Iron Ore Production and Logistics

via Integer Programming
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Network Planning and Blending
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Blending

Final Product Composition
PF1 FE SIO2 AL203 P MN PPC H20 -0,15 1 6,3

Max 485 12 005 0,26 8,00 31,00 16,00
Target 65,00 4,40 090 004 015 160 6,50 24,00 51,00 10,00
Min 64,40

Several Different Final Products

Blend to form final product PF1

Product % FE SIO2 AL203 P MN PPC H20 -0,15 1 +6,3
PP1 56 64,06 5,10 0,60 0,0/ 0,0/ 200 9,00 15,00 61,00 15,00
PP2 18 67,73 1,15 0,60 0,02 0,02 1,20 9,00 8500 0,50 0,00
PP3 26 6540 431 0,71 0,02 0,29 1,00 5,12 28,00 59,00 14,00

65,06 4,18 0,63 0,05 0,12 1,59 7,99 30,98 49,59 12,04

Different compositions to obtain a same final product
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Iron Ore Supply Chain

Productive .
4 Complexes ~ 280 CHIENES

~ 356 Primary Products

Beneficiation
50 Plants ~ 60

Final Products

Origin-

~1000 Destination

6 Modals

’ vaLe Gapso



Objectives

A Plan the productive chain to fulfill the demands aiming at
maximizing:

Revenue




Organization Context
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Organization Context

Process

Alndependentplanningof the productivesystems

APlanningorocesshasedon trial anderror,

too time consuming
T Tecnology

AMostly aimedat maximizingzolume
AElectronicSpreadsheets
PeOple Alnformationdistributedover
ATotallydependentond FSSt Ay & severalproductivesystems
ASearch foinformationto do
the planning
AFocuson obtaininga feasible

plan JR



FERROSOS

Modules T Vertical Integration

Short Term Médium Term Long Term

Decides the share of the annual production of each mine
complex will be used to fulfill the annual demand of each client.

Decides the share of the monthly production of each mine
complex will fulfill the annual volume of eachc | i edentardds

Treats production excess and shortages, iron ore in stock from
one month to the next.

Decides which Lot is loaded in each mine complex to
fulfill the shipments already programmed and thedemands of
the local market in the within the agreed time frames .
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FERROSOS

Long Term
(10 years / year)

Medium Term
(3 years / month)
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(5 months / day)
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Optimization Problems

Scheduling Handling
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Demand Fulfillment
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|:__] Flano de Ater
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[ Resumo Gera 2010 Ago/2010
[_J Extragdo de [ P¥ {... Massa Projeta.. Massa Atendi.. MassaMao At.. MassaPrevist.. Massa Atendi.. Massa Nao At... Massa
[[] Classificagdo Tokal Geral 0,000 47,654,771 46,670,352 1.014,419 9,522,494 9,522,056 0,435
= [ Produtos ALOCAYEL 0,000 17.079,000 17,00z, 542 76,156 7,051,000 7,050,699 0,301
% [ Entradas DIvF 0,000 12,313,501 12,313,363 0,136 2,471,040 2,470,903 0,137
5 B saidas = + ACE - ACESIT 0,000 472,500 472,500 0,000 94,5010 a4, 500 0,000
T + ACO-GERDA 0,000 32,500 32,500 0,000 £,500 £,500 0,000
_ O ispenibiidad = AMT - ARCELC 0,000 4,598,701 4,508,700 0,001 919,500 919,600 0,000
=3 Dperagfies da Cade F-sacE | 0,000 135,000 135,000 0,000 27,000 27,000 0,000
= [ Entradas | F-55CT 0,000 1,849,000 1.549,000 0,000 381,000 351,000 0,000
[] sistema de Pr . G-5GCT | 0,000 362,701 362,700 0,001 71,600 71,600 0,000
[ Compleso F-AF03 0,000 2,252,000 2,252,000 0,000 440,000 440,000 0,000
= + BL¥-BELLGY 0,000 1,350 1,350 0,000 0,270 0,270 0,000
[-_J e + (I - CBF 0,000 701,000 70,000 0,000 14,0010 14,000 0,000
(] Mina + ERA-MOWAE 0,000 3,750 3,750 0,000 0,750 1,750 0,000
[] Fornecedor + FMG - FERMA 0,000 £, 00 i, 0100 0,000 1,200 1,200 0,000
[] Usina d Ben + IR - SIDERUR 0,000 201, 0000 20,000 0,000 4,000 4,000 0,000
= . + MTD - METALE 0,000 25, 00 25,000 0,000 5,000 5,000 0,000
[ Tipa de Patio ¥ REF - PHOEMI 0,000 0,440 0,440 0,000 0,088 0,088 0,000
(] patic + SBE - SAMTAE 0,000 76,500 76,500 0,000 15,300 15,300 0,000
[] Porto +SMC - SAMAR 0,000 5,116,000 5,115,863 0,137 1,036,000 1,035,663 0,137
(] Usina de Pelo - 105M - USIMIN - 0,000 1,890,760 1,890,760 0,000 373,632 373,832 0,000
= . + RDAS 0,000 2,270 2,270 0,000 0,454 0,454 0,000
EPT“E”"‘E”“ + RDASIA - Toquio 0,000 18,290,000 17,351,877 938,123 0,000 0,000 0,000
Cliente
|:___] Estoque Inici < &
|:___] Yisdn Cansali ]
S saidas Massa Tokal (ki 46,670,352 Receita Tokal (US$): )
T [-_-] Utiizacsa da |+ Custo Tokal (LS Margem Tokal (US$): Composigio I | Entrega Grid I | Entrega Grafo j
- m -

(2} Cenario MP_TU_20106ga01 - 01/2010 & 12/2010 - ML - SE



