability.

Staffing and Development: To support the “new” maintenance organization ,jobs will have to be redefined to improve efficiency and effectiveness .Traditional
views of restrictive job requirements and duties will have to be replaced with more flexibility and higher level skills.

Training and skill development is a key component as it enables people to meet the expectations that face in their challenging jobs.

Continuous Improvement: Continuous Improvement is best described as constantly striving for better ways to do things. It is creating discomfort with the status
quo and striving towards excellence through small incremental change.

Purchasing: Purchasing also plays an important role in integrated effective maintenance organization. Stock levels considering the consumption pattern, supply
lead time and usage with adequate planning prevent stock outages. Automated system to trigger purchase request based on predefined reorder level makes
the system more effective.

Accountability: Accountability is required and must be built in to the system. Individuals and groups assigned need to be specially challenged so that the drive is
in the proper direction. Activities need to be charted along with the development of detailed plans and how they have impact on the key measures. The
indicators are then used to highlight the success of the plan and serve to reinforce those actions taken.
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Figure 4 depicts the best strategy to prevent defects entering the business. As a consequence, maintenance costs reduce, production downtime falls, and there
is increase in equipment reliability, plant availability and productivity.

FIGURE 4: DEFECT ELIMINATION
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The best companies stop defects entering their business.

CONCLUSION

The author is closely associated with maintenance field since last 27 years in Fiber and Petrochemical Industry. The need of the hour is effectiveness and
definitely it can be achieved by following the best practices as discussed above. Risk identification, mitigation plan is very much essential to make a job safe and
successful along with planning, scheduling and control. Poor planning, improperly trained staff, unclear goals and objectives ,lack of leadership, poor historical
records and inefficient manning can cause work to take longer, cost more, and produce poor results. This outcome is an organization that is inadequately
postured to compete effectively.

Good Maintenance practices enable maintenance men to take care of the assets and to maintain them AGAN (As good as new).

ABBREVIATIONS

PM Preventive Maintenance

PdM redictive Maintenance

PAM Proactive Maintenance

MTBF Mean Time Between Failures.
MTTF Mean Time To failure

RCM Reliability Centered Maintenance.
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