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METINVEST — a vertically-integrated group of steel and mining companies
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COKING COAL IRON ORE CONCENTRATE CASTIRON STEEL
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SEMI-FINISHED PRODUCTS FLAT SECTION STEEL ROLLED SECTION STEEL PIPES
MILLION MILLION MILLION THOUSAND
3'12 TONS 5'84 TONS 2-87 TONS 315 TONS

* Data for 2013

Coking coal self-sufficiency — 75%
Blast-furnace coke self-sufficiency — 105%
Iron ore self-sufficiency — 200%
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Structure of METINVEST process chain

Mining Division: Metallurgical Division:
Inguletskiy Iron Ore Enrichment Plant Azovstal Iron & Steel Works
Northern Iron Ore Enrichment Plant llyich Iron & Steel Works
Central Iron Ore Enrichment Plant Yenakiieve Iron & Steel Works
Komsomolskoye Mining Company Khartsyzsk Pipe Plant
Krasnodon Coal Promet Steel
United Coal Company Ferriera Valsider
Metinvest Trametal
Spartan UK

Metinvest Resource
Avdiivka Coke Plant
Inkor & Co.
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Business model of operational planning

Incoming Outgoing
information information

STRATEGIC
SUPPLY

1. Sales forecast.
2. Contracted volumes

3. Distribution network orders. Strategic goals
and objectives

DEMAND PLANNING
(SALES)

Long-term
operational
planning (MTP)
Plan for
commissioning new
facilities

Sales and operations planning
(S&OP)

CAPEX PLANNING
(beyond the project)

Operational
plan

BUDGETING
(FINANCE)

Planned repairs
(scheduled
maintenance,

overhaul repairs) Short-term operational planning (OFP)

SUPPLY
PLANNING
(MAKE)

Scheduling (MS)

Projected prices for raw A

materials and materials A

SUPPLY

PLANNING

(SOURCE)
*

Scheduling (execution) (MAKE,
SOURCE, DELIVER, SALES)
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Elements of the operational planning business model

Long-term operational
planning (MTP)

Sales and operations
planning (S&OP)

Short-term operational
planning (OFP)

Scheduling (MS)

Operations coordination
(GC)

Map the strategic goals and
objectives onto the operational
planning level

Monitor the progress of the mid-term

operational plan

Optimize the supply chain

Optimize the detailed functional
plans

Prepare data to calculate the

forecasted cost

Optimize performance and prime
cost

Place orders for production and
ensure customer services are
provided at the target level

Update the operations schedules

5 years

15 months

3 months

2 months

2 months

3 years

3 months

1 month

1 month

1 month

Annually

Monthly/
quarterly (rolling
schedule)

Monthly
(rolling schedule)

Monthly

Weekly

Product families, 1-2
years with a breakdown
by months, 3-5 years
with a breakdown by
quarters

Product families, with a
breakdown by months

Product details at the
level of material master
records with a
breakdown by months

Product details at the
level of material master
records with a
breakdown by days

Product details at the
level of orders with a
breakdown by days

Not implemented.

Implemented

Implemented

Not implemented.

Implemented in part of

order placement for
production.
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Data flow in operational planning processes

Operational planning processes are cross-functional and require close cooperation between Sales, Production, Procurement, Logistics and
Planning. The chart below shows the data flow for the operational planning processes.

Incoming information Planning model Results
 Sales forecast at the level of APO SNP
material master records
« Price forecast on the basis of Sales plan
sales terms

Calculation of operational plan with a

specific optimality criterion Production plan

Procurement

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
:
ERP '
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

* Price forecast for commodities

Main raw materials and other materials
required

Logistics

APO DP * Logistics costs

Automatic generation of system objects
based on the calculation results.

* Primary equipment available for
Production production

ERP * Specifications and flow charts
* Production options

Transportation plan

______________________________________________________________________________

Implementing the operational planning processes in SAP requires integrating the SAP modules into one master module. This makes it
possible to create sales forecasts, update the logistics, forecast prices for raw materials, and maintain the master production data

© 2015 SAP SE or an SAP affiliate company. All rights reserved.



