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He is currently assisting the National Operations and Maintenance Standards
Committee on a project to improve O&M performance throughout the
Government Establishments. Dr. Alan has represented the UK at the European
Federation of National Maintenance Societies, represents the British Standards
Institute, and is a founder member of the International Maintenance
Association.

He was the author of Computerized Maintenance Management, a book on the
scope and implementation of maintenance systems. His respected Guide,
‘Asset Maintenance Management — Developing Strategy and Improving
Performance’ was originally published in English by IBE Publications, and
subsequently by Industrial Press of New York, and was translated into Arabic
and Chinese.

His more recently published book is titled: “Asset Management — with a Focus
on Maintenance



Peter Willmott C.E, FIEE, B.Tech (Hons)

Peter is a Chartered Engineer and FIEE and has a B.Tech (Hons) in Production Engineering.
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BY FRANCO SANTINI




1.ABSTRACT OF RESEARCH

IN THE FRAMEWORK OF A OPEN INNOVATION AND WORLD WIDE INDUSTRIAL TRANSITION

PERIOD, CONSIDERING THE MULTI FACTORS AND THE REQUIREMENTS TO ACHIEVE A SUSTAINABLE

AND COMPETITIVE DEVELOPMENT, THE RESEARCH:

= EXAMINES THE EVOLUTION OF MAINTENANCE STANDARD IN THE LAST 50 YEARS (1970-

2020)PROVIDED BY BSI,ISO,CEN,ANSI,ASTMA, ETC.

OUTLINES AS BASIC REFERENCE THE CEN MODEL OF MAINTENANCE FUNCTION EN 15341:2019.

ANALYZES THE ROLE, THE CHARACTERISTICS AND THE DRIVEN VALUES OF MAINTENANCE OFTEN

UNEXPRESSED.

= POINTS OUT FOR BASIC PILLARS THE TREND AND PROSPECTIVE RELATED TO THE NEW
COMPETENCIES AND TECHNOLOGIES 4.0 AND ARTIFICIAL INTELLIGENGE IN A VISION OF AN
INTEGRATED INDUSTRIAL EXCELLENT OPERATIONS MODEL.

= PROPOSES NEW SUBJECT AS TOPICS TO BE COVERED BY NEW STANDARD AS KEY SUCCESS
FACTORS TO CARRY OUT IN EFFECTIVE WAY THE INDUSTRIAL TRANSITION CHALLENGE IN THE
FRAMEWORK OF ENVIROMENTAL SOCIAL GOVERNANCE.
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2. EVOLUTION OF
MAINTENANCE STANDARDS

OVER THE LAST 50 YEARS

BY ALAN WILSON




2.1 TEROTECHNOLOGY - IN THE 1980s

The scope of ‘Terotechnology’ consists of a number of policies and practices which continue to have
application today:

* Detail is required of the assets specifications and configurations needed to provide the equipment
reliability and maintainability

* Assets designers should insist on 'design-out’ asset failures where possible beginning in the project
feasibility stage

* Confidence should be expressed in the creation of ‘communication bridges’ in order to develop
liaison between the manufacturer and the customer

 Anaimis toimplement a total quality management approach, as suggested in later years by the Asset

Management Standard ISO 55001



2.2 TEROTECHNOLOGY

The scope of ‘Terotechnology’ consists of a number of policies and practices which continue to have
application today:

* Apply additional predictive maintenance by increasing the use of suitable condition monitoring
techniques

 When carrying out the condition based predictive maintenance, focus on the identification of
potential failures which can be corrected within the time period before the failure actually occurs

* The aims of this practice are to:
1. Maintain less by extending the time period between routine predetermined tasks

2. Reduce the risk of breakdowns and serious downtime



2.3 TEROTECHNOLOGY
Delivery & Availability

* The scope of ‘Terotechnology’ consists of a (Businegs Interruption Cost)
number of policies and practices which continue
to have application today:

 The recommendation is to apply life-cycle

costing from a capital project feasibility stage to

the asset disposal Engineering & » Operations &
Reliability Maintenance

* The triangle shown illustrates various ‘trade- (Capital Expenditure) (Operating Expenditure)
offs’ between the costs due to potential losses
in availability, the investment costs, and the

subsequent operations and maintenance costs



2.4 TEROTECHNOLOGY

The scope of ‘Terotechnology’ consists of a number of policies and practices which continue to have
application today:

* Training the skills necessary for Craftsmen and Apprentices should result in:

* Increased efficiency due to ‘flexible-working’, with the various trades people being trained in
completing tasks traditionally those of other trades

* Increased job satisfaction resulting from the Technicians being able to “see the jobs through to
completion”

This approach was a basis of the beginning of multi-skilling; followed by the development of competence to
the certified level named ‘Technician’



2.5 TEROTECHNOLOGY .

The scope of ‘Terotechnology’ consists of a number of policies and practices which continue to have
application today :

Advances were also being made in:
* The application of artificial intelligence, and in benchmarking

The methods of evaluating criticality, reliability centered maintenance, and work planning and
scheduling

Health and safety, with considerable focus placed on a scheme named the H&S ‘Six-Pack’.

The practices behind the ‘Terotechnology message’ are sound. Not widely known is the name of
Terotechnology, perhaps for at least one major reason:

The computer aided maintenance management systems (CMMS) were being developed and
relatively expensive



Asset / Facilities management .

2.6 FORMAT OF THE EARLY / BASIC COMPUTER
AIDED MAINTENANCE MANAGEMENT SYSTEM

System support

Planning and control
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planning systems link to

spares / tools inventory 1

work & spares
control
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job planning /
scheduling

Stage 2 -
Processes i links to stores - stock inventory | :
1 /purchasing - supplier details | i
asset : —
maintenance job quality : skills / CBM training : multi-skill
costs recording programmes ¢ ' capabilities
Stggf 1- backlog assets data/ risks: safety /
ata ’ report ‘from manuals’ [¢—— environment,
preventive jobs downtime / cost
activities of people, CBM, PM,
asset faults / spares inspections,
MTBFs / MTTR, feedback

[
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permits to work
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work orders / timesheet




2.7 OVERVIEW OF STANDARDS: ‘i’:
HEALTH-SAFETY-ENVIRONMENT STANDARDS RELATED TO MAINTENANCE -

. OSHAS18000: 2017 Occupational Health & Safety Management System

. |IEC 60300-1-2-3: 2003 Dependability Management.

. |IEC 61508:2010 Functional Safety for Process Industry

. |[EC 61508 &61511: Functional safety, electrical/electronic.

. |[EC60050-192: 2015 International Electrotechnical Vocabulary

. 1SO 14001 Environmental management systems — Requirements with guidance for use
. IEC61511: 2017 Functional Safety Instrumented System for Process Industry.

. |IEC 60300-3-10: 2017 Application Guide Maintenance

. European Qualification Framework (EQF) Recommendation 2008 /X111 /01 /CE.ISO
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2.8 OVERVIEW OF STANDARDS: A

PAS- ISO-ASTM-ANSI-SAE STANDARDS RELATED TO ASSET MANAGEMENT

PAS 55-1 2008 SPECIFICATION FOR THE OPTIMIZED MAMAGEMENT OF PHYSICAL ASSETS
PAS 55-2 2008 GUIDELINE FOR THE APPLICATION OF PAS 55-1

ISO 55000: 2014 ASSET MANAGEMENT OVERVIEW

ISO 55001: 2014 REQUIREMENTS TO DEFINE-IMPLEMENT, MANTAIN- IMPOROVE AN ASSET
MANAGEMENT SYSTEM

ISO 55002: 2018 ASSET MANAGEMENT GUIDELINES

ISO 31000: 2018-1SO TR 31004:2013 RISK MANAGEMENT PRINCIPLES & GUIDANCE PACKAGE
ISO 14224 PETROLEUM AND NATURAL GAS COLLECTION & EXCHANGE OF RELIABILITY AND
MAINTENANCE DATA FOR EQUIPMENT

ASTM E 3035-15: 2020 STANDARD CLASSIFICATION FOR FACILITY COMPONENTS

ANSI 2016 PHYSICAL ASSETS PROTECTION FOR AN ORGANIZATION

SOCIETY AUTOMOTIVE ENGINEERS SAE JA 10430oWHAT ASSET MANAGERS NEED TO KNOW



2.9 OVERVIEW OF STANDARDS:
DESIGN — CONSTRUCTION STANDARDS RELATED TO MAINTENANCE

 E917-17:2020 PRACTICE FOR MEASURING LIFE CYCLE COSTS OF BUILDINGS

E 1699-14 2020 Standard PRACTICE FOR PERFORMING VALUE SYSTEMS ENGINEERING

« ASTM E 3035-15: 2020 STANDARD CLASSIFICATION FOR FACILITIES ASSETS COMPONENT
TRACKING SYSTEM ( F:A.CT.S)

e E 201320-20 STANDARD PRACTICE FOR DEVELOPING FUNCTIONS CONSTRUCTION FIELD
REQUIREMENTS

* E 2506 STANDARD GUIDE FOR DEVELOPING A COST EFFECTIVE RISK MITIGATION PLAN FOR NEW
AND EXISISTING CONSTRUCTED FACILITIES

* SO 14224 PETROLEUM AND NATURAL GAS AND.

