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Introduction

Colombian sugar mills can crush cane almost all year (average of
thirteen mills 297 days for 2013). It means that less time is available for

maintenance activities.

It is required to adopt/adapt world class maintenance management
practices which allow achieving the production goals in a sustainable
way.

Cenicana (Colombian Sugar Cane Research Center) has recently begun a
new project about Maintenance Management. To propose the
characteristics of a World Class Maintenance Management System that
impact favorably the principal KPI’s (Key Process Indicator), is the main

objective.



Typical trend on Mill Maintenance
(example 8800 TPD Mill)...

Scheduled crushing days: 330

Scheduled short breakdown (4 hour) for heavy duty shredder maintenance and
minor repairs, approximately each 15 days in dry weather and around 8 days

when is rainy.

Two main 10 day maintenance breakdown for crushing mill maintenance (in the
more rainy months, May and November). Crushing rate planned to be reduced

~ 27% in rainy months.

Evaporator cleaning while crushing using switching valves with redundant

vessels always with 5 effect configuration...

2013 lost time: 11% Harvest + Factory



CENICANA’s Maintenance Management Project:
Initial Activities

Visits to similar industries: Palm oil plants
Asset Management was chosen as general route to follow.

Asset Management Training: 80 hours, 50 participants from the mills and

CENICANA

PAS-055 Asset Management standard used as a guide to develop diagnosis

tools
Asset Management Seminar with SKF held during June 2013

Basic capacitation for maintenance group at Colombian mill (december 2013)



Comparison with Palm oil industry

Palm Oil Extraction plant
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Palm oil processed is also related to rainy

season.

Maintenance cost depends on
production:

— 5to 10 USD/t FF

Sugar cane processed is related to

rain season.

Average specific maintenance cost
for a pilot mill is:

— 5.9 USD/t cane



Maintenance Indicator Analysis for
Colombian mills

 |nitially, an analysis of global maintenance
management indicators for the Colombian

sugar mills was conducted.

A correlation between OEE (Overall

Equipment Efficiency) indicator and the

conventional Lost Time indicator was found.




Typical Indicators (2013)

e Lost time / Scheduled production time
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Global Maintenance Indicator

Maximum Production Time: MPT » 365 days
Maintenance Scheduled
Scheduled Production Time: SPT + Scheduled » SF = SPT/MPT Factor
Time

Effective Production Time: RPT |+ Tl_i(:nsz » AF = RPT/SPT Availability
Factor

Net Production Lost .
+ = Performance - =
Time: NPT TR » PF = RPT/SPT NPT = real production /

Factor maximum production
Valuable Lo .
Production | + Qualit » QF = RPT/SPT  Quality -VPT = (OR objective —
Time: VPT v Factor OR real)*NPT

O.E.E. (Overall Equipment Efficiency) = AF * PF * QF

Total Productivity Index = O.E.E. * SF



OEE & Total productivity Index at
Colombian Sugar Mills (2013)

0.90 - I

0.85 -

= OEE B Total productivity Index

0.80 -
0.75 -
X 070 - l
0.65 -
0.60 -

0.55 -

0.50 -
7 8 9 10 11 12 13 14 16 15 56 30

Mill #

 Mills with less lost time are not always the mills whit higher OEE
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Relation between OEE and Lost time indicator
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Crushed cane:

20°699.179t 21°374.196 t

Sugar production: 2°462.883 t 2°485.689 t
Average Annual Precipitation 1202 mmH,0 1166 mmH,0
Mechanized harvesting area 31% 39%

Average Season days 292 298

Average Mill Lost time 5.4% +/- 1.7 5.3% +/-2.5
Average Harvest Lost time 5.8% +/-6.9 6.4% +/-7.3
Average OEE 0.81 +/-0.06 0.80 +/- 0.06

Lost time mill% scheduled production time

e Relation between OEE and

Lost time indicator decrease
because second was more

variable.



Mills groups by weather conditions
Precipitation

— High precipitation group : Mills #7, 9, 016
* Average Annual precipitation (2012): 1363 mmH20

* Average mechanized harvesting area: 22%

— Medium precipitation group: Mills # 8, 14, 30, 56
* Average Annual precipitation (2012): 1167 mmH20

* Average mechanized harvesting area: 23%

— Low precipitation group: Mills # 1, 10, 11, 13, 15
e Average Annual precipitation (2012): 979 mmH20

* Average mechanized harvesting area: 37%



Groups by rain level
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e Mills with Higher rainy level have to be ready to crush cane
incoming the mill.



