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PRODUCTION AND OPERATIONS MANAGEMENT 

TOPIC 1: Foundations  
STUDY UNIT 1: Introduction to production and ops management 

1.1 Introduction 

•  What is operations management 

o The activity of managing the resources which are devoted to the production and delivery of products and services. 

It is a core function of any business although it may not be called ops management 

o It is concerned with managing processes. Because all management functions manage processes it is relevant to all 

managers 

• What are the similarities between all operations  

o All operations can be modeled ass input-transformation-output processes. 

o Few operations produce only products or only services but rather a mixture of both 

o All operations are part of a larger supply network through which each operation contributes to satisfying end 

customer requirement 

o All ops are made up of a network of internal customer-supplier relationships within the operations 

• How are operations different from one another 

o They differ in terms of the volume of output, the variety of output, variation of demand and degree of visibility or 

customer contact 

• What do ops managers do and why is it so important 

o Translation of strategy into operational action 

o Design, planning, controlling and improvement of operation/processes 

o Can aid in reducing of costs, increasing revenue and reducing the investment cost for future innovation 

o Because of the a turbulent and dynamic business environment ops managers need to think on their feet 

o Improving operations can be the most effective way to improve financial performance 

The broad scope of operations 

Management responsibilities 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The broad scope of operations 

Management responsibilities 

 

 

 

 

 

 

 

 

 

 

 

Product/services 

development 

function 

Information 

Systems (IS) 

function 

Human 

resources( HR) 

function 

Communicate human 

resource needs 

Recruitment, 

development and 

training 

Communicating 

information system 

needs 

Systems for 

design, planning 

control and 

improvement 
Provision or 

Relevant data 

Operations 

Function 

Product/services 

development 

function 

Technical  

Function 

New product/ service 

ideas 

Communicating the 

capabilities and constraints 

of operations process 

Process technology 

needs 

Accounting / 

Finance function 

Provision or 

Relevant data 

Financial analysis for 

performance measurement 

and decision making 

Process technology 

options 
Communicating the 

capabilities and constraints 

of operations process 



2 | P a g e  

 

 

1.2 What is operations management? (Effective productions/operations management) 

 

• Three main core function of operations management include 

o The marketing function - communication the entity’s products and services to its markets to generate requests 

o The product/service development function - creating new products and services to generate service requests 

o The operation function – responsible for fulfilling customer requests through production and delivery. 

Other support functions that facilitate the three core functions: 

o The accounting/finance function – information to assist in economic decision making & manages financial 

resources 

o The human resources function – recruits, develops entity’s staff as well as looking after their welfare.  

Operations management – The activities, decisions and responsibilities of managing the production and delivery of products and 

services 

Operations function – The arrangement of resources that are devoted to the production and delivery of products and services.  

Operation managers – The staff of the organisation who have particular responsibility for managing some or all of the resources 

which comprise the operations function. 

• Input and Outputs 

o The process of operations to produce products and services by changing inputs to outputs.  

o The Transformation process model. 

 

 

 

 

 

 

Transformed resources – The resources that are treated transformed or converted in a process, usually a mixture of 

materials information and customers. 

• Materials – process which materials transform their physical properties, shape or composition such as manufacturing 

operations. Other change location(logistic companies), position (retail), storage(warehousing) 

• Information – Operations that transform their informational properties such as accountants and marketing companies 

• Customers – Process where customers may change their physical properties (hairdressing), storage (hotels) and 

locations (transportation) 

Transforming resources – The resources that act upon the transformed resources, usually classified as facilities (the 

building, equipment, and plant of an operation) and staff the people who maintain and manage the operation. 

• Facilities – The buildings, equipment, plant and process technology of the operation 

• Staff  -The people at any level who operate, maintain, plan and manage the operation 

Outputs from the process of products and services differ in their respective tangibility. Tangible products, you can physically 

touch such as television or newspaper. Intangible products or services cannot be touched such as consultancy services or a 

haircut, although you can see the results.  

Most operations produce both products and services but some produce just products and others just services 

• Pure product producers – Crude oil and aluminium smelters. 

• Pure Services – Consultancy services 

• Facilitating services – services are produced by an operation to support its products such as technical support or 

advice. 