* ASTM E 3035-15 :2020 STANDARD CLASSIFICATION FOR FACILITY COMPONENTS

« ANSI 2016 PHYSICAL ASSETS PROTECTION FOR ORGANIZATION



2.10 OVERVIEW OF STANDARDS: g
KEY MANUFACTURING STANDARDS RELATED TO MAINTENANCE

= ASTM E 2691-20 STANDARD PRACTICE FOR JOB PRODUCTIVITY MEASUREMENT
= ASTM E1670-95 :2018 QUALIFICATION FOR SERVICEABILITY FOR OFFICE FACILITY OPERATIONS AND
MAINTENANCE MANAGEMENT

= [SO 9001 :2015 QUALITY MANAGEMENT



2.11. The map of CEN/TC 319 standards on maintenance

Maintenance standards from
CEN/TC 319 are divided into four groups

1. Common basis
Management

Management

1 EM 16646 Malntenance withln physlcal
asset management

A EM 17485 Framework for improving the value
of the physlcal assets

O prEM Malntenance functlon and management

O EM 15331 Malntenance servlices for bulldings

2.
3. Methodologies
4

Resources C basi Methodologies
Resources O En 13269 AMmMAn BASI O pen 17668
Maintenance -l EN 13206 Malntenance englheering
contracts Malntenance
termilnology -l EM 15341 Key
O EM 13460 7 EM 17007 Perfarmance Indlcators

Documentation for

- Maintenance . I CEM TS 17385 Condition
maintenance

process assessment

W EM 15628 Qualification O prEM Performance and
of malntenance

persannel

These four groups describe what types
of maintenance standards exist and how
the standards relate to each other

condition assessment

I EM 16991 Risk-based
Inspectlan framewor

O prEM Contral of
risks during

maintenance
aperatlan
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3. THE CEN MAINTENANCE
FUNCTION
AND

MAINTENANCE 4.0 MODEL

BY FRANCO SANTINI
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3.1

‘: ‘ MAINTENANCE FUNCTION AND CORE FRAMEWORK

‘ EN 15341:2019

[ PHYSICAL ASSET MANAGEMENT }

/ MANAGEMENT \
\ / HEALTH
ADMINISTRATION SAFETY

& ENVIROMENT
SUPPLY AL
MAINTENANCE

FUNCTION /
PEOPLE

ENGINEERING COMPETENCE
ORGANIZATION

&
SUPPORT

[ INFORMATION COMMUNICATION TECHNOLOGY }

AND ENABLING TECHNOLOGIES 4.0




3.2 THE MAIN CONTENTS OF PILLAR

MAINTENANCE WITHIN PHSICAL ASSET MANAGEMENT

Maintenance within physical asset management allows the optimal life cycle
management of physical assets to achieve the stated organization objectives.

The Maintenance activities play a significant role in the life cycle management of
physical assets, because the maintenance function takes care of their integrity for the
majority of their lives.Physical Asset management indicates the appropriate
importance of maintenance in the various life cycle stages and helps the manager of
maintenance to define effective medium and long term maintenance strategies.

Physical assets management provides the interrelationships between maintenance
and the other physical asset processes, in order to measure the performances
through the whole asset life, in line with the vision, mission, values and organization
objectives: of Sustainability, Competitiveness, Service Levels , Economics.



3.3 THE MAIN CONTENTS OF PILLAR

MAINTENANCE MANAGEMENT

Maintenance Management is a combination of the resources, disciplines, knowledge, competences and tools to
define a medium term plan in line with the industrial company plan. It is the coordination and control of
activities implemented on physical assets to achieve the established objectives in the existing framework and
constraints. The Maintenance Management applies theories, application technologies, practices, innovations of
management, available internal and external resources to coordinate the activities of the maintenance in order
to achieve the best suitable maintenance performances. The physical assets result in the existing framework,
according to the vision, mission, values, policies and stated objectives of the organization.

The Maintenance Management has:

e to comply with the laws, HSE, rules and company procedures.

* To define the maintenance plans and strategies and Implement them (see ISO 55001) .

* to manage the Maintenance Function and the related sub-functions for implementing Continuous Improvements.

* to optimize people competence, productivity of maintenance resources, effectiveness and efficiency of the
processes and technical assessment.

* to achieve the "best added value” from plants, facilities and infrastructures in the optimal life cycle,
established by industrial strategies and physical asset management.

* to consider the external and internal Influencing factors that are fundamental to understand the status of the organization
/site /plant and its evolution towards the excellent organizational models.



3.4 THE MAIN CONTENTS OF PILLAR
HEALTH SAFETY-ENVIRORMENT ON MAINTENANCE
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Laws, Norms, Procedure Policy Responsibility Objectives, Strategy, and
Plans.
Emergency Plans and Resilient actions

Safe Maintenance Handbook.

HSE Procedure and Device to Prevent Accidents

Protective Equipment (collective and personal)

Safety Education and Training for maintenance people.

Good Maintenance practice procedures in Health- Safety- Environment

always applied.
HSE Records and related Indicators

Risk Failure Analysis and Hazard Assessment (Integrity levels).
RAMS evaluations

Failure Mode Effect critical analysis

Incident report and Investigation report.

Occupational Diseases and Accidents and OSHA indicators.




3.5 THE MAIN CONTENTS OF PILLAR PEOPLE COMPETENCE TN
EN 15628:2014 QUALIFICATION OF MAINTENANCE PERSONNEL EA S

The competence of Maintenance people is a priority, because Maintenance is a function where labour is a
fundamental resource in term of quantity and quality. It is necessary to develop two kinds of competence:

1. One related to the specific knowledge of the company sectors: energy, oil and gas, pharmaceutical, food,
transportation, etc
2. One related to the knowledge of each Maintenance sub-function.

People Competence means methods, applications and practices to achieve the best level of ‘quality professionalism’.

There are two steps in the process to improve competence and subsequently the Level of Professionalism.

1.QUALIFICATION OF MAINTENANCE PERSONNEL

EN 15628:2014 provides a formal outcome of an assessment and validation process of the competence of maintenance people,
provided by an Institute or School authorized by an external Certification Body. It certifies that an individual has obtained:

= The require degree of Education, appropriate work experiences and skills , achieved results ,authonomy and responsibilty

= AS reference It is possible to use the criteria EUROPEAN QUALIFICATION FRAMEWORK EQF tailored to Maintenance as follows

o EQFLEVEL 3-4 MAINTENANCE TECHNICIAN SPECIALIST

EQF LEVEL 4-5 MAINTENANCE SUPERVISOR

EQF LEVEL 5-6 MAINTENNANCE ENGINEER

EQF LEVEL 7-8 MAINTENACE MANAGER

VERSION 2 27



3.6 THE MAIN REQUIREMENTS OF QUALIFICATION 4

1) EDUCATION:
The outcome of the assimilation of information through learning. principles, theories by Schools and Universities
following programs related to the technical, management, economics and engineering disciplines.

2) WORK EXPERIENCES,AUTHONOMY-RESPONSABILITY

The ability to apply good maintenance practices, personnel, social and methodological behaviour; and to work
and study within the professional and personnel development.

3) SKILLS:
The ability to apply knowledge and use know-how to complete tasks and solve problems.

Skills are described as cognitive (involving the use of logical, intuitive and creative thinking) or practical
(involving manuals and the use of methods, materials, tools and instruments).

