. A A BR : 4
.!'1.\“‘)". gﬁ )
L o P
L ;v.h

o . 0
t;g

B
37

’ b o

mpk, 9 gy g Y imaxgPa (R e T8

whnuw\mn'xm’q o LR
w""*' ol ¥ °O'ﬂ'§‘ “ ¥

;’iif, .= i Drastically Reducing
Specific Water and Energy

B

: B
oAl X -
3 \_' o AM X sk meabuy PS8 'K---rﬁ’"’""{“' i '.'.'lg

: E ]

n-:g ;‘Jﬁmo 8o, ”&;g;:?(.m '2‘ u! ,,3; :x § é"

u.f, i ‘;P[tj Sa

= 0 . InLarge Industrial
0 SR n et ea R

mioweetgluiniiiiows  Complexes
Fo, (B [ x4 o0H
o, | LM

"'g:'{c";' B i

Presented by Osvaldo A. Bascur
Global MMM Industry Principal

OSlsoft. USERS CONFERENCE 2013 ® @OSIsoftUC | #UC2013 © Copyright 2013 OSlsoft, LLC.



=
o
R’ et DR
e 8T m .y

Mt ow gy A% Sd
GRS Y N ) P - OSlsoft.

B e ek O B AR B h = }
!;.go P L ETN &“:’L&; R rmPEESimy ‘%'m)('h'
M s T Y ‘:Jl & D g
O - ] A THRIVING
TR S - -
L R b=
S T i D & =]
hT =y | Y | ()
< = = - CONFERENCE ¢ [amys:
Fyaradimy R T e
ey 2 X,,;*.-p'_. ‘h 2 .wn'}r@"""’v
B Mg o IR 8 e Power of Data
ﬂiu o0 a'ﬂ M N :‘)g
& s _JE a® 9 |
.y ~n ‘o o al \-‘
"’533:\';. - %v-\gi‘@‘
val aNe™

® @OSIsoftUC | #UC2013 © Copyright 2013 OSlsoft, LLC.

OSlsoft. USERS CONFERENCE 2013

L 4



Overview of the Large Industrial
Complexes

Sustainability Strategies are good
Business

Real Time Information Integration and
Standardization

Endesa, Southern Peru, CAP Acero,
ArcelorMittal (Dofasco, CSN)

L Further work and Conclusions

. USERS CONFERENCE 2013 ® @OSIsoftUC | #UC2013 © Copyright 2013 OSlsoft, LLC.
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Pl System In the Metals Industry
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Sustainability & Energy/Water Nexus {0 osisoit

Summary

- Discuss observations and real examples from industry, utilities and public sector

Saving Jobs

... Energy & Water are inextricably linked. Zvn¥; one can save the other. Saving
both can save money, capacity, and jobs!

7 The Power of Data © Copyright 2013, OSlsoft LLC. All rights Reserved.



How are you managing your Ore Types, Energy, Water and Metals
Recoveries?

Freeport McMoRan Irian Java
example.

OSisoft. USERS CONFERENCE 2013



Electricity consumption in copper concentration (%)
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Intensity of electricity consumption

Milling and Flotation
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Water supply projects to desalinate and pump water
could require an additional 5.4 TWh per year

Relincho | 700 /s
sierra Gorda [ 700 /s
Esperanza (operating) ([ 670/
Quebrada Bianca [ <50 /s
Antucoya [l 280 /s
Coloso Expansion  [F Y, 5,200 5
Collahuasi [ 1,500 /s
Radomiro Tomic [ 1,500 s
ElMorro [N 750 /s

Coloso (operating) [N 525 /s m Desalinization
Candelaria [ 300 /s
Manto Verde [§ 120 /s

m Sea water

OSlsoft. USERS CONFERENCE 2013 ® @OSIsoftUC | #UC2013 © Copyright 2013 OSlsoft, LLC.
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Mine to Metals Products

Pl Server and Data Services
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http://www.wonderware.com/

\JUU:{W cai vl

Rio Tinto Kennecatt Utah Gopper
integrated Mine Metallurgical Complex
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Integration: Rio Tinto Kennecott Utah

Energy Assets Reagents Environmental
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Overall Integrated Industrial Effectiveness

Results

Long term PROFITS
_* _With Sustainabilit :