• Facilitating products – products that are produced by an operation to support its services.  

1.3 Operations management is about managing process (Dominant focus of production/operations management) 

Process – An arrangement of resources that producers some mixture of goods and services. It is the mechanism of transformation.  
 

Three levels of operation analysis 

1. Supply network – The network of supplier and customer operations that have relationships with an operation 

2. Internal supplier – Process or individuals within an operation that supply products or services to other processes or 

individuals within the operation 

3. Internal customers – Processes or individuals within an operation who are the customers for other internal processes or 

individual outputs. 

Hierarchy of operations – The idea that all operations processes are made up of smaller operations process.  

Transformed resources 

� Materials 

� Information 

� Customers 

Transforming resources 

� Facilities 

� Staff 

 

THE TRANSFORMATION 

PROCESS 
Customers Input resources Output products and 

services 
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Operations management is relevant to all parts of the business process i.e. that is all functions manage processes.  

o Operation as a function, meaning the part of the organisation which produces the products and services for the 

organisation’s external customers 

o Operation as an activity, meaning the management of the processes within any of the organisations functions. 

Business Process 

When any organisations attempt to satisfy its customers needs it will use many processes, in both operations and functions.  

o End-to-end business process – When a company decised to reorganise its operations so the each product is produced from 

start to finish within the company. A process that is totally defined external customer needs. 

o Business process re-engineering – The philosophy that recommends the redesign of processes to fulfil defined external 

customer needs. 

 

1.4 Operation processes have different characteristics (Different characteristics of production/operation processes) 

All operations are similar but they do differ slightly in different ways, four of the following are important: 

1. Volume – The level or rate of output from a process, a key characteristics that determines process behaviour. 

2. Variety – The range of different products and services produced by a process, a key characteristic that determines process 

behaviour. 

3. Variation – The degree to which the rate of level of output varies from a process of time. 

4. Visibility – The amount of value added activity that takes place in the presence, in reality or virtually, of the customer also 

called customer contact.  

• The volume dimension:  

o Repeatability – The extent to which an activity does not vary. 

o Systemisation – The extent to which standard procedures are made explicit. The cost per item is likely to be higher 

if the quantity is lower. Repeatability and systemisation gives low unit costs. 

• The variety Dimension 

o Standardisation – the degree to which processes, products or services are prevented from varying over time. The 

more regular and standardized process may result in lower costs. 

• The variation dimension 

o A routine and predictable schedule results in a high utilisation of resources.  

• The visibility dimension 

o How much of the operations activities do its customers experience or how much of the operation is exposed.  

o Customer contact skills are the skills and knowledge that staff need to meet customer expectations. 

o Mixed high visibility, these staff operate in a front office environment 

o Low visibility environment, these staff operate in a back office environment. 

o  

The implication of the ‘four v’s’ of operations. A Typology of Operations 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� Low repetition.  

� Each staff member performs 

more of a job. 

� Less systemisation 

� High unit costs 

� Flexible 

� Complex 

� Much customer needs 

� High unit costs 

� Changing capacity 

� Anticipation 

� In touch with demand 

� High unit costs 

� Short waiting tolerance 

� Satisfaction governed by 

customer perception 

� Customer contact skills needed 

� Received variety is high 

� High unit costs. 

 

� High repeatability 

� Specialisation 

� Systemisation 

� Capital intensive 

� Low unit costs 

� Well defined 

� Routine 

� Standardised 

� Regular 

� Low unit costs 

� Stable 

� Routine 

� Predictable 

� High utilisation 

� Low unit costs 

� Tim lag between production and 

consumption 

� Standardised 

� Low contact skills 

� High staff utilisation 

� Centralisation 

� Low unit costs. 