4) TRAINING:

Is teaching or developing in oneself or others any skills and knowledge that relate to specific and useful
competencies. It has specific goals of improving: Capability, Capacity, Productivity., Quality, Physical Assets
Performance, Condition Monitoring, and of people being formally qualified according the EN15628:2014 who can
achieve Certification through an authorized Body accerding the 1ISO170214: 2012 and EN ISO/IEC 27001



3.7. THE MAIN CONTENTS OF» PILLAR L
MAINTENANCE ORGANIZATION PART 1

THE MAIN TASKS ARE:

TO DEFINE WITH MAINTENANCE ENGINEERING THE RULES OF CRITICALITY AND EXECUTION

PRIORITY OF the PHYSICAL ASSETS.
TO DESIGN THE WORK ORDERS PROCEDURE INCLUDING THE NECESSARY
INFORMATION: SAFETY, TECHNICAL DATA, ACCOUNTING, TIMING, SPARE PARTS, KPIS.

TO ESTABLISH A PROCEDURE FOR ANALYZING, PLANNING-SCHEDULING-PERFORMING
AND CONTROLLING THE REQUIRED AND EXECUTED WORKS.

TO USE A COMPUTERIZED STANDARD PROCEDURE TO ACHIEVE THE BEST
INTEGRATED WORK ORDERS FLOW, ACCORDING TO THE END USERS ORGANIZATIONS,
RESPONSIBILITY, PROCESSES, EXECUTION, ETC. EFFECTIVENESS CONSIDERATIONS OF
THE WORKS DONE REPORTING IT IN THE DATA BASE.

TO IMPLEMENT METHODOLOGIES TO INCREASE PRODUCTIVITY AS TOTAL

PRODUCTIVE MAINTENANCE, LEAN MAINTENANCE, SIX SIGMA, ETC. TO ESTABLISH EXECUTION
WORKS PLANS, PROGRAMS (ANNUAL, QUARTER, MONTHLY) AND WORKS SCHEDULE ON
WEEKLY BASE FOR CORRECTIVE AND ALL KIND OF PREVENTIVE MAINTENANCE, USING AN
APPROPRIATE INTEGRATED LOGISTIC SYSTEM (ILS)AND NECESSARY SUPPORTS IN ORDER TO
OPTIMIZE THE AVAILABLE RESOURCES, CRAFTS, MANHOURS, SPARE PARTS TOOLS ETC. WITH
THE PRIORITY AND NEEDS OF END USERS.



3.8 THE MAIN CONTENTS OF» PILLAR MAINTENANCE ORGANIZATION 2)

To prepare an annual Preventive Maintenance Plan in line with
Maintenance Engineering, and all maintenance works in order to
optimize the available resources as a basis on which to develop quarterly
/ monthly executive programs.

To assign the work orders to the Field Maintenance Supervisory,
Operators and Contractors for execution, and for control of any
advancement - and for closing the works on receipt and approval of a
suitable feedback regarding the causes of failures, why and how to avoid
re-occurence, plus the technical difficulties, manhours spent, time
utilization, etc.

To close the work orders by recording into the database the Technical
data, plus information on the Quality/ Efficiency/ and Effectiveness of
the works completed.



3.9. THE MAIN CONTENTS OF «PILLAR MAINTENANCE ENGINEERING
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Maintenance engineering is the coordinated application of available methods, techniques,
tools and engineering competence to ensure that a physical asset is available to perform as
required in a sustainable, cost efficiency manner, throughout its life cycle.

Maintenance engineering includes to prepare for a systemized information on Physical
assets and its components in order to provide sufficient and relevant information.

The main driven areas on maintenance engineering to be implemented in relation with the
Influencing factors of physical assets and the related KPlIs, are:

= the Capabillty and Criticality of Physical Assets
= the physical assets Integrity and Durability (the life-cycle)
* the Preventive Maintenance Optimization

= the appropriate utilization of KPIs to evaluate all the maintenance performance and the
services level provided to the customers in order to implement and motivate
Continuous Improvement

* The definition of a road map for the implementation of Technologies 4.0 and Artificial
Intelligence solutions.
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3.10.THE MAIN CONTENTS OF «PILLAR ADMINISTRATION & SUPPLY» 1) [ &
“IMA"~

Itis the application of economy sciences to the maintenance activities
as budget and control systems, accounting procedures to evaluate the
economic performance and to define Contracts to supply, external
Services, spare parts and materials according the maintenance plan
and engineering requirements through purchasing departments.

This Sub Function provides the following main activities:

* to comply all economical aspects of maintenance works, task,
supply activities to be in line with the Economic Balance and
administrative rules as required by the company.

. to prepare the maintenance budget according time and
procedure, in order to submit the best proposal budget to the
management approval using significant KPI.



3.11 MAIN CONTENTS OF «PILLAR AD MINISTRATION & SUPPLY 2) IMA

to implement the accounting principles, costs centers, accounts, budget
and costs control of works carry out, expenditures and Costs of Projects
using an integrated Computerized Maintenance Management System
(CMMS)and monthly Costs Reports in order to analyse the deviations,
reasons, projections, perspectives to take the appropriate corrections.

to act as Supply Chain to purchase or provide trough the Purchasing
departments, the required devices, tools, equipment, spare parts, materials
and Contractors, using an Integrated Logistic System (ILS) in line with the
needs of plans and schedules of maintenance execution.

to manage and handle the Spare parts and Materials warehouse.

to define and handle all the administrative procedure of the Contracts of

maintenance services outsourced as: Spot -Open Services, Full Services, Global
Services.



3.12 THE MAINTENANCE MODELS EVOLUTION
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FOR MAINTENANCE 4.0

3.13 THE 10 ENABLING TECHNOLOGIES 4.0

CO-ROBOTIC
CYBER VIRTUAL-SOLUTION
SECURITY AUGMENTED
REALITY
PRINTING DIGITAL TWIN
3D THE ENABLING
TECHNOLOGIES
T.4.0
MACHINE
10 BIG DATA
MACHINE ANALYTICS
CLOUD DEEP MACHINE
COMPUTING LEARNING LEARNING

MAINTENANCE IS A FUNCTION AT HIGH INTENSITY OF DATA AND SO IS DATA DRIVEN



3.14 FOCUS ON HOW MAINTENANCE Py
CAN GENERATE ‘ADDED VALUFE’
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3.15.THE SCENARIO OF MULTI FACTORS AND COMPLEX OBJECTIVES OF INDUSTRIAL TRANSITION
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3.16 . THE MODELOF  SUSTAINABILITY COMPETITIVENESS GROWTH 5
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MAINTENANCE 4.0

KEY PERFORMANCE INDICATORS

MODEL OF EXCELLENT MAINTENANCE 4.0

<

TECHNOLOGY
INNOVATION

4.0
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COMPANY SIZE -SHAREHOLDERS - STAKEHOLDERS

ENVIROMENTAL SOCIAL GOVERNANCE ON PHYSICAL ASSETS MANAGEMENT
MULTI ENGINEERING DISCIPLINES:MECHANICAL-ELETROTECHTECNIQUE-ELECTRONIC
PROCESSES ,COMPLEXITY,SIZE- TECHNICAL CHARACTERISTICS OF PHYSICAL ASSETS

PHYSICAL ASSET LIFE CYCLE
DESIGN-CONSTRUCTION-TESTS RUN-SART-UP-PRODUCTIONS-MAINTENANCE-IMPROVEMENTS-MODIFICATIONS-DISPOSALS
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4. THE ESG
ENVIRONMENTAL
SOCIAL GOVERNANCE
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4.1 WHAT IS ESG? IMA
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* ESG means using Environmental, Social and Governance factors

to evaluate companies on how far advanced they are with
Sustainability.

* Once enough data has been acquired on these three metrics,
they can be integrated into the investment process when
deciding what assets and equities to buy; and in the

maintenance plans to implement the appropriate preventive
and improvement actions.

VERSION 2 40



4.2

What does ESG mean?

The imitations of raditional financial analysis
Environmental

Social

Governance

41



43 Environmental, Social and Governance (ESG):

An opportunity for Asset Managers

Integrating ESG in the asset managementtarget operating model

Developing an ESG practice has implications on all functions within the asset management target operating model. The following are some
key questions to consider when developing and enhancing your ESG practice.

Firm-wide Governance

Strategy & Vision e Governance & Oversight

Have you defined and documented your ESG Strategy & Governance & Do you have a firm-wide governance and oversight
strategy & vision? Vision ‘ Oversight framework that ensures business alignment with your

i ESG strategy & vision?

Iele

Technology and Data

- Asset Acquisition

Have you defined your asset acquisition approach
for catering to the ESG needs of your investors?

Asset
Acquisition

" Technplogy

How will vou leverage technology to embed ESG & Data

data throughout your operating model?