Opportunities $

My. Porter
Shared VALUE
Strattegy for
SUSTAINABILITY

Systems

Real Time !megrated Plant Systems

® @OSIsoftUC | #UC2013 © Copyright 2013 OSisoft, LLC. (N4
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Emerging market growth will create an
additional 11Mtpa of demand by 2024

ojurjory

on

Copper semis demand (Mt) Drivers of growth
Mature markets o . . ;
w Other Emerging Markels » o Continued rise of China

m China (11Mt),7
e Development of other large

Emerging markets (India, SEA)

+28%

(BM) Changing fuel mix towards non-

traditional energy sources

77% of | ; e ;
demand wil ncreased energy efficiency an

= bein safety requirements
Emerging

Market L :
ares Substitution, mainly

Aluminium (negative)

35% of B
demand in
Emerging |
Markets |

@ @QOSIsoftuUC | #UC2013 © Copyright 2013 OSlsoft, LLC.
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THE PEOPLE EFFECT
Local vs. Collaborative Decision Making

KPI Examples: Production, Quality, Costs, Equipment Availability, Environmental and Safety alerts with fast
resolution and improved decision making.

MONITOR IMPROVE

In Control? Satisfied?

KPIs ->

Identify Root
Causes

I Strategic Competence Centers

Local Operations/Maintenance Maintenance/Engineering/Management

4
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Pl System Data Infrastructure

ISA S95

PI Visualization and Diagnostic
Tools

iﬁ» 0Slsoft. Pl System

Pl Data Access

JU, Pl EF

Isoft Real-Time Data Infrastructure : )
‘ - os SO Common Data Presentation Layer 2 o Downtime

Batch

HT 4202
i e
Batch Continuous | Discrete | 4 Fai
Control . Control Control = - AILAE,

Real Time Interfaces

OSlsoft. USERS CONFERENCE 2013 ® @OSIsoftUC | #UC2013 © Copyright 2013 OSlsoft, LLC.



General Structure for Operational Management

Raw Materials

Products

>

Waste

Panel Station

Alerts
Summaries

Operations

Management

Energy Water Q_ PLANT
—| Data -
Time acquisition Contlr ols
Series l
Data __| Event
Validation Detec}tion
——| Class. — [ Asset
PI-AF | . ==
Analysis Conditions
g:t?rz;ti - —| Metrics, KPlIs
i
SQL ___| Process :
Server Coordination | | nventories
___| Plant —| Costs
Optimization Reduction

OSisoft. USERS CONFERENCE 2013

Planning

Improvements

1988, Bascur, ISA
® @OSIsoftUC | #UC2013

© Copyright 2013 OSlsoft, LLC.
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The problem...

16%
@
© Chile .
®
>
& Russia @
& Australia ‘
o
= 6% Zambia @ e
— DRC
g ‘ Peru

USA

= @
<

0%

0 ¢/kWh 8 ¢/kWh 16 ¢/KWh

Electricity price

OSlsoftt USERS CONFERENCE 2013 ® @OSIsoftUC | #UC2013 © Copyright 2013 OSlsoft, LLC.
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Weather and Country Energy Limitations

Most Arid Region in the World

Large Energy Requirements

OSlsoft. USERS CONFERENCE 2013 ® @OSIsoftUC | #UC2013 © Copyright 2013 OSlsoft, LLC.
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Optimizing Latin American Energy Generation

Management

ENDESA CHILE EN LATINOAMERICA

Parque de 15.273 MW, distribuidos en
54 centrales de diferentes tecnologias y edad

«

endesa.ic
o |

Colombia
2.895 MW
11 Centrales

1.598 MW
10 Centrales

Chile
5.279 MW
25 Centrales

5

| Brasil

987 MW
2 Centrales

Argentina
4.514 MW
6 Centrales

OSlsoft. USERS CONFERENCE 2013 ® @OSIsoftuC |

#UC2013

© Copyright 2013 OSlsoft, LLC.
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3 fondo - Microsoft Interam Explorer propercionado por Grupo Endess