 

Low VARIETY High 

Low VARIATION High 

Low VOLUME High 

Low VISIBILITY High 
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1.5 The activities of operation management (Activities of production/operation management) 

• While the exact nature of operations management may vary within different organizations, the following general activities 

apply to all types of operation 

o Understanding the operations strategic objectives – First responsibility of any management team is to 

understand what it is trying to achieve i.e. developing a clear vision.  

o Developing an operations strategy for the organization – Managers need to have a set of general principles to 

guide decision making. 

o Designing the operation’s products, services and processes – The activity of determining the physical form, shape 

and composition of products and services.  

o Planning and controlling the operation – What the operations resources should be doing and making sure that 

they are doing it. 

o Improving the performance of the operation  

o The broad responsibilities of operations management – Five responsibilities that are particular relevant: 

1. The effects of globalization 

2. The pressures of environmental protection 

3. The increasing relevance of social responsibility 

4. The need for technology awareness 

5. How knowledge management is becoming an important part of operations 

 

• An effective and efficient operation will give a business the following types of advantages among others: 

a) Reduced costs of production through less waste, reworking, etc. 

b)  increased revenue from increased customer satisfaction with better quality 

c) reduced investment in facilities and equipment through better utilization 

d) set the platform for future innovation by acquiring new knowledge and developing new skills    

 

• The new operations agenda is the result of the changes in the business environment  

 

• General model of production/operations management 

o The general model comprises of two ideas 

� The input-transformation-output model 

� The categorization of ops management activity areas (ops strategy, design, planning and control, 

improvement) 

 

……………………………………………………………………………………………………………………………………………………….. 

 

TOPIC 2: Performance objectives of ops management  
STUDY UNIT 2: Performance objectives of production and ops management 
2.2 Performance objectives for achieving production/operations based advantages.  

 

All operations have a range of stakeholders. Operations should satisfy stakeholders.  

• Stakeholders are  

o the people who may be influenced by the operations activities 

o Some are internal such as customers 

o Some are external such as customers, community, company’s shareholders.  

o Each group has a different concern, but collectively these concerns will affect the long-term prospects or outlook 

for the company. 

• The Five performance objectives 

o Quality – A consistence conformance to customer expectations 

o Speed – The elapsed time between customers requesting products or services and their receiving them. 

o Dependability – Delivering or making available products or services when they were promised to the customer 

o Flexibility – The degree to which an operations process can change what it does, how it is doing.  

o Cost – The ability to produce goods and services at costs to enable them to be priced appropriately.  

 

• The Quality Objective: 

o Is a major influence on customer satisfaction or dissatisfaction 

o Quality reduces costs as fewer mistakes are made.  

o Quality increases dependability. 

 

• The Speed Objective 

o Speed reduces inventories 
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o Speed reduces risks 

• The Dependability Objective 

o Dependability is valued by most customers 

o Dependability saves time, reduces time spent of sourcing parts/products 

o Dependability saves money, parts will cost more to be delivered at short notice. 

o Dependability gives stability 

 

• The Flexibility Objective 

o Product/service flexibility – The operations ability to introduce new or modified products and services 

o Mix flexibility – The operations ability to produce a wide range or mix of products and services 

o Volume flexibility –The operations ability to change its level of output or activity  to produce different quantities or 

volumes of products and services over time  

o Delivery flexibility – The operations ability to change the timing of the delivery of its services or products.  

o Mass Customisation – The ability to produce products or services in high volume, yet vary their specification to the 

needs of individual customisation or types of customers 

o Agility – The ability of the operation to respond quickly and at low cost as market requirements change.  

o Flexibility inside the operation 

� Flexibility speeds up response 

� Flexibility saves time 

� Flexibility maintains dependability 

 

• The Cost Objective 

o Low cost is a universally attractive objective 

o Productivity – The ratio of what is produced by an operation or process to what is required to produce it, that is, 

the output from divided by the input to the operation. 

 

Productivity  =  Output from the operation 

    Input to the operation 

 

Single factor productivity  =  Output from the operation 

      One input to the operation 

 

Multi-factor productivity  =  Output from the operation 

      All input to the operation 

• Polar representation 

o This is a useful way of representing the relative importance of performance objectives for a product  

o The scales which represent the importance of each performance objective has the same origin. 

 

 
 

………………………………………………………………………………………………………………………………………………………………………………… 
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TOPIC 3: Productivity management  

STUDY UNIT 3: Macro perspective on productivity management 

3.1 Introduction 

 

One of the primary responsibilities of a manager is to achieve productive use of an organisation’s resources.  

Stevenson (2009) defines productivity as an index that measures output (goods and services) relative to the input (labour, materials, 

energy and other resources) used to produce it. 