ESG
Target
Operating

\ |
~TL

Operational
Support

Investsivdind Management 42

Talent & Infrastructure

Portfolio
Management

—t—

ESG

Specialists
L)

Portfolio Management

How do wou plan on integrating ESG factors
and scenario analysis into your investment decision
making process?

ESG Specialists

Is your workforce equipped with the required
ESG skillset?

Investment
Stewardship

Operational Support Investment Stewardship

Do ywou engage with your investee companies on
their ESG risks and data?

How will wour operations be affected by systematically
integrating ESG throughout the operating model?



4.4 BENEFITS TO APPLIED ESG CRITERIA WITHIN PHYSICAL ASSETS MANAGEMENT

" Increased Cost Avoidance.

" Decreased Resource Waste.

" Improved Occupant Health

" Extended Asset Life Expectancy.

" Data-Driven Decision Making.

" Fewer Disruptions to Guest Experiences.

" Improved Eligibility for Sustainability Incentives.
=" Decreased Carbon Foot print

= Better, Faster Completion of Maintenance Needs.




4.5 ENVIROMENTAL-SOCIAL-GOVERNANCE
NEW TRENDS - PROSPECTIVES - CONTENTS

NEW TRENDS

= PREPARE AN ESG ROAD MAP

DESIGN YOUR ESG

PREPARE ACTION PLANS AND KEY PERFORMANCE INDICATORS

EDUCATE AND TRAIN YOUR PEOPLE

DEFINE THE STRATEGIC APPROACH AND LEVEL OF AMBITION

= TRACK AND PREDICT THE ESG EXPECTATIONS OF THE ASSET OWNERS
(JCONTENTS

= INCORPORATE ESG PRINCIPLES INTO OPERATIONAL PROCESSES

= ANALYZE MARKET TRENDS AND THE REGULATORY LANDSCAPE

= ANALYZE GAPS BETWEEN CURRENT AND TO DESIRED ESG APPROACHES

VERSION 2
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5. INDUSTRY 4.0
AND
MAINTENANCE 4.0
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5.1. INDUSTRY AND MAINTENANCE 4.0 mA

* Industry 4.0 is the goal for everyone in industrial maintenance, but
getting there takes a lot of time, money and effort. Integrating
elements of Industry 4.0 into your maintenance operation is not a
matter of buying new technology or making a few changes.

* You have to take the time to put all the right tools, processes and
systems in place. Fortunately, right now, there are some steps you can
take to move towards Industry 4.0.

* Here, we have selected a few of them.

VERSION 2 46



5.2. HOW MAINTENANCE IS DEALING WITH INDUSTRY 4.0 MA

" |ndustry 4.0 is very extensive and includes measurements.
For most companies the challenge will be to look at what they already have,

and make adjustments to take advantage of the new technologies.

=  There are many ways that asset management will be changed thanks to
Industry 4.0, from how technicians complete day-to-day tasks, to the way

plant managers use their facilities

" Product features phase: The purpose of this phase is to equip the products
(machines and components) with the Industry 4.0 features so the product
itself will be able to generate data relating to its status and operation, process

this data on a product level, and to take any required action.



5.3. THE FUNCTIONAL BENEFITS FOR MAINTENANCE @«f
FROM TECHNOLOGIES 4.0 AND ARTIFICIAL INTELLIGENCE 1) o

Maintenance 4.0 is carried out by the implementation of the following 10
Enabling Technologies:

1. Co-Robotic, to reduce the ergonomic problems of people increasing Health,
Safety and Productivity.

2. Virtual solutions of ‘augmented reality’ by wearable special glasses,
improving safety, quality, effectiveness and efficiency of field activities.

3. Digital Twin, as virtual identical electronic representation of the structure
of each physical Assets, to plan the maintenance works, analyze, predict and
simulate failures, causes and effects, design improvements; and define the
technical specifications and best maintenance practices.

4. Big Data the English term generally indicates a collection of informal data
so extensive in terms of Volume, Speed and Variety to be required specific

analytical technologies and methods for the extraction of value from
knowledge.




5.4 THE FUNCTIONAL BENEFITS
FROM TECHNOLOGIES 4.0 AND ARTIFICIAL INTELLIGENGE FOR MAINTENANCE 2) BMA

5. Machine Learning:

- to collect the significant big data through embedded sensors

- to transform data with analytics & algorithms into intelligent information
— to optimize predictive, on condition and prognostic maintenance.

6. Deep Machine Learning: the collection of significant data structured by
nets of layers embedded on machines, based on Artificial Intelligence, able
to communicate /automatically, and to action the best operation.

7. Cloud Computing: to receive and computing by remote big data in more
effective and secure ways.

8. ‘Machine to Machine’ is a process that implies wireless data transmission
between two or more physical assets (mechanical or electronic devices) to
share information and perform actions without the manual assistance of humans.



5.5. THE FUNCTIONAL BENEFITS FROM TECHNOLOGIES ‘35 ‘9‘
AND ARTIFICIAL INTELLIGENGE FOR MAINTENANCE 3) A

9. Printing 3 D: to produce directly or by remote spare parts from Computer
Aided Design, throughout special printing machines in 3 Dimensions

10.Cyber Security Systems: to protect the knowledge and Know How
with blocks chain systems.

The 4.0 Enabling Technologies integrated with I.C.T. and IOT on digitalized
physical assets, can contribute significantly to increase competitiveness,
optimizing strategies, decisions, actions and controls to achieve a new
excellent model named Maintenance 4.0 to create significative added values
opening new advanced frontiers.



5.6 MAINTENANCE 4.0 IS A NEW ERA TO MEET THE S

NEW TRENDS AND PROSPECTIVES OF THE INDUSTRIAL TRANSITION

J IT IS A GOLDEN OPPORTUNITY TO CHANGE THE PERCEPTION OF THE ‘MAINTENANCE FUNCTION’ TO
THE COMPANY MANAGEMENT, SHAREHOLDERS AND STAKEHOLDERS MOVING FROM A ‘COSTS

ONLY’ PERSPECTIVE TO ONE OF ‘ADDED VALUE'.

(J WE NEED TO USE THE NEW MODEL OF MAINTENANCE 4.0 TO CHALLENGE THE TRADITIONAL
THINKING AND APPRAISAL, STARTING AT THE LEADERSHIP AND MANAGEMENT LEVEL THAT:

(0 MAINTENANCE IS A FUNDAMENTAL FUNCTION — A NECESSARY EVIL
—TO A MORE ENLIGHTENED POSITIVE AND PROACTIVE VIEW AND CULTURE
—TO ACHIEVE AND DEVELOP AN EXCELLENT OPERATIONS MODEL AS A BASE FOR

SUSTAINABILITY, COMPETITIVENESS AND GROWTH .

THESE TRENDS AND PERSPECTIVES ARE REPRESENTING THE NEW FRONTIERS OF MAINTENANCE FOR
THE NEXT SEVERAL YEARS — AND THE EFFECTS WILL BE FELT ACROSS INDUSTRY OPERATIONS AND
PHYSICAL ASSET MANAGEMENT — EMPOWERING THE CONTENTS OF EACH PILLAR AND - INCREASING
THE CULTURE AND PERFORMANCE OF COMPANIES, AS REPORTED IN THE FOLLOWING SLIDES.

VERSION 2 51
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6.1 Behavioural Attributes as Core Competencies for Maintenance g
Standards-Scene Setting "

Our world has changed — over the last 2 years business enterprises across the globe have
had to respond to a range of unplanned and often chaotic disruptions. These have put huge
pressure on service, delivery, production, supply chains, distribution and of course their
employees —For example skill-gap shortages are having a huge impact on available onsite
people resources and are affecting all organisations in every area of the business

In addition ,we are also now seeing the emerging impact that Industry 4.0 transformation is
having on the delivery of relevant training and up-skilling at the sharp end of the business

Whilst these challenges did not exist so dramatically when we conducted the ME&T survey
two years ago — we did know that adopting relevant parts of the Total Productive
Maintenance philosophy as a System of Work can help organisations improve both the
operational efficiency, reliability, availability and longevity of their physical assets through
tapping into the full potential of your people

With this background scenario in mind | would like to share some thoughts and insights of
Behavioural Skill-sets for delivering future Maintenance Standards in the less traditional
purely ‘Technical’ Sense
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6.2-A Golden Opportunity to Change the Perception of Malntenance’ LV &

mww.ima-world.org
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From ‘Cost Down’ to ‘Value Adding’

« We need to use this Maintenance Standard Review to challenge traditional thinking and
perceptions -starting at the Leadership and Management level- that......