GENERACION FOR TIFD OF CENTHAL

CTC Comomnado
C T Gas

§ O Voo

| CH Emtyulse

ot

GENERATION ACTUAL MOR PSS

| Aot
W
Chile

J Colombia

et
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Datos Generacion

Linld Ganeradons

"
Adud Cuntrates
Arquntng
Brasil

hiw

Colombla
fery

TOTAL
INFORMACION TECNICA

Nosd

Betania, an <

Cattageny, ¢

Diege de Almagro, Chie
Vantanita unigad 8 TV), Peci

Folendis
frstalpda

Fiormacsdn prowsonamente no dispanible de Ins Centrales

Dalalie pot Lnigad en Chotdn, Argenting

Faomi oy

FACTOR DE CANGA GULIMND ENDESA - LATAM

Argaring 3 ombia Pure

DISFONBILIDAD DUA ANTEIIOR

Argesting

® @OSIsoftUC | #UC2013
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SISTEMAS EXPERTOS

CMD: CAMINO RECORRIDO Deteccién De Fugas De Petrdleo

Monitoreo Continuc De Emisiones

INTERCONEXION CEN Camaras de combustion
. MONITOREO Sensor Virtual
CREACION DE SOLCEP WEB CMD - wdroTSrapaca Contador Ma?stro y E
ST EFICIENCIA EN CCGLATAM ) Py

A GENERACION Endesa  pehyenche
Latinoamerica . i

INTERCONEXION

MONITOREO =
Proyectos ano 2009

Simulador de entrenamiento

Deteccion de filtraciones en TG

Monitoreo y aseguramiento de calidad
de agua en centrales térmicas

Implementacion SIIP Central Térmica
Santa Rosa

ﬁ ‘n\ 2006 2007 2008 2009

OSlsoft. USERS CONFERENCE 2013 ® @OSIsoftUC | #UC2013 © Copyright 2013 OSlsoft, LLC. RS




ENDESA Examples

AMBITO DE DESARROLLO oy |

SISTEMA INTEGRADO DE INFORMACION DE PROCESO

Es un sistema informatico multivsuario que, captura la
data de proceso de los sistemas de contrel de las
unidades generadoras y almacena esos datos en
servidores de planta, y en un servidor central,
permitiendo a los usuarios el acceso a la informacién en
linea y a la base de datos histérica de las plantas
generadoras.

SISTEMAS EXPERTOS Y APLICACIONES

Son desarrollos de software que utilizan la informacion
en linea o histérica, procesandola a fravés de
modelos, contadores, informes automaticos y
personalizados, pantallas graficas o tablas de datos.

CAAN
OSlsoft. USERS CONFERENCE 2013 ® @OSIsoftUC | #UC2013 © Copyright 2013 OSlsoft, LLC.
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Southern Peru Copper: Cuajone

Cuajone

Production 87,000 MT fine Copper per day.
Conventional open-pit mine

Concentrator - 10 Grinding Lines.

YV V V V

Management Indicators: KPIl's

Alarm system and start/stop
equipment, sub-standard
conditions of processes and
operations, etc. (Pl — ACE)

3 ' > E:'.nl
3 @ om —
= 2
] :: .
% PDA&
. ? r.bmpc'-
§= ’

s a

4
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SIX Sigma Pl AF Design Strategy

People Ore type Process Parameters
o N Stock Pile L
Bock# ;
; Bin Level
Shit#  —— Oetpe N it N\
Maintenance Fragmentaon . i Rae :
Mine Rock Alerafion . Cycione Pressure

il N (re Hardness "\ SumpLevel

- WorkIndex  ~ Size Distribution Crusher Grade
Training ———— Grade S Distbution SAG Ml 2
Size isiribition Wil 7 Recovery

State (0K Troubles, Down. Stopped Maintenance}—— i Losses
Run Time 2 Water 3

EquipmentAge Stesl ———

Availabiity Limestone

Mine Plan Reagem§,,vv‘

Equipment Consumables

Strategy for Operational Data Mining

OSlsoft. USERS CONFERENCE 2013

® @OSIsoftUC | #UC2013
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Southern Peru Copper: Cuajone

Sharepoint, Pl AF, PI Slicers and Pl Cubes
Using Latest Power Pivot in Memory technologies

T * Ry T SRR ST,
h wome | Mot Pepeieedt  Pumutn Dats  Rewew W '
\ Calitn

SETRITY PG Ry )

(i @
iize]

[0 O

L » A EEDER S

T
s » No

1 Rodutie. - s ° ¢
Preducie . 16673002
Woduade 1~ wsasms. -
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Tangible benefits: Advanced Mine to Mill Integration

Y

Production Benefits:

Y v

OSlsoft. USERS CONFERENCE 2013

® @OSIsoftUC | #UC2013

Increase of ore milling: 4.6%
Decrease of mil power: 3.9%

Decrease of fresh
consumption: 6.8%

water

Net profit: USS 31.8 million
(period: 2009/04/04 to 2009/12/31

Pl System contribution: USS 7.95
million (same period)

4

© Copyright 2013 OSlsoft, LLC.
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CAP Acero Huachipato Steel Mill

Fully Integrated Steel Company Pl System Seminar Chile Y2009

Reduction of Pellets in Blast Furnaces to produce Iron
Steel produced in BOF then casted into Slabs
1.2 Tones of Steel per Year.

