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Analysis of inventory management and logistics for a metallurgical coke plant at Mittal 

Steel, Vanderbijlpark Works, Gauteng, South Africa. 

Inventory management and logistics is a concept, which has shown considerable 

development in the post-World War II era. The concept of applying inventory and 

logistics as a business function initially emerged during the price wars era and evolved 

during the quest for quality era. Thereafter, business inventory and logistics had a 

promotion/marketing focus, which evolved to the point where it is now. Today, 

inventory management and logistics can provide time and place utility, thus adding 

value to a business. The major focus in this respect is on increasing customer service. 

In this dissertation the concept of inventory and logistics is examined by means of 

both a literature and empirical study. This study focuses mainly on the development of 

inventory management, logistics, inbound logistics and outbound logistics. The main 

focus of the different chapters is effective inventory management. 

The main reason for this study was to determine whether inventory management and 

control comply with the proposed manufacturing standards. This was also investigated 

empirically, by determining the inventory control systems and manufacturing factors as 

perceived from a manufacturer's point of view. From the many interesting findings of 

this study it was concluded that many inventory control systems did not comply with 

the proposed standards. Future fields of study and recommendations are provided in 

an effort to contribute to the study field of inventory management and logistics and its 

practitioners. 
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LIST OF KEY TERMS 
MliTAL STEEL: Global steel company of which Vanderbijlpark steel is situated in 

Gauteng. 

COKE PLANT: Production unit which heats up coking coal in the absence of air to 

produce metallurgical coke. 

RAW MATERIALS: Coking coal components to make up blend for coke production. 

COMPETITIVE ADVANTAGE: The relative efficiency in a particular economic activity 

of an individual or group of individuals over another economic activity, compared to 

another individual or group. 

CUSTOMER: A customer is an individual or group of individuals to whom you provide 

one or more products or services are provided. A business can also be seen as a 

customer when the business pays to receive a service, or purchases goods. 

CUSTOMER SERVICE: Customer service refers to the service a business offers to 

its customers, especially of industrial goods and expensive consumer goods, such as 

computers or cars. Customer service also includes after-sales sewice, such as a 

repair and replacement service, extended guarantees, regular mailing of information 

and free-phone telephone calls in case of complaints. The appeal of business 

products is substantially influenced by the customer service offered. 

INVENTORY MANAGEMENT: The management of several raw materials systems to 

ensure that production units can produce continuously. 

INBOUND LOGISTICS: Inbound logistics refer to all those activities related to the 

procurement of requirement for the business up to the point where these requirements 

are delivered to the production function. It also includes the coordination of the flow of 

materials during the production process until the final products are made available for 

storage and distribution. 



LOGISTICS MANAGEMENT: Logistics management refers to the control of the 

movement of physical materials inside a plant. It is usually subdivided into materials 

management, which is the control of the movement of materials in the factoly, from 

the arrival of raw materials to the packaging of the product; which includes the storage 

of goods and the distribution to other distribution and consumers. 

OUTBOUND LOGISTICS: Outbound logistics is responsible for distributing the goods 

to customers. 

PROCUREMENTIPURCHASING: Purchasing refers to all of the activities associated 

with the buying process. 

VENDORSISUPPLIERS: A vendorlsupplier refers to a person who sells goods or 

services. 

SWEEPINGS: Wasted coal which is recovered which spilled from the conveying 

systems. 

COAL BLEND: Mixture of several coal components, each with its own quality 

parameters. 

SYSTEM 500-08: Logistics information system. (internally) 

SFIN: Is coal that is in transit (coal is still on the ship1 in the harbour). 

SFCS: As soon as the truckload of coal is received at the Works. 
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CHAPTER 1 

PROBLEM STATEMENT AND REASON FOR RESEARCH 

1.1 INTRODUCTION 

Production and inventory control (PIC), in its broadest definition, encompasses 

functions common to all manufacturing businesses, whether heavy industry or light 

industry. Variations in the functions being carried out, from business to business, 

partly reflect the planning horizon used. But the extent to which these functions are 

recognized and utilized relates to the level in the organisation at which the planning 

and scheduling are performed. 

At the highest level within a company, the executives are primarily concerned with 

profitability and growth. Both concerns influence both the direction that the company 

takes in the various markets, which it serves or desires to serve and the 

requirements for capital needed for equipment, facilities, and current assets (cash, 

accounts receivable, and inventory). For a corporate strategic plan to be meaningful, 

normally it is consolidated from forecasts and plans built by various divisions within 

the company. This section is about planning carried on in various divisions of the 

business units. 

Strategic planning for a business unit involves the study of future expectations and 

scenarios, including various course of action that management can take to help 

mould the business unit as it moves toward the objectives set by executive 

management. The business unit is one whose planning and managing are generally 

the responsibility of one manager. Business-unit strategic planning begins with a 

forecast of the future. Raw Material forecasts for strategic planning are based on a 

variety of analyses, including a history of actual experience and predictions of the 

economic and competitive environment expected in the future. 

Grouping product forecasts by manufacturing unit and production process enables 

the development of the production plan for a specific manufacturing unit. The 

product grouping must be an identifiable product. This enables major production 

process capacities to be analyzed. A rough-cut material-requirements plan can be 

supplied to purchasing for analysis of supplier's capacity, and will enable the 

1 
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development of purchasing strategies and selection of suppliers. Make-or-buy 

analysis can be carried out as the material-requirements planning (MRP) process 

deepens. 

A tactical production plan is sometimes called an aggregate plan, a resource 

requirement plan, or a rough-cut resource plan. This tactical plan is used to 

determine the impact of planned production on key resource considerations such as 

the raw materials stock levels, availability of raw materials, stock space availability 

and other key resources. 

Inventories, like receivables, represent a significant portion of most firm's assets, 

and, accordingly require substantial investments. In order that this investment do not 

become unnecessary large, inventories must be managed accordingly to be efficient 

(Greene, 1987:2.1 - 2.3). 

1.2 PROBLEM STATEMENT 

If we consider the assets of the company, Mittal Steel, Vanderbijlpark Works, it is 

necessary to underline the importance of the management of raw materials, which 

amounts to 70% of the total cost of the company. Of all the raw materials handled by 

this works 80% of the costs are included in the Iron Making Business Unit's Coke 

making production facility (Coke Plant). The Coke Plant's raw materials input 

exceeds 1.8 million tons of metallurgical coal with a rand value of R1,53 billion per 

annum. Average losses due to inefficient inventory control systems amounts to 8% 

per annum. These systems include mass-measuring control, quality deviations, 

write-offs, to name a few. The inventory control management system needs to be 

investigated due to major losses experienced. 

Inventory control is a common, but costly exercise in any business; the losses 

incurred due to inventory write-offs can make up to 8% of losses incurred on a 

business's bottom line. Vanderbijlpark currently produces 3,5 million tons per annum 

(mtpa) of liquid steel and supplies 84% of South Africa's flat steel requirements. To 

produce 3,5 million tons of liquid steel per annum the Blast Furnaces need to 

produce 2,6 million tons of liquid iron per annum. To produce one ton of liquid iron, 

you need to produce 410 kilograms of metallurgical coke. To meet the budgeted 
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liquid iron production of 2,6 million tons per annum the required coke production = 

1.43 million tons per annum. The required coal budget for producing 1,43 million 

tons of coke per annum = 1.80 million tons of coking coal per annum. 

The write-offs in the previous financial year amounted to 8% of the coal budget, 

which is R76,5m. It is therefore clear that the problem statement is to minimise write- 

offs by optimizing the current raw materials inventory control systems (Mittal Steel, 

Iron Making Business Unit, year end results, 2004). 

1.3 THE TARGET ORGANISATION 

Previously known as lscor Ltd, but it is now known as Mittal Steel, South Africa. 

Over the past eight to ten years Mittal Steel, SA, has undergone a remarkable 

journey from being a state owned enterprise, to become part of an efficient world 

class conglomerate. Mittal Steel SA is now part of one of the most global steel 

companies in the world. 

After the merger with International Steel Group (ISG) Mittal Steel will become the 

world's leading steel producer, with business units and customers in every corner of 

the world and an annual production capacity of 64 million tons per annum. The 

enlarged Mittal Steel will span the globe with around 30% of its assets in North 

America, 30% in Europe and the remaining 40% split between Asia and Africa. Mittal 

Steel is the largest steel maker in the world with: 

Steel-making facilities in 14 countries (USA, Canada, Mexico, Trinidad, France, 

Germany, Czech Republic, Poland, Romania, Bosnia, Macedonia, Kazakhstan, 

Algeria and South Africa) and sales and marketing offices in a further 11. 

Shipments of 42,l million tons and revenues of over $22 billion in 2004. 

164 000 employees spanning 45 different nationalities. 

Share listings on the New York and Amsterdam stock exchanges. 

A 5000 strong customer base, spanning 120 countries. 

Mittal Steel's aim is to be the best quality, lowest cost and most profitable steel 

producer in the world, sewing its customers wherever they are. Mittal Steel has four 

iron, steel and mill works situated in; Vanderbijlpark, Vereeniging, Newcastle and 

Saldanha. The Vanderbijlpark and Saldanha plants are under the flat steel route, 

being slab to coillplate route and Newcastle and Vereeniging are the long steel route 
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being billet to formed product route. Furthermore, each works in the group is run by 

Business Unit Managers with the aid of divisional managers and plant managers 

reporting accordingly. Line management is assisted by the central services' business 

unit. At Vanderbijlpark Works the flat steel products division is managed as a 

strategic business unit, comprising of:- 

* IRON MAKING BUSINESS UNIT, consists out of various raw materials 

handling plants, coke production plant, a sintering plant and two blast furnaces. 

STEEL MAKING BUSINESS UNIT, consists of a direct reduction iron plant, 

an electric steel making plant and an oxygen steel making plant. 

ROLLING BUSINESS UNIT, includes the hot strip mills, cold strip mills, plate 

mill and finishing lines. 

CENTRAL SERVICES BUSINESS UNIT, includes finance, human resources, 

information management, marketing and sales and other divisions. 

These business units are managed independently, but integration is being done by 

high-level management, in order to capture the maximum synergy benefits in 

management, marketing, product range, procurement and information technology. 

Mittal Steel have, over the past number of years, embarked on an extensive re- 

engineering programme at the Vanderbijlpark Works, leading to improved operation 

efficiencies and the modernisation of technologies and steel making processes, 

making it one of the most cost-effective producers of quality products globally (LNM 

GROUP, FORGING AHEAD, The quarterly bulletin of LNM, issue 3 autumn 2004). 

1.4 AIM OF RESEARCH 

1.4.1 GOAL AND OBJECTIVES 

To examine the current raw material inventory control system at the Coke Plant at 

Mittal Steel, Vanderbijlpark Works. The primary objective will include the following: 

To analyze and develop a raw materials inventory management system that 

will minimize inventory write-offs and improve profit margins. 

To improve planning systems surrounding raw materials management. This 

system needs to consider JIT (Just-in-Time) and iron making techniques. 

These techniques will lead to optimal stock levels of raw materials which will 

stabilize the iron making process. 
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To analyze and improve current processes by utilizing the SAP R/3 

information system 

1.5 METHODOLOGY 

1.5.1 LITERATURE 

Theories from text books and plant operations were studied. Plant operations 

includes Vanderbijlpark and Newcastle Works. Mittal Steels' Metallurgical Coke 

Plant currently uses coal from around the world; 

Six international coal components are being shipped in from Australia, Nieu- 

Zealand and America to Richards bay, South Africa. From Richards bay it is 

transported by rail to Vanderbijlpark and Newcastle Works. 

There are two national coal suppliers; Grootegeluk and Tshikondeni mines. 

This is also transported by rail. 

1.5.2 EMPIRICAL 

The empirical part of the study consisted of a complete structured internal audit on 

the current raw materials inventoly control systems at the Coke Plant. This audit was 

conveyed by Mittal Steel's internal auditing team, including myself as team leader. 

The main purpose of this audit was to analyse the current situation and to make 

recommendations. 

1.6 CHAPTER STRUCTURE OF THIS STUDY 

This study is structured by the following chapters:- 

CHAPTER 1 : PROBLEM STATEMENT AND REASON FOR RESEARCH 

CHAPTER 2: PRODUCTION, INVENTORY CONTROL AND LOGISTICS OF BULK 

RAW MATERIALS - THE KEY COMPONENTS 

CHAPTER 3: THE COKE PLANT PRODUCTION PROCESS AND RESEARCH 

RESULTS 

CHAPTER 4: SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 
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CHAPTER 2 

PRODUCTION, INVENTORY CONTROL AND LOGISTICS OF 

BULK RAW MATERIALS - THE KEY COMPONENTS 

2.1 PRODUCTION AND INVENTORY CONTROL AS A UNIT 

The purpose of this study is to investigate and to propose new methods to control 

the inventory of bulk materials, which in this case will be Metallurgical coal for the 

coke production process. 

To do this effectively it is necessary to discuss production planning and inventory 

management as a combined unit, because in most production environments it 

cannot be separated, due to it's close interface. It is also necessary to discuss the 

logistics surrounding the handling of bulk materials because of its economical value, 

which is included in the total raw material price. 

One of the major responsibilities of the production planning group, is the 

determination of the timing and volume requirements for materials used in the 

manufacturing operation. At the Coke plant, which is under discussion, these 

functions are managed by the management team itself, thus production planning, 

inventory management and the production process are managed by one team. The 

only function which exists outside this team's responsibility is the purchasing 

function. 

The purchasing team needs to understand the production process because it is the 

production team's responsibility to indicate to them which coals need to be 

contracted and purchased. (Timing and volume requirements of each coal 

component.) 

2.2 FUNDAMENTALS OF PRODUCTION PLANNING 

The objective of production planning is to coordinate the use of a department's 

resources and to synchronise the work of all individuals concerned with production in 

order to meet required completion dates, at the lowest total cost, consistent with 

desired quality. 
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Historically, all firms conducted their production planning and control activities 

manually, with the use of a variety of Gantt charts and specialised visual scheduling 

and other control mechanisms. Today, most companies utilise some type of 

computer-based system to perform essentially the same type of activities in a more 

comprehensive, semiautomatic manner. Regardless of the specific operating system 

used, an effective production planning operation must accomplish five general 

activities. 

2.2.1 PRE-LIMINARY PLANNING 

After the initial product design work is completed, the preliminav planning work 

begins. The product's bill of materials is restructured for compatibility of the firm's 

planning system. For the given product, analysts determine the specific raw 

materials required. 

2.2.2 AGGREGATE SCHEDULING 

The next step in the process is scheduling - first, aggregate scheduling and, then, 

detailed production scheduling. As forecasts are generated, they are matched 

against the department's capabilities and capacities which are derived from it's 

future production and maintenance schedules. Aggregate scheduling is simply a 

first-pass, broad determination of required materials, and can be made available 

through careful, detailed planned work. 

2.2.3 PRODUCTION SCHEDULING 

The ensuing step is the detailed production scheduling work. Start and completion 

dates for each production cycle are assigned. Specific materials required for each 

cycle are determined, as the specific routing for the cycle. 

2.2.4 RELEASE AND DISPATCHING OF ORDERS 

The work completed to this point in the process has developed an operating plan. 

This operating plan needs to be implemented by the shop floor and therefore, it is 

accompanied by the bill of materials (operational plan) and detailed operations 

instructions for the production team. 
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2.2.5 PROGRESS SURVEILLANCE AND CORRECTION 

The last step in the process is the control function. Progress at each stage of the 

operation is monitored to compare actual performance against the planned 

schedule. Significant deviations from the schedule need to be corrected as soon as 

possible and therefore continuous surveillance needs to be a standard operating 

procedure (Dobler et a/, 1996:492-494). 

2.3 MODERN PRODUCTION PLANNING SYSTEMS 

The preceding discussion sketched briefly the fundamental activities that must be 

accomplished in planning and controlling production operations effectively. 

In practice, manufacturing companies conduct these activities in a variety of 

methods. As competition in the marketplace has become increasingly keen, 

companies have been forced to meet higher performance standards and to do so 

cost - effectively. 

This economic reality, coupled with the availability of relative inexpensive computing 

capability, has created a new era in production planning. Although numerous 

different systems exists, both custom designed and commercial software packages 

utilises the same basic elements. (Chase, eta/, 2004:594-598) 
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2.3.1 A MODERN PRODUCTION PLANNING SYSTEM

Figure 2.1: A BASIC FLOWCHART FOR A MODERN PRODUCTION PLANNING
SYSTEM

FIRM
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2.3.2 AGGREGATE PLANNING AND MASTER SCHEDULING 

The development of a viable aggregate plan and a coordinated master production 

schedule is the starting point for the use of a computer - based planning system. 

The aggregate plan is based on the expected receipt of certain materials for a given 

product during the planning period. Various forecasting methods are used to 

determine an approximate demand for a certain product, for example, 

Bottom-up analysis, utilizing opinion, judgement, and market surveys. 

Time series analysis. 

Exponential smoothing techniques. 

a Regression and correlation analysis. 

Forecasting activities typically are conducted or coordinated by a specialised staff 

group and is generally handled as a responsibility separate from the computerised 

planning system activities. 

Development of the aggregate plan itself is usually a top management responsibility. 

General management and manufacturing personnel jointly develop the initial version 

of the plan, based on the known and expected data. In most companies a plan is 

developed for a period of from six to twelve months. The plan must be firmed up for 

a reasonable period of time, simply because overall production volume cannot be 

changed abruptly without incurring significant unplanned costs. 

Every production volume utilises a given mix of materials, labour, and equipment. 

When the output rate is changed, a new optimal mix must be achieved by 

readjusting the usage rate of various resources. 

In the longer term this is possible by re-planning the variables, and in this case 

varying the inventory levels, as needed. In the short term this will be impossible to 

do it efficiently. (Dobler eta/., 1996:494). 

2.3.3 MASTER PRODUCTION SCHEDULE (MPS) 

The MPS is developed directly from the aggregate plan - and is the instrument that 

drives the firm's entire production system. The aggregate plan establishes an overall 

10 
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level of operations that balances the plant's capability with external product demand. 

The master schedule translates the aggregate plan into specific tons of specific 

materials, which are needed to produce the product, for a certain period. 

The next step in the development of the master schedule is to evaluate its feasibility 

by simulation, checking the availability and balance of required materials and 

resources. If bottlenecks or imbalances are encountered, the schedule is modified 

by trial and error until an acceptable arrangement is found. 

Once an acceptable schedule is determined, its outputs -the volume and timing of 

the production of specific products - become the inputs required for the subsequent 

detailed computer planning work that drives the production, inventory, and 

purchasing operations. 

The time interval used in master scheduling, depends on the type of products 

produced, the volume of production, and the lead times of the materials used. 

However, weekly periods are probably most commonly used, followed by every 

second week and monthly intewals. Thus, within the time frame of a six to twelve - 
month aggregate plan, the master schedule is updated weekly to reflect changing 

production demands and perhaps internal problems that require rescheduling. The 

schedule needs to be updated on a regular basis for it to work effectively. 

2.3.4 MATERIAL REQUIREMENTS PLANNING (MRP) 

As technology has developed over the years, production and inventory specialists 

have developed computer - based systems for ordering and/or scheduling 

production of demand- dependant type inventories. These systems fall under the 

general heading of materials requirements planning (MRP). The basic idea behind 

MRP is that, once finished goods inventory levels are set, it is possible to determine 

what levels of work - in - progress inventories must exist to meet the need for 

finished goods. 

MRP, however, is based on the precise calculation and timing of orders, including 

both the point at which they are issued and their delivery lead times. In general, 

MRP is best suited to batch operation, where the demand for both the end product 

and its constituent materials are less consistent. This system consists of a set of 
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logically related procedures, decision rules and records designed both to translate a 

master production schedule into time - phased net inventory requirements and to 
* 

delineate how these requirements will be satisfied (Ross et a/., 2001:593; Gourdin, 

2001:74). 

2.3.5 MRP LOGIC AND FORMAT 

As utilized today, most versions of MRP act as information processing systems, 

which seek to develop and maintain a set of orders that support the production plan, 

while simultaneously maintaining inventories within the production system at 

reasonably low levels. Orders within an MRP system fall into two categories: 

open orders which have been released but have not yet arrived, and 

planned orders which are developed in anticipation of future releases. 

As previously noted, each category can contain both purchase orders and shop 

orders. The processing logic of MRP centres on the development of a materials 

planning record for each item. The development of the planning record is based on 

three fundamental concepts, which form the essence of the MRP-based approach to 

materials planning and control. They are: 

Dependent demand. 

Inventoty/open order netting. 

Time phasing (Dobler et a/., 1996:498-501). 

Dependent demand takes the multistage product into account in the planning for 

individual items. Clearly, the decisions to acquire purchased materials should be 

based on anticipated production plans. These decisions include both quantity and 

timing considerations. Dependent demand logic is used to calculate the gross 

requirements for each planning record. This projected usage includes the planned 

production of all other products, which require the item being planned. 