��������	��
 =  �����
�����  

The overall productivity of a country (macro-productivity) is the sum of the productivity of all its individual enterprises (micro-

productivity). Where productivity is viewed on two different levels, is an approach advocated by the National Productivity Institute 

(1996) or Productivity SA. 

• Productivity from a macro-economic perspective encompasses the whole economy (i.e. all sectors that make up the 

economy of a country, such as agriculture, mining, manufacturing, electricity, government, construction, commerce, 

transport, finance, etc.) 

• Productivity from a micro-perspective, where the emphasis falls on the individual firm, business, enterprise etc. 

 

3.2 Macro-productivity defined. 

 

Economic definition: the ability to combine and convert inputs of labour, materials and capital into outputs of goods 

and services. Economically, a higher productivity rate will be achieved by doing more with less, or at least accomplishing 

more, with constant inputs 

Multifaceted definition: creating wealth through generation and application of knowledge to make available products 

and services that meet the needs of the user and are consistent with social, environmental, and economic goals of the 

society. 

NEDLAC (2000) cautions us that in a given context, to appreciate productivity fully, one needs to look at three essential 

elements: 

1. The nature of the applicable production system (whether it is international, national, regional, an enterprise or 

an individual) and how it can be appropriately described.  

2. An understanding of the desired outcome of the process. The fact that productivity needs to be measured as a 

ratio of output over input strongly suggests that it is equally important to understand the desired outcome of 

the process in order to measure the right outputs.  

3. The different ways in which productivity can be improved. The guidelines outlined below could help to ensure 

the active participation of all contributors and beneficiaries in the achievement of growth in productivity. 

 

If we accept that productivity is measured as the quotient of output divided by input, it follows (NEDLAC 2000) that 

productivity may be improved in five different ways: 

 
Productivity SA (2007:10) explains these five ways of increasing the productivity ratio: 

a. Increase output by using fewer inputs. This method usually produces the largest productivity gains but may not be 

the ideal way to realise productivity growth in countries with unemployment problems, as job losses could follow.  

b. Increase output by using the same quantity of input. This method could inter alia imply no change in employment, 

and may not be suitable for enterprises with a bloated labour force, or could impede the introduction of new 

technology.  

c. Maintain the same output with fewer inputs. Inputs can be reduced, without reducing employment, by focusing 

on the other inputs such as raw materials or capital services. This method excludes an increase in output and most 

likely also employment growth and, therefore does not address unemployment.  

d. Produce a smaller output with even fewer inputs. From a macro point of view, this option is the least desirable in 

developing countries, which need labour absorption capacity. The reduction of products and services could likely 

aggravate unemployment. In mature economies with labour shortages, this option could help to maintain or 

enhance competitiveness.  
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e. Produce a larger output with more input. In this scenario, the marginal increase in output is greater than the 

marginal increase in input, resulting in an increase in productivity. This is the ideal way to improve productivity in 

developing or transitional economies, because it integrates economic growth, employment creation and higher 

productivity, on condition that the growth in output can be maintained at a faster rate than the growth in inputs.  

 

PRODUCTIVITY SA DEFINITION - (NPI 2006:1) 

Productivity SA defines productivity as “the efficiency with which inputs of capital, materials and labour are used in the conversion 

of inputs (resources) into outputs (goods and services) as efficiently and effectively as possible, with the optimum use of human 

capital and physical resources for the benefit of society, the economy and the environment”. 

The following are the key elements of productivity (Productivity SA 2011a): 

1. The outcome of productivity is continuous improvement of performance.   

2. The improvement must be measurable.  

3. Key drivers of productivity are: 

a. Effectiveness (doing the right things)  

b. Efficiency (doing things the right way) 

c. Utilisation (optimum use of human capital and physical resources)  

d. Elimination of all forms of waste.  

4. The beneficiaries of productivity must be:  

a. the environment  

b. the economy  

c. society. 

 

 

3.3 Importance of macro-productivity. 

 

There is a link between productivity growth and economic growth. Higher productivity growth is associated with higher 

output growth and higher income per capita. We require sustained productivity growth. Sustained productivity boost 

the value of goods produced, create more jobs, improve the standard of living, and alleviate poverty.  