Diagnostic Activities

e Diagnostics activities (still running) have been developed,
principal maintenance structures at Colombian sugar mills

were identified.

A simple diagnostic interview was applied to four (4) mills.

e A diagnostic survey according to PASS -55 was applied to

one pilot mill. A solid strategy focused into equipment and
process reliability has to be adopted by the pilot mill, in

order to achieve world class maintenance indicators.



Kinds of Asset Management Survey
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Kinds of Asset Management Survey

MQS (Maintenance
Qualification Survey)
questionnaire with 386 ===
guestions for 12 areas of
maintenance, multiple

answer.

CMMS (Computerized
Maintenance Management
Software) Benchmarking
evaluation: specific audit to
evaluate the basic system
information and maintenance
management (PM module of
SAP in the mills)

Links between production and maintenance
Perception of maintenance by management
Perception of the maintenance department
Availability

Maintenance Costs

Methods of preparation

Planning

Warehouse Management and Parts
Distribution of roles in the organization
Human Resources

Material Resources

Training

34
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20
66
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29
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18
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CMMS BENCHMARK EVALUATION CATEGORIES

EVALUATION

‘ 4. Budget and Cost Control

ITEMS

1. CMMS Data Integnity 6
2. CMMS Education and Tramning 4
3. Work Control 5
3

5. Planming and Scheduling 7
6. MRO Materials Management T
7. Preventive and Predictive Maintenance 6
8. Maintenance Performance Measurement 4
9_ Other Uses of CMMS 6
TOTAL CMMS EVALUATION ITEMS 30




Maintenance
Indicators

Maintenance
planning

-

External {
relationship

Reliability -

Cost Issue

Diagnostic Interview by Cenicana

# Questions

1 What indicators would be appropriate for benchmarking between the sugar mills in the field of
maintenance management?

5 What kind of indicators currently used in the area of maintenance management? Some internal
handled?

3 |éPareto analysis (80-20rule) is conducted? For what type of indicators?

4 |Are maintenance indicators related to production and / or energy indicators?

e What CMMS (Computerized Maintenance Management System) platform is used in the
maintenance management work? Indicators are obtained?

6 |Whatis the number and profile of people responsible for managing the CMMS?

. How is the maintenance management system described in the mill? And the Working Group?
Flowchart

8 |Outsourcing for maintenance is used? At that level and intensity?

9 |What is the role of contractors in the planning, implementation, maintenance and auditing wit?

10 [Root cause analysis are conducted? Examples

11 [How many cases can you refer related to redesigns based on reliability improvement?

12 What Condition Maintenance techniques are applied?, The reliability group exist?, What about
structure and resources?

13 [Have been you conducted risk analysis for the production lines?

14 [How the Project Area is related to the performance of Maintenance

15 [Could you describe the cost structure in the maintenance area?

16 What is the reasonable period that allows a proper "Benchmarking" on the issue of maintenance
for Colombian sugar mills?

17 |If you plan to migrate to a new maintenance management system, as you describe it?




Results from Diagnostic Interview applied for 4 mills

Common Topics:

1) Maintenance Indicators:
* Lost time % scheduled production time
* Degree of compliance with maintenance orders.

2) CMMS (Computerized Maintenance Management Software): SAP-PM

3) Pareto analysis is applied in order to identify the major lost time causes. «Root
Causes Analysis» is then conducted.

4)Vibration analysis, thermography routes are used as predicted maintenance work

indicator (2012) _ Mill#l | Mill#2 | Mill#3 | WMill#a

Lost time (%) real production time 4.62 4.76 5.42 3.21
OEE 0.808 0.864 0.810 0.880



Composition of Maintenance Planning Group

Mill # 1 (4400 tpd) Mill # 2 (7800 tpd) Mill # 3 (4100 tpd) Mill # 4 (8800 tpd)
mngineers I 7 workers: 4 workers: 8 workers:
* 3 Mechanical Engineers * 2 Engineers * 1Engineer
e 2 Mechanical technologist e 2 Technologist e 7 Technologist
\— I e 2 Electrical technologist

* On average, 1090 tpd per
person is used to planning
maintenance.

Factory Manager

Process Managers Planning Manager

Planning Preventive Warehouse

Maintenance and industrial
workshop

Maintenance
Execution



Diagnostic Survey Design:

 Tool designed for Excel®

e Total questions: 145

e Time execution: 3 days

e Survey has been applied to one pilot mill

Qualification

DGEEEE Documented and There quantitative The process is

unoredictable There are basic  standardized process.  targets and indicators continuously
' ’ management There is an supported the needs of improved based

PASS -55 out of control ) : D>
with high processes understanding of the internal and external  on a quantitative
(2008) variability and accordingto  interrelationships of the customers. The causes understanding of

rea e:I\t general policies.  process activities and  of the variation of the the causes of

g measures. process are identified. variation.