The inventorylopen order netting concept is used to develop the "on hand" balance 

row of the planning record. Efficient use of inventoty implies that current stocks 

should be largely depleted prior to the acquisition of additional inventory. The netting 

process accomplishes this by allocating current inventoty and open orders to the 

earliest requirements. When the on-hand balance falls below zero, additional stock 
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must be ordered. This process not only signals the need to plan an order, but also 

determines when the order should arrive. This "need date" becomes the due date for 

the order. 

Time phasing utilizes lead-time information and need dates. The "planned order 

releases" row of the planning record shows time-phased orders, whose placement 

dates are offset from the need dates of the order by the lead time of the item. Each 

order, if released in the time period designate by the planned order row, should 

arrive exactly at the time it is needed by a flowing production stage. 

Hence, the MRP system generates a complete set of planned orders for all 

purchased raw materials based on the information inputs. Clearly, the validity of the 

plan produced by the system is dependent on both accurate and timely lead-time 

information from purchasing personnel. At the same time, if system planning is done 

far enough in advance, the advance knowledge about specific raw material 

requirements certainly can facilitate planning and conduct of the buying activities. 

2.3.6 MRP'S IMPACT OF PURCHASING AND SUPPLY 

Sooner or later, most manufacturing firms will use some type of MRP-based system 

as a central component of their production planning system. If present experience is 

a reasonable indicator of the future, purchasing operations will be affected in the 

following important ways. 

Expanded use of the buyer-planner or the supplier scheduler concept 

Expanded use of contract buying 

Necessity of greater supplier flexibility and reliability 

Development of closer relationships with suppliers, including more partnering 

arrangements 

Increased accuracy and timeliness of materials records 

2.3.6.1 BUYER-PLANNER AND SUPPLIER SCHEDULER CONCEPTS 

The very nature of an MRP operation places the planner in close, continuing contact 

with material requirements and their frequently changing schedules. Typically, the 

planner has a more sensitive feel than the buyer for the probable usage pattern of 

most raw materials. Consequently, to improve efficiency of the planning-buying 



Chapter 2 PRODUCTION, INVENTORY CONTROL AND LOGISTICS OF BULK RAW MATERIALS 
-THE KEY COMPONENTS 

activity, as well as communications with suppliers, firms may have used one of 

several organizational schemes that utilize the planner as the supplier contact 

person for day-to-day material flow activities. 

The buyer-planner concept is one commonly used approach. In essence, the buyer's 

job and the planner's job are combined into a single job done by one individual. The 

buyer-planner is responsible for determining raw material requirements, developing 

material schedules, making order quantity determinations, issuing all raw material 

releases to suppliers, and handling all of the activities associated with the buying 

function. Thus, in this integrated role, the buyer-planner maintains close contact with 

various supplier personnel. 

Another popular approach is simply to assign to the planner the responsibility 

for dealing directly with suppliers in releasing and following up raw materials orders. 

In this arrangement, the buyer handles all the normal purchasing responsibilities 

except requirements releases against existing contracts. The planner handles this 

latter function - and becomes the buying firm's supplier contact on all day-to-day 

raw material scheduling matters. Most firms refer to this arrangement as the supplier 

scheduler concept. (Dobler et a/., 1996:498-501). 

2.3.6.2 CONTRACT BUYING 

Because an MRP system requires the placement of frequent orders for relatively 

small quantities of materials, it obviously would be inefficient, if not impossible, to 

make a new buy for every weekly requirement. The alternative, of course, is to place 

annual or longer-term contracts with suppliers for the required raw materials - and 

then simply issue a telephone or and MRP schedule release against the contract, as 

the production operations requires. 

Not only is this buying approach required in an MRP-scheduled operation, but, as a 

general rule it is excellent buying practice. It permits more careful purchasing 

planning and more thorough market and supplier research - and it need to be done 

only once every year or two for each material. In addition, such contracts usually 

produce attractive pricing arrangements and improved supplier relations. 
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2.3.6.3 SUPPLIER FLEXIBILITY AND RELIABILITY 

Because of the weekly updating of most MRP systems, coupled with the frequent 

rescheduling that sometimes occurs, a supplier has to be more than reasonably 

flexible. Even if a supplier has the buyer's MRP schedule with weekly or biweekly 

requirements for the next two months, the irregularity of demand and the short notice 

given on schedule changes present a difficult operating situation for most suppliers. 

Resolution of the potential problems requires careful cooperative planning and 

usually some compromises by both parties. 

It is obvious that supplier reliability is a must. The buying firm typically carries some 

inventory, but not as much as in the traditional operating situation since one of the 

objectives of the system is to reduce inventory levels. Hence, there is much less 

cushion in the system to handle the problems of late deliveries and off-spec 

materials. 

The bottom line of these two stringent operating requirements is that supplier 

selection is a critical, yet a more difficult task. 

2.3.6.4 CLOSER RELATIONSHIPS WITH SUPPLIERS 

The use of contract buying and the need for unusual supplier flexibility and reliability 

create an operating situation in which the buyer-supplier relationship must be closer 

and more cooperative than it might normally be. This type of operating situation 

requires the ultimate in coordination, cooperation, and teamwork. A mutual 

understanding of each other's operations and problems is essential in achieving this 

type of effectiveness. It literally is an informal partnership operation - and it must 

turn out to be a win-win deal. 

The buyer-planner or the supplier scheduler must stay in close touch with the 

supplier's counterpart on a week-to-week basis as far as scheduling and delivery 

matters are concerned. And the buyer or buyer-planner must handle the broader 

issues of the relationship with appropriate supplier sales and technical personnel on 

a regular and timely basis. 
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2.3.6.5 MATERIALS RECORDS 

As one reviews the MRP segment of the production planning system, it is readily 

apparent that the accuracy of the system will be no better that the accuracy of the 

data used in its calculations. If the system is to work effectively, records such as 

specifications, bills of materials, supplier lead times, receiving reports, inventory 

balances, and so forth must be as near 100 percent accurate as possible (Dobler, et 

a .  1996:49E+5OO). 

2.4 JUST-IN-TIME (JIT) 

2.4.1 WHAT IS JlT 

In its most elementary form, just-in-time refers to a method of producing what is 

required, when it is required, and in just the amount required. It is often called a 

management philosophy intent on eliminating waste in related activities (Kearney, 

1997:72). Among the major objectives are short manufacturing cycle times (or faster 

throughput), a streamlined workflow, smaller lot sizes, quicker set-ups and reduction 

in work-in-process inventory. Using just-in-time methods gives the ability to respond 

more quickly to customer needs (Sheridan, 1990:45). 

2.4.2 OBJECTIVES OF JIT 

Just-in-time is a strategy for achieving significant continuous improvement in 

performance through elimination of all waste of time and resources in the total 

business process. A significant portion of the drive to eliminate waste can be 

achieved by a process of simplification. Sutton (1990:15) describes just-in-time as 

another name for simplification. He describes it as a process of establishing the 

really necessary steps that add value. A sure and truthful measure of reduction of 

deviation is lead time, because a plant can only reduce it by solving problems that 

cause delays. There is a direct connection between just-in-time and quality. Because 

parts flow in small lots (or one at a time in a cell), quality problems are exposed 

quickly an this results in enforced problem solving (Sheridan, 1990:45). Variability in 

quality is a major reason for buffer stock. Improved quality thus enhances the just-in- 

time approach. Just-in-time improves quality as time destroys evidence of the 

causes of variability. In cutting lead times just-in-time creates a permanent early 

warning system and better enables the establishment of the cause (Schonberger, 

1986:137). In order to establish a responsive production environment, the time line 
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from customer order, to cash, must be shortened by shortening the total business 

throughput time. 

2.4.3 JIT ELEMENTS 

The just-in-time elements for shortening the total business throughput time are as 

follows (Buker, 1990:3): 

a Structured flow manufacturing: 

This entails arranging and defining manufacturing resources so that products flow 

most efficiently through the manufacturing process. 

Small lot production: 

This is reducing order quantities and lot sizes to the smallest size practically 

possible. 

a Set up reduction: 

Reducing the amount of time it takes to prepare machines or production lines for 

new work. 

a Fitness for use: 

Meeting the customer's precise needs (both the internal and external customers). 

The key to a truly functional JIT system lies in the willingness and ability to pull all 

the elements of a production system into the supply chain. Internal and external 

systems must be efficient and complement each other. It means changing 

relationships with customers and suppliers alike and the realisation that none of the 

links in the chain alone is as strong or effective as all of them together. Total 

customer satisfaction will not be achieved until the entire supply chain improves 

(Kearney, 1997:73). There are four just-in-time elements that support the integrated 

approach (Buker, 1990:5): 

a Level load and balanced flow: Continuous flow for the most effective 

application of manufacturing resources. 

a Preventative maintenance: Reducing machine downtime due to equipment 

failure, the goal being to eliminate the equipment as a source of process defects. 

Supplier partnerships: With an emphasis on partner, which means long-term, 

stable relationships with vendors that focuses on reducing costs through shared 

quality goals, shared design responsibility, frequent deliveries, long-term 

relationships and a total cost perspective. 
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Pull systems: A detailed scheduling method whereby materials are pulled only 

when they are needed. 

The pull system is, in a sense, a confirming mechanism which demonstrates the 

success of all the other elements of just-in-time production. It reveals any weak links 

that need attention. 

Manufacturing cells are a powerful just-in-time tool to reduce lead times and costs 

and to improve quality. A cell makes a family of products (while a flow line makes 

just one product). The processes in the cell are quite repetitive, even though the 

products in the family may differ somewhat. Process flow, human organisation and 

plant input must be configured for quick product flow and tight process-to-process 

and person-to-person linkages. The goal is to create responsibility centres (no finger 

pointing, procrastinating etc) to ensure the conversion to a culture of continuous 

improvement (Schonberger, 1986:102). Cell workers are cross-trained to operate 

more than one type of machine. A strong thread in the JIT, TQC and WCM tapestry 

is good housekeeping (Schonberger, 1986:26). Simplification, cleanliness, discipline 

and organisation eliminate potential confusion, promote a safer environment and 

reduce waste of time, motion and resources (Buker, 1990:4). Operator responsibility 

for housekeeping also provides the first basic inroad into employee involvement 

(Titone, 1994:65). 

Adding automation only serves to make a cumbersome process faster. The solution 

is to simplify first and then, if necessary, automate to further simplify and then 

integrate, Cash flow from simplification could even finance automation and 

integration ie it could be a no cost approach (Sutton, 1990:15). Big machines and 

long production runs push large lots into the system so that scrap and rework rates 

apply to huge quantities. Quality without just-in-time, and vice versa, is the fork 

without the knife. The spoon, TQM, makes a set and the three together resolutely 

draw employees into a high state of involvement (Schonberger, 1986:203). 

Standardisation provides a common focus and discipline to spread improvements 

across the organisation and sustain them (Kearney, 1997:68). The goal is take all 

the improvements in speed, cost and quality and spread them across the 
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organisation quickly so that the benefits can be spread across the company. This 

applies to everything from standard processes of operation and standard instructions 

in manufacturing cells to standard tooling, methods and parts. Anything non 

standard is an enemy of quality and an obstacle to the removal of buffer stock 

(Schonberger, 1986:163). 

2.5 INVENTORY MANAGEMENT 

It has been estimated that 30 percent of the working capital of a business is tied up 

in inventories; and that investment in inventory is equivalent to 70 percent of the total 

investment in plant and equipment. It has also been estimated that inventory costs 

are equal to 25 percent of the cost of goods. 

"lnventory is defined as the stock of any item or resource used in a business. An 

inventory system is the set of policies and controls that monitors levels of inventory 

and determines (I) what levels should be maintained, (11) when stock should be 

replenished, and (Ill) how large orders should be". In its complete scope, inventory 

can include inputs, such as human, financial, energy, equipment and physical items, 

such as raw materials; outputs such as partially finished goods or work-in-process. 

The choice of which items to include in inventory depends on the business. 

Inventory of a manufacturing operation can include human resources, machines and 

working capital, as well as raw materials and finished goods (Aquilano et al., 

1995:422). 

The conclusions drawn from the above are firstly that the major problem of inventory 

management is the stock-out situation since customer relations are hurt and the 

reputation of the business damaged. The second problem can be the excessive 

investment in inventory. 

2.5.1 TYPES OF INVENTORY 

rn Normal inventory is required to support the replenishment process under 

conditions of certainty. Therefore this inventory is needed during the normal 

functioning of a business. 

Safety stock is held in addition to normal inventory to cover uncertainty in 

demand and lead-time. Safety stock prevents inventory shortages. This safety stock 



Chapter 2 PRODUCTION, INVENTORY CONTROL AND LOGISTICS OF BULK RAW MATERIALS 
-THE KEY COMPONENTS 

should be set at a point that delivery of the reorder will take place before the item 

runs out of stock completely. 

In-transit inventory is en route from one location to another. 

Speculative stock is held for reasons other than meeting current demand 

needs. 

Seasonal inventory is accumulated in advance of a selling season. 

Dead stock is inventory that no one wants, at least immediately. These items 

may cost more to get rid of than to keep them. But the most compelling reason for 

maintaining these goods is customer services. Perhaps an important buyer as an 

occasional need for some of these items, so management keeps them on hand 

(Gourdin, 2001 :61). 

A general problem is identified, when too much inventory on hand, creates a 

problem of carrying costs and too little, creates a customer service problem. 

Management should thoroughly examine whether inventory should be available or 

whether no additional inventory should be carried in order to determine which option 

will provide the most benefits and profits to the business. 

2.5.2 PURPOSE OF INVENTORY 

Inventory should be carried for the following reasons: 

to protect against uncertainty, 

to support a strategic plan, and 

to take advantage of economies of sale (Aquilano eta/., 1995:423). 

2.5.3 SETTING THE RIGHT INVENTORY LEVELS 

The goal in setting the right inventory levels is to maintain a balanced inventory so 

that customer service for each inventory item is maintained within its proper limits. 

The time at which inventory levels can be influenced most effectively is when orders 

are places. At this point the major opportunity occurs for ensuring a balanced 

inventory and where customer satisfaction or excess inventories are created. A 

reorder level and minimum inventory level are required in a inventory control system. 

When inventory reaches the minimum inventory level a decision whether to reorder 

is made (Wild, 2002:112). 
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Safety inventory is primarily to cover random variation in demand, but it can also 

cover many other situations such as: 

supply failure, 

production shortfall, 

transport failure, 

slow, unreliable or inaccurate information and 

any other source of disruption of service. 

Safety inventory is the buffer between supply and demand. It decouples customer 

service from manufacturing and enables each to operate independently and more 

effectively (Wild, 2002:99). 

2.5.4 SYMPTOMS ASSOCIATED WITH POOR INVENTORY MANAGEMENT 

The following eight are symptoms associated with poor inventory management. 

lncreasing numbers of back-orders. 

lncreasing rand investment in inventory with back-orders remaining constant. 

High customer turnover rate. 

lncreasing number of orders cancelled. 

Periodic lack of sufficient storage space. 

Wild variance in turnover of major inventory items between distribution centres. 

Deteriorating relationships with intermediaries, as typified by dealer 

cancellations and declining orders. 

A large quantity of obsolete items (Lambert eta/., 1998:168). 

2.6 COUNTING INVENTORY 

All companies take some kind of physical inventory (in other words, physically count 

the stock on hand) to correct the inventory records. This must be done at least once 

a year for cost accounting and tax purposes since it is impossible to know the 

correct profits of a firm without accurate figures. Corrections are also needed in the 

inventory figures. Errors in records are serious when they affect deliveries because 

of unsuspected shortages. Not all errors are due to posting; some arise from 

pilferage and "shrinkage". Some deviations have been great enough to seriously 

affect the profit of the firm. 
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Inventories may be taken once a year, in which case the plant is usually shut down 

for a few days to stop the flow of materials so that the checkers can get an accurate 

count. Unfortunately this method makes use of untrained personnel because it 

requires many checkers, and errors in counting and proper crediting of items can be 

as serious as posting errors. The problems are especially acute in firms where 

thousands of items must be verified, identified, and costed out. 

The costs of taking inventory are great, and the questionable results from using 

untrained people, (sometimes workers directly from the floor) has been a problem 

since the dawn of time. A number of methods have been developed to work around 

the problem, two of which are being increasing adapted by industry. The first of 

these is called cycle counting. 

2.6.1 CYCLE COUNTING 

Cycle counting is a relatively recent procedure, which makes use of trained crews 

who count one-twelfth of the inventory every month. Errors in records are corrected 

on the spot. The result is that the overall record-keeping system is being audited 

continually and is being improved. 

The system of counting requires some planning to assure meaningful cut-off figures 

during production. In-process inventories cannot be counted, normally, by cycle 

counting because of the fluid state of the inventory. But most inventories do lend 

themselves to cycle counting. The usual procedure is to count the fast moving items 

more than once a year because these items tend to generate more posting errors. 

Slow movers can sometimes be skipped entirely if they are physically tow-binned 

because they are counted automatically once a year when they hit the second bin 

and are reordered. When the "bag" is broken open, a precise count will be known on 

that day. 

Also, when stock is received, and the second bin is re-setup, a count can be 

obtained. For accounting purposes, the total two-bin value is reduced by one-twelfth 

usage each month and is increased by all incoming materials that are added into 

stock. 



Chapter 2 PRODUCTION, INVENTORY CONTROL AND LOGISTICS OF BULK RAW MATERIALS 
-THE KEY COMPONENTS 

Total error by this method is low because orders are placed only when stock is at the 

physical reorder point. Hence, the typical errors caused by posting to a computer are 

avoided. The advantages of using cycle counting, in addition to working with trained 

full-time crews, are greater accuracy, lower costs, and elimination of annual 

inventory. 

2.6.2 SAMPLE-CHECK 

A less widely used system is to sample-check the inventory by methods not unlike 

those used in work sampling and quality control. This method assumes that all 

records have inherent errors. By establishing an acceptable level of errors as a 

base, a sampling procedure can be determined mathematically that will tell us 

whether the records meet the requirement or not. Since actual total counting 

introduces errors, the sampling method can be made more accurate than total 

counting, and is considerably less expensive. Corrections are made to those records 

found to be in error. 

This method has in several cases been accepted by the Internal Revenue Service 

(USA) as a valid means for determining inventory value. Several airlines use 

sampling for determining revenue demurrage between lines. When United Airlines, 

for example, sells a ticket that involves travel over three other airlines, the other 

airlines must be reimbursed for their share of the fare. United Airlines must also 

verify that it is not being overcharged. The original method was for all companies 

involved to compute all fare breakdowns and demurrages monthly, for every ticket 

issued and collected, today, the demurrage charges are calculated by sampling only 

a part of the mass of tickets. The results are generally more accurate than those 

obtained with detailed computation, ticket by ticket, and are much less expensive 

(Reinfeld, 1982:136). 

2.6.3 KEY AREAS OF NEGLECT 

In addition to the problems created by poor systems design and control, there are a 

number of other areas that need management attention because each of them can 

affect the size of the inventory. These problems come about through lack of attention 

to detail, through misunderstanding, or simply through neglect. They can be solved 

by formally established operating procedures spelled out by management. In total, 

there are eight such areas. These are (Reinfeld, 1982:136-137): 

23 
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2.6.3.1 STOCK BALANCES AND ORDER QUANTITIES 

The first of these determines how much to carry. 

2.6.3.2 OBSOLESCENCE 

Is frequently accepted as part of the cost of doing business. Many style goods 

companies are continually caught with excessive inventories; and yet with a little 

care in planning and forecasting, it is possible to achieve considerable improvement. 

By developing a basic approach, using historical forecasts, it is possible to obtain 

dependable records of usage and on-hand stocks, and to determine accurate means 

of ordering. 

2.6.3.3 SPAN OF CONTROL 

The span of control over inventory works best when a single patty assumes overall 

responsibility. A fractured system of control is an invitation to excesses, just as the 

free use of my cheque book by four kids, a wife, and myself would invite calamity. 

Likewise, when the sales department controls finished goods, purchasing controls 

supplies and materials, distribution controls the warehouses, and manufacturing 

controls in-process and parts inventories, the conditions are not significantly different 

from the cheque book example. 

2.6.3.4 NEW ITEMS 

Should be added most carefully and with approval of someone at the top. A new 

item added is a new mouth to feed and should be accompanied by a few planned 

funerals. 

2.6.3.5 STORAGE - SYSTEMS, LOCATION 

Storage, in terms of carefully planned centres, can be most useful in helping cut in- 

process inventories and greatly shorten lead times. The location of stocks and the 

storage area layout should be looked into carefully. The best way to clean up a shop 

is to move it every ten years. One company in a tight cash position rented out over 

35% of its floor space. Manufacturing insisted that the space was needed. But the 

president persisted, and aftelwards, the new floor layout resulted in an improved 

materials flow. 
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2.6.3.6 ENGINEERING 

Engineering changes must be coordinated with the sales, inventory, and production 

people through the use of meetings to avoid being caught with unsaleable goods, 

and to avoid building obsolete items for which engineering changes have been 

made, but for which manufacturing has not been notified. 