‘Maintenance is a necessary evil solely to drive down costs’
to a more enlightened, positive and proactive view that .....

* ‘Maintenance is a core and essential business ‘value adding’ activity to achieve and then
sustain Asset Optimization goals’, through a culture of skill competencies enhancement
and involvement , under-pinned with a continuous improvement ‘mind-set’ that says
‘what’s good enough today will not be good enough tomorrow’

 The delivery of Value —Adding Maintenance has to be through empowered front line staff
with the visible and proactive support of their Leaders and Managers -and which is both a
predictive and preventative based methodology

The Changing Face of Enterprise Maintenance

These trends and others will define the future of maintenance for the next several years —and
the effects will be felt across industries and disciplines. Consequently, the very nature of
maintenance work will evolve at a rapid pace.
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6.3-Behavioural Attributes as Core Competencies for Maintenance "’
Standards with reference to The Shingo Model™ & TPM System of Work

v é-:o:r
A

 Behavioural Attributes can be defined as positive work styles & attitudes
Including leadership, team working, soft skills and effective communication

 The Shingo Model™ of Enterprise Excellence....... IS a recognised Global
Standard of ‘World Class Performance’ which is sustainable though a mind-
set of ‘Continuous Improvement’ based on an ‘End-Game Vision’ delivered
through ‘Partnership and Trust'.

 The Model also regards the Maintenance of Physical Assets as a System

of Work (as in the TPM philosophy)- and hence an opportunity to Add
Value to Customer service levels ( both in-house customer and end user)



6.4 The Shingo Model™ Three Insights and its Ten Principles

RESULTS

CULTURE

BEHAVIOR

SYSTEMS 3

Process

Insight 1:
Ideal Results Require Ideal Behavior

Insight 2:
Beliefs and Systems Drive Behavior

Insight 3:
Principles Inform Ideal Behavior

Stakeholders Results
Create Value

for the Customer

Purpose :
Think Systemically

Continuous Improvement
Focus on Process « Embrace ScientificThinking
Flow & Pull Value - Assure Quality at the Source
Seek Perfection

Cultural Enablers
Lead with Humility
Respect Every Individual




6.5-The Shingo Model’'s 10 Guiding Principles for
Operational Excellence

Respect Every Individual
Lead With Humility

. Seek Perfection

. Embrace Scientific Thinking
. Focus on Process

. Assure Quality at Source

. Improve Flow & Pull

. Think Systematically

© © N O O~ W N P

. Create Constancy of Purpose
10. Create Value for the Customer

All 10 GP’s have Behavioral Attributes in terms of delivering individual
& collective Behavioral & Skill Competences
(Please see www.shingo.org for further details)

57
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6.6-Developing the Maintenance Best Practice Vision

Current State

Future State

30%

DAILY OPERATIONS

20%
DAILY
OPERATIONS

10%
FIRE-FIGHTI

70%
SYSTEMATIC CONTINUOUS
IMPROVEMENT

N

In any Company, 70% fire-fighting is caused
by two main phenomena:

Lack of Effective Communication-(Cause)
Lack of Adherence to Standards-(Cause)
No Standards Exist (Solution)

No Time to Deliver 100yr fix(Solution)

b o

Leaving only Unknown, First Time Novel Issues of
gonly } < 5%




Percentage %

6.7-The End Game - Benefit Profile ¥

Goal to reduce the volume of maintenance (efficiency) and increase plant
availability (effectiveness)-Through the Involvement of Front-Line Operators
and their Maintainer colleagues

Reduction in

the volume of
Maintenance
Activity

Eliminated Maintenance

7

™~

] Fixed Interval Planned Maintenance Remaining

> ‘Value Adding’

Maintenance
Activity

Condition-Based Predictive Maintenance —

-

Time




6.8 Assessing Maintenance as an Asset Management
System of Work Over 4 x Maturity Milestones

A

WE ARE REACTIVE

o

IMPROVE

TIME ’

Problems given to
Management

Bottom up Self managed team World class
improvement activities Performance
Stabilise Optimise 4 zero's

Top down
improvement

Evidence based Audit and Review Processes over 4 x Milestones

Learning
organisatio

Culture

Technology

T ¥

Enterprise Excellence Assessment

Strategy
2

Performance

Flow & Risk

Current State



6.9-Making Your Facility a ‘World Class’
Facility, Where the Future Drivers are:-

Maintenance
Effectiveness

Energy : Delivery
Efficiency through our People

Management

P ethdtio,
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7.1 The 10 Soft Skills for Future Jobs by 2025 ,
(arising from the World Forum Jan.2016)

| PROBLEM SOLVING ]

ANALITICAL & INNOVATIVE THINKING
CRITICAL & CREATIVE THINKING
OPEN & TENACIOUS THINKING

[ LEADERSHIP

= TOINFLUENCE & DELEGATE +
= SUPPORTING DELIVERY BY THE HARD SKILLS

GROUP +
KNOWLEDGE

+

COMPETENCIES

| SELF MANAGEMENT |

COMPLEX PROBLEM SOLVING
STRONG RESILIENCE-STRESS TOLERANCE
DEFINE STRATEGY -CRITICALITIES-PROCEDURES

SELF DETERMINATION &CONTROL OF

TECHNOLOGIES 4.0

DESIGN AND PLANNING
IMPLEMENTATION-UTILZATION-CONTROL




7.2 New Jobs and Competencies Required by Industry 4.0 Technolog%f%g

NEW COMPETENCIES

NEW JOBS
KNOWLEDGE - HARD and SOFT SKILLS

SYSTEMS 4.0 DESIGN INDUSTRY 4.0 VISION, INTEGRATION & DELIVERY

VIA PROJECT MANAGEMENT
PROCESS & SWOT ANALYSIS
OPERATIONS ANALYSIS INNOVATIVE, PRACTICAL SOLUTIONS
SUITABLE USE OF ARTIFICIAL
DATA SCIENTIST INTELLIGENGE AND MATHEMATICS

METHODOLOGIES AND ARTIFICIAL INTELLIGENGE
KNOWLEDGE AND FIELD APPLICATIONS

MAINTENANCE 4.0 IMPLEMENTATION AND GOVERNANCE OF TEC. 4.0
ENGINEER + ARTIFICIAL INTELLIGENGE TO ACHIEVE
THE OPTIMUM PHYSICAL ASSET PERFORMANCE

SYSTEMS 4.0 ENGINEER




7.3. The Learning Organization and Industry 4.0 Transformation i &":
-The European Experience

Resourceful

SKI LLS All Purpose

CAPABILITY \(/;:i?‘::;e
DEVE LOPMENT Adaptable

Responsive

Involved in Decisions
Flexible Able to participate,

Experienced Autonomous within
Proficient (Today) clear boundaries
Professional and rules
Multi Piplained
o Skilled Variable
Specialist (1980’s / 90’s) Delegated
Craftsmen Successful
Single Told Industry 4.0
Skilled Wider Implementation
) ) Semi Variable ]
(1960’S / 70’S) will depend on
" Tol delivery of
this state

TIME
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8.1. CREATE A RELIABILITY CULTURE Q@g
“IMA”~
* Maintenance Engineering for 4.0 is a big change, which involves many issues and aiming initially at getting-the

basics right.

Not least, implementing new technology starts with the people.

In addition for the need to do an exceptional job at training and organizing maintenance staff, we must also
prepare them for the changes that will come with new systems and processes.

So, a start to building this culture of continuous improvement is an early requirement.

* Another item on the list should be to establish the guiding principles that support the maintenance best
practices.

Create official procedures for every process from ‘work orders’ to ‘purchasing’ — so that good habits are
learned and reinforced and good data and information is exchanged.

Prioritising good communication in order to build trust and accountability is also of importance.

And added to these basic needs, it is relevant to recognize those who embrace and support change so that
the rest of the staff can be motivated to learning new ways of making improvements.