How could poverty be alleviated? It could be alleviated through better incomes, which would ultimately lead to a 

further increase in demand. Note how one factor influences another and how productivity growth ultimately fuels an 

increase in demand. 

Productivity SA (2011b) notes that a comparison of national economies has shown that the more productive the 

national economy becomes, the higher the personal income of its workers and the lower the rate of inflation in the long 

run. A productive enterprise or organisation leads to competitiveness, which raises incomes and saving for investment, 

which lead to growth, job creation and ultimately a decline in the unemployment rate. 

 

3.4 Measuring macro-productivity. 

 

The ability to measure productivity performance and critically assess the efficiency of the economic sectors of South 

Africa enables a quantifiable evaluation of progress made and challenges faced, informing the need for specific 

interventions. Monitoring and evaluation of progress made by South Africa’s sectors is carried out by Productivity SA. 

Productivity SA (2010) emphasise the importance of productivity measurement. 

 

3.4.1 Gross domestic product (GDP) 

 

Large volumes of output, not large quantities of money, are what make nations prosperous. The most widely accepted 

measure of national output is gross domestic product (GDP). Two important aspects to remember about GDP are, firstly, 

that GDP represents the market value of final output and, secondly, that GDP represents a flow concept. We expound 

on these two aspects below: 

1) GDP MEASURE S FINAL OUTPUT 

The standard definition of GDP is: the market value of all final goods and services produced within a country over a 

given year. This way we avoid counting the same output more than once. 

2) GDP IS A FLOW CONCEPT 

GDP is a flow concept: the amount of total final output a country produces “per year”. 
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3.4.2 GDP per capita 

 

The GDP per capita is calculated by taking the value of the total output of a country (goods and services, as outlined in 

the previous section) and dividing it by that country’s total population (ie the “input” which is used to produce the 

outputs). The “total population” includes all the people of that country, both employed and unemployed. 

 

3.4.3 Labour productivity 

 

countries with high labour productivity enjoy higher wages and living conditions than countries with low labour 

productivity. 

���� ��� ��� ������ − ℎ��� ������ �� �ℎ� ������
 =  ���� ���
������ �� ℎ���� ������ 

�
 ��� �������.
 

Labour productivity may be viewed from two distinct perspectives, namely productivity levels or productivity growth. 

 

3.4.4 Capital productivity 

 

Capital productivity measures the real value of goods produced (output), but relates this value to the units of capital or 

capital services (input) required to produce the products or services. Capital productivity at the macro-level is measured 

by taking the single or aggregated outputs (ie across several products or services) and dividing these outputs by the 

capital inputs (also at constant prices and/or machine hours). We could consider capacities such as machine-hours used 

and/or capital outlays at constant prices. 

 

3.4.5 Multifactor productivity 

 

Multifactor Productivity (MFP), sometimes referred to as Total Factor Productivity (TFP), is a more informative measure 

of productivity changes than labour or capital productivity, because it relates output to a combined index of capital and 

labour inputs.  Multifactor productivity compares the growth of real output (value of all goods and services) with the 

growth of all inputs, or as many as possible (usually the value of capital and labour, and land if relevant).  

In order to calculate the multifactor productivity indicator for the private economy as a whole, we would take the value 

of the total real output of all economic sectors (including public corporations like Eskom but excluding general 

government – thus, GDP minus 36 general government contribution), and divide it by the total inputs (labour and 

capital) used to produce such output. If this indicator is calculated annually and plotted on a graph, it is possible to 

monitor productivity performance for the private economy as a whole. 

 

3.5 Macro-productivity measurement in South Africa (Sectoral and National) 

 

We reflect and discuss selected productivity measures from the Productivity Statistics 2009 report. The purpose of this 

section is fourfold:  

1. To increase your knowledge and understanding of South Africa’s industrial sectors, and their contributions to 

GDP and year-on-year growth.  

2. To observe and understand the productivity performance indices, as reflected in the Productivity Statistics 2009 

report, in the light of their real-world application.  