2.6.3.7 SIMPLIFICATION AND STANDARDISATION 

These are essential features of good inventory control. Steps should be undertaken 

to prune the line of "slow movers" and to combine "like" products. In some cases, 

over 50% of the line can be eliminated by studying the slow movers, without 

experiencing any loss of sales. 

2.6.3.8 SETUPS AND TOOL CONTROL 

These are important factors in determining inventory investments because setup 

costs are one side of the cost of production. Just as cost controls can be applied to 

manufacturing and product costs, it also is possible to reduce setup costs by product 

design (Reinfeld, l982:13>138). 

2.6.4 METHODS OF REDUCING INVENTORY LEVELS 

In many instances one or more of the following steps can reduce inventory levels: 

Multi-echelon inventory planning, ABC analysis is an example of such 

planning. 

Lead time analysis. 

Delivery time analysis. This may lead to a change in carriers or negotiation 

with existing carriers. 

Elimination of low turnover and/or obsolete items. 

Analysis of pack size and discount structure. 

Examination of procedures for returned goods. 

Encouragement/automation of product substitution. 

Installations of formal reorder review systems. 

Measurements of fill rates by stock keeping units (SKU'S). 

Analysis of customer demand characteristics. 

Development of a formal sales plan and demand forecast by predetermined 

logic. 
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Expand view of inventory to include inventory management and information 

sharing at various levels in the supply chain. 

Reengineering inventory management practices (include warehousing and 

transportation) to realise improvements in product flow (Lambert eta/., 1998:169). 

It is important to discuss the different inventory management techniques. A few 

techniques are discussed in this section, ranging from the relatively simple to the 

very complex. 

2.6.5 THE ABC APPROACH 

The ABC approach is a simple approach to inventory management where the basic 

idea is to divide all inventory items into three groups. Pareto's law states that 

inventory items are divided into categories/groups based upon their contribution to 

the total cost of holding inventory for a business. Categorylgroup A represents 

inventory, which adds up to 70% of the cost. Categoly/group B the next 20 and the 

last categolylgroup C the final 10%. Figure 2.2 illustrates a hypothetical example of 

the ABC comparison of items in terms of the percentage of inventory value 

represented by each group versus the percentage of items represented. Category A 

items can be fewer in quantity than category B items. Category C items will usually 

include the majority of the inventory items of the business. If managers are aware of 

which inventory items contribute most towards the total cost of keeping inventory, 

these items can be carefully managed (Ross, et a/., 2001588; Fawcett et a/., 

l992:63). 
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Figure 2.2: ABC INVENTORY ANALYSIS
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SOURCE: Adapted from Steyn, 2002:140.

2.6.6 THE ECONOMIC ORDER QUANTITY (EOQ) MODEL

The economic order quantity (EOQ) model is the best-known approach to explicitly

establish an optimal inventory level. The EOQ model provides on order size in units

that minimises the total inventory costs, which includes carrying and ordering costs

in a situation where demand and the lead time are known for certain, this can be

seen in figure 2.3. Figure 2.3 illustrates the various costs associated with holding

inventory (on the vertical axis) against inventory levels (on the horizontal axis). As

shown, inventory carrying costs rise and restocking costs decrease as inventory

levels increase. With the EOQ model, an attempt is made to locate the minimum

total cost point, called Q*.
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Figure 2.3: COST OF HOLDING INVENTORY
COST OF HOLDING
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TOTAL COSTS OF HOLDING INVENTORY

CARRYING COSTS
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SIZE OF INVENTORY
ORDERS (0)

0*
OPTIMAL SIZE
OF INVENTORY
ORDER

SOURCE: Adapted from Ross et al., 2001:589

In this case it is important to remember that the actual cost of the inventory itself is

not included. The reason is that the total amount of inventory the business needs in

a given year is dictated by sales. Management should determine how much

inventory the business should have on hand at any particular time. More precisely,

with this model management can determine what order size the business should use

when its inventory is restocked. The EOQ can be calculated using the formula:

EOQ(2 00
C where:

EOQ = number of units to be ordered
o = order cost per order
D = annual demand in number of units
C = carry cost per unit (Ross et al.,2001:589; Gourdin, 2001:63).

2.7 THE NATURE OF LOGISTICS

2.7.1 INTRODUCTION

Although logistics as a concept originated in the military, its application in the

business environment has led many authors to appreciate the strategic value

logisticshasfor a business(McGinnis1992:22).Manyauthorsalsopointout that the
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absence of a logistics policy can be seen as a strategic disaster. It is therefore 

necessaly to firstly examine and understand the concept of logistics. 

In this chapter a literature study regarding the concept logistics and the different 

logistics activities will be discussed. To understand logistics in practice, it is essential 

to examine logistics in the business and in the economy. 

2.7.2 LOGISTICS DEFINED 

The concept logistics is also known as: 

Business logistics 

Channel management 

Distribution 

Industrial logistics 

Logistical management 

Materials management 

Physical distribution 

Quick-response system 

Supply chain management 

Supply management 

What the above terms have in common is that they deal with the management of the 

flow of goods or materials from the point of origin to the point of consumption and in 

some cases even to the point of disposal. There are many definitions of logistics 

coined by authors, consultant and practitioners. The Council of Logistics 

Management (CLM), one of the leading professional organisations for logistics 

personnel, uses the term logistics management to describe: 

'The process of planning, implementing and controlling the efficient, effective flow 

and storage of goods, services, and related information from point of origin to point 

of consumption for the purpose of conforming to customer requirements." (Lambeti 

et a1.,1998:3) Stock and Lambeti (1993) have also adopted this definition. In South 

Africa, this definition is found to be popular amongst logisticians. 



Chapter 2 PRODUCTION, INVENTORY CONTROL AND LOGISTICS OF BULK RAW MATERIALS 
-THE KEY COMPONENTS 

Simply stated, logistics refers to the way whereby value is added to a product. Four 

types of utility can be distinguished, namely form utility, possession utility, time utility 

and place utility. Time and place utility are intimately supported by logistics. Coyle, 

Bardi and Langley (1992) argue that the value created by manufacturing a product is 

called "form utility". 

Form utility is the process of creating the goods or service. Form utility is also 

putting it in the proper form for the customer to use. Marketing adds a further value 

dimension called "possession utility". 

Possession utility is the value added to a product or service since the 

customer is able to take actual possession. This is, for example, made possible by 

credit arrangements and loans. Form and possession utility are not specifically 

related to logistics, but neither would be possible without getting the right items 

needed for consumption or production to the right place at the right time and in the 

right condition at the right cost. 

Time utility is the value added by having an item available when it is needed. 

This means to have all the materials and parts for manufacturing, so that the 

production line does not have to shut down. If items are not on time, it does the 

customer no good. A sale will be lost and/or a customer may be lost. Time utility is 

closely related to place utility. 

Place utility means having the item or sewice available where it is needed. 

Items which are in the right form and available at the right time means nothing 

to a customer if it is not available at the place where it is needed. For 

example, if a product desired by consumers are in transit, in a warehouse, or 

in another store, it does not create any place utility for them. A customer 

cannot be satisfied without both time and place utility, which logistics directly 

supports (Lambert et a/., 1998:ll). In strategic terms, logistics could be 

viewed as the interface between production and marketing. As far as quality 

is concerned, this could perhaps best be demonstrated by the following view: 

"Leading-edge firms typically implement a portfolio of unique logistical 

solution to accommodate the quality-driven expectations of each key 

customer" (Bowersox and Closs, 1996:483). 

2.7.3 DEVELOPMENT OF LOGISTICS 
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Logistics dates back to the earliest forms of organised trade. In the early 1900's, 

when farm products were distributed, logistics gained attention as an area of study 

for the first time (Lambert etal., 1998:5). 

2.7.3.1 COMPETITIVE PRESSURES 

Logistics received more attention as a major cost driver, at the time when interest 

rates were rising and energy costs increased in 1970. For many businesses, 

logistics costs became a more critical issue because of the globalisation of 

industries. This has affected logistics in two primary ways. 

Firstly, new ways to differentiate businesses and product offerings have evolved due 

to the growth of world-class competitors. Logistics is a logical place to look, because 

domestic businesses should be able to provide a more reliable, responsive service 

to nearby markets than overseas competitors. 

Secondly, the supply chain between the business and those it does business with 

become longer, more costly, and more complex because businesses increasingly 

buy and sell offshore. Excellent logistics management is needed to fully leverage 

global opportunities (Lambert etal., l998:6). 

2.7.4 INFORMATION TECHNOLOGY 

At that time information technology started exploding. This enabled businesses to 

better monitor transaction intensive activities, such as the ordering, movement and 

storage of goods and materials. All this combined with the availability of 

computerised quantitative models, increased the ability to manage flows and to 

optimise inventory levels and movements. Factors, such as advanced information 

systems technology, and increased emphasis on customer sewice, growing 

recognition of the systems approach and total cost concept, the profit leverage from 

logistics, and the realisation that logistics can be used as a strategic weapon in 

competing in the marketplace, contributed to the growing interest in logistics 

(Lambert et a/., l998:7). 

Subsequently, the phases in the development of logistics management will be 

explained. In figure 2.4 two of the three phases are depicted. 
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Figure 2.4: THE LOGISTICS PROCESS
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SOURCE: Adapted from van Rensburg, L.R.J., 2000:4.
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THE DEVELOPMENT OF LOGISTICS MANAGEMENT IN THREE PHASES 

During phase 1 attention was focused on physical distribution, which refers the final 

step of the logistics process. Every business strives to establish a competitive 

advantage by using different methods and exploiting opportunities. Businesses soon 

realised that another way of identifying a competitive advantage was by delivering a 

better service to customers. 

Phase 2 is the development of logistics management characterised by the concept 

called integrated logistics management. Activities related to the procurement of 

resources in order to make the finished goods available, are influenced by physical 

distribution, and not only by the effective delivering of requirements. The inbound 

and outbound logistics should be co-ordinated and this process is then called 

integrated logistics management 

Phase 3 can be described as the management of the flow of materials in an 

industrial column or supply chain. The flow of components of certain products 

(referring to raw materials or semi-finished goods) should be co-ordinated (van 

Rensburg, L.R.J., 2000:4). 

If the inbound side of logistics (materials management) is combined with the 

outbound side of logistics (physical distribution, which is closely related to customer 

service), additional opportunities for savings can occur. The inbound side of logistics 

combined with the outbound side of logistics can be described as business logistics 

or the logistics system (Coyle et a/., 1996:6). 

2.8 THE STUDY FIELD AND THE COMPONENTS OF LOGISTICS 

MANAGEMENT 

Some of the many activities encompassed under logistics are given in figure 2.5. 

Suppliers provide raw materials, which logistics manage in the form of raw materials, 

in-process inventory and finished goods. The framework for logistics activities is 

provided by management actions through the process of planning, implementation 

and control. Competitive advantage, time and place utility, efficient movement to the 

customer and providing a logistics service mix, such that logistics become a 

proprietary asset of the business, are the outputs of the logistics system (Lambert et 
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al., 1998:4). These outputs are made possible by the effective and efficient

performance of the logistics activities shown at the bottom of figure 2.5.

Figure 2.5: COMPONENTS OF LOGISTICS MANAGEMENT

Implementation I Control

L:s OUTPUT OF LOGISTICS

Planning

INPUTS INTO LOGISTICS

Suppliers

Logistics management

Raw In- Finished
mate- process goods
rials inven-

tory

Customers

SOURCE: Adapted from Lambert et al., 1998:5.

The effective management of the logistics activities should result in effective

customer service.

2.9 THE LOGISTICS ACTIVITIES

The following was complied by using information from various authors named after

each activity. The following activities exists:
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2.9.1 CUSTOMER SERVICE 

Customer service levels in many ways glue together other logistics areas. While 

customarily the logistics area does not completely control customer service 

decisions, logistics plays an extremely important role in ensuring that the customer 

gets the right product at the right place and time. Customer service is multi- 

dimensional. In a broad sense, it is the output of the entire logistics effort. That is, 

customer service and some resulting level of satisfaction are what the logistics 

system ultimately provides the buyer. Good customer service supports customer 

satisfaction. It is a process that ensures that consumer needs are satisfied (Coyle et 

a/., l996:46; Lambert et a/., l998:l7; Gourdin, 2001 :5). 

2.9.2 ORDER PROCESSING 

The processing of order refers to an activity, which is involved with the completing of 

customer orders. Order processing is a broad, highly automated area which consists 

of getting the orders from customers, checking on the status of orders and 

communicating to customers about them and actually filling out the order and 

making it available to the customer. The importance of this activity lies in the 

effectiveness and speed of processing orders (Coyle etal., 1996:45; Lambert etal., 

1998: 18). 

2.9.3 LOGISTICS COMMUNICATION 

According to marketing theories, communications are becoming increasingly 

automated, complex and rapid. In general, communication refers to transmitting a 

message in order to evoke a discriminating response. According to Semenik 

(2002:176), communication is the process of sending a message to a receiver. A 

reason exists for communication efforts. Communication efforts in marketing begin 

with intentions. This is the beginning of the communication process. This can also be 

the case when logistics activities are performed. 
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Figure 2.6: THE COMMUNICA TlON PROCESS
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SOURCE: Adapted from Semenik, 2002:177.

After the communication and sales objectives have been formed, as source is

needed to carry these intentions further. A source is the marketer of the brand and in

personal selling, the salesperson who represents the marketer. The source needs a

message, which contains the information designed to inform or persuade consumers

and business buyers or to broadcast what the intention of the message is. The

medium such as the newspapers, radio, television, magazines, billboards, the

internet and direct mail are examples of "vehicles" whereby messages are

transmitted to receivers. The consumers or business buyers targeted by a business

are the receivers of messages. The effects in a communication process are

determined by identifying receivers' perception of message content. During the

entire process noise exists. Noise is any disturbance that inhabits message

transmission to the intended receiver. Many forms of noise exist and all these forms

should be avoided when a message is transmitted. Feedback is necessary in the

communication process to evaluate and improve all situations (Semenik, 2002:176).

During the communication process, in the case of logistics, it is necessary to make

sure that everybody understands what is communicated, therefore making sure that
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all goes according to plan, for example, providing the right products at the right

place.

2.9.4 INVENTORY MANAGEMENT/CONTROL

The activity which, organises the availability of items to the customers, is named

inventory control. This activity coordinates the purchasing, manufacturing and

distribution functions to meet the marketing needs. It includes the supply of current

sales items, new products, consumables, spare parts and all other supplies.

Inventory enables a business to support the customer service, logistics or

manufacturing activities. There should be enough items in stock to ensure the

functioning of the business and to ensure that consumers can purchase according to

their needs. Different inventory control methods can be used (Wild, 2002:4).

2.9.5 FORECASTING DEMAND

Forecasting refers to the process of organising a phenomenon's past in order to

predict a future. To manipulate objectives, quantitative data by mathematical rules

and to analyse the opinions of experts are ways to determine phenomenon pasts. It

should be determined how many manufactured items should be distributed to

various outlets in order to satisfy demand (Frechtling, 2001:8).

2.9.6 TRANSPORTATION

Transportation systems are needed for the ever-growing needs for contracts

between individuals as societies and for the movement of commodities.

Commodities are part of national and global economies (Tolley et al., 1995:1). It

includes selecting the best mode of transportation. The role of transportation in the

logistics system can be seen in perspective by noting the frequency or transport

decisions. Figure 2.7 shows that transport is directly involved in the flow of products

(raw material, semi-finished and finished products), but also indirectly involved in the

co-ordination of several activities of the logistics system.
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Figure 2.7: THE ROLE OF TRANSPORT IN THE LOGISTICS SYSTEM
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Figure 2.7 represents a logistical system where, the red arrows indicate the

elements in the system, which require co-ordination. The black arrows indicate the

interdependence between suppliers, purchasing, stores, production, marketing,

physical delivery and consumers during the entire process of delivering the product

to the final consumer. The white arrow indicates the role of transport in the logistics

process concerning the delivering 0 the products. Transport therefore not only

involve physical movement, but also has a direct effect on decision-making

throughout the logistics system. Transport costs are directly influenced by the

location of the factories, warehouses, suppliers and customers of the business.

Inventory requirements are also influenced by the transport mode used, because

costly, but fast transport services make smaller inventory levels possible. The form

of transport largely determines the packaging required and the handling equipment

for the loading and unloading of cargo. The design of loading docks primarily
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depends on the type of carrier. A method of order processing that makes maximum 

consolidation of consignments possible, has the advantage of volume discount, 

since carriers can transport larger consignments. The type of carrier selected, 

influences customer service objectives. Transport costs also represent the most 

substantial cost element of the logistics system (van Rensburg, A.M.J., 2000:104). 

The transportation link permits goods to flow from one point to another, thereby 

bridging the buyer-seller gap in trading. The way and time in which this bridging is 

performed determine the efficiency of the operation supply chain facility and 

determines the competitive edge of the business (Coyle et al., 1996:318). The 

geographical differences between suppliers and consumers result in the value 

added by transportation to a company by creating time and place utility. The value 

added is the physical movement of the goods to the place desired at the time 

desired (Coyle etal., 1996:318). Transportation costs in the USA in 1994 was 6.3% 

of the GDP. In South Africa transportation costs increased from 7.82% of the GDP in 

1994 to 8.25% of GDP in 1998, which emphasises the importance of transportation 

in a country's economy (Engler, 1997). In determining the transportation mode to be 

used in the conveyance of a consignment, a cost-service trade-off is necessary. If a 

business for example, switches from rail to air transportation, the result can increase 

speed, lower transit time, lower inventories, decreased warehousing space and less 

stringent product packaging. The business realises these advantages at the 

expense of higher transportation costs (Coyle etal., 1996:319). 

Although transport is the most important activity in logistics, it should be regarded as 

a sub-function of logistics together with storage, handling and inventory control. 

Optimisation of the transport activity does not necessarily lead to optimisation of the 

logistics function as a whole. The influence of a transport decision on other elements 

in the logistics system should therefore be taken into account, which implies a 

continuous application of the total cost approach (Coyle et ab, 1996:319; van 

Rensburg, A.M.J., 2000:105). 

Transport can also influence the following company decisions, namely production 

decisions, marketing decisions, purchase decisions and more importantly price 

decisions. Since transport costs constitute a significant part of the total cost of the 
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end product, these costs should be considered during pricing decisions (van 

Rensburg, A.M.J., 2000:105). 

It should be emphasised that although efficient transport can raise the value of the 

product, this increased value is not through physical change or processing of the 

product. Transport creates value by providing time and place utility to raw materials 

and purchased products by making them available at the right time and place. 

Through this increase in value, transport contributes directly to increasing business 

revenue (van Rensburg, A.M.J., 2000:106). 

2.9.7 WAREHOUSING AND STORAGE 

Warehousing refers to the management of the space required to hold inventories. It 

involves problems, such as site selection, space determination, stock layout, stock 

retrieval, stock design and warehousing configuration. A number of important 

decisions are related to storage activities including how many warehouses, how 

much inventory, where to locate the warehouses and what size the warehouse 

should be (Coyle etab, 1996:44). 

2.9.8 ESTABLISHING WAREHOUSES AND PLANTS 

Before these decisions can be made thorough research needs to be performed. 

Making wrong decisions can be detrimental to the business's competitive advantage 

(van Rensburg, L.R.J., 2000:3). 

2.9.9 MATERIALS HANDLING 

Materials handling is the art and science of implementing movement in an 

economical and safe manner. This is important because a total logistics 

management system depends upon well-organised and integrated materials 

handling in order to provide the proper flow of materials to all essential parts of the 

business. Materials handling is usually concerned with mechanical equipment for 

short distance movements. Examples of materials handling equipment, includes 

conveyors, forklift trucks, overhead cranes and containers (Coyle et a/., 1996:45; 

Magad eta/., l995:327). 
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2.9.10 AFTER-SALES SERVICE 

To follow-up, after a product has been purchased and the way customer problems 

are handled will influence the quality of customer service and whether the customer 

will return (van Rensburg, L.R.J., 2000:3). 

2.9.1 1 SALVAGE AND SCRAP DISPOSAL (reverse logistics) 

Material, which is not used, should not be thrown away. An alternative use for it 

should be found (van Rensburg, L.R.J., 2000:4). 

2.9.12 RETURN GOODS HANDLING 

This activity must take place if there is a problem with the performance of the item or 

simply because the customer has changed his or her mind. All businesses should 

clearly state their policy regarding returned goods, since it can influence customer 

service (Lambert et ab, 1998:20). 