8.2 MAINTENANCE ENGINEERING - NEVER TOO SOON TO MAKE A START

% of lifecycle cost
4 which can still be Contract End of N

The Reducing 10 Elete/r-mned: /to build Y rga:gngrtng
Possibility of : :
influencing the ;

Life Cycle Cost — :
shown as the
reduction of the
% of the total
cost yet to be
confirmed

0 : :
concept design build/implement operate and maintain disposal

Duration of time



8.3 MAINTENANCE ENGINEERING — DELIVERING THE GOALS EXPECTED ‘35 A&‘

which includes:

* Improving equipment maintainability/staff competence/reducing costs/ adding digitisation of the diagnostics
* |Implementing up to date processes for managing the maintenance (supported by the EN 17007 standard)
e Sustaining the functionality of the existing assets — to deliver a few KPI targets at ‘each level’, efficiently

* Achieving an optimum balance between assets performance, the risks, the costs — for example, by applying
the reliability centred maintenance method to developing the assets strategies of the prioritised assets,

* Adding ‘dependability’ — by applying Maintenance as a crucial and influential part of Physical Asset
Management — "little point in practicing Asset Management before the Maintenance Basics are correct”.

* Knowing which asset systems should receive the most focus — those influencing the Organisational objectives
provide the most ‘value-added’.
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8.4. IN THE EARLY STAGES OF A CAPITAL PROJECT
— CAPTURE THE OPPORTUNITIES FOR MAINTENANCE

\é(,ﬁ

- >

’

Concept Feasibility Preliminary Detailed design Build Implementation
design
Infrgstructure System Infrastructure $ystem
Systems Systems
Sub Systems ‘ Sub Systems

Sub System Items (Equipment& Parts)

1 5
/ 1 /5 i <
2 4 1 5 1 5 1 5 1 5
2 4
3 2 4 2 4 2 4 2 4

3 3 3 3 3

1. Integrate

2 1. Requirements Analysis 1. System Build ;

8 2. Functional Analysis & 2. Synthesis 2 Sé/nthess (su.pport
8 Requirements (system | > (support, t ocumentation &
- support & procurement procurement) 3 _Ifgls?lng)

0] principles) 3. Test 4' validation &

w 3. Design review 4. \Verification ' c P

a) 4. Verification 5. Baseline ommissioning

5. Life cycle cost 5. Baseline
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8.5 Maintenance Engineering — Maintainability 5

— Development during the early life-cycle stages of Asset Management A"

in the design stages, the asset design team — with the support of maintenance personnel — should ensure that
the scope and detail of a specified maintainability, asset configuration, and reliability, is approved / ‘signed off’,

that the maintainability, designed-in, allows good staff access, with the correct tools, the appropriate spare
parts control systems, and with the maintenance cost for each asset life being within the early estimated costs,

the types and volumes of the tasks in the maintenance work programme — initially established by the
manufacturer of the assets — are recorded within the ‘handbook’ of online documentation,

throughout each of the stages, check that the total estimated life costs for each asset system will meet the
expected / budgeted costs —i.e. with the optimum balance being obtained between the purchase cost, the
quality and configuration of the assets, and the cost of maintenance and the asset disposal,

where so-called ‘predictive’ condition monitoring is to be applied, then the capability for this is designed-in:
—and is delivered as part of the asset purchase,

— is specified as part of the specified digital model for the system,

— with a data design which meets all the coding and numbering requirements of the CAFM / CMMS system.
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8.6 Coding & Numbering for Hospital Site Buildings in the Kingdom of Saudi Arabia

Hospital Site

Summary of repair costs as

& Buildings

by dlsc1pllne

A - Architectural 3.1.3.1

E - Electrical 3.1.3.2

\1

% of asset replacement costs

Plans for the implementation of

by asset system:

- HV / LV Distribution
- Lighting 3.1.3.2.4

A

asset repairs / replacements

y

Asset Systems

Technical ‘repair or
replace’ decisions

\ 4

by equipment type / location:

Lighting

- Luminaires 3.1.3.2.4.XX

A 4

Asset strategies
& Work orders

v completed

Asset Sub-system
or Equipment Unit

by components:

—  Standard procedures
& Task durations

Costs of CAPEX s ima-world g
and OPEX

Life cycle condition / age
/ cost information

Equipment

Work packs
costs

Permits to work

Bills of Materials (BOMSs), as for
Bills of Quantities (BOQs)

- Luminaires = LED lamp/T5 etc. Spare Parts /
to manufacturer’s manual Componentsto > Stores spare Faults & ‘Cause
descriptions / code numbers BOM/BOQ codes parts inventories and Effect’ data

& costs



N, g e
% S L
& 2

8.7 The Organisation and Management of Maintenance Engineering data % A
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ima-world.org

A feature of returning data for analysis and assessment is ensuring that a person or person’s are assigned
and given the time and status to look at the failures and causes and progression of changes arising from it.

Online data:
This is the data collected continuously from the sensors, control systems, and process monitoring systems.

Discrete data:

Such data refers to that returned from specific inspections or from the throughout or characteristics of
heating or cooling systems, air conditioning, or the performance of a production process.

Integrity / asset condition data:

This data that represent the changes to the characteristics, parameters and fabric of a physical item that may
occur during its operational lifetime.

Maintenance history:

Records of activities with sufficient levels of detail should enable analysis and continuous improvement for
potentially a full range of operational and maintenance issues.
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9. MAINTENANCE 4.0
NEW TREND-PROSPECTIVES - CONTENTS

BY ALAN WILSON




9.1. PILLAR MAINTENANCE WITHIN PHYSICAL ASSET MANAGEMENT B ¥ &
— NEW TRENDS, PROSPECTIVES AND CONTENTS

O NEW TRENDS
= TO BE OPEN TO INNOVATION

= TO HAVE, AND KEEP UPDATED, A ROAD MAP OF SUITABLE TECHNOLOGIES 4.0 AND ARTIFICIAL
INTELLIGENT APPLICATIONS.

O NEW PROSPECTIVES
= . TOIMPLEMENT FOR THE MAIN MACHINES AND PLANTS THE TECHNOLOGY OF DIGITAL TWIN.
= TO OPTIMISE THE LIFE CYCLE PERFORMANCE OF THE PROCESS AND PRODUCTS.

(L NEW CONTENTS

= ADOPT THE CRITERIA OF VERTICAL AND HORIZONTAL INTEGRATION - TO OPTIMISE THE LAYOUT AND
OPERATIONS.

= DEFINE THE METHODS OF A CIRCULAR ECONOMY AND TO ADOPT THEM IN THE RE-MANUFACTURING
PROCESSES OF THE MACHINERY AND PLANTS.



9.2. PILLAR OF MAINTENANCE MANAGEMENT

NEW TRENDS — PROSPECTIVES — CONTENTS

0 NEW TRENDS
= TO DEVELOP THE MAINTENANCE CULTURE.

= TO IMPLEMENT AGILE AND RESILIENT STRUCTURES.
1 NEW PROSPECTIVES

= ADOPT THE CRITERIA OF CONTINUOUS TECHNOLOGY AND INNOVATION - IN A CONTINUOUS
IMPROVEMENT WORKING GROUP.

U NEW CONTENTS

= DEFINE A ROAD MAP WITH THE SELECTED TECHNOLOGY 4.0 AND ARTIFICIAL INTELLIGENCE.
= DESIGN AND CARRY OUT AND TEST THE RESILIENT PLANS.

= IMPLEMENT THE SHINGO MODEL TEN GUIDING PRINCIPLES FOR OPERATIONAL EXCELLENCE.

= ASSESS MAINTENANCE AS AN ASSET MANAGEMENT SYSTEM OF WORK - OVER 4 X MATURITY MILESTONES.



Od NEW TREND
= TO ACHIEVE ZERO DISEASE - ZERO INJURIES - ZERO LOSSES - ZERO POLLUTION.

1 NEW PROSPECTIVES

= UTILISE COLLABORATIVE ROBOTS AND ESO-SCHELETERS TO IMPROVE THE ERGONOMIC
PRODUCTIVITY OF THE OPERATORS IN A SAFE WAY.

= TO CONTRIBUTE TO THE DESIGN, IMPLEMENTATION AND TESTING OF RESILIENT PLANTS,
FACILITIES, AND SITES, ETC.

(J NEW CONTENTS
* TO KNOW THE TECHNOLOGY 4.0 - AND TO REDUCE ANY KINDS OF RISK, AND ADOPT IT.

= TO BEINVOLVED IN ALL PHASES OF THE PHYSICAL ASSET LIFE CYCLE STAGES OF DESIGN -
CONSTRUCTION - OPERATIONS AND MAINTENANCE.




9.4 .PILLAR MAINTENANCE ORGANIZATION

THE NEW TRENDS — PROSPECTIVES — CONTENTS

(J NEW TRENDS
1. TO DEVELOP THE BEST VISION FOR THE MAINTENANCE PRACTICES.