3. To increase your knowledge and understanding of South Africa’s industrial sectors and their respective status 

with regard to productivity measurement and productivity trends 

 

3.5.1 Sectoral structure in South Africa 

 

Productivity SA (2010) outlines the three sectors under which all economic activities in South Africa are grouped. They 

include the primary, secondary and tertiary sectors.  

 

1) The primary sector consists of: 

• Agriculture, forestry and fishing (dominated by the agricultural sector)  

• Mining and quarrying (dominated by the mining sector) 
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2) The secondary sector consists of:  

• Manufacturing (the most dominant)  

• Electricity, gas and water  

• Construction 

3) The tertiary sector consists of: 

• Wholesale, retail trade, catering and accommodation  

• Transport, storage and communication 

• Finance, real estate and business 

• Community, social and personal 

• General government services 

 

All the industrial sectors influence overall economic growth to a varying extent and they are therefore all important. 

 

3.5.2 Sectoral contriubutions to GDP 

 

How do you explain the trends in the table below and pie chart for 2009? 

 

  
 

For example, the mining and quarrying sector’s contribution, which was 6% in 2007, went down to 5% by 2009 as 

international demand for commodities declined. 

 

3.5.3 Sector growth 

Be able to compare GDP growth over two periods. Example below. 

 
TABLE 3.2: Evolution of GDP growth over the periods 2008 and 2009 

Sectional GDP Growth 

 

As indicated in table 3.2, growth in production declined in the agriculture, forestry and fishing sector from 10.9% in 2008 

to -3.2% in 2009. Productivity SA (2010) states that this poor performance can be attributed, among other factors, to 

field crop production, especially wheat production, which was adversely affected by poor weather conditions. 

Furthermore, maize production declined. 

 

 

National GDP Growth 

Table 3.2 reflects GDP growth for South Africa 

and its nine sectors for the periods 2008 and 

2009. The annual real GDP growth rate in 2009 

declined to -1.8% from the 3.7% recorded in 

2008. A quarterly assessment of the 

performance in 2009 shows that the South 

African economy bounced back in the third 

quarter, registering a GDP growth rate of 0.9%, 

and continued to gather momentum in the 

fourth quarter, posting a growth rate of 3.2%. 
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3.5.4 Sectoral trends in productivity, 2000–2009 

The section below tracks the evolution of three productivity performance indicators, namely MFP, capital productivity, 

and labour productivity for selected industrial sectors in South Africa, from 2000 to 2009. 

 

AGRICULTURE, FORE STRY AND FISHING SECTOR 

  
Trends in capital, labour and MFP in agriculture, forestry and fishing 

MINING AND QUARRYING SECTOR 

 
Trends in capital, labour and MFP in the mining and quarrying sector, 2000–2009 

MANUFACTURING SECTOR 

 
Trends in capital, labour and MFP in the manufacturing sector, 2000–2009 

ELECTRICITY GAS AND WATER SECTOR 

 
Trends in capital, labour and MFP – Electricity, Gas and Water, 2000–2009 

 

 

 

 

 

 

 

 

 

It is evident from figure 3.4 that the best 

performing year for the relevant productivity 

performance indicators in this sector was 2008,  

where labour productivity peaked at 17.4%, MFP 

productivity at 9.9% and capital productivity at 

7.5%. 

The figure shows a constant decline in all the 

productivity performance indicators, especially 

after the year 2005, with labour productivity 

showing only a slight improvement after 2008 from 

a growth rate of -7.8% in 2008 to -5.2% in 2009. 

An analysis of the productivity trends from 2000 to 2009 

reveal that labour productivity, capital productivity, and 

MFP seem to co-move, with labour productivity trending 

higher, followed by MFP and capital productivity. In the 

years 2002 to 2004, the co-movement appears to be very 

close, although the growth in labour productivity 

exceeded that in the other two measures. The best-

performing indicator I was labour productivity, followed 

by multifactor productivity.  