2.9.13 PACKAGING 

One of the objectives of logistics is to move goods with no more damage than is 

economically reasonable. A good design of the package for the product's protection 

helps to ensure damage-free movement (Gourdin, 2001:6). 

2.9.14 PROCUREMENT 

The purchase of materials and services from outside businesses to support the 

operations from production to marketing, sales, and logistics is called procurement 

(Lambert et a/., 1998:20). 

2.9.15 PRODUCTION PLANNING 

To satisfy customer needs by giving them a product, the manufacturing department 

needs components and raw materials in order to make the finished product. It is 

important that the primary focus should not shift, this will lead to customer 

dissatisfaction (Gourdin, 2001 :6). 
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2.9.16 INFORMATION PROCESSING 

All areas of the logistics system are linked together through information processing 

(Gourdin, 2001 :6). 

2.10 SUMMARY 

In this chapter the concepts, planning, inventory management and logistics, was 

introduced. The development and study field of planning, inventory management 

and logistics were described. The different planning, inventories and logistics 

activities were briefly discussed. The relevance of planning, inventories and logistics 

to the business and economy as a whole was introduced. The concept of the 

systems approach was introduced and related to the role of planning, inventory 

management and logistics and its interface with manufacturing. Planning, inventory 

and logistics as a source of competitive advantage was briefly discussed. 

Out of the theoretical applications and information that was studied in this chapter 

the production planning and inventory control systems, at Mittal Steel, needs to be 

investigated in detail so that the best practical solutions can be derived from the non- 

compliances, if any. It is therefore necessary to conduct a thorough survey on these 

systems. It is also important to investigate the logistics behind the transport of bulk 

raw materials, because of the high costs involved in supplying these expensive 

materials (coking coal blends) in time, with the best quality, to the Works. 

In chapter three the planning, inventory management and logistics system will be 

examined. 
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CHAPTER 3 

THE COKE PLANT PRODUCTION PROCESS AND 

RESEARCHRESULTS 

Due to the complexity of the coke manufacturing process, the inventory control of 

raw materials for this process needs to be understood and managed effectively. In 

this chapter a detailed audit will be conducted on the current inventory control 

system to determine deficiencies which contributes to inventory losses or changes. 

As discussed in chapter one, these deficiencies contributes to a large financial 

impact on the iron making business and also influence the bottom line of Mittal Steel. 

In order to conduct this investigation it is necessary to discuss the production 

process of coke making, because the different inventory control systems are 

included in the raw materials handling and coke making process. This pipeline of 

processes all includes a critical part of the total inventory control system, thus 

whenever a deficiency exists, it has a direct influence on the effective management 

of the pipeline. The different processes will be discussed to emphasise the role of 

bulk materials handling, which includes inventory control systems. 

3.1 MANUFACTURE OF METALLURGICAL COKE 

3.1.1 INTRODUCTION 

Although the oxides of iron may be reduced to metallic iron by many agents, carbon 

(directly or indirectly) is the reducing agent found to be best suited for the 

economical production of iron. Carbon of suitable reactivity and physical strength 

was at one time produced from wood by distillation, yielding wood charcoal; but for 

the operation of a modem large blast furnace the carbon required for the smelting of 

iron is obtained from the destructive distillation of selected coking coals at 

temperatures in the range from 900°C to 1095OC. 

3.1.2 CHEMICAL EFFECTS OF COKING 

Coal is a complex mixture of organic compounds, the principal elements of which 

are carbon and hydrogen with smaller amounts of oxygen, nitrogen and sulphur. It 

also contains some non-combustible components called ash. The ash consists 
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primarily of inorganic compounds which became imbedded in the coal matrix during 

the coalification process. 

The chemical compounds making up coals, are unstable when subjected to a high 

degree of heat or thermal treatment. When heated to high temperatures, in the 

absence of air, the complex organic molecules break down to yield gases, together 

with liquid and solid organic compounds of lower molecular weight and a relatively 

non-volatile carbonaceous residue (coke). Coke, then, is the residue from the 

destructive distillation of coal. 

3.1.3 KINDS OF COKE 

There are three principal kinds of coke, classified according to the methods by which 

they are manufactured: low-, medium- and high temperature coke. Coke used for 

metallurgical purposes must be carbonized in the higher ranges of temperature 

(between 900°C and 1095°C) if the product is to have satisfactoly physical 

properties. Even with good coking coal, the product obtained by low temperature 

carbonization between 480°C and 760°C is unacceptable for good blast furnace 

operation. 

3.1.4 IMPORTANT PROPERTIES OF METALLURGICAL COKE 

Probably the most important physical property of metallurgical coke is its strength to 

withstand breakage and abrasion during handling and its use in the blast furnace. 

The standard ASTM tests used to evaluate these properties are the stability index 

for breakage and the hardness index for abrasion. Both of these tests involve 

tumbling coke of selected size in a standard drum rotated for a specific time at a 

specific rate. The stability index and the hardness index are the percentages of coke 

remaining on 25mm and 6mm screens, respectively, when the coke is screened 

after tumbling. 

3.1.5 METHODS OF MANUFACTURING METALLURGICAL COKE 

There are two proven processes for manufacturing metallurgical coke, known as the 

beehive process and the by-product process. In the beehive process, air is admitted 

to the coking chamber in controlled amounts for the purpose of burning therein the 

volatile products distilled from coal to generate heat for further distillation. In the by- 
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product method, air is excluded from the coking chambers, and the necessary heat 

for distillation is supplied from external combustion of some of the gas recovered 

from the coking process. With modern by-product ovens, properly operated, all the 

volatile products liberated during coking are recovered as gas and coal chemicals, 

and, when coke oven gas alone is used as fuel, about 40% of the gas produced is 

returned to the ovens for heating purposes. 

3.1.6 PRODUCTS OF COAL CARBONIZATION 

Table 3.1. Coke and coal chemical typical yields following carbonization 

Blast furnace coke 

Coke breeze 

Coke oven gas 

Tar 

Ammonium sulphate 

Ammonia liquor 

3.2 COALS FOR METALLURGICAL COKE PRODUCTION 

3.2.1 SELECTING COALS FOR QUALITY COKE - INTRODUCTION 

Most coal and coke producers follow the practice of coal blending, in order to 

conserve the limited resources of high cost, prime coking coals. This is also due to 

the fact that a single coal does not usually meet all the requirements of coke quality 

and coke-making. The challenge to a coke producer is in designing a blend that on 

carbonization would consistently produce a low cost, high quality coke with safe 

oven pushing performance. More rigid coke quality requirements will be placed on 

coke producers as iron makers try to increase productivity and reduce costs by 

reducing the coke rate and by increasing the pulverized coal injection rate. 

PER METRIC TON 

600 - 800 kg 

50 - 100 kg 

296 - 358 m3 
! 

30.3 - 45.4 litres 

10- 13.8 kg 

56.8 - 132.5 litres 
I 

With the above requirements in mind, the coal design efforts can be grouped into the 

following categories:- 

* Coal blend design to satisfy coke physical properties. 

Coal blend design to satisfy coke chemical properties. 

Coal blend design to satisfy coke oven pushing performance. 

45 

Light oil 9.5 - 15.1 litres 
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Coal blend design to satisfy maximum usage of low value carbon materials. 

Economic evaluation of the designed blend 

Assurance of high quality coal shipments. 

3.2.2 PREPARATION OF COAL CHARGE FOR BYPRODUCT OVENS 

The importance of coal preparation cannot be overemphasized. It is a very important 

step in the coke-making process in terms of coke quality and uniformity. The proper 

preparation of the coal blend affects both the smoothness of operation and the 

productivity of the coke battery. 

3.2.3 COAL UNLOADING (See figure 3.1: COKING COAL RECEIVING & 

STORAGE, page 102) 

Coals are received at the coke plants by rail. Railroad cars are unloaded by rotary 

dumpers (tipplers) or bottom dumping. Rotary car dumpers usually are preferred. 

Throughout the unloading operation, coal identity must be maintained so that 

selected coals always are unloaded to the proper silo or stockpile. Any coal 

misplaced to the wrong storage silo or stockpile, can cause serious operating 

problems and possibly damage the coke batteries in addition to having a negative 

affect on coke quality. At Mittal Steel the coal is offloaded by means of; four tipplers, 

from where the coal is conveyed on a conveyor system to the stockyard. The coal is 

stacked on individual stockpiles according to the quality of the coal components. A 

stacker/reclaimer bucket wheel system are utilized to do the stacking and reclaiming 

of the coal components. The current infrastructure of the coal offloading facility 

includes a conveying system that covers over 1,2km and includes 17 transfer 

stations. 

3.2.4 COAL RECLAIMING (See figure 3.1: COKING COAL RECEIVING & 

STORAGE, page 102) 

The coals as received can vary in sulphur and ash content and therefore each coal 

component are being reclaimed individually to separate storage silos at the blending 

plant. During the reclaiming the coal components is send through a crushing plant to 

pulverize the coal to a specific size grading. When coal is reclaimed and blended, it 

is conveyed to the coke plant batteries over a distance of 2,1 km which include 24 

transfer stations. 
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The coal is delivered in component silos by means of a shuttle conveyor which can 

move over all seven silos to fill up the silos with the different coal components, so 

that blending can be done at the bottom by means of way feeders. 

3.2.5 CRUSHING (PULVERIZING) (See figure 3.1: COKING COAL RECEIVING & 

STORAGE, page 102) 

Crushers are used to break up the large coal with a minimum of fines generation. 

Each coal component utilized for metallurgical coke production has a different 

hardness and therefore selective crushing is being done to obtain a optimal size 

distribution for each component. 

The importance and effect of crushing on inventory control is that the bulk density of 

coal changes when crushed, therefore more coal can be loaded into the coke ovens, 

which in turn can have an effect on inventory changes. 

Many different types of pulverizers are available for crushing coal, but three types 

find wide application in coke plants: these are the hammer mill, the impact mill and 

cage mill. 

The type of pulverizer used by Mittal Steel in coal pulverization is the cage mill. In 

this machine, two cages, one inside the other, are rotated in opposite directions at 

speeds of up to 500 rpm. Coal enters the centre of the machine, is struck by the 

impact plates of the inside cage and thrown into the plates of the outside cage, 

which is rotating in the opposite direction, and is discharged out of the machine. The 

degree of pulverization is controlled by the rotational speed and the spacing 

between the cages. The advantage of this machine is that it provides a high level of 

pulverization and good control of top size, with low levels of fine coal generation. 

The disadvantages are its susceptibility to damage by tramp metal and plugging by 

softer material such as wood and rags. Each cage mill installation are protected by 

magnets and metal alarms on the conveyors ahead of the pulverizers. With this 

protection, the cage mill is the best pulverizer for coal preparation in coke plants. 
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Constant monitoring of the performance of the crushers by screen analysis of the 

crushed-coal product is essential if consistently high quality coke is to be produced. 

When the pulverization level falls, immediate corrective action must be taken to 

assure a production of high quality coke. 

Each coal component is crushed before being conveyed to the blending silos. A 

typical coal size grading after crushing will consist of 86%, smaller than 3mm size 

particles in the final feed. 

3.2.6 BLENDING SILOS AND WEIGH FEEDERS (See figure 3.2: COAL SILOS, 

Page 103) 

Blending silos and weigh feeders are used for blending the individual coals in 

proportion to the final coal blend which will be charged to the coke ovens from the 

bunker located above the coke batteries. 

Blending silos are provided for each coal or groups of coal. The number and size of 

the bins is determined by the number of coals to be blended and the daily 

throughput of coal. The silos can be either round or rectangular with conical bottoms 

constructed of concrete or steel. However, they should be designed with mass-flow 

bottom discharge. Silos usually are grouped together to facilitate distribution of coal 

to the top of the silos and to shorten the conveyor lengths required at the bottom 

discharge. At Mittal Steel, 14 blend silos are utilized for blending purposes. 

Quality analysis proves that a consistently well-proportioned coal blend is essential 

to the production of the highest quality, most uniform coke possible from the coals 

supplied. In any given situation every effort should be made to get the maximum 

performance from the combined mixing silo and feeder systems. Each silo is 

provided with a discharge weigh belt for controlling the weight of the coal delivered. 

Coal weight control is accomplished by scales and control circuitry which regulates 

either the speed of the belt carrying a constant depth of coal or the depth of the coal 

on a constant-speed belt. If the flow from the bin is not constant because of poor silo 

design or because of wet coal or extraneous material, the weigh feeder cannot 

deliver the required flow rate. Suffice it to say that the silo and feeder must be 
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treated as an integral unit if accurate proportioning is to be accomplished. The best 

feeder is useless without a proper silo above it. 

Moisture compensation needs to be done on each silo containing a different quality 

coal component. The moisture content of each coal is determined on a shift basis (3 

times per 24 hours) for effective moisture compensation. The reason for doing this is 

that each weigh feeder will discharge the exact dry tonnages for each coal 

component and to ensure effective blending 

3.2.7 BULK DENSITY CONTROL (See figure 3.3: COAL CONVEYORS TO COKE 

OVEN BATTERIES, page 104) 

The last step in the process of preparing coal for coking is adjustment of the bulk 

density of the coal blend. A coke battery cannot be operated smoothly and efficiently 

without bulk density control. Bulk density of the coal blends is affected by moisture 

content. For example, coal with a bulk density of 700kgh3 containing 8% moisture 

actually contains only 644kg of dry coal per cubic metre. Consequently, it is 

desirable to maintain a constant moisture content in the coal blend by adding water if 

necessary. Bulk density control systems are based on the use of diesel, oil, or other 

similar oils, to increase bulk density of the coal blend. In a manual system, as 

operated by Mittal Steel, bulk density measurements are made regularly by hand in 

an ASTM bulk density box, and the oil flow rate is adjusted manually as required to 

hold bulk density at the control point. 

This final prepared coal blend is loaded into the coking chambers with a charging car 

which moves on rails on top of the coke battery. 

3.3 GENERAL DESIGN OF MODERN BY-PRODUCT COKE 

PLANTS IN OPERATION AT MITTAL STEEL 

The by-product coking process, being a true distillation process, involves the use of 

retort ovens. While there are many modifications, these ovens consist essentially of 

three main parts, namely: the coking chambers, the heating flues and the 

regenerative chambers - all constructed of refractory brick. Ovens are constructed in 

batteries that have contained 55 ovens. 
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Coking chambers in a battery alternate with heating chambers so that, in effect, 

there is a heating chamber on each side of a coking chamber. The regenerative 

chambers are underneath the heating and coking chambers. Separating walls 

between regenerators also serve as foundation walls for the heating and coking 

chambers. The entire structure is supported either from the ground or by columns 

under a reinforced concrete or structural steel base. 

The coal is charged through openings in the top of the oven and, after the coal has 

become coke, the coke is pushed out from one end by a power driven ram, or 

pusher. During the coking period, the ends of the coking chamber are closed by 

refractory lined doors, which are constructed to completely seal the ends of the 

ovens. The ovens first constructed in the industry provided a space between the 

door and the jamb which was filled with a special doping mixture to seal the oven 

prior to charging. Later, several types of self-sealing doors were developed, which 

seal the opening when put in place and require no doping. 

To permit the escape of volatile matter driven from the coal during coking, an 

opening is provided at the top of the oven at either one or both ends of the coking 

chamber. Each such opening is fitted with an off-take pipe, which connects the oven 

with the gas collecting main for the battery. 

The combustion chambers consist of a large number of flues which permit uniform 

heating of the entire length of the coking chamber. Ovens have been built with either 

horizontal heating flues or vertical heating flues, but vertical flues are used almost 

exclusively in present installations. Some of the older ovens employed the 

recuperative principle for preheating combustion air. Modern practice utilizes the 

regenerative principle to achieve higher thermal efficiency whereby less gas is 

required to heat the ovens. In all modern oven batteries, individual regenerators are 

provided for each heating wall and re located under each oven. This permits 

separate control of the flow of preheated air for combustion to individual vertical 

heating flue walls and allows close control of heating. An advantage of individual 

regenerators is that the control of heating for each oven is relatively independent of 

the operation of the remainder of the battery. 
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The importance of inventory lies in the fact that Mittal Steel there are 354 ovens 

which are distributed over 6 coke oven batteries. Each of these 354 ovens contains 

13,5 tons of blended coal thus a total of 4780 tons of blended coal. This coal 

inventory is also included in the counting of inventory. This inventory changes to 

metallurgical coke by means of the coking process and is replaced every 18 hours. 

3.4 SYSTEM DESCRIPTION: COAL INVENTORY 

The production process of coke making has been discussed and the focus is now on 

the raw materials handling system description of coal inventory management. 

3.4.1 RECEIVING, TIPPING AND STACKING OF INVENTORY 

The following shift personnel are responsible for the receipt and storage of the coal 

inventory: (See figure 3.4: ORGANIZATION CHART, page 105) 

- Superintendent, Coal Plant Production 

- Two tippler Operators 

- Two stacker Drivers 

- One conveyer belt Operator 

- Three cleaners 

The coal requirements are determined according to the coke requirements, 

the inventory levels of the bunkers, silos and in the stockyard as well as the required 

blend. The inventory levels in the bunkers and silos are measured every shift. The 

shift personnel estimate the stockyard inventory every evening. An official inventory 

count of the stockyard inventory is carried out on a monthly basis via aerial 

photographs. (See figure 3.5: COAL STOCKYARD AREA, page 106) 

The coal blend is changed from time to time. The Manager, Coking determine 

the required blend. When a blend component has been fully utilized the blend is 

changed. A memorandum regarding the blend change is prepared which has to be 

authorised by the Plant Manager, Coke Plant as well as the Works Manager, Iron 

Making. 

The Coal requirements are determined a month in advance. The Coordinator 

uses the estimated Coke demand, the available plant capacity (with provision made 

for any planned short stops and maintenance) and the applicable coal blend to 
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calculate the daily throughput and thus the daily coal requirements. This is done on 

an excel spreadsheet. There are standard minimum and maximum inventory levels, 

for local coal it is a minimum of 10 days' supply and for imported coal it is 20 days' 

supply. The Coordinator uses the information regarding the coke requirements, the 

inventory levels as well as the prescribed blend (month plan) to estimate the coal 

requirements. A planning document (see table 3.2: COKE OVENS PLANNING, 

STOCK AND DEMAND, page 107) is prepared on a monthly basis and is discussed 

on the monthly coal workgroup meeting. Logistics is informed in respect of the time 

and amount of coal inventory needed (see table 3.3: PRODUCTION PLANNING 

AND INVENTORY CONTROL, BLENDS AND CONSUMPTION, page 108). When 

there are any changes andlor coal is required urgently the Coordinator liaise with 

Logistics. 

The Coordinator places the necessary coal order (bill of materials). The order, 

memorandum, is forwarded to Commercial Sewices. Commercial Services places 

the relevant coal order on SAP. For local coal the order is placed per trainload and 

for imported coal per shipload (consignment number). The Coordinator verifies that 

the SAP order has been created thus to ensure that the coal can be received against 

the order upon arrival at the Works. A new order for local coal is placed every 

month. 

The Coordinator daily receives information from Logistics personnel at Head 

Office via electronic mail, which enables the tracking of the order, for example when 

the train will arrive, any delays etc. Delays could lead to coal blend changes and 

production losses, which in the end will cause imbalances in inventory levels, due to 

these un-efficiencies. 

The import contracts are usually negotiated for a year. The Commodity 

Managers, Raw Materials, is responsible to manage the coal contracts. A monthly 

coal workgroup meeting is held to discuss any problems in respect of the coal 

supply. 

There are four types of imported coal that are received at the Coke Plant: 

- Burton Australia 

- Riverside Goonyela blend 0 Australia 



CHAPTER 3 -THE COKE PLANT PRODUCTION PROCESS AND RESEARCH RESULTS 

- Bulli Australia 

- West Coast Premium New Zealand 

The two types of local coal received at the Coke Plant are: 

- Tshikondeni Musina 

- Grootegeluk Ellisras 

Tshikondeni is an ongoing contract. For the Grootegeluk coal a ten-year contract 

has been negotiated but has not yet been signed by all the parties. Line 

management is not satisfied with the exchange rate clause. The plant personnel 

monitor the receipt and quality of the coal according to the contract but the 

Commodity Manager manages it. 

The imported coal and the local coal are used to make up the blend that is used 

in the coke batteries. 

The imported coal is offloaded at the Richardsbay harbour. When there is no 

available space at Richardsbay, the inventory is received at the Durban harbour - 
this recently happened for the first time in five years. The coal is either dispatched to 

the Vanderbijlpark andlor Newcastle Works or is kept in a store at the harbour. This 

ratio is determined on the monthly coal workgroup meeting where the coal 

requirements for Vanderbijlpark and Newcastle are estimated for the next eighteen 

months. The inventory in the store is however dispatched as soon as possible. The 

store space at the harbour can accommodate 250 000 tons of coking coal and it is 

managed by Mittal Steel personnel. 