Technical architecture of the operational planning solution (I)

SAP APO/DP SAP APO BW

Sales forecast at the level of product
groups

WECIELS Sales plan

Price forecast on the basis of sales terms

SAP ERP @ Transportation plan

Specifications, process flow
charts

Work places :>
i Supply chain planning

WY EWEIELS

Production plan

Requirement of basic raw
EUEIIES

SAP APO/SNP

SAP ERP

Repair schedule Planned orders

SAP APO/DP

Price forecast for raw
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materials Purchase order

—
= HEE

Logistic component

Logistics restrictions
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SAP production
systems

SOP systems
» SAP ERP SAP ERP

« SAP APO SAP APO

External systems (data for the
companies only) without SAP

(saiuedwod
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SOP systems

systems

$

SAP ERP SAP ERP «
SAP APO SAP APO »

SAP production

Technical architecture of the operational planning solution (lI)
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Structure of the supply chain planning model (I)

At the level of the Company's logistics chain

...............................................................................................................

Suppliers : : Production companies : Demand
of raw materials : : 4 locations
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i« Other
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g Graph vertices > Graph edges
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The key link in the architecture of the planning
processes implementation in SAP is the supply
chain planning model. The supply chain planning
model is a graph where the vertices are the
suppliers, manufacturers, terminals and demand
locations. The graph edges are transport relations
showing the traffic flow routes

The capacity of graph vertices representing the
production companies is planned using the
production planning models.



Structure of the supply chain planning model (l)
Reflection of the model in SAP APO
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The supply routes are numerous and
long and the cooperation between the
companies is very complex.

Model scale:

14 assets of both divisions

394 demand locations

1,116 transport routes
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Structure of the supply chain planning model (llI)

At the asset production level
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The key elements of the production

planning models are:

» the company's basic production units
(work places)

* the list of materials produced
(material master records) for each
production unit

* master production data
(specifications, process flow charts)
for each material.
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Using developments to compensate for the functional deficiencies
of SAP (I)

Adapting the standard In addition to setting standard functionalities, the project team also made

functions to the company's 25 developments, investing over 400 total workdays.
specific business processes

Compensating for the SAP

functions functionality

Developing SAP standard The primary purpose of the developments is to adapt the standard
functionality functions to the specifics of Metinvest business processes.
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Using developments to compensate for the functional deficiencies
of SAP (I)

The operational plans are calculated using SAP APO SNP functionality with a criterion of maximum marginal profits. There are two possible
options for implementing this criterion:

Option No. 1

(Sale Price - Specific Variable s/s)* Production Volume = Marginal Profit
With this option, the variable cost must be calculated outside the system and then the results are uploaded directly to the planning model.

Option No. 2

Gross Income - Gross Variable Costs = Marginal Profit

This option is based on consumption indices across the entire process chain that are in the companies' ERP system and the projected prices for
the basic raw materials and other materials. The advantage of this option is that costs can be planned for the long-term taking into account the
production options and the price forecast.

To implement SAP APO SNP, the project team chose Option No. 2, because the key requirement for implementing SAP into the operational
planning was to take into account the price forecast for basic raw materials in the optimization procedures with an appropriate cost differentiation
subject to a particular production process chart. During the implementation process, the project team realized a serious drawback of SAP
APO/SNP was that it lacked standard functionality that could be used for Option No. 2 to calculate the prime cost based on the operational plan
and to create reports describing the economic component of the target indicators. This made it impossible to interpret the planning results.

© 2015 SAP SE or an SAP affiliate company. All rights reserved.




Using developments to compensate for the functional deficiencies
of SAP (lII)
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Integrating SAP with alternative software to compensate for the
functional deficiencies of SAP ()

Production planning in standard SAP functionality involves choosing the most suitable production option from among the variety of
alternatives in the system. A production option is a combination of the specification and the process flow chart. The specification is a list of
materials required to manufacture a product, and the process flow chart specifies the time needed to make a given product.
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As the practice of using SAP shows, this mechanism:
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To cover the functional deficiencies in terms of coke production planning, the SAP project team developed an optimization model that can be
used to calculate the optimum coal charge for coking with a charge/coke cost minimization criterion.
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Integrating SAP with alternative software to compensate for the
functional deficiencies of SAP (ll)

Model purpose: ensure that an optimum coal charge for coke production is automatically calculated that meets all formal restrictions with set optimality criteria

Target model function:

The model for planning the demand of coke companies for coal is a two-criteria task:

Criterion 1: minimizing the cost of charge coal (or) minimizing the cost of blast-furnace coke
Criterion 2: minimizing the excessive stock balances of coal

In the process of planning the optimum coal charge, the following classes of optimization tasks are addressed:

*  "Mixing Task" — finding the optimum mixture of coal concentrates
* "Transport Task 1" — optimization of coal supplies from the suppliers to coke companies
* "Transport Task 2" — optimization of furnace coke supplies from coke companies to iron and steel companies

Mathematical methods used:

* linear programming method * model matrix generation: MS-Excel / Matlab

° _integer programming method  finding an optimum solution: Matlab / Tomlab
Benefits of the mathematical model: Model dimension:

* The optimum solution can be obtained * number of variables: 8120

* A balanced plan can be calculated for all formal restrictions for one iteration * number of restrictions: 7808

* More than one optimality criterion can be taken into account including:

* Online calculation and re-calculation is fast .

100 coal suppliers/brands

> Wi ”f Lzl can £ ,USEd L. * 2 brands of furnace coke for each coke company

’ Mod_el 15 Very erX|bIe W.'th el i ch.anges In Input parameters * 6 coke companies (including the 4 coke sections of Avdiivka Coke Plant)
* The interface is convenlen_t and user-friendly « 4iron and steel companies

* The model can be further improved .

32 "coke companies — iron and steel companies" transport routes
* 800 "coal suppliers — coal companies" transport routes
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Integrating SAP with alternative software to compensate for the
functional deficiencies of SAP (lll)

Materials

SAP ERP

Specifications, process flow charts

Work places

Materials

Repair schedule

—_—

Price forecast for raw materials

SAP APO/DP

Sales forecast at the level of product groups

Price forecast on the basis of sales terms

Logistic component

Logistics restrictions

L

SAP APO/SNP

Supply chain planning

L afiy

External optimizer (Matlab)

Planning of coal charge for coking

SAP BW

Sales plan

Production plan

Transportation plan

Requirement of basic raw materials

SAP ERP

Planned orders

Purchase order
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Optimizing the costs of metal scrap transportation

The task is to satisfy the demand of iron and steel companies for metal scrap and to minimize the transportation costs.
To solve the task, SAP APO SNP functionality is used.

The structure of the metal scrap supply model in SAP includes:

685 Locations (Supplier / Shipment Stations)
74 Suppliers

300 Shipment stations

4 Consumers

4 Receipt stations

Transport relations = 685 x 4 = 2740

The architecture of the SAP functionality integration with the
METINVEST-RESOURCE accounting system (1C) was determined:

Scrap metal availability data was transferred from supplies from

1C to SAP (the integration interface was developed and tested).

Planning results were transferred from SAP to 1C (the

integration interface is being fine tuned)

& Mopene O6paborate  OBbexthiMomenw  [epeittik  MapameTpsl HacTPORKN(E) Cuctema  Cnpaeka w
< 4B @@ CHE D00 BE @B
UsmeHums modesns 000 - paboyasi o6nacmes SCRAP_MS - pakypc SCRAP_1
R BroAN H2BX O
B [# [ ]&]]L]
BTOP-MET, 4 / CYMbI
EM3 / EHakneso
BTOP-MET, Yl / KOHOTOIN
BTOP-MET, 4 / KPONEBEL 3anopoxcTans / 3anopoxse-Tlesoe
“‘p
BTOP-MET, UYn /TNYXOB A‘:‘\ Sy
"""I-
BTOP-MET, YT / TOPCKE —--v f»& AsogcTans / Capraka
W«e«‘
BTOP-MET, 4n / KMEB- ..“-‘
OKTHBEPLCKIM =
MMKW / Mapuynone-CopTupoBOYHbIH
BTOP-MET, Y /MYTWUB/b
BTOP-MET, UM / CYMbI-
TOBAPHAA
[ Mecrononoxenun || MpoaykreiMecronon || Pecypewt || M I[ T p I Patovan otnacm J
g b | SSP(1)400 ¥ | MIH-SSSPAP1 | INS a
el | | & W @ w @ &0 | Ru[% 102 B

Using SAP functionality, the costs for metal scrap transportation were reduced by 3.7%.
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