OSlsoft. USERS CONFERENCE 2013 ® @OSIsoftUC | #UC2013 © Copyright 2013 OSlsoft, LLC. 37]



Iron and Steel Metallurgical Complex
Real Time Informatlon Integration and Standardlzatlon

’ s ) -
G\)"> A poweb 2610 ~-.7 ':-3'— tob gl race s ais wlop | x| —
o Favoetter s B gsemed Sner .. @ W " rw -
(] Metals snd Mining - Tesl Making Proces S22 = Page = Safety~ Tooh v
P —™
v Ve des Thw ey
B 27 Tresviaw - gt
s - ‘
ety i enStenl Steel! Mill Facility
= s R R
T B Py mmm
P P -
i —— -
G "*___ -
-
-, =5

- bl ——— -

B = s - ST,
5o RAW Materlals Prlmary Transformatlon Secondary

@ @QOSIsoftuUC | #UC2013 © Copyright 2013 OSlsoft, LLC.

OSisoft. USERS CONFERENCE 2013

38
4



Manufacturing Services Center

Inventory,
Supply Chain, @ ~
Market/ Cost Data B

,0,« l I.l.

S

\ Production, Market, &
Supply Chain Data

« Energy Management

+ Condition Based Maint.

+ Production Management

« Environmental Compliance
« APC Monitoring

Pl provides an agnostic

Production Operations Center of
Excellence

= (@ Qg.

« Production Awareness
+ Asset optimization

« HSSE Monitoring

« Benchmarking

* Knowledge Management

enterprise IT platform
that enables scalable,
evolutionary Biofuels
value chain visibility,
benchmarking, and
optimization

Raw Mat

Coke Units

Steel

Energy Water
Services

OSisoft. USERS CONFERENCE 2013

® @OSIsoftUC | #UC2013
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Strategy: Standardization of Assets and
with Dynamic Contextual Information

Outputs
pts ] LAB Data

Consumption Asset Waste

Availability GT56.TTG.PV
Safety

<

T

= = Process
€R(ISenve#201000

1
GTS6TTH.PV . B
5T56 Name,

\Aw/ EqUipment

GPIlAfHu’SPV ==
e b
.

Data at the Orlgmal Resolution
ﬂ F |nformation at the desired aggregatg EVENTS and STATES

and context

Anywhere, Anytime.... a

OSlsoft. USERS CONFERENCE 2013 ® @OSIsoftUC | #UC2013 © Copyright 2013 OSlsoft, LLC. 40]
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Iron and Steel Metallurgical Complex
Real Time Information Integration and Standardization

OSlsoft. USERS CONFERENCE ® @OSIsoftUC | #UC2013 © Copyright 2013 OSlsoft, LLC. 41]



Operational Multidimensional Analysis

Dimensions
= Processes
nit 1 HERIS
UNITS nit 2
nit 3 nverting—
nit 4
Bedding —
’— Running Data
— Troubles Gax Clen
Operating }— Down
Conditions Net Production (ton)
—Maintena
Energy Consumption
—Stopped (kWh/ton )
Water Consumption
01:00 02:00 03:00 (M3/ton)

| | |
Time

Services (kg/ton)

#UC2013

© Copyright 2013 OSlsoft, LLC.
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Integration of Data, Metrics and Events

& L Hydrogen Consumplion Summary

B L Aoy Conmption Summary

& 3 Cool Consumobon Summary
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@l Operational