Delays are sometimes experienced in respect of the delivery of the coal due to 

insufficient performance from Spoornet and Portnet. Logistics is responsible to 

monitor and manage the contracts and to ensure the applicable penalties are raised. 

When either importedllocal coal is dispatched to the Works a fax is forwarded 

from either the harbour or the mine to the Coordinator. The fax details the following 

information: 

- Consignment number 

- Coal grade 



CHAPTER 3 -THE COKE PLANT PRODUCTION PROCESS AND RESEARCH RESULTS 

- Tonnage 

- Number of trucks 

- Departure time 

- Departure date 

- Mittal Steel train number 

- Spoomet train number 

- Destination 

- Wagon numbers 

- Gross mass per wagon 

- Tare mass per wagon 

- Nett mass per wagon 

Every type of coal has a different batch number and a SAP article number for 

identification purposes. Problems have been experienced in the past when the 

wrong coal component has been offloaded due to the fact that the wrong batch 

number has been stated on the documentation. The different coal components can't 

be distinguished from one another through visual inspection. When there is 

uncertainty in respect of a coal component laboratory tests are performed to verify 

the type of coal. 

a The coal inventory at the Vanderbijlpark Works is received via rail transport 

only (tip trucks). Upon arrival at the Works the responsible Superintendent, Coal 

Plant verifies the truck numbers with the applicable fax received. When there is any 

variance the material is not offloaded until it has been verified with either the mine or 

the Logistics ControllerICoordinator at the harbour. It has happened in the past that 

railway trucks have been switched on route to the Works. 

The ships' cargo is weighed before and after the cargo has been offloaded by 

means of a draft survey. The coal is not weighed at the incoming weighbridge. The 

Superintendent on shift does not compare the advised mass with the actual weighed 

mass received. The Coordinator compares the weighed mass with the minelharbour 

advised mass on a weekly basis on an excel spreadsheet. The deviation is recorded 

per trainload. The actual mass is always less than the advised mass. The 

information is forwarded to the Manager, Coal Plant for monitoring purposes. The 
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information is included on his weekly report. No corrective action is taken as 

payment is made according to the advised mass. 

The railway trucks are offloaded at the 4 tipplers. The coal to be stacked in 

the stockyard is weighed with a conveyer belt scale, CR3, when offloaded. CR3 has 

two belt scales, which measure tons per hour, and total tons: 

- North scale for tippler 1,4 (Belt CRl)  

- South scale for tippler 2,3 (Belt CR2) 

The Process Controllers zero the scales, take the readings and record the results on 

a shift sheet. 

The offloading time of the railway trucks are measured from the time the trucks 

have been requested. The time is recorded from the start of the first truck being 

tipped until the last truck has been tipped. An average per railway truck is calculated 

(the standard is seven minutes per truck). The information is recorded on the 

applicable shift sheet. Graphs are prepared on a monthly basis to monitor any 

variances. Results are discussed on the monthly quality meeting. 

Rail transport also measures the time taken to offload the trucks. Penalties are 

raised on a regular basis for standing time. These problems are mainly experienced 

due to the fact that there isn't an allocated locomotive for the coal inventory off- 

loading facility, but it is shared by other departments as well. 

The coal that is wasted while being offloaded is dumped on the GGL stockpile 

in the stockyard with a front-end loader or dump trucks. Coal that fall from the 

conveyer belts is loaded back onto the conveyers, if possible. The sweepings for the 

past three months accumulated to f15 000 tons. The sweepings are recorded at 

R100-00 per ton. Sweepings are also consumed in the batteries, if possible. 

The coal inventory that is offloaded is stored in the stockyard area and/or is 

routed to the silos. 

The coal inventory for the coke ovens (batteries) is stored in the silos. There is nine 

silos on both sides thus a total of eighteen. There are 14 silos for the coke batteries. 

Each coal component is stored in a separate silo. Each silo has a storage capacity 
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of 1515 tons (35m high x 43 tons per meter). The level of every silo is measured and 

recorded per shift as follows: 

- A rope with measure knots and a weight at the end is lowered into the silo 

until the weight rests on the coal. 

- Three measurements are taken - left side, right side and center. 

- The rope is pulled up and the amount of knots is counted. 

- The average of the three levels is calculated. 

- The Superintendent in charge calculates the tonnage - no adjustment for 

moisture. 

0 The ideal situation is to store all incoming inventory in the stockyard, this is 

done in an attempt to prevent the aging of inventory. As few as possible components 

are kept on hand. There is a designated area for each type of coal in the stockyard 

that is identified with signboards. The coal components are reclaimed from the 

stockyard storage area on conveyer belt CS4, through the crushing plant and 

thereafter on CRGB conveyor, where it passes over a belt scale. The belt scale 

measures tons per hour as well as total tons and stores the information on a PLC. 

The conveyer belt scales are tested on a weekly basis by Instrumentation. From the 

silos the coal is transported via a conveyer belt that is equipped with a scale to the 

blend bunkers. 

3.4.2. PREPARATION OF INVENTORY 

The following shift personnel is responsible for the preparation of the coal 

inventory: 

- Superintendent, Coal Plant Production 

- One Control Centre Operator 

- Two conveyer belt Operators 

- Two feeder Operators 

The responsible Superintendent receives the official authorized memorandum 

when there are any changes to the coal blend. The applicable coal component 

percentages are used as input on the process computer system. 
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Every side of the silos has weigh feeders at the bottom that are controlled by a 

process computer on which a set point has been captured. The weigh feeders 

release the different coal components out of the silos according to the set 

percentages. All is available on the MIS system which details the tonnage per coal 

component thus to record and monitor all deviations from set point. For each shift 

the Superintendent calculates the percentage of each coal component according to 

the printout thus to verify that the correct blend is used. An absolute variance of 3 

percent and less on the total blend is accepted. Variances larger than 3 percent are 

usually due to human error during the input of the information onto the computer 

system I moisture 1 a blockage. The Manager monitors the blend and when required 

the discipline is increased. There is an alarm system installed which systematically 

stops the plant when a blockage occur for more than five minutes. 

The coal in the silos is tested on a daily basis for moisture content, type of coal 

etc. The results in respect of the moisture content is used as input onto the process 

computer system at the control room, the blend is adjusted systematically. 

0 Each feed mechanism has its own scale. Information from the weigh feeders is 

available. The shift personnel zero the weigh feeders on a daily basis and are 

calibrated by lnstrumentation on a fortnightly basis (seven is calibrated one week 

and the other seven the next week). lnstrumentation is responsible to keep the 

necessary records. Any problems are rectified immediately. lnstrumentation is 

notified of any interim problems experienced. A record of all inspections by 

lnstrumentation is kept in the control room. 

Certain coal components have to be crushed for example Burton and GG. The 

size of the coals determines the grade of the blend. There are 10 final coal blend 

silos (4 x 450 tons; 6 x 900 tons). Laboratory samples are taken during every shift. 

The coal can go through the crusher or can be bypassed through the chute before 

the components are mixed. The blend is weighed with the vibrating feeders at the 

bottom of the silos to determine whether the coal is being fed. The coal blend is 

released onto conveyer belts TO316 and TO317 (A Block) and TO318 and TO319 

(B Block). The belts pass over a belt scale, that measures mass in tons per hour. 

The levels of the silos are assessed twice per shift by means of the dip rope method. 
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The coal is transferred to the four service bunkers. Each bunker consists of 3 

compartments and each bunker services two batteries. The four bunkers each have 

a storage capacity of 1650 tons. Visual estimate of inventory at the beginning and 

end of each shift. The service bunkers are equipped with a scale at the bottom of the 

bunker. 

The empty and loaded load car is weighed at the bottom of each service bunker 

and the information is automatically captured on the PLC. Mass accumulates daily to 

22h00. When a scale is not operational the amount of ovens loaded is multiplied by 

13.9 tons (dry mass). 

3.4.3 INVENTORY RECORDS 

The opening inventory on the monthly inventory control schedule is the closing 

inventory of the previous month. 

The coal receipt is recorded on the tabulation according to the advised mine 

mass. The Controller at Raw Materials, Commercial Services does the necessary 

input onto system 500-08 (transport system). The wet as well as the dry mass on the 

advise is used as input. System 500-08 interfaces with SAP. Only the total dry mass 

appears on SAP. The Controller verifies the information on SAP on a weekly basis. 

The Coal consumption is recorded on the PLC (Programmable Logical 

Controller) and the information is systematically transferred to the Process Computer 

in the control room and is available on the MES system. The information is used as 

input onto SAP on a daily basis by the Senior Planner. 

An inventory count is carried out on a monthly basis. Premier mapping is 

responsible to take the aerial photographs at month end. Premier mapping has to 

provide the responsible Coordinator at the Coke Plant with the following information: 

- The map of the coal stockpiles that were photographed. The Superintendents 

at the Coke Plant then had to identify the stockpiles. 

- The volumes per stockpile. 

The inventory adjustment is only carried out at the end of the next month. 
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The Coordinator at the Coke Plant uses the same densities on a monthly 

basis to determine the mass of each stockpile of coal (densities X volume = mass). 

The density factors used already make provision for the moisture component. 

The Superintendents determine the mass of coal in the bunkers and silos at 

month end by taking a dip measurement. The wet mass is multiplied by a factor 

using the weigh feeder moisture to determine the dry mass. 

The mass received according to the tabulation is already the dry mass. The 

production system which records the consumption also record the dry mass, thus 

the monthly inventory control schedule is compiled by using the dry mass of the 

different types of coal. The Coordinator verifies the information with the advised 

mass. 

The rand values of the different coal types also remain the same on a monthly 

basis. The Coordinator does the necessary calculations to determine the inventory 

adjustment. An official memorandum detailing the adjustment is compiled and 

authorised by the Manager Raw Materials and the Works Manager, Iron Making 

before the adjustments are carried out on SAP by Commercial Se~ices.  

A draft survey is carried out at the harbour on the imported coal. A fax is 

forwarded to the Coordinator at the Coke Plant in accordance with the dispatches. 

Both the manual and SAP inventory control schedules are forwarded to 

Finance. 

3.4.4 MANAGEMENT ACCOUNTING 

The Senior Accountant receives both the manual and the SAP generated 

monthly inventory control schedules. The SAP schedule is considered to be the 

official document. The Senior Accountant ensures that the inventory balances on the 

two schedules agree. Differences are sometimes experienced due to SAP 

reservations, which have not been released; the necessary corrective action is 

taken. The posting to the general ledger accounts take place systematically. 
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There is a control account to determine the input and output ratios. 

The Coke production is not captured on SAP and still has to be journalized 

by the Senior Accountant. 

Imported and local coal both has a separate general ledger. 

a SFlN - is coal that is in transit (coal is still on the ship1 in the harbour). 

SFCS - as soon as the truckload of coal is received at the Works its status is 

changed systematically to SFCS by the Controller at Raw Materials, Commercial 

Services - now the coal can be consumed. 

3.4.5 PURCHASE VARIANCE 

A fax is received from Logistics which details the type of coal, wet mass as 

well as the dry mass of the coal destined for Mittal Steel, Vanderbijlpark. 

A fax is received from the harbour that details the tonnage, the US.  dollar 

value as well as the split between Mittal Steel, Vanderbijlpark and Mittal Steel, 

Newcastle. The invoice date is also stated and this is supposed to agree with the bill 

of lading date. The documentation in respect of the bill of lading is kept at the 

harbour. 

The Senior Accountant prepares a schedule that details the material code and 

tonnage. This is forwarded to the Controller at Raw Materials that does the input on 

SAP (only tonnage). SAP systematically calculates a provisional purchase variance 

between the standard value and the exchange rate on the date of input. The 

information is captured in a provision account. 

The harbour fax is also forwarded to Treasury. Treasury is responsible to 

transfer the funds to the bank account (exchange rate as on bill of lading date). 

There is no control over the time period before the transfer is carried out. 

Creditors are notified that a payment is due. The account has to be cleared. 

Payment has to be matched against the SAP order. SAP systematically calculates 
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another purchase variance between the exchange rate on the date of input on SAP 

and the payment date. Payment is matched against the provision accounts. 

Provisions are raised against the standard rate. Provision is also raised for: 

- Freight 

Railage 

- Customs 

- lnsurance 

A final fax is received from the harbour for all $ linked costs. Payment is 

matched against the provision. When the provision is insufficient the remainder of 

the payment forms part of the purchase variance. 

3.4.6 DISTRIBUTION OF A SHIPLOAD COAL 

Payment is made for the material. 

When the status of the coal changes to SFCS the Controller at Raw Materials 

prepares an excel spreadsheet with the following information, that is forwarded to 

the Senior Accountant: 

- Wet mass 

- Dry mass 

- Consignment number 

- Name of the ship. 

SAP only records the total tonnages received. 

The Senior Accountant receives a daily coal report from the harbour that details 

the coal that has been dispatched to the Works according to their records. 

The Senior Accountant reconciles the aforementioned information. Variances are 

followed up. It sometimes happens that a shortage of material is experienced and 

that coal is then re-routed. 

When a ship has been closed the reconciliation is finalized. 

The procedure will now be followed for every shipload. 
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3.4.7 COAL INVENTORY - BUSINESS PROCESS OVERVIEW

Figure 3.6: COAL INVENTORY - BUSINESS PROCESS OVERVIEW
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3.5 CONTROL ENVIRONMENT ASSESSMENT 

3.5.1 ASSESSMENT 

An integral part of the internal control framework is the Control Environment. 

The control environment has a pewasive influence over the way business activities 

and processes are conducted. It originates with Top Management, who set the tone 

within the company that influences the behaviour and attitude of employees. 

Due to the nebulous nature of the topic, the control environment is assessed via a 

departmental survey of opinions. (See questionnaire: CONTROL ENVIRONMENT, 

pages 95 - 97) 

As part of the audit process, the opinions of the Departmental Manager (2), Coke 

Plant (Top Management), the Manager (2), Coal Plant and the Manager (I) ,  Coking 

(Senior Management) Engineers (4), Superintendents (6), (Middle Management) 

and Supporting Staff (7), (logistics personnel,) were canvassed relating to the 

Importance of a number of risk assertions/control measures as well as the 

Compliance with the control measure presented to them. The total respondents 

amounted to 22. 

The contribution of this assessment was to determine the overall awareness and 

climate to what extent work (which includes inventory management systems) is 

being conducted. 

These relate to the control environment within the Coke Plant department. Broad 

categories of risks assessed are: 

Integrity and ethical values. 

Management philosophy and operating style. 

Assignment of authority and responsibility. 

Organisational structure. 

Commitment to competence and quality. 

The Importance of each risk assertion/control measure and the Compliance with the 

control measure were assessed on a scale of 1 (low) to 10 (high). 
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On interpreting the results it is necessary to be wary of the fact that assertion

interpretation may be skewed between management and operational personnel due

to interpretation and skill differences.

The scores are expressed graphically in the section below.

3.5.2 CONCLUSION AND AVERAGE SCORING GRAPHS

3.5.2.1 Importance (Graph 3.1)

Overall, the respondents regard the Importance of the risk components as medium

to high, with a minimum score of 6.20 and a maximum score of 10.00.
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3.5.2.2 Compliance (Graph 3.2)

Overall, the respondents regard the Compliance with the control measures as

medium to high, with a minimum score of 5.00 and a maximum score of 9.50.

The three risk categories that revealed the greatest deviation in opinion regarding

Compliance are:

. Integrity and ethical values.

. Assignment of authority and responsibility.

. Organisational structure.
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3.5.3 SCORING OF INDIVIDUALRISK CATEGORIES

3.5.3.1 INTEGRITY AND ETHICAL VALUES (Graph 3.3)

The average Compliance scoring covered a range from 6.50 to 9.50.

Concern was expressed regarding the following:

· Management's commitment to integrity, ethical values and moral behaviour and

their communication thereof through word and deed.

· Management's response towards violations of behavioural standards.
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3.5.3.2 MANAGEMENT'S PHILOSOPHY & OPERATING STYLE (Graph 3.4)

Management's Philosophy & Operating Style
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3.5.3.3 ASSIGNMENT OF AUTHORITY AND RESPONSIBILITY (Graph 3.5)

The average Compliance scoring covered a range from 6.20 to 8.00.

The respondents documented the following shortcomings:

. The assignment of responsibility and authority to employees in agreement with

their contracted objectives.

. The effective management of target dates.
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3.5.3.4 ORGANISATIONAL STRUCTURE (Graph 3.6)

The average Compliance scoring covered a range from 5.00 to 7.25.

The respondents documented the fact that the related operational and service

departments' do not assist sufficiently in achieving the objectives of the department.

Improving the control environment primarily via communication and training

should increase the control environment's effectiveness.
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3.5.3.5 COMMITMENT TO COMPETENCE AND QUALITY (Graph 3.7)
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3.6 COKE PLANT - COAL INVENTORY 

As part of production planning and inventory control it is necessary to do detail audits 
on a two year basis to ensure that all the risks involved in any system are checked and 
preventative measures put in place to comply to legal demands. 
Furthermore new control techniques can be developed and improvements on 
practicalities in the systems can lead to better control and ensure audit compliance. 
Due to this fact a audit was conducted on the production planning and inventory control 
systems of the coke plant and the following audit report was compiled. 
Risks were identified by plant personnel in conjunction with the audit team. 

4ND CONTRO 

Risk 

'he coal 
equlrements, quallty 
md quantity, are not 
leterm~ned on a 
~meiy bass, thus 
esultlng in a coal 
,hortage 

:hanges in respect 
~f coal requirements 
are not determined 
md communicated 
In a timely basis. 

determined &cording to the coke 
requirements, the inventory levels 
of the bunkers, silos and in the 
stockyard as well as the required 
blend. The inventory levels in the 
bunkers and silos are measured 
every shift. The shift personnel 
estimate the stockyard inventory 
every evening. An off~cial inven- 
tory count of the stockyard 
inventory is carried out on a 
monthly basis via aerial 
photographs. 
Detail planning is carried out a 
month n advance. Imporl horizon 
is three months. Total planning is 
done 18 to 24 months in advance. 
The coal requirements are 
determined a month in advance. 
The Coordinator uses the 
estimated coke demand. the 
available plant capacity (with 
provision made for any planned 
short stops and maintenance) 
and the applicable coal blend to 
calculate the daily throughput and 
thus the daily coal requirements. 
This is done on an excel 
spreadsheet. There are standard 
minimum and maximum inventory 
levels, for local coal it is a 
minimum of 10 days' supply and 
for imported coal it is 20 days' 
supply. 
A planning document is prepared 
on a monthly basis and is 
discussed on the monthly coal 
workgroup meeting. Logistics is 
informed in respect of the time 
and amount of coal inventory 
needed (train schedule). 

Yhen there are any changes to the 
stlmated coal requlrements andlor 
oal IS requ~red urgently the 
:oordlnator llase w~th  Log~st~cs 

Audi Test 

r Rev~ew the 
calculation of the 
coal 
requlrements for 
one month 

r Rev~ew the 
documentallon 
forwarded to 
Logistics I e the 
coal 
requlrements 

Review the 
:ommunication 
jocument i.e. the last 
.equirement change. 

document for 
August was 
reviewed. 

i The planning 
document with 
trains, truck and 
stocks schedules 
are lotwarded to 
Logistics. 

i The plann~ng 
document was 
authorised by the 
DeDarlmental 
~ a ' n a ~ e r ,  Coke 
Plant. 

; The monthly coal 
requirements are 
d~scussed in the 
monthiy coal 
workgroup 
meetlng. 

I = Importance ratcd 1 - 10 
C = Cornpl~ance rated I - 10 
(1  = low, 10 = h~$) 
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Failure to order the 
requlred coal 
inventory. 

Placement of an 
unauthorised coal 
3rder. 

M u r e  to monitor 
:he supply of coal 
hat has been 
xdered could result 
n a coal shortage. 

2hanges n the coal 
>lend are not 
lroperly authorised 

1 .  The Coordinator places the 
necessary coal order. 

2 The order memorandum, which is 
fotwarded to Commercial 
Services. has to be authorised by 
the Departmental Manager, Coke 
Plant as well as the Business Unit 
Manager, lron Making. 

3. Commercial Services places the 
relevant coal order on SAP. For 
local coal the order is placed per 
trainload and for imported coal 
per shipload (cons~gnment 
number). 

4. The Coordinator verlfies that the 
SAP order has been created thus 
to ensure that the coal can be 
received against the order upon 
arrival at the Works. 

5. A new order for local coal is 
placed every month. 

The order memorandum, which is 
fotwarded to Commercial Services. 
has to be authorised by the 
Departmental Manager. Coke Plant as 
well as the Business Unit Manager, 
lron Making. 