1 2 3 4 World Class



Diagnostic survey topics for a pilot mill

No. Maintenance Topics
1 General 1 Planificar
21%
2 Strategy Planning y
. 3
3 Planning 5
4 Management 4 Actuar 0% 0 2 Hacer 18%
5 Learning
6 Information Do
7 Risk
3 Verificar 0%
8 Process analysis
9 Reliability Check We don’t check and don’t act
10 Execution
11 Overview Act 1

Reliability Centered Maintenance



Results from The Diagnostic Survey for A pilot mill

Opportunities for Improvement:
o Strategies
« Planned programs

MADUREZ L : :
S « Reliability and risk analysis
11 Revision 0% z . 2 ?;g;tc;g ;:"'9 \ )

|

Planificacion y
ogramacion 0%

10 Medidas de
desempefio 30%

Reliability Centered Maintenance

4 Organizacion,

9 Confiabilidad 37%
OnvanRias 0 administracion 76%

5 Aprendizaje y
crecimiento 80%

8 Andlisis de procesos
35%
7 Manejo del riesgo 6 Gestion de la

30% informacion 63%
. Strengths:

 Documentation and standardization of processes

« Systemic relationship with other organizational
processes (ISO Standards)




Technical subjects

In the more technical subjects, activities are oriented to
identify research requirements related to critical maintenance
areas and processes, to plan strategies which help main

objective achievement.
 Root Causes Analysis (RCA) methodology has been
applied in order to identify potential research areas for
maintenance.

« Using the Pilot Mill approach, CENICANA is budgeting for

2015 a second phase of Maintenance Project



Root Causes Analysis (RCA) Methodology

1. Getinformation:

— Persons in charge

— Meeting whit all workers involved

— Review information : CMMS, catalogue, drawings, etc.

— Check damaged pieces: dimensions, geometry, chemical composition, metallography, etc.

— Analyze products involved

2. Diagram of failure event

3. Failure hypothesis formulation
4. Identify real failure causes

5. Diagram causes/root failure

6. Solution

7. Socializing the results



RCA for Centrifuge Batch Equipment:
Example of applications

Previously, on May (2012) Centrifuge was

stopped because high vibration levels.

Predictive Maintenance group didn't report

abnormal condition, before this event.

Equipment stopped because of damage on
September 24 (2012), first shift after

scheduled maintenance.



Step 2: Diagram of Failure event

1. Machine was stopped
because high vibration
level report. (May-2012)

A

2. Report of failure
pressure of air system.
(June -2012)

motor support was displaced
and screws were not sheared
but threads stripped

A 4

4.Maintenance scheduled
September 24 -2012
Turn Time start: 7:30 p.m.

3. Vibration level is
correct

A 4

5. Excessive vibration
and noise was observed

A

motor housing

was broken

by shift Supervisor

Vibration system
control is on?

A

What is the step on
total cycle?

8. September 24 -2012

A

Bent Main Shaft

A

Time: 12:35 p.m.

A 4

6. The protective cover of
motors falls

A 4

Centrifugal Machine fails

7. Emergency Brake System
was turned on manually




High vibration
level

\ 4

1) Loose bolts

A 4

Vibration Control
System fails

Step 5: Diagram causes/root failure

A 4

Machine fails on
September 24
Time: 12:35 p.m.

A 4

2) Resonance

Main Shaft RPM control
system
Motor
DETENE Braking
system
Structure
equipment

A

3) Load distribution

Welded points

Process material

Clean Air

System

A 4

4) Over Load

Control system

Process material




Step 6: Solutions recommended

Structure fixation screw should be the originally

recommended by manufacturer.

Practice to preload screw joints must be taken to avoid

premature failure, either too much or too tight.
The emergency stop procedure should be reviewed.

It is suggested to ask the manufacturer the natural
frequencies of the complete centrifuge rotor, with rated load

and 80% load.

the instructions in the manual calibration of the proximity

sensor rotor should be checked again.



Conclusion

e Global maintenance Indicators like OEE, could match

traditionally indicator.

 New strategies for maintenance management and execution
have be applied to mills, in order to improve the global

maintenance indicator.

e Reliability Centered Maintenance (RCM) is one alternative to

improve maintenance and reduce costs.
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