The trend in Figure 3.7 illustrates a reasonable co-

movement of all the productivity indicators from 

2000 to 2007; with labour productivity occasionally 

trending higher (as seen from 2002 to 2005 and 

2007 to 2009). These periods coincided with ‘down 

turn phases of the South African economy’ 
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GENERAL GOVERNMENT SERVICES SECTOR 

 
Trends in labour productivity in the general government services sector, 2000–2009 

 

3.5.5 Comparative analysis of sectoral MFP productivity 

Table 3.3, which outlines specific performance figures relating to average multifactor productivity growth and average 

annual output growth for the periods 1996 to 1999, 2007 to 2009 and 2009. Keep in mind the comments in section 

3.4.5, that multifactor productivity is a “more informative measure of productivity changes” than labour or capital 

productivity because it relates output to a “combined index of capital and labour inputs”. One benefit of seeing the 

growth in both these measurement indicators in the same table is that it makes it possible to compare the growth of the 

two separate measurement indicators for the periods under review. 

 
 

3.6 SOUTH AFRICA’S WORLD COMPETITIVENESS POSITION 

 

3.6.1 The world competitiveness report 

 

We begin section 3.6 by describing the origin of the World Competitiveness Report. Productivity SA has established itself 

as the partner institute of the Swiss-based Institute of Management Development (IMD) (Productivity SA 2010). In 1989, 

the IMD (2009) launched the IMD World Competitiveness Center (WCC), which is dedicated to the advancement of 

knowledge on world competitiveness. The WCC achieves this by gathering the latest and most relevant data on the 

subject and by analysing policy consequences. 

 

3.6.2 IMD world competitive scoreboard and competitive factors 

See table 3.4, page 48. 

 

3.6.3 IMD competitive factor breakdown 

 

The figure below outlines the four factors, and subcategories, that contribute to the overall scoreboard as reflected. It is  

in fact a referencing framework for the 327 criteria used by the IMD to analyse economies.  

 

See figure 3.10. Page 49. 

 

 

This figure illustrates how labour productivity and MFP 

both performed better than capital productivity 

before 2003. From 2003 to 2007, capital productivity 

trended higher than the other productivity indicators. 

From 2007 to 2009, all three productivity indicators 

co-moved, with MFP and labour productivity trending 

slightly higher in 2009. 

Table 3.3 summarises the growth rates of MFP and 

output of the private economy for the main economic 

sectors of South Africa, for the periods 1996 to– 1999, 

2007 to 2009 and 2009 respectively. 
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3.6.4 IMD analysis of South Africa 

1) Economic Performance  

Five strengths and five weaknesses among the 76 variables under the competitive factor: economic efficiency 

 
 

2) Government Efficiency 

Five strengths and five weaknesses among the 71 variables under the competitive factor: government efficiency 

  
 

3) Business Efficiency 

 
 

4) Infrastructure 
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5) Competitive Landscape 

 

There are a multitude of benefits to tracking the performance of individual variables. An obvious reason for reviewing 

the fifteen biggest areas of growth and decline respectively would be to view these areas as “raised flags” warranting 

more serious investigation. We could investigate strong areas of growth to further analyse what factors are stimulating 

this growth. We could also investigate strong areas of decline, analyse the causes of the decline, deal with the causes 

and, ultimately, steer the trend towards one of growth. Productivity SA (2009) comments that the strengths and 

weaknesses chart gives us good insight into the factors requiring urgent attention and those that should be capitalised 

upon. 

 

OVERALL LABOUR PRODUCTIVITY PER PERSON EMPLOYED 

Productivity SA (2009) reminds us that it is important to consider the productivity measure of “overall labour 

productivity per person employed” in a broader light. Although South Africa surpassed all the BRIC SM countries in their 

labour productivity per person ratio, the BRIC SM countries all posted higher GDP in billions of US$ than South Africa. 

The reason for the lower labour productivity levels per person employed than those of the other BRIC SM countries is 

that all the BRIC SM countries had significantly and “proportionately” larger labour forces than South Africa did in 2009. 

 

3.7 IMPROVING MACRO-PRODUCTIVITY IN SOUTH AFRICA 

 

What are the suggestions from the NPI (the former Productivity SA) regarding policies for productivity growth? 

 

1. A market-friendly social environment.   
Government should only intervene when it is clear that the market mechanisms are failing. This market-friendly 

social environment should be combined with stable macro-economic conditions (i.e. with inflation under control 

and drastic currency movements minimised), a properly functioning legal and accounting framework (with the 

widespread crime and violence brought under control), the protection of competition with open and free markets, 

and “effective social safety nets, to assist the temporary victims of market forces and support people in extreme 

need”.   