The Coordinator daily receives 
information from Logistics personnel 
at Head Office via electronic mail, 
whch enables the tracking of the 
order for example when the train will 
arrve, any delays etc. Delays could 
lead to a blend change, cut back in 
production and ultimately an n -  
/decrease in inventory levels to allow 
for any delays. Unforeseen 
circumstances i.e, non-perlormance 
from Spoornet can result n shortages. 

1 .  The coal blend is changed from 
time to time. The Manager. Coal 
Plant and the Manager, Coking 
determine the requtrea blend. 

2. When a blend component has 
been fully utilized the blend is 
changed. 

Audit Test 

r Rev~ew the coal 
orders for the 
last SIX months 

r Authorlsatlon of 
the order 
memorandum for 
the last SIX 

months 
r Vlew the latest 

order on SAP to 
ensure accuracy 

r Ensure that the 
Coord~nator does 
not have access 
to change the 
order on SAP 

Author~sation of the 
order memorandum 
for the last SIX months. 

i Rev~ew 
communication 
i e .  the tracking 
of the last order. 

i Enquire about 
delays 
experienced. 

i Discuss the 
actions taken i.e. 
delays with the 
Commodity 
Manager, Raw 
Materials. 

i Review the 
documentation 
for the last three 
blend changes. 

i Authorisation of 
the last three 
blend changes 

Test Result 

The Coord~nator 
communicates 
with Logistics on a 
weekly basis. 

i. The destination 
plan 1s forwarded 
to Logistics on a 
weekly basis. 

? The coai orders 
for the period 
January 2005 to 
August 2005 was 
ava~lable 

I The coal orders 
were author~sed 

r The order for 
February 2005 
has been captured 
accurately on the 
system 

r The Coord~nator 
does not have 
access to change 
or add an order on 
SAP 

The order 
memorandums for the 
period February 2005 
to August 2005 have 
been authorised. 

3eport 
i Daily 

communcation 
received from 
Logistics via 
electronic mall. 
(Weekly program 
Monday to 
Sunday). 

> Delays are 
experienced on a 
regular basis due 
to non- 
performance 
from Spoornet. 

i There is not a 
non-performance 
clause included 
in the Spoornet 
contract. 

r The 
documentallon lor 
the last three 
blend changes 
was available. 

i The last three 
blend change 

1 = Importance raced 1 - 10 
C : Compliance ratcd 1 - I 0  
(I = low. 10 =high) 
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Risk 

>hanges to the coal 
,lend are not 
orwarded tlmely to 
he Coordinator lo 
jetermine the coal 
.eouirements 

The contract 
specifications in 
'espect of coal 
.eceived are not 
2eing enforced. 

has to be authorised by the 
Departmental Manager, Coke 
Plant as well as the Business Unit 
Manager, Iron Making. 

i e  Coordinator is at all times aware of 
end changes. 

I .  The imDorl contracts are usualv 

Materials is respons~ble to 
manage the coal contracts. A 
monthly coal workgroup meeting 
is held to discuss any problems in 
respect of the coal supply. 

!. The two types of local coal 
received at the Coke Plant are: 

> Tshikondeni 
i Grootegeluk. 

Tshikondeni is an ongoing 
contract. For the Grootegeluk 
coal a ten-year contract has 
been negotiated but has not 
yet been signed by all the 
parties. Line management is 
not satisfied with the exchange 
rate clause. 

The plant personnel monitor the 
receiving and quality of the coal 
according to the contract but the 
Commodity Manager manages it. 
Llne management IS not 
responsible to enlorce penalties. 

- 

Audit Test 

memorandums 

i Enquire from the 
Coordinator how 
and when he is 
informed of a 
blend change. 

2 Actions taken by 
him as resuit of 
the blend 
change. 

i Review the 
agenda and 
notes from the 
last coal 
workgroup 
meeting. 

i Discuss the 
actions taken by 
the Commodity 
Manager, Raw 
Materials i.e the 
enlorcement of 
contract 
specifications. 

i Enqulre from the 
Commodity 
Manager who is 
responsible to 
ensure that the 
agreed discount 
is granted. 

memorandums 
have been 
authorised. 

- Any planned 
blend change IS 

taken into account 
when the monthly 
plannlng IS 

prepared 
Discussed as part 
of the monthly 
coal workgroup 
The Coordinator 
recelves the 
authorlsed blend 
change 
memorandum 

+ Report 
Theagendaand 
notes from the 
July workgroup 
meeting were 
available. 

+ The Grootegeluk 
contact has not 
yet been finalised 
due to disputes 
regarding the 
volume ana price. - Import contracts 
are negotiated on 
a yearly basis. 
(Addendum used 
for adjustments). - For import coal 
Logistics at Vdbp 
office is 
responsible to 
enforce the quality 
specifications and 
ensure that the 
penalties are 
raised. They 
agree the 
certiflcate that 
accompanies the 
shipment wlth the 
certiflcate 
provided when the 
train is offloaded. 

r For local coal the 
Departmental 
Manager. Flnance 
is responsible to 
ensure the qualty 
specifications are 
met. According to 
the Departmentai 
Manager. Finance 
it is Ilne 
management's 

I = Importance ratcd l - I0  
C = Compliance ratcd 1 - 10 
( I  = low. I 0  = high) 
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Risk 

The imported coal is 
not allocated 
correctly between 
Mittal Steel. 
Vanderbijlpark and 
M~ttal Steel. 
Newcastle. 

The incoming coal 
cannot be identified 
resulting in the 
incorrect type of coal 
being used at the 
zoke batteries. 

Control Technique 

I .  The mported coal is offloaded at 
the Rlchardsbay harbour. When 
there is no available space at 
Richardsbay the inventory is 
received at the Durban harbour - 
this recently happened for the first 
tlme in five years. 

. The coal is either disDatched to 
the Vanderblilpark andlor 
Newcastle Works or 1s kept in a 
store at the harbour. The 
allocation ratio is determined on 
the monthly coal workgroup 
meeting when the coal 
requirements for Vanderbijlpark 
and Newcastle are estimated for 
the nee eighteen months (excel 
spreadsheet). 

3 The inventory in the store is 
dispatched as soon as possible. 

I There are four types of imported 
coal that are received at the coke 
plant: 

i Burton -Australia 
i Goonyela -Australia 
i Bulli - Australla 
i West Coast Premium Nfeu- 

Zeeland 
. The two types of local coal 

received at the Coke Plant are: 
i Tshikondeni. 
i Grootegeluk. 

3. The imported coal and the local 
coal are used to make up the 
blend that is used in the coke 
batteries. 

I. When either importedilocal coal 
is dispatched to the Works a fax 
is forwarded from either the 
harbour or the mine to the 
Coordinator. The fax details the 
following information: 

i Consignment number 
i Coal grade 
i Tonnage 
i Number of trucks 
i Departure t~me 
i Depanure date 
i Mittal Steel train number 
i Spoornet train number 
i Destination 
i Wagon numbers 
i Gross mass per wagon 
i Tare mass per wagon 
i Nett mass per wagon 

Every type of coal has a different 

determined for 
the last 
shipment. 

i Agree to the coal 
received at the 
Vanderbijlpark 
Works. 

mine for the last 
three 
consignments. 
Review the fax 
received from the 
harbour for the 
last three 
consignments. 
Agree the mass 
received to SAP. 
Enquire about 
the extent of the 
problem i.e. 
incorrect 
documentation. 

Test Result 

responslblllty 
Currently no 
formal Works 
procedure and 
corporate pollcy 
in place. 

+ Communication 
gaps. 
- 

The 
documentation 
,rc m M r.a Sree 
-03 st cs f?r me 
,a ;cat c n s tne 
last sh~pment IS 

available 
lnformat~on IS 

received from 
Log~st~cs I e of 
progress wlth the 
dlspatch of the 
Imported coal 
The Senlor 
Accountant carrles 
out the 
reconc~l~ation (see 
rlsk 34) 

The faxes for the 
last three 
consignments 
from the mines 
were available. 
The faxes from 
the harbour for the 
last three 
consignments 
were available. 
The mass of a 
consignment 
number was 
agreed to the 
information on 
SAP. Found to be 
in order. 
No problems 
experienced 
recently. Coal is 
not offioaded 
when the 
documents are 
inaccurate. 

1 = Irnaortance rated 1 - 10 
C = Cornpliancc rated I - 10 
( I  = low,  lO=high) 
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Risk 

The incorrect zone 
ias been identified 
or the offloading of 
he coal. This could 
esult in the 
:ontamination/ 
nixlng of the coal. 

4 shortage of coal is 
?xperienced at the 

batch number and a SAP article 
number for identificaton 
purposes. Problems have been 
experienced in the past when 
the wrong coal component has 
been offloaded due to the fact 
that the wrong batch number 
has been stated on the 
documentation. 

i .  The different coal components 
can't be distinauished from one " 
anotner tnro-gn r 5-3 nspecr on 
Wnen tie,e s "ncena v y  n 
respect of a coal component 
laboratory tests are performed to 
ver~fy the type of coal. Sampling 
of each train is carried out. 

The coal inventory at the 
Vanderbijlpark Works is received 
via rail transport only (tip trucks). 

! Upon arrival at the Works the 
responsible Superintendent, Coal 
Plant verifies the truck numbers 
with the applicable fax received. 
When there 1s any varlance the 
material is not onloaded until it 
has been verified wfth elfher. the 
mme or the Logistics Controller 
/Coordinator at the harbour. It has 
happened n the past that railway 
trucks have been switched on 
route to the Works. 

t. The coal inventory that is 
offloaded is stored in the 
stockyard andlor is routed to the 
silos. 

I. The ideal situalion is to store all 
incoming inventory in the stock- 
yard. This is done in an attempt to 
prevent the aging of inventory. As 
few as possible components are 
kept on hand. There is a 
designated area for each type of 
coal in the stockyard that is 
identified with signboards The 
Offic~al chart of the stockyard area 
has not yet been updated since it 
hasbeenextendedandchanges 
have been made to its layout. 
This has been done to increase 
the storage capacity. The coal 
components are reclaimed from 
the stockyard storage area on 
conveyer belt CS4 and thereafter 
CR6B where it passes over a beit 
scale. The belt scale measures 
tons per hour as well as total tons 
and stores the information on a 
PLC. 

. The PLC system is set thus to 
prevent the coal from being 
offloaded at the wrong place. 

-. 
IF nys arc cxper encea r respe;t ot 
i~ fle rery 91 me c x  11 .e to 

I = Importance rated 1 - 10 

Audit Test 

'~ew the identif~cat~on 
f the d~fferent areas 
i the stockyard for 
i e  offloadmg of the 
~fferent types 01 coal 

Jiscuss actions taken 
Nith the Commodity 

Test Result 

Visited the stockyard 
area on 25 July 2005. 
The signboards are 
zlearly visible. 

leport 
i Delays are 

76 
C = Compliance rated 1 - 10 
(1  = low, 10 lr h y h )  
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Risk 

;oke Plant 

The railway trucks 
ire not being 
Iffloaded at the coke 
~lant within the 
specified time 
leriod. This could 
esult in penalties 
leing raised by 
Spoornet. 

The coal mass 
.eceived is not 
~erified. 

esponsible to monitor and manage 
he contracts and to ensure the 
3pplicable penalties are raised. 

1 .  The offloading time of the railway 
trucks are measured from the 
time the trucks have been 
requested. 

2. The time is recorded from the 
start of the first truck being tipped 
until the last truck has been 
tipped. An average per raiiway 
truck is calculated (the standard 
is seven minutes per truck). The 
information is recorded on the 
applcable shift sheet. Turnarounc 
time is monitored. 

3. Graphs are prepared on a 
monthlv basis to rnontor anv 1 varlanies Results are discissed 

I on the monthly Qual~ty meetlng 
I 4. Ra~l  Trans~ort also measures the ~~- 

time taken'to offload the trucks. 
Penalties are raised on a regular 
basis for standing time. These 
problems are mainly experienced 
due to the fact that there isn't an 
allocated locomotive for the coal 
inventory alone. 

1 The shlp 1s welghed before and 
after the cargo has been 
offloaded 

2 The coal 1s not we~qhed at the 
incoming weighbridge. 

3. The Superintendent on shift does 
not comoare the advised mass 
with the actual weighed mass 
received. 

4. The Coordnator conmares the 
weighed mass with the 
minelharbour advised mass on a 
weeklv basis on an excel 
spreadsheet. This was only up to 
date until March 2005. The 
deviation 1s recorded per 

Audit Test 

Aanager Raw 
Aaterlals 

- Review the 
measurement of 
the time taken to 
olfload a 
trainload coal. 
Review the 
graphs for the 
last month. 
Discuss 
monitoring wlth 
the Manager, 
Coal Plant as 
well as the 
corrective 
actions taken. - Enquire from the 
Commodity 
Manager, Raw 
Materials about 
the penalties 
raised for 
standing time. 

F Revlew the 
comparison for 
the last two 
months prepared 
by the 
Coord~nator 
between the 
actual welghed 
mass and the 
advlsed mass 

I Discuss 
monltorlng w~th 
the Manager, 
Coal Plant as 
well as actlon 
taken 

Test Result 

experienced on a 
regular basis due 
to non- 
performance 
from Spoornet. 

? There is not a 
non-performance 
clause included 
in the Spoornet 
contract. 

F The risk will 
increase if the 
decision to lower 
inventory levels 
is enforced. 

leport. 
i Documentation in 

respect of trains 
offloaded within a 
24 hour period is 
available. 

i The graphs for 
July are 
available. Actual 
time taken is out 
of the planned 
limits. 

F Standing time is 
being raised and 
paid. 

i The Manager, 
Coal Plant. 
monitors the 
graphs on a 
monthly bass. 
The fact that the 
coal IS sometimes 
very wet has an 
impact on the 
performance. 
Currently no 
corrective actions. 

i Reported as part 
of the month plan. 
Reported to the 
Departmental 
Manager, Coke 
Plant. 

Report. 
; The comparison 

for January 2005 
and February 
2005 are 
available. The 
information is 
however 
inaccurate and 
incomplete. 

; Clause in the 
contract that 
specifies a 2 % 
variance. - Followed up when 
there is a large 

I = Importance rated 1 - 10 
C = Compl~:incr rated 1 - 10 
( 1  = low, I0 = h y h )  
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Risk 

There are no 
documents in 
respect of the 
anaiysis of the coal 
received at the coke 
plant from the 
harbour1 mine. 

The coal received is 
not tested on a 
regular basis at the 
plant to ensure the 
quality of the 
material. 

always less than the advised 
mass. 

5 The information is forwarded to 
the Manager, Coal Plant for 
monitoring purposes. The 
information is included on his 
weekly report. No corrective 
action is taken as payment is 
made according to the advlsed 
mass. 

5. The railway trucks are offloaded 
at the 4 tipplers. The coal to be 
stacked in the stockyard is 
weighed wlth a conveyer belt 
scale. CR3, when offloaded. 
Calibration of scales carried out 
once per month. CR3 has two 
belt scales, which measure tons 
per hour, and total tons: 

i North scale for Tipper 1,4 (Belt 
CR1) 
; South scale for Tlpper 2.3 (Belt 

CR2) 
The Process Controilers zero the 
scales take the readlngs and 
record the results on a shift 
sheet. The ~nformation is stored 
in the PLC (Programmable Logic 
Controller) as well. The scales 
measure "wet" mass and no 
compensat>on is made for the 
moisture content. 

I. A draft survey is carried out at the 
harbour on the imported coal. A 
fax is fotwarded to the 
Coordinator at the coke plant in 
accordance with the dispatches. 

. The fax received from the 
harbour1 mine contains 
information in respect of the mass 
and sometimes the ash. The 
information is used when the dry 
mass is captured on system 500- 
08. 

I. Sampies are taken at the 
offloading of the first ten railway 
trucks as well as the last ten 
trucks. 

?. Tests are perlormed to determine 
the coal component, volatile 
elements as well as the moisture 
content. 

3. The nforrnation is available vfa 
the database. Graphs are 
prepared on a monthly basis to 
monitor any variances. 

I. Results are discussed on the 
monthly quality meeting. Any 

Audit Test 

D~scussthe 
contract 
specf~cations i e .  
mass variances 
with the 
Commodity 
Manager, Raw 
Materials. 

Rev~ew the draft 
survey certlf~cate 
from the harbour 
for the last coal 
shlpment - Rev~ew the fax 
recelved from the 
mlne for the last 
three 
conslgnments 

+ Rev~ew the fax 
rece~ved from the 
harbour for the 
last three 
conslgnments 

Review the 
graphs for the 
previous month. 
Discuss the 
monitoring and 
corrective action 
taken wth  the 
Manager. Coal 
Plant. 

Test Result 

varlance 

The qual~ty 
certificates are 
received at 
Logistics. 
The draft survey 
cettificate was 
available. - The faxes for the 
last three 
consignments 
from the mines 
were available. - The faxes from 
the harbour for the 
last three 
consignments 
were available. 

The graphs for 
July were 
avatlable 
Dally monitored 
by the Manager, 
Coal Plant 
Contact the mlne 
when problems 
are exper~enced 

+ A complaint 
system will be 
lmplernented 

v Samples need to 
be analyzed more 

I = Impurtance rated 1 - 10 
C = Compliance rated 1 - 10 
( I  = low. I0 = high) 
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When the coal is not 
according to 
specifications no 
preventative action 
IS taken. 

The coal that is 
wasted when the 
railway trucks are 
~ff loaded is not 
recovered. 

The sweepings are 
not being monitored. 

The mass 
neasurements from 
:he conveyer belt 
scales are 
naccurate. 

The incorrect coal 

the sales representative thus to 
ensure that corrective action is 
taken. 

I .  Tests are performed to determine 
the coal component, volatile 
elements as well as the moisture 
content. 

. The information is available via 
the database. Graphs are 
prepared on a monthly basis to 
monitor any variances. 

3 Resuits are discussed on the 
monthly quality meeting. Any 
variances are also discussed with 
the sales representative thus to 
ensure that corrective action is 
taken. 

I. The coal that is wasted wh~le 
being offloaded is dumped on the 
sweepings stockpile in the stock- 
yard with a front-end loader or 
dump trucks. 

I .  Coals which fali from the 
conveyer belts are loaded back 
onto the conveyer. 

3. The sweepings for the past three 
months accumulated to i 15 000 
tons. The sweepings coal does 
not have a value on the monthiy 
Inventory Control sheet (SAP). 

. The sweepings are recorded at 
R100-00 per ton. 

5 .  Sweepings are also consumed In 
the batteries. 

l w  volume. Monitored as part of the 
onthly Inventory counts. 

I The conveyer belt scaies are 
tested on a weekly basis by 
Instrumentation. Calibration of 
scales once per month. 

! Each feed mechanism has its 
own scale, Information from the 
weigh feeders 1s available. The 
shift oersonnel zero the weah 

fortnightly basis (seven IS 

calibrated in one week and the 
other seven the next week). 
lnstrumentation is responsible to 
keep the necessary records. Any 
problems are rectified 

experienced. A record of all 
inspections by lnstrumentation is 
kept in the control room. 

The responsible Superintendent 

See risk 16. 

I Revlew the 
recordmg of 
sweepings on 
SAP 

I Agree to the 
monthly 
Inventory count 

I Enqulre about 
the recording of 
the sweepings 

DISCUSS monitoring 
with the Manaaer. 
Coal Plant. 

i Review the 
records of the 
inspectons 
carried out by 
instrumentation 
kept in the 
control room. 

i Review the 
documentation 
kept by 
Instrumentation. 

i Review the 

Test Result 

freauentlv 
esieciall; for 
moisture content. 

r Sweeplngs are 
not recorded on 
SAP The Senlor 
Accountant 
prepares a 
manual journal 
Sweeplngs are 
recorded agalnst 
the rall tarlff 
(R1001tons) 
Hgh  volume 
Sweeplngs 15000 
tons 

vlonitored as part of 
he monthly inventory 
:aunts. An average 
iensity is used. 

eport. 
No records keot in 
the control rook. 
No schedule 
available at 
present at 
lnstrumentation 
Usually once per 
month 
depending on 
the availability of 
the plant. Last 
calibration 
carried out on 20 
A~r i l2005.  

+ A graph in respect 

1 = Importance rated 1 - 10 
C = Compliance rated 1 - 10 
( 1  = l o w ,  I0 = high) 
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Risk 

,lend is used in the 
:oke batteries 

Failure to crush the 
:oal as reouired. 

memorandum when there are any 
changes to the coal blend. The 
applicable coal component 
percentages are used as input on 
the process computer system. 
Every side of the slos has weigh 
feeders at the bottom that are 
controlled bv a orocess comouter 
on which a set boint has bein 
captured. The weiuh feeders 
release the different coal 
components out of the silos 
according to the set percentages. 
A printout is available wh~ch 
details the tonnage per coal 
component thus to record and 
monitor all deviations from set 
point. For each shift the 
Superintendent calculates the 
percentage of each coal 
component according to the 
printout thus to verify that the 
correct blend is used. An absolute 
variance of 3 percent and less on 
the total blend IS accepted. 
Variances larger than 3 percent 
are usually due to human error 
during the input of the information 
onto the computer system I 
moisture i a blockage. 
The manager monitors the blend 
and when required the discipline 
is increased. 
There is an alarm system 
installed which automatically 
stops the plant when a blockage 
occur for more than five minutes. 
The coal in the silos is tested on 
a daily basis for moisture content, 
tvpe of coai etc. The results in . . 
respect of the moisture content s 
used as input onto the process 
computer system at the control 
room, the blend is adjusted 
programmat~cally. 