2. IMPROVE SAFETY, QUALITY, EFFECTIVENESS, AND EFFICIENCY OF THE FIELD MAINTENANCE ACTIVITIES.
NEW PROSPECTIVES

1. TO USE DIGITAL TWIN TECHNOLOGY TO PLAN THE MAINTENANCE WORKS, ANALYZE, PREDICT AND
SIMULATE FAILURE CAUSES & EFFECTS, DESIGN IMPROVEMENTS AND DEVELOP TECHNICAL SPECIFICATIONS.

2. TO PRODUCE SPARE PARTS DIRECTLY FROM PRINTING MACHINES / PROVIDERS IN THE 3D DIMENSION
- WITH THE APPROPRIATE MATERIALS.

O NEW CONTENTS

1. INSTALL MACHINE LEARNING APPLICATIONS FROM EMBEDDED SENSORS - TRANSFORM THE DATA INTO
ANALYTICS & ALGORITHMS.

2. WITH THE NEW INTELLIGENT INFORMATION - OPTIMISE THE PLANNING, SCHEDULING AND RELATED
PERFORMANCE CONTROL OF THE PREDICTIVE, ON-CONDITION AND PROGNOSTIC MAINTENANCE WORK.



9.5.PILLAR MAINTENANCE ENGINEERING
TREND — PROSPECTIVES — NEW CONTENTS N P

(O NEW TREND
= TO INVOLVE MAINTENANCE IN THE DESIGN AND CONSTRUCTION STAGES OF CAPITAL PROJECTS.
= TO ADOPT THE ‘DIGITAL TWIN’ SOFTWARE APPROACH FOR ALL ENGINEERING & TECHNICAL ACTIVITIES.

TO CREATE A COMPETENCE CENTRE OF TECHNOLOGIES AND ARTIFICIAL INTELLIGENCE.

TO IMPLEMENT AN INTENSIVE APPLICATION IN THE MAINTENANCE DEPARTMENT/ SERVICE AS A
FOCAL POINT TO STUDY AND IMPLEMENT INNOVATION, AND DEVELOP A RELIABILITY CULTURE.

NEW PROSPECTIVES

TO USE LEARNING MACHINE SYTEMS TO OPTIMIZE THE PREVENTIVE MAINTENANCE - MOVING
FROM PREDICTIVE AND ON-CONDITION TASKS TO PROGNOSTIC WORK PROGRAMMES.

TO HANDLE THE MAINTENANCE ASSURANCE PLANS FOR THE INTEGRITY OF THE CRITICAL UNITS.

TRAIN EXPERTS - SUCH AS: DATA SCIENTISTS, SYSTEM AND MAINTENANCE ENGINEERS 4.0.

(d NEW CONTENTS
= ADOPT A MODEL OF 'SERVITIZATION OF MAINTENANCE SERVICES’ TO IMPROVE ASSETS’ PERFORMANCE.

= APPLY BIG DATA TO GENERATE THE ADDED VALUES EXPECTED.

= TRAIN EXPERT PEOPLE AS DATA SCIENTISTS, IN SYSTEMS 4.0 TECHNOLOGIES, AS ENGINEERS 4.0



9.6 PILLAR ADMINISTRATION AND SUPPLY

THE NEW TRENDS — PROSPECTIVES — CONTENTS

0 NEW TRENDS

1. TO CALCULATE THE TOTAL MAINTENANCE COST, ACCORDING TO THE EN 15341: MAINTENANCE
KPI, IN ORDER TO PROVIDE THE HOMOGENEOUS AND CORRECT INFORMATION OF THE
MAINTENANCE RESOURCE UTILIZED, AND OF THE ACTIVITIES CARRIED OUT.

2. TO EXCLUDE DATA ON THE MODIFICATION, ADDED DEVICES, AND OTHER WORKS TO BE
CLASSIFIED AS CAPITAL COST OR OPERATIONAL COST.

1. TO UPDATE THE TOTAL LIFE CYCLE COST OF THE MAIN EQUIPMENT - MAKING THE EXPENDITURES CLEAR.

2. CARRY OUT MAINTENANCE BENCHMARKING COMPARISONS OF SIMILAR PROCESSES / ASSETS EQUIPMENT.

1. DEFINE AND EVALUATE THE INDICATOR ‘RETURN ON MAINTENANCE’ AS A PARAMETER OF THE
COMPETITIVENESS AND THE EXPENSE OF MAINTAINING TO THE REQUIRED LEVEL OF SUSTAINABILITY.
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10.1 CONCLUSIONS OF RESEARCH 1) i

WE CONSIDER THE MAINTENANCE 4.0 MODEL PROPOSED, WORLD WIDE ALREADY STUDIED AND ADOPTED BY
ADVANCED COMPANIES, AN APPROPRIATE MODEL :

1.BECAUSE THE TECHNOLOGIES 4.0, PRESENTED 11 YEARS AGO IN HANNOVER FEAR OF NOVEMBER 2010, ARE
NOW RELIABLE AND EFFECTIVE APPLICATIONS IN MANY INDUSTRIAL CONFIGURATIONS.

2.BECAUSE THERE ARE NOT OTHERS MODELS MORE SUITABLE TO SUPPORT THE PRODUCTION AND SERVICE
PROCESESS TO ACHIEVE IN BETTER WAY THE REQUIREMENTS OF SUSTAINABILTY AND COMPETITIVENESS OF
TRANSITION PERIOD.

3.THE RESULTS OF MAIN INTERNATIONAL SURVEY CARRIED OUT IN THE LAST MONTHS CONFIRMED THE WIDE
SPREAD MANAGEMENT COMMITTEMENT TO ACCELERATE THE CAPITAL INVESTMENTS IN TECHNOLOGIES 4.0
AND ARTIFICIAL INTELLIGENCE TO GENERATE ADDED VALUE FROM BIG DATA AS DRIVERS SEE 9.2,SUPPORTED BY
ECONOMIC GOVERNMENT CONTRIBUTIONS.



10.2.HOW BIG DATA ARE DRIVING

TECHNOLOGIES-METHODOLOGIES -INFORMATION —ADDED VALUES (I.T.M.V MODEL)

INTELLIGENT INFORMATION

CLOUD GROWTH

ANALYTICS
DATA SCIENCE

ARTIFICIAL INTELLIGENGE

; CONFIDENTIALITY CYBERSECURITY A
OPEN INNOVATION
C IOT DIGITALIZATION D
H| SENSORS D
N SUSTAINABILITY E
O| EDGE D
L V
o| NETWORKs COMPETITIVENESS | A
G L
| U
E E
S S

METHODOLOGIES




¢

d
€ oy
1 9!:055"

10.3 THE PHYSICAL ASSETS OPERATIONS EXCELLENT MODEL AS INTEGRATION OF MANY STANDARD ‘-l'

PHYSICAL ASSET MANAGEMENT

DESIGN-ENGINNERING
STANDARD

PHYSICAL
ASSETS
TECHNOLGY 4.0
ARTIFICIAL INTELLIGENGE

MAINTENANCE
STANDARD

MANUFACTURING
STANDARD

EXCELLENT
OPERATIONS MODEL

EXCELLENT
PERFORMANCES



10.4 CONCLUSIONS OF THE RESEARCH 2) i

CONCLUDING WE THINK THAT TRENDS, PROSPECTIVES AND NEW CONTENTS PUT IN EVIDENCE FOR
EACH MAINTENANCE PILLAR OUTLINED IN THE RESEARCH, REPRESENT

1. A GROUP OF REQUIREMENTS TO BE COVERED INVESTING ON INNOVATIVE KNOWLEDGES AND SKILLS

2.AN OPPORTUNITY FOR THE INTERNATIONAL AND NATIONAL STANDARDIZATION BODIES TO SUPPORT THE
EVOLUTION OF THE MAINTENANCE 4.0 IN THE INDUSTRIAL TRANSITION FRAMEWORK WITH APROPRIATE

STANDARD
3. AWAY TO ACHIEVE THE BETTER OPERATIONS MODEL AS INTEGRATION OF MANY FUNCTIONS see 9.3
4.A CONTRIBUTION TO ACHIEVE THE OBJECTIVES OF ENVIRORMENT SOCIAL GOVERNMENT PARADIGMA .