Data

EVENTS

Status ST, ET

METRICS

Aggregated

Information

: By Area
@ By Group
By Region

Hour

Shift, Week

® @OSIsoftUC | #UC2013
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Tangible benefits: Instant Power CAP ACERO

| Actualizar ~ @
POTENCIA INSTANTANEA Distribucién Potencia Instantanea
UNIDAD MW % OTRA12%  PTA COQUE
CAP-Acero CAP 61,18 100 e 5%
'Planta de Coque PTA COQUE | 2,79 5% PTA OXI ' '
Altos Homos C AAHH | 1188 19% 2 T
Aceria . AC | 362 6%
'Colada Continua | cC | 1105  18% Lg'r %% W
‘Laminador LPC . LPC | 596 1% LR 2%
'Laminador LPF | LPE | 4,23 7% LPF 7% AC 6%
‘Laminador LBR . LBR 0,96 2%
'Laminador LBT P L 0,61 1% LPC 11%
Planta Oxigeno PTAOX 11,54 19% CC 18%
Otras OTRA 753 12%
@ periodo Potencia Instantanea -
Start Time (+_op, |5 End Time [« |75 [(apely] (6] [« [»)

OSlsoft. USERS CONFERENCE 2013

@ @QOSIsoftuUC | #UC2013 © Copyright 2013 OSlsoft, LLC.
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Classification of Productive and LOST
Times In a Large I\/Ietallurglcal Complex

fpme——————t o

Batch Annealing
Blast Furnace AH4
Blast Furnace AHS
BOF 1

BOF 2

Caster 1

Caster 2

Caster 3

Coke Plant 1

Coke Plant 2

Cold Reducing
Electrogalvanizing Line 1 |E
Electrogalvanizing Line 2 |E
Hot Strip Coils
Hot-Dip Galvenizing
Ladle Treatment
Pickling

Sinter Plant
Tempering Hot

Tin Plating

Welded Pipe

OSlsoft. USERS CONFERENCE 2013 ® @OSIsoftUC | #UC2013 © Copyright 2013 OSlsoft, LLC.
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Tangible benefits: 10 % REDUCTION SPECIFIC POWER
or US$ 10 M

7000
_— Mayo Junio Julio Agosto Septiembre
' Unidades KWH/TON [KWH/TON [KWH/TON [KWH/TON [kwH/TON |
CAP Acero - Planta 487,5 590,4 474, 439,7 419,16
04 Planta de Coque 69,6 70,1 62,9 59,7 61,9
Alto Horno 89,9 98,3 92,6 89,7 89,8
# Mayo
Aceria 35,0 34,1 27,3 24,5 23,7
4000 CCs 74,7 68,2 59,7 59,1 61,2 # Junio
LBT 22,3 138,4 144,1 137,8 126,00 o kil
LBR 52,7 74,1 76,9 53,6 67,90
= Agosto
oo LPC 139,0 143,1 148,9 139,1 135,32
LPF 191,9 174,9 150,5 159,7 164,24| # Septiembre
2000
) .
CAP Acero - Planta  Planta de Coque Alto Homo Acena s 18T LBR LPC LPF
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US $ 5.0 millions per year

~
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Tangible benefits: wWeb Based Air Quality Management for
Authorities

Medio Ambiente

| E)

Henu Prmapal “
3 jMedio Ambiente Mediciones »
2Kk hlnmmrec 58.3 pgm?
@ Vista Analisis . > Y ’ 0 Temperatura
225 pgim? ] A " 4 Aire
05 ppm .‘ - ; ’ 8
o P, . g 2 168°C
0

2 . L\ o . 5 s Humedad Relativa
y~— L ‘A , e T\ (S 27 57.3 %

- " B B viento entre NIE - S
> / o*
’

Viento entre N - SSO

/ I [l ierto eove 1ini0 - 050 ¢ concentracion de P10 > 50 pgim?

W ei0= 80 ppm?

321.0
w/m?
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Mine to Metals
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Rio Tinto Kennecatt Utah Gopper
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VAV
AV

Integration: Rio Tinto Kennecott Utah

Energy Assets Reagents Environmental

INTEGRATE- FIND — ANALYZE- DELIVER-VISUALIZE



Drastic Energy and Water Savings

v Dynamic Performance Management Infrastructure with
Collaborative Services

v'Pl Asset Framework standardization and cross-pollination at the
local plant and at the Enterprise

v'Pl Asset Notification using Performance Metrics and Statistical
Tools

v'Visibility Using Internet Web Services with standard Bl tools.

v RESULTS: Improvements in sustainability management with large
operational cost reductions
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Osvaldo Bascur

osvaldo@osisoft.com

Global MMM Industry Principal
OSlsoft, LLC
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