Certain coal components have to 
be crushed for example Burton 
and GG. The size of the coals 
determines the grade of the 
blend 
There are 10 crushed coal silos 
(4 x 450 tons 6 x 900 tons) 
Laboratory samples are taken 
during every sh~ft 
The coal can go through the 
crusher or can be bypassed 
through the chute beiore the 
components are mixed 
The blend is we~ghed with the 
vibrat~ng feeders at the bottom ol 
the silos to determine whether the 
coal is be~ng fed The coal blend 
is released onto conveyer belts 
TO31 6 and TO31 7 (A Block) and 

Audit Test 

calculation of the 
deviation by the 
Superintendent 
for one shift. - Report to 
management. - Monitoring by 
Manager, Coal 
Plant and 
corrective 
actions taken. 
Test results in 
respect of 
moisture for one 
day. 

iscuss monitoring 
:tions with the 
anager. Coal Plant. 

Test Result 

of the deviat~ons 
for the period 1 to 
24 July is 
available 

+ Monitored by the 
Manager. Coal 
Plant on a daily 
bass per shift 
Deviations usually 
due to blockage 
(wet coal) 

r NO in-time test 
result exists, and 
therefore moisture 
compensation is 
not done timely. 
which can and will 
result in inventory 
losses 

r Monitored on a 
daily basis. 
Crushers are 
changed every 
second day. 

+ A selective 
crushing plant is in 
operation when 
reclaiming of 
components s 
belng done. 
Components are 
crushed 
individually, when 
out of operation 
the blend crushers 
are utilized. 

I = Imprrtdncr rated I - 10 
C = Cnrnpl~ance rakd I - 10 
(I = Ion. I0  = h~gh) 
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Risk 

-ailure to weigh the 
:onsumption of coal 
it the coke batteries. 

'hysical inventory 
:aunts are not 
:arried out on a 
eguar basis. 

Control Technique 

TO318 ana TO319 B Bocn -rlc 
belts pass over a belt scale which 
measures mass in tons per hour. 
The levels of the silos are 
assessed twice per shift by 
means of the dip rope method. 

The coal is transferred to the four 
service bunkers. Each bunker 
consists of 3 compartments and 
each bunker services two 
batteries. The four bunkers each 
have a storaae capacity of 1650 
tons. 
Visual estlmate of inventory at 
the beginning and end of each 
shift. 
The service bunkers are 
equipped with a scale at the 
bottom of the bunker. 
The empty and loaded load car is 
weighed at the bottom of each 
servlce bunker and the 
information is programmatically 
captured on the PLC. Mass 
accumulates daily to 22h00. 
When a scale is not operational 
the amount of ovens loaded is 
multiplied by 13.9 tons (dry 
mass). 

. The level of every silo is 
measured and recorded per shift 
(recorded on the daily report) as 
follows: 

i A rope with measure knots and a 
weight at the end is lowered into 
the silo until the weight rests on 
the coal. 

i Three measurements are taken - 
left side, righl side and centre. 

i The rope is pulled up and the 
amount of knots IS counted. 

i The average of the three levels is 
calculated. 

i The Superintendent in charge 
calculates the tonnage - no 
adjustment for moisture. 

I .  An inventory count is carried out 
on a monthly bass. Premier 
Mapplng 1s responsible to take 
the aerial photographs at month 
end. Premier Mapping has to 
provide the responsible 
Coordinator at the Coke Plant 
with the following information: 

i The map of the coal stockpiles 
that weie photographed, i h e  
Superintendents at the coke plant 
then had to identify the stockpiles. 
For the past two months the 
Superintendents were however 
reauested to draw a mar, of the 
st&kpiles in advance thus to 
ensure the accuracy and 
completeness thereof. 

* Review the daily 
report i.e, of the 
visual estlmate of 
the inventory 
levels for one 
day. 
Review the 
consumption 
repnri prepared 
by the 
Superintendent 
for one day. 

i Review the daily 
report 1.e. of the 
visual estimate of 
the inventory 
levels for one 
day. 

i Revlew the 
calculation of 
one month's 
inventory 
adjustments. 

i Enquire about 
the accuracy of 
the aerial 
photographs. 

i Enquire how 
regularly the 
densities used 
are verified. 

Test Result 

Daily reports are 
available. 
The consumpton 
report was 
available. 

eport. . Daily reports are 
avaiiabe. 
Reviewed the 
caculaton of the 
inventory 
adjustments for 
the last two 
months. 
The densities 
were determined 
during the week I 

18 February 200: 
To be adjusted 01 

the inventory 
adjustment 
calculations by tP 
Coordinator as 
soon as the 
information is 
received. Not 
tested and 
calculated on a 
regular basis. 
Aerial 
photographs na 
considered to b 
accurate. No 
inventory 
adjustments 
made accord in^ 
to aerial 
photographs 
taken on 4 April 
2005. 

I = Importance rated 1 - 10 
C = Compliance rated I - 10 
( I  = low. 1 0  = high) 
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i 
25. / The inventorv 

adjustments are not 
being monitored on 
a monthly basis to 
determine trends 
and thus whether 
Corrective acttons 
need to be taken 

p u r c r e  of 
Coal is not recorded 
completely, 
accurate1 and on a 

The inventory adjustment 1s only 
carried out at the end of the nexf 
month. 

The Coordinator at the coke plant 
uses the same densities on a 
monthly basis to determine the mass 
of each stockpile of coal (densities X 
volume = mass). Two to three 
months ago there was a project to 
determine the densltles of the 
different coal types. There were 
however little variance with the 
densities that are currently being 
used, The density factors used 
already make provision lor the 
moisture component. 

The Superintendents determine the 
mass of coal in the bunkers and silos 
at month end by taking a dip 
measurement. The wet mass 1s 
multiplied by a factor of 0.94 to 
determine the dry mass. 

The mass rece~ved accordina to the 
tabulation is already the dry mass. 
The production system which 
records the consumption also record 
the dry mass, thus the monthly 
Inventory Controi schedule is 
compiled by using the dry mass of 
the different types of coal. The 
Coordinator verifies the information 
with the advised mass. 

1. The rand values of the different 
coal types also remain the same 
on a monthiv basis. 

. The Coordinator does the 
necessary calculat~ons to 
determine the inventory 
adjustment. 

3. An official memorandum detailing 
the adiustment is cornoiled and 
a4tnor.sf!(1 oy tr t ~ t p a l m e n t a  
Marlade, Cohe Nak n3 ana .nc 
B4s nes? ,r I Manaaer ron 
Making before the aGju&nents 
are carried out on SAP bv 
Commercial Services. 

he inventory adjustments are 
~thorized by the Departmental 
anaqer, Coke Plant, the 
eparimental Manager, Finance and 
re Business Unit Manager 

I. The coal receipt is recorded on 
the tabulation accordino to the 
advised mine mass. T& 
Controller at Raw Materials. 

Audit Test 

documentation i.e. 
the inventory 
adjustments for the 
last three months. 

Review the 
documentation 1.e. 
the inventorv +- 
adjustment; lor the 
last three months. 

mine advice with the 
information on SAP. 

Test Result 

The authorised 
policy in respect 
of inventory 
adjustments is 
not being 
adhered to. 
"Accounting 
records will only 
be adjusted in 
cases where the 
counted 
inventory of a 
total of a 
commodity 
exceeds the 
book inventory 
by 5% or more, 
or where the 
counted 
inventory of a 
total of a 
commodity 
reflects a 
shortage of more 
than 2.5%." 

Idjustments were 
luthorised by the 
Iepartmental 
Aanager, Coke Plant: 
)epartmental 
danager. Finance and 
he Bus~ness Unit 
danager. 

\dlustments were 
luthorised by the 
Iepartmental 
danager. Coke Plant. 
lepartmental 
danager, Fnance and 
he Business Un~t  
danager. 

Yas done for July 
1005. 

C .- Compliance rated 1 - 1 0  
(I = low, 10 =high)  
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nonthly inventory 
:ontrol schedule. 

rhe consumption of 
:oal at the coke 
]Ian1 is not recorded 
:ompletely, 
accurately and on a 
imely basis on the 
nonthly inventory 
:ontrol schedule. 

The monthly 
nventoly control 
schedule is 
ncomplete and 
naccurate. 

Control Technique 

Commercial Servlces does the 
necessaw Input onto system 500- 
08 (transport system). The wet as 
well as the dry mass on the 
advise IS used as input. 

2. System 500-08 interfaces with 
SAP. Only the total dry mass 
appears on SAP. The Controller 
verifies the informallon on SAP 
on a weekly basis. Problems are 
currently experienced wlth the 
integrity of data transferred from 
system 500-08 to SAP. 

1. The Coal consumption is 
recorded on the PLC 
(Programmable Logical 
Controller) and the information is 
programmatically transferred to 
the process computer in the 
control room. 

2. A printout is generated by the 
process computer wh~ch is used 
by the Superintendent to 
calculate the consumption and 
prepare an excel spreadsheet. 

3. The information is used as input 
onto SAP on a weekly basis 
(Thursdays) by the Coordinator. 

4. The Senior Accountant receives 
both the manual and the SAP 
generated monthly inventory 
control schedules. The SAP 
schedule is considered to be the 
official document. The Senior 
Accountant ensures that the 
inventory balances on the two 
schedules agree. Differences are 
somellmes experienced due to 
SAP reservations, whch have not 
been released; the necessary 
corrective action is taken. 

5. The posting to the general ledger 
accounts take place 
programmatically. 

6. There is a control account to 
determine the input and output 
ratios. 

7. The coke production is not 
captured on SAP and still has to 
be journal~red by the Senior 
Accountant. 

5. Imported and local coal both has 
a separate general ledger. 

3. SFlN - is coal that is in transit 
(coal 1s still on the ship i in the 
harbour). 

10. SFCS - as soon as the truckload 
of coal is received at the Works 
its status is changed 
systematically to SFCS by the 
Controller at Raw Mater~als, 
Commercial Services - now the 
coal can be consumed. 

Audit Test 

i Review the 
consumptlan 
report prepared 
by the 
Superintendent 
for one day. 

i View the input of 
the information 
on SAP for one 
month. 

I Agree the SAP 
Inventory 
schedule to the 
manual Inventory 
schedule for the 
last month 

* Postlngs to the 
general ledqer 
accounts for 
three 
transactions 

v Control account 
calcuiat~ons 
Coke production 
journals for one 
month 

Test Result 

r The consurnptlon 
report was 
available 

r Input on SAP was 
accurate 

i Agreed the SAP 
schedule to the 
manual schedule 
for June 2005. 

i Postings were 
reviewed. 

i The control 
account 
calculatons were 
reviewed on the 
excel spreadsheet 
used (tonnage x 
standard value). - Coke production 
journals were 
reviewed 

I = Imporrancc rated 1 - 10 
C = Compliance l-ntcd 1 - 10 
( I  = low.  I 0  =high)  



CHAPTER 3 -THE COKE PLANT PRODUCTION PROCESS AND RESEARCH RESULTS 

tdjustmentsl 
:hanges are made 
o the rnonthiy 
nventory control 
xhedule. 

3pening balances 
are incorrectly 
ransferred from the 
xevious month's 
nventoty control 
schedule. 

The purchase 
~ariance is not 
:alculated and 
.ecorded accurately. 

Control Technique 

3estrlcted access to SAP 

SAP programmatically updates 
nformation. 

- 

1 A fax IS rece~ved from Log~st~cs 
which detalls the type of coal. wet 
mass as well as the dry mass of 
the coal destlned for Mlttal Steel, 
Vanderbljlpark 

2 A fax IS recelved from the 
narc0 .r t'la' x t a  s lrlc torlrlbg~ 
In[. - 5 cu 2r r a  "e as ne  as 
Ine so ! oetneen M rta Stee 
Varoero par* ana '4 ttd Stet 
hrncast c T r ~ c  nvc cc ostc s 
also stated and this is supposed 
to agree with the bill of ladng 
date. The documentation in 
respect of the biil of lading is kept 
at the harbour. 

3. The Senior Accountant prepares 
a schedule that details the 
material code and tonnage. This 
is forwarded to the Controller at 
Raw Materials that does the Input 
on SAP (only tonnage). SAP 
programmatically calculates a 
provisional purchase varlance 
between the standard value and 
the exchange rate on the date of 
input. The information is captured 
in a provision account. 

4. The harbour fax is also forwarded 
to Treasury. Treasury is 
resDonsible to transfer the funds 
to the bank account (exchange 
rate as on bill of lading date). 
There is no control over the time 
period before the transfer is 
carrled out 

5 Creditors are notifled that a 
payment IS due The account has 
to be cleared Pavment has to be 
matched against ihe SAP order. 
SAP proqrammat~callv calculates 
another purchase variance 
between the exchange rate on 
the date of input on SAP and the 
payment date. Payment is 
matched against the provision 
accounts. 

.esponsible person 
~ h o  made the entry 
I n  SAP. 

4gree the previous 
month's closing 
oalance with the 
xrrent month's 
spening balance. 

Review the procedure 
followed to determine 
the purchase 
uariance. 

Test Result 

The Coordinator 
has access to do 
input of 
consumption and 
transfers on SAP. 
Not able to make 
adjustments. 

+ identilication of 
responsible 
person who made 
the entty on SAP. 

I order. Is also 
hecked on a monthly 
 asi is by the Senior 
rccountant. 

-racked the financial 
ntries for one sh~p for 
he first variance 
:alculated by SAP 

I = lniportancc rated I - I 0  
C = Compliance rated l - I0 
( I  = low,  I 0  = high) 
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The payment for 
mported coal is not 
3llocated correctly 
>elween Mittal Steel, 
danderbijlpark and 
Mittal Steel. 
Vewcastle. 

There is no control 
:arr!ed out in 
.espect of access to 
nformatlon 
:passwords used, 
'ile and field 
xotection etc.) 
?specially with 
'egards to the 
iumerous excel flles 
n use. 

Vo formal wrltten 
Uorks lnstructlons in 
,lace In respect of 
,he handling and 
recording of coal at 
Ihe coke plant 

Vo formal 

I = Irnporti~ncc ratcd I - 10 
C = Compliance rated I - 10 
(I = low, 10 = high) 

Control Technique 

6 Provlslons are ralsed against the 
standard rate Provision IS also 
ra~sed for 

a Frelght 
b Rallage 
c Customs 
d Insurance 

7 A flnal fax 1s recelved from the 
harbour for all 5 llnked costs 
Payment is matched against the 
orov~sion. When the orovision is 
insufflc~ent the remainder of the 
payment forms part of the 
purchase variance. 

1. Pavment is made for the material. 
2. ~ i e n  the status of the coal 

chanqes to SFCS the Controller 
at R ~ W  Materials oreoares an 
excel spreadshe& w/th the 
followinq information. that is 
forwarded to the Senlor 
Accountant: 

i Wet mass 
i Dry mass 
i Consignment number 
i Name of the ship. 

3. On SAP oniy the total tonnage is 
recorded 

4. The Senior Accountant receives 
a daily coal report from the 
harbour that details the coal that 
has been dispatched to the 
Works according to their records. 

5. The Senior Accountant reconciles 
the aforementioned information. 
Variances are followed uo, It 
sometimes happens that a 
shortage of material is 
experienced and that coal is then 
re-routed. 

6. When a ship has been closed the 
reconciliation is finallzed. 

7. The procedure will now be 
foilowed tor every sh~pload. 

lo formal controi In place except for 
AP. 

1. IMCPSA0028 - Determinaton of 
B- Block silo's coal levels. 

2. IMCPSA0020 - Tioolna of trucks , ,  " 
on tipplers. 

3. Standard work procedures and 
task observations. 

Balance scorecards are in place. 

Audit Test 

reconc~llation done 
for the last shlpment 
recelved 

the excel files used 
by the Coordinator is 
password protected. 

I 

8 1 View the Works 
procedure used by 
the Coordinator to 
prepare the monthly 
information. 

10 Discuss monitorin : 

- 

Test Result 

-he reconc~iiat~on was 
tvailable. A meeting 
vas held with 
4ewcastIe on 26 May 
!005 Payment will be 
nade. 

7eport. 
'iles are not 
mssword protected. 

qeport. 
Vo official Works 
vocedure in place. 

Jpdated every three 
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- 
Ref 
MI 
- 

- 
37 

contracts with 
personnel are in 
place to ensure the 
alignment of the 
department's 
objectives. 

No alignment of - 
performance 
contracts with those 
of the Business 
Unit's i.e. clear 
targets and 
measurements. I 

Balance scorecards are in line with 
those of the Departmentai Manager. 
Reviewed on a monthly basis. 

I = Importance r m d  1 - 10 
C = Compliance rated I - 10 
( I  = low, 10 = high) 

Manager. Coal Plant. 

DISCUSS monitoring 
actions with the 
Manager, Coal Plant. 

Test Result 

months. 

Performance 
measurements 
include: 
i % inventory 

adjustments. 
i Grading of coal 

components. 
i T-blend variance. 
i Offloading time of 

railway wagons. 
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3.6 PRACTICAL MEASUREMENT OF COAL SPILLAGES 

During the audit process the following procedures were followed to determine the 

amount of spillages accruing during operations. 

3.6.1 METHOD 

Five offloading and five reclaiming transfer stations were chosen. 

All ten of these transfer stations were cleaned. 

Normal operations were carried out for one day (24 hrs). 

Operations were stopped and all the wasted material (coal sweepings) at the 

abovementioned transfer stations were cleaned up and weighed on a static weigh 

bridge. 

After rail trucks were unloaded on the tipplers, cleaning teams existing of five 

workers were used to clean up the coal that was left behind in the trucks. 

This coal was also weighed to determine the coal sweepings, which in the past 

was not calculated or reclaimed. 

3.6.2 RESULTS 

The following results were determined by the abovementioned methods used to 

reclaim coal sweepings:- 

* Tons of coal reclaimed at the ten transfer stations = 392 tonslday. The tons of 

coal handled for the same period amounts to 17900 tonslday. Thus the spillages = 

2,2%/day. (9504 tons offloadedlday, 8396 tons reclaimedlday.) 

Tons of coal reclaim after the rail trucks were emptied = 237,6 tonslday. The total 

tons that were tipped were 9504 tonslday. Thus the reclaimed coal was 2,5%/day of 

the total tonnages handled. 
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3.7 SUMMARY 

In this chapter production planning and inventory control, as performed by the 

Coke Plant, was studied in detail to determine whether the systems complied to 

Mittal Steel's standards. 

Out of the results it is clear that a few areas where inventory losses occur due to 

improper managing of identified risks. 

The current infrastructure of the coal handling plants allows for excessive coal 

losses because of the outlay of the plant. When material is offloaded it is conveyed 

on a conveyor system stretching over 1,2km which include 17 transfer stations. 

When coal is reclaimed and blended, it is conveyed to the coke plant batteries over 

a distance of 2,1 km which include 24 transfer stations. 

Recommendations will follow in chapter four that will address the following: 

Decrease amount of coal components reclaimed. 

Moisture compensation in the system. 

Cleaning out of coal trucks. 

Reclaiming of wasted coal (sweepings.) 

Interlocking between reclaimer position and shuttle position when coal is 

reclaimed or offloaded. 

- Coal shortage due to poor Spoornet performance. 

- Calibration of weighing equipment. 

Authorization on production planning and inventory systems. 
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CHAPTER 4 

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

4.1 OVERVIEW OF THE STUDY 

The main reason of the study was to examine the current raw material inventory 

control system at the Coke Plant, at Mittal Steel, Vanderbijlpark Works. To examine 

this, it was necessary to study production, inventory control, and logistics of raw 

materials in detail. Therefore chapter 1 identified the reason for this study, the 

objectives, the study population and the method used to achieve the objectives. 

Chapter two was devoted to an in depth study of literature, including production 

planning, inventory control and logistics. Chapter three was dedicated to a detailed 

audit on the current inventory system as well as a detailed description of the coke 

making processes and raw materials handling. Furthermore a questionnaire was 

distributed between top-, and middle management, as well as supporting staff, to 

determine the control environments' influence over the way business activities and 

processes are conducted. Due to the nature of the topic the environment is 

assessed via a departmental survey. 

4.2 CONCLUSIONS 

The following needs to be addressed to effectively minimise inventory losses and to 

comply to identified risks: 

Too many coal components are reclaimed which results in coal spillages and 

production delays. 