5. A WAY TO ACHIEVE FROM MAINTENANCE ADDITIONAL VALUES NOT PERCEIVED OR UNESPRESSED.

VERSION 2 85



OUR TASK IS NOT ONLY TO FORESEE
THE PROFESSIONAL FUTURE OF MAINTENANCE
BUT ABOVE ALL

TO MAKE IT HAPPEN
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11.APPENDIX BASIC TERMINOLOGY

11.1. ASSET

The ISO defined Asset an item,thing or entity that has potential or actual value to an organization.

It is up to the organization to chose how to manage those assets to derive the best value to derive best
values,and value will take different forms to different organizations.

11.2.ASSET MANAGEMENT

The international standard ISO 55000 was developed a a follow of up to the BSI PAS 55document on Asset M
and it became available in January 2014.

The standard consists of a series of three documents:

1.I1SO 55000:Asset Management —Overview, Principles and Terminology

2. 1S0 55001: ASSET Management-Management Systems-Requirements

3.1SO 55002: Asset Management-Management System-Guidelines for the application of ISO 55001

PAS 55 Is still in use as a comprehensive explanaition of Asset Management

11.3. PHYSICAL ASSETS

Because ISO 55000 does not provide any information regarding the quality of an asset in the areas of design-
construction and maintenance from the CEN EN 16646:2014 Maintenance within asset management the
term Physical Asset represents machinery,plants,building,Infrastructures etc similar item.



11..4. PHYSICAL ASSET MANAGEMENT ‘&Q . é‘:

The phisical asset management is a comprensive ,fully integrated,strategy,process and business culture to

gain the maximum life time effectiveness,value,profitability and return from the physical assets utilization .

Consequently is important from the physical asset management that involves design-construction-

manufacturing and maintenance have along term vision, policy,objectve,,sstrategy acting in integrated way

having clear and appropriate plans classified in three levels

= Strategic Level in line with stakeholders requirements

= Tactical level managing all the aspects particulary manufacturing and maintenance that for entirel
useful life are handling the complexity to achieve success factors

= Operational level to carry out the executive works achieving best quality and lowest posible costs.

11.5 . MAINTENANCE FUNCTION

According the EN 15341:2019 Maintenance key performance Indicators ,the Maintenance Function is an
integration of Six Subfunctions as Management,Health-Safety-Envirorment,People Competence,Organization
and Supports,Maintenance Engineering,Administration and Supply to be design andcoordinate using ICT,IOT,
the enabling Technologies 4,0 and Artificial intelligence tools structred in a model of Excellence able to

use all the sinergies and inovative solutions to contribute to realize in effective way the industrial transition
period toward the sustainabilty,competitiveness and growth.



11.6 INDUSTRY4.0

Industry 4.0 is the application of Enabling Technologies and Artificial Intelligenge
solutions named 4.0, because in the scale of maturity of Industrial Evolution is
the step Four,coming after tree previous technologies phases,are so innovative
to be able to transform the machine and plants in more
digitalized,automatized and interconnected asset to to achieve more
sustainability and competitiveness to generate additional values of Products and
Services for a new economical growth.

Since that the opportunities and the benefits produced by the applications of enabling
technologies 4.0 have an high and large impact in all the activities as social,industrial
,administration and Business the term 4.0,in few years has been used to point out an
innovative and advanced era by many function as Research,Design, Engineering, Safety,
Environment,Manufacturing,Operations,Maintennace,Logistic,Quality,etc. achievable
with an appropriate mix of ICT+IOT+Artificial Intelligenge.
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11.7 ARTIFICIAL INTELLIGENGE ‘351 L &

It is the field of computer science that applies advanced analysis and logic-based tecniques to transform data -~
into information automatically that enable to interpret events,support and automate decisions and take actions
based on human machine interface and machine to machine autonomus decision and actions.

11.8 MAINTENANCE 4.0

It is the application of industry 4.0 to the Maintennace function to know in real time the status of Integrity
Of the critical components in order to manage in the best way the maintenance resources to increase the
value of Maintenance Services

11.9.STANDARD

Standard is a document, approved by a recognized standarization body, which provides the rules,

,guidelines or technical specifications for the performance of certain activities.

Compliance with a standard is called «certification" and ensures that performance,which is usually

variable, becomes repeatable.

Many standards are adopted on a voluntary basis, among these we remember those of quality,others

must be compulsorily adopted such as,for example, those relating to health,safety,envirorment

and maintenance "standard",

However, is also something that has been decided to make equal and repeatable such as,for example
the symbols that identify dangerous goods, the size of credit cards, the size of cd, the format of a

photographic film, and the characteristics of technical item..



11.10 TEROTECHNOLOGY FROM BRITISH STANDARD INSTITUTE (1970)

Terotechnology is a combination of management, finance, engineering and other disciplines,

applied to physical assets to pursue an economic life cycle cost related to them.

This objective is achieved with the design and application of availability and maintainability to plants,
machines, equipment, buildings and structures in general, considering their design,

installation, maintenance, improvement, replacement with all the consequent returns.
information on design, performance and costs.



12. MAIN INDEX

1. ABSTRACT (FRANCO SANTINI)

2.EVOLUTION OF MAINTENANCE STANDARD IN THE LAST 50 YEARS (ALAN WILSON)
3.THE CEN MAINTENANCE FUNCTION AND MAINTENANCE MODEL4.0 (FRANCO SANTINI)
4.ESG ENVIROMENTAL SOCIAL GOVERNMENT ESG (MOHAMMAD ABU AFIFEH)

5. INDUSTRY 4.0 AND MAINTENANCE 4.0 (MOHAMMAD ABU AFIFEH)

6. MAINTENANCE MANAGEMENT (PETER WILLMOTT)

7. MAINTENANCE PEOPLE COMPETENCE (PETER WILLMOTT)

8. MAINTENANCE ENGINEERING(ALAN WILSON)

9. MAINTENANCE 4.0 NEW TREND PROSPECTIVES AND CONTENTS (ALAN WILSON)
10. CONCLUSIONS OF RESEARCH (FRANCOSANTINI)

11 APPENDIX TERMINOLOGY

12. DETAILED INDEX



THANK YOU

<4
e[50%°

G
]

o

www ima-world.org



	Slide 1
	Slide 2
	Slide 3: Dr. Alan Wilson, C.Eng., BSc., PhD.
	Slide 4: Peter Willmott C.E, FIEE, B.Tech (Hons)
	Slide 5: Mohammad Abu Afifeh , BSc, . Consultant Engineer
	Slide 6: ENG. BASIM SAYEL MAHMOUD
	Slide 7:  THE ROAD MAP OF RESEARCH  
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16: 2.6 FORMAT OF THE EARLY / BASIC COMPUTER  AIDED MAINTENANCE MANAGEMENT SYSTEM
	Slide 17:  2.7  OVERVIEW OF STANDARDS: HEALTH-SAFETY-ENVIRONMENT STANDARDS RELATED TO MAINTENANCE
	Slide 18:  2.8 OVERVIEW OF STANDARDS: PAS- ISO-ASTM-ANSI-SAE STANDARDS RELATED TO ASSET MANAGEMENT
	Slide 19:  2.9 OVERVIEW OF STANDARDS: DESIGN – CONSTRUCTION STANDARDS RELATED TO MAINTENANCE
	Slide 20:  2.10   OVERVIEW OF STANDARDS: KEY MANUFACTURING STANDARDS RELATED TO MAINTENANCE
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53: 6.1 Behavioural Attributes as Core Competencies for Maintenance Standards-Scene Setting
	Slide 54: 6.2-A Golden Opportunity to Change the Perception of ‘Maintenance’
	Slide 55:                
	Slide 56: 6.4 The Shingo Model™ Three Insights  and its Ten Principles
	Slide 57: 6.5-The Shingo Model’s 10 Guiding Principles for  Operational Excellence  
	Slide 58:  6.6-Developing the Maintenance Best Practice Vision
	Slide 59
	Slide 60: 6.8 Assessing Maintenance  as an Asset Management System of Work Over 4 x Maturity Milestones
	Slide 61: 6.9-Making Your Facility a ‘World Class’ Facility, Where the Future Drivers are:-
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67: 8.1. CREATE A RELIABILITY CULTURE
	Slide 68
	Slide 69: 8.3 MAINTENANCE ENGINEERING – DELIVERING THE GOALS EXPECTED
	Slide 70
	Slide 71: 8.5 Maintenance Engineering – Maintainability  – Development during the early life-cycle stages of Asset Management 
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85
	Slide 86
	Slide 87
	Slide 88
	Slide 89
	Slide 90
	Slide 91
	Slide 92
	Slide 93