Moisture compensation is not done on a regular basis and therefore it results in 

coal inventory write-offs. 

The coal rail trucks are not totally emptied. Because these trucks are not ring- 

fenced the coal that stays in the trucks is written-off. 

Not all wasted coal (sweepings) is recovered with clean-up operations. 

There is no interlocking between reclaimer position and shuttle position when 

coal is reclaimed or offloaded. 

Coal shortages do occur due to poor Spoornet performance. 

Calibration of weighing equipment is not done on a regular basis. 
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Authorization on production planning and inventory systems is not password 

protected. 

4.3 RECOMMENDATIONS 

4.3.1 DECREASE AMOUNT OF COAL COMPONENTS RECLAIMED 

At present there are six different types of coking coal to produce the blend needed at 

the coke plant batteries. These different types of coal are delivered to the 

Vanderbijlpark works by rail and offloaded at the coal tipplers, after which they are 

carried by conveyor and temporarily stored in a stockpile area which has a capacity 

of approximately 120 000 tons. The coal is stacked and reclaimed by two combined 

stackerlreclaimers after which it is crushed and conveyed to 14 coal silos where it is 

blended from the silos and conveyed to the coke plant batteries. 

The following problems arise when reclaiming the different components: . Due to wet coal, the chutes and the conveyer belts get blocked . If the silo's run out of one component, the whole process have to be stopped . The stockyard area in which the coal is bufferedlstored is 1,9km away from 

the silos. Every time if the component have to be switched, the conveyer belt have to 

run empty before it can start reclaiming another component 

The recommendation would be to build a blending bed, blending the coal inside the 

storagelbuffer area and then convey one blended material to the coke plant 

batteries. 

4.3.2 BENEFITS OF COAL BLENDING BEDS 

Blending is a pre-programmed combination of orderly stockpiled and reclaimed 

material to produce a physically and chemically uniform product for industrial use. 

Building a coal blending bed to blend the coal before it is sent to the coke plant 

batteries would have the advantages namely the following: 

lmproving the homogeneity of the coal blends 

lmproving stability in the mixture directly relating to stability in the Blast Furnace 

Eliminating the delays between conveying batches of the different types of coal 

to the silos 
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The coke plant batteries will never stand without mixed coal (Components 

cannot run out - see below) 

Minimise coal spillages 

Currently it takes about 20 minutes of delays between every change in coal 

components. If there are 12 coal component changes in one day, the production 

losses will result in approximately 180 minutes (3 hours). 

The biggest non-quantifiable benefit is that there will be "stock available inside the 

component silos "under roof". This total stock is about 5 days worth of coal blend. 

The recommendation is to have two rows of two parallel beds, each of a hundred 

metres in length, lying at the south end side of the coal storage area (see figure 4.1: 

DIAGRAMMATIC REPRESENTATION OF COAL BLENDING BEDS INSIDE 

CURRENT COAL STORAGE AREA, page 101) 

The following changes to the current infrastructure needs to be implemented: 

Two reclaimers salvaged from Raw Materials Handling (abundant) 

200m of conveyor in the air 

400m of conveyor on the ground (for reclaiming) 

50m of conveyor on the ground (to get blended coal back onto conveyors to 

convey it to the plant) 

50m of conveyor in the air (to get coal to stacker to be blended) 

Figure 4.1 DIAGRAMMATIC REPRESENTATION OF COAL BLENDING BEDS 

INSIDE CURRENT COAL STORAGE AREA 
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FIGURE: 4.1 Diagrammatic representation of coal blending beds inside current coal storage area
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4.3.2.1 COSTS INVOLVED 

TABLE 4.1: TWO ROWS OF TWO PARALLEL BEDS 

l ~ o s t  per unit \cost 
I 

Materials handling equipment 
Two bucket reclaimers (salvaged) 
200m of conveyor in the air (stacking) 
400m of conveyor on the ground (reclaiming) - 
50m conveyor on ground 
50m conveyor in air 
Tripper 
Rotatable stacker 

R 16,125,000.00 

4.3.3 MOISTURE COMPENSATION IN THE SYSTEM 

Inline moisture analyzers need to be installed at the off-loading and reclaiming 

facility as well as after coal blending. This will ensure that correct moisture 

compensation can be done in time. These analyzers gives a moisture result every 

15 seconds and are *0,2% accurate. The moisture analyzer can be purchased from 

Australia at a cost of R155 000 per analyzer, which means that the total cost for this 

project amounts to R465 000. 

IR 0.00 
R 22,000.00 
R 10,000.00 

Civil works: 
11 columns 

4.3.4 CLEANING OUT OF COAL TRUCKS 

The coal trucks needs to be cleaned out continuously. This means that 5 workers 

per shift (3 shifts per 24 hrs) need to be put in place to do this task. The costs will 

amount to R40 500/month. 

R 0.00 
R 4,400,000.00 
R 4,000,000.00 

R 10,000.00 
R 22,000.00 
R 700,000.00 
R 3,500,000.00 

4.3.5 RECLAIMING OF WASTED COAL (SWEEPINGS) 

A cleaning contract are already in place, but only the discipline with the cleaning 

operations needs attention and the coal sweepings needs to be taken to the same 

stockpile at all times. It happened that coal sweepings are dumped at the dumpsite 

and this needs to be managed effectively 

R 500,000.00 
R 1,100,000.00 
R 700,000.00 
R 3,500,000.00 

R 175,000.00 R 1,925,000.00 
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4.3.6 INTERLOCKING BETWEEN RECLAIMER POSITION AND SHUTTLE 

POSITION WHEN COAL IS RECLAIMED OR OFFLOADED 

The software exists for this system to be interlocked but some hardware like for 

instance the limit switches on the stackers and shuttles are not yet installed. When 

this installation is finished the necessary programming needs to be done. 

4.3.7 COAL SHORTAGE DUE TO POOR SPOORNET PERFORMANCE 

Regardless of their relative importance, the company must coordinate all functional 

efforts aimed at supplier agreements and customer service. Providing extraordinary 

levels of these services is a wise investment for any company. Good relations will 

provide the basis for enduring relations based on trust and commitment. 

Commitments and trust needs to be negotiated at CEO level between Mittal Steel 

and Spoornet. 

4.3.8 CALIBRATION OF WEIGHING EQUIPMENT 

The calibration of weighing equipment needs to be done once a week and the 

production personnel need to clean this equipment every day. When this equipment 

is not cleaned regularly and properly, the accuracy of this equipment is at stake. 

4.3.9 AUTHORIZATION ON PRODUCTION PLANNING AND INVENTORY 

SYSTEMS 

A works procedure needs to be put in place where it is stated who exactly have 

authority to change documents or sheets in the production and inventory planning 

systems. These authorities must be password protected. This works procedure must 

be reviewed every six months. 

If abovementioned recommendations are all implemented the following costs will be 

incurred: 
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New blending bed = R16 125 000 

In-time moisture analyzers = R465 000 

Truck cleaners = R40 500lmonth 

TOTAL COST = R16 630 500 

The percentage write-offs will come down by 5,7% (see chapter 3.6.2) which will 

result in minimizing inventory write-offs by 71%. In monetary value this means R54m 

/year when compared to write-offs in 2004. This means by implementing 

abovementioned recommendations the capital expenditure needed for the blending 

beds and moisture analyzers will be paid for in four months. The truck cleaners will 

be a continuous cost, this can't be taken in consideration when applying for capital. 

4.4 FUTURE FIELDS OF STUDY 

A supporting study that may assist businesses to deliver a better quality of 

service. 

This study can be duplicated using a broader population. This may lead to better 

and more meaningful results. 

This study can be performed in other sectors. 

A more in-depth study of internal customer demands can be performed. 

After conducting both a literature and empirical study, it can now 

be concluded that all the objectives of this study have successfully 

been accomplished on the basis of the conclusions and 

recommendations. 
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CONTROL ENVIRONMENT
The control environment is influenced by a company's history and culture and sets the tone of the organization, influencing the control consciousness of its personnel.
its personnel. The control environment is evaluated based on the followingfactors:

- Integrity and Ethical Values - Organizational Structure
- Commitment to Competence - Assignment of Authority and Responsibility
- Management Philosophy and Operating Style

INTEGRITY AND ETHICAL VALUES

I
I

I

99

A company'sobjectivesand the way they are achievedare based on preferences,value judgments, and managementstyles. Those preferencesand value judgments tha
translate intostandardsof behaviorreflectmanagement'sintegrityand its commitmentto ethicalvalues

2 3 4 5 6 "1 8 9 10 N/A

The Company'sCodeof Conductand other policiesregardingacceptablebusiness
D D D1) practices,conflictsof interest,and expectedstandardsof ethicaland moralbehaviorare D D D D D D D D

comprehensive,relevantand address matters of significanceto you.

Employeesfullyand clearlyunderstandwhat behavioris acceptableand unacceptable D D D D D D D D D D D2) under the Company'sCodeof Conductand knowwhat to do whenthey encounter
imoroDerbehavior.

3) Managementfrequentlyand clearlycommunicatesthe importanceof integrityand D D D D D D D D D D Dethicalbehaviordurinastaff meetinasand/or one-on-onediscussions.

4) Managementdemonstratesa commitmentto integrityand ethicalbehaviorbyexample D D D D D D D D D D Din their dav-to-dav activities.

5) Employeesare generallyinclinedto do the "rightthing"when facedwith pressuresto D D D D D D D D D D Dcut cornerswithreaard to ooliciesand orocedures.
Managementaddressesand resolvesviolationsof behavioraland ethicalstandards

D D D D D D D D6) consistently,timely,and equitablyin accordancewiththe provisionsof the Company's D D D
Code of Conduct.

7) The existenceof the Company'sCodeof Conductand the consequencesof its breach D D D D D D D D D D Dare an effectivedeterrentto unethicalbehavior.
Managementstrictlyprohibitscircumventionof establishedpoliciesand procedures,

D D D D D D D D8) except wherespecificgUidancehas been provided,and demonstratescommitmentto D D D
this nrincinle.



CONTROL ENVIRONMENT
COMMITMENT TO COMPETENCE

Management should specify the competence levels for particular jobs and translate those levels into requisite knowledge and skills. Among the many factors considered in
developing knowledge and skill levels are the nature and degree of judgment to be applied to a specific job

MANAGEMENT'S PHILOSOPHY AND OPERATING STYLE

Management's philosophy and operating style affect the way the Company is managed, including the kinds of business risk accepted. An informally managed company may

control operations largely by face-to-face contact with key managers. A more formally managed one may rely more on written polides, performance indicators and exception
reports

100

2 3 4 5 6 7 8 9 10 N/A

9) Managementhasadequatelydefined the knowledge and skills needed to perform jo 0 0 0 0 0 0 0 0 0 0 0within vour function.

10) Managementhas the specializedknowledge, experience,and training required to perform 0 0 0 0 0 0 0 0 0 0 0
their duties and do not rely extensivelyon technical specialistsor outside consultants.

11) Employeesare properlytrainedand are capableof performingall jobs within their 0 0 0 0 0 0 0 0 0 0 0function.
Individual performancetargets focus on both the long-term and short-term andaddressa

0 0 0 0 0 0 0 0 0 0 012) broad spectrum of criteria (e.g., quality, productivity, leadership, teamwork, and self-
develoDmentt

2 3 4 5 6 7 8 9 10 N/A
19)Managementacceptsthe appropriate amount of businessrisk. 0 0 0 0 0 0 0 0 0 0 0
20) Key personnelhave not resignedunexpectedlyor on short notice, and employeeturnover 0 0 0 0 0 0 0 0 0 0 0is not excessive.

21) Employeesin your functionfeel they are addingvaluewithin the Company'soverall 0 0 0 0 0 0 0 0 0 0 0strateov.

22) Managementmeetingsare held periodicallywithin your functionand are frequentl 0 0 0 0 0 0 0 0 0 0 0attended bv senior manaoement.

23) Objectivesestablishedby senior managementare realistic and achievable. 0 0 0 0 0 0 0 0 0 0 0
24) Managementviews accountingtreatmentfor transactionsor activitiesin a balanced

0 0 0 0 0 0 0 0 0 0 0manner neither too aaaressivenor too conservative.

25) Managementviews accounting function as an important element in the overall system 0 0 0 0 0 0 0 0 0 0 0 0internal control rather than an obstacle to be avoided or overcome.

26) Managementroutinely assessesvarious risks to achievingbusinessobjectives. 0 0 0 0 0 0 0 0 0 0 0
Management appropriately balances the focus on short-term reported results with long-

0 0 0 0 0 0 0 0 0 0 027) term businessobjectives and does not exert inappropriate pressure to achieve earning!
obiectives.

28) Estimates required for your function's activities are based on sound models, verifiable 0 0 0 0 0 0 0 0 0 0 0market data and fair assumDtions.
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ORGANIZAT10NALSTRUCTURE

A company's organizational structure provides the framework within which its activities for achieving company-wide objectives are planned, executed, controlled, and monitored.
Significant aspects of establishing a relevant organizational structure include defining key areas of authority and responsibility and establishing appropriate lines of reporting

ASSIGNMENT OF AUTHORITY AND RESPONSIBILmES

Assignment of authority and responsibilities involves the degree to which individuals and teams are encouraged to use initiative in addressing issues and resolving problems as
well as limits of their authority.

101

-
2 3 4 5 6 7 8 9 10 N/A

29)Managementtreats your functionas an integralpart of the Company'soveralloperations. 0 0 0 0 0 0 0 0 0 0 0
30)The current organizationalstructure fadlitates the flow of informationboth up and down 0 0 0 0 0 0 0 0 0 0 0withinvourfunctionand across to other functions.

31) Managersand process owners in your functionhave ready access to senior management 0 0 0 0 0 0 0 0 0 0 0in addressinasianificantissues.

32)The organizationalstructure in your functionprovidesadequate supervisoryand 0 0 0 0 0 0 0 0 0 0 0
manaaerialoversiaht.

33) Managementperiodicallyevaluates the organizationalstructure relevantto your function 0 0 0 0 0 0 0 0 0 0 0in lightof changes in the scope, nature, or extent of your operations.

34) Employeesdo not work excessiveovertimeand do not fulfillthe responsibilitiesof more 0 0 0 0 0 0 0 0 0 0 0
than one emDlovee.

2 3 4 5 6 7 8 9 10 N/A

35)Managementdesignates who is responsiblefor committingyour functionto financial01 0 0 0 0 0 0 0 0 0 0 0contractualobliaationsthrouah a formaldeleaationof authoritY.

36) Specificlimitsare establishedfor certain types of transactions and delegationsare clearl\ 0 0 0 0 0 0 0 0 0 0 0communicatedand understood bvemDloveeswithinvour function.

37)Job descriptionsfor your function'spersonnelincludespecificreferencesto control 0 0 0 0 0 0 0 0 0 0 0
related resoonsibilities.

38) Managementaccepts responsibilityfor informationgenerated withinyourfunctionand on 0 0 0 0 0 0 0 0 0 0 0
reoorted results.

39) Managersin your functionare appropriatelyempowered. 0 0 0 0 0 0 0 0 0 0 0



FIGURE: 3.1 Coking Coal Receiving and Storage
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FIGURE: 3.2

W T0318

TO 117

*

9
A

A6

AS

Coal Silos

BLEND COAL SILOS 90at each

~ ~ ~tin~ ~ C??J~ ~ ~ ~ "~ ,--

II'

C2J ~ C2J
s

TO 319

,~ 81!1!-- _1._ -.:.....

cS:I ~~ cs:J ~

CSJ CSJ CSJ- -- - ~ ISl
<.-..,. ... ...: - ....

RGRGB WC

TRASH
SCREEN

10
CRUSHED COAL SILOS 1515t each

PC4

~~C8J
Vibrating-

TO 317

CRI

I~

~
d=;;J

I»

J
CfJ
d:;;:J
1
,P

L

TO 316

ISI ISI

Redundant A3
& A4 bunkers

CSJ WEIGHFEEDER

o SAMPLING POINT
... MASSMEASUREMENTPOINTS

- VOLUMECAPACITIES
- MATERIALSIZING

~-
Ot~

ro 238~T
o
51
5
40

CHI0 *

TO 515A

103



FIGURE: 3.3 Coal Conveyors to Coke Oven Batteries
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FIGURE 3.4:
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DIMENSIONS OF STOCKYARD:
From North to South = 775m
From West to East = 150m
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FIGURE3.5: COALSTOCKYARDAREA
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TABLE3.2 COKEOVENSPLANNING,STOCK& DEMAND· SEPTEMBER2005

WbafCokeDl1IIUId

WbafCob Supply
Ditf

Toi&Stock

Limit

Toi& wuffUDport Stock

I
2

3
4
j

19I
10
11

12
MatketSup
Matket SeJ1

Batt 3/4 Matket

Cokestockdemand+ supply

4000 T - - -00- -00- -00- - - - -000000- - 00-- u_u. - - - 00- - -00- -00- - - - - - 00-- - - - - - - 00- - - 0000 ----00--00.00---00----00-- ,. 60000

~~~~-"'" ~~-~ r~-'" /~
"T/ Y y y

3500
50000-------------------------------------------------------------------------------------------------------...----------

40000

30000

2500 ...- - - - - - - - - - - -- - -. -. - - - - ~ - -.. ~.- - - - - - - - - - - - - - - - -- - - - - - - - - -- -. -. - - -- - - - - - - - - - - - - - - -- - - - - - - - - - - -. - -. - - - - -- - - - - -. -. - -.-

20000

2000t - -. - -- .00. .-- -.- 000000-1- t 0000- - oooou_u U - uu uu. _.00_00-0000-U U. U - uu_uu _u_u_ u.oo __u_ U_.. - -. - - - 00-, 10000

1500 o
~ N ~ ~ ~ ~ ~ 00 ~ 0 ~ N ~ ~ ~ ~ ~ 00 ~ 0 ~ N ~ ~ ~ ~ ~ 00 ~ 0

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ N N N N N N N N N N ~

-+- WharfCokeDemand --WharfCokeSupp~ -+- TolalStock
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Sep-Oj Sep-Oj Sep-Oj Sep-Oj Sep-Oj Sep-Oj Sep-Oj Sep-Oj Sep-Oj Sep-Oj Sep-Oj Sep-Oj Sep-Oj Sep-Oj Sep-Oj Sep-Oj Sep-Oj Sep-Oj Sep-Oj Sep-Oj Sep-Oj Sep-Oj Sep-Oj Sep-Oj Sep-Oj Sep-Oj Sep-Oj Sep-Oj Sep-Oj Sep-Oj

I 2 3 4 j 6 7 8 9 10 11 12 13 14 !j 16 17 18 19 ::D 21 22 23 24 2j 26 11 28 1J 30 Toi&

3429 3429 3429 3429 3429 3429 1737 264J 3429 3429 3429 3429 3429 3429 3429 3429 3429 3429 3429 3429 3429 3429 3429 3429 3429 3429 3429 3429 3429 3429 100389

38j4 3792 38j4 3792 38j4 3792 3668 3792 38j4 3792 38j4 3792 38j4 3668 38j4 3792 38j4 3792 38j4 3792 3668 3792 38j4 3792 38j4 3792 38j4 3668 38j4 3792 114J70

42j 363 42j 363 42j 363 239 363 42j 363 42j 363 42j 239 42j 363 42j 363 42j 363 239 363 42j 363 42j 363 42j 239 42j 363 II::DO

37178 363lj :Jj.f1.3 34630 33808 31J4j 33814 3374) WI8 3::Djj 31m 30370 1J548 2868j 29110 29473 29897 30260 3Q68j 31048 31288 316j1 3))76 32439 32864 33227 :001 33891 34316 34679 34679

::DODO ::DODO ::DODO ::DODO ::DODO ::DODO ::DODO ::DODO ::DODO ::DODO ::DODO ::DODO ::DODO ::DODO ::DODO ::DODO ::DODO ::DODO ::DODO ::DODO ::DODO ::DODO ::DODO ::DODO ::DODO ::DODO ::DODO ::DODO ::DODO ::DODO

37178 363lj :Jj.f1.3 34630 33808 31J4j 33814 3374) WI8 3:;Djj 31m 30370 29548 2868j 29110 29473 29897 30260 3Q68j 31048 31288 316jl 3))76 32439 32864 33227 :001 33891 34316 34679

I j9j j861 j9j! j86 j9jl j86 j9jl j86! j9jl j861 j9jl j861 j9jl j861 j9j j86T j9j j861 j9j j86! j9jl j861 j9j! j861 j9jl j86! j9jl j861 j9j j861 17723

I j9j j861 j9j j86 j9j j86 j9jl j86 j9jl j86 j9jl j861 j9jl j861 j9j j86! j9j j861 j9j j861 j9j j861 j9j j861 j9jl j861 j9jl j861 j9jl j861 17723