2. Investment and savings.  
It is one of the most direct ways of boosting labour productivity by providing the workforce with more and better 

machinery and factories for turning out more each hour. Investment and savings can be stimulated, with the aim to 

encourage foreign investment, in South Africa by the following:   

i. government investment in infrastructural programmes, provided these replace and do not merely add to 

government’s current spending and, furthermore, provided the investments themselves are necessary and 

productive;  

ii. more competent management of government by significantly cutting back on the current budget deficit and 

redirecting government spending on basic needs into areas such as education, health and child welfare, water 

and electricity;  

iii. an overall reduction in tax levels as these are fairly high when compared to South Africa’s developing country 

rivals. The aim of all these provisos is to encourage foreign investment. 

3. Trade and Exports 

Trade stimulates productivity growth and industrial exports enable poorer countries to make full use of their labour 

resources and encourage the diffusion of technical progress by redirecting the economy towards industrial exports 

and reducing tariffs, possibly accepting a weaker currency, credit assistance, trade fairs, and so on. 

4. The labour market  
An efficiently functioning labour market boosts growth directly since labour is a major production input. This 

requires flexible policies that could raise employment levels and provide incentives to develop “human capital”. 

Wages should be brought into line with the forces of supply and demand; there should be new labour legislation 

aimed at trying to improve current tense industrial relations; and “millions” of new low-wage formal sector jobs 

should be created even though this would probably be a politically unpopular move. 

5. Education and skills.  
A high proportion of productivity growth stems from advances in knowledge from finding the most appropriate 

technology and upgrading the quality of labour through education and training so that the education system has 

the capacity to provide the right quality and quantity of human resources. The need is for vocational training with 

sufficient depth and breadth to make skills transferable between businesses and to enable workers to learn new 

tasks as work conditions change.  
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6. Technology, research and development.  
When advances in technological knowledge are applied to processes, they become a vital source of productivity 

growth. This should be enhanced by developing technologies that are suited to the country’s own resource base 

and focused in directions where South Africa can develop a competitive advantage in export markets through the 

acquisition of technology from foreign sources.  

7. Small, medium and micro-enterprises (SMMEs). 
These will probably be the main source for the creation of new jobs in the economy as neither the public sector nor 

large firms or businesses in the private sector are expected to contribute significantly to employment growth. 

SMMEs should be increased and supported by easing their access to finance, favouring physical investment through 

tax incentives, and promoting partnerships among SMMEs and between SMMEs and large businesses or other 

institutions. 

 

What are the twelve pillars used by the WEF in determining its global competitiveness index for measuring a nation’s 

competitiveness? 

 

1) Institutions 

2) Infrastructure 

3) Macro-economic stability 

4) Health and primary education 

5) Higher education and training 

6) Goods market efficiency 

 

7) Labour market efficiency 

8) Financial market sophistication 

9) Technological readiness 

10) Market size 

11) Business sophistication 

12) Innovation 

 

Pillar 1: Institutions 

The institutional environment forms the framework within which individuals, firms and governments interact to 

generate income and wealth in the economy.  It has a strong bearing on competitiveness and growth and plays a central 

role in the ways in which societies distribute the benefits and bear the costs of development strategies and policies, 

furthermore, it influences investment decisions and the organisation of production. 

Pillar 2: Infrastructure 

Extensive and efficient infrastructure is an essential driver of competitiveness. It is critical for ensuring the effective 

functioning of the economy, as it is an important factor determining the location of economic activity and the kinds of 

activities or sectors that can develop in a particular economy. 

Pillar 3: Macro-economic stability 

Macro-economic stability is important for business, and is therefore important for the overall competitiveness of a 

country. It is acknowledged that macro-economic disarray harms the economy. For example, firms cannot make 

informed decisions when inflation is raging out of control. 

Pillar 4: Health and primary education 

A healthy workforce is vital if a country is to be competitive and productive. Workers who are ill cannot function 

optimally and will be less productive. Investment in the provision of health services is therefore critical for purely 

economic reasons, as well as on account of moral considerations. 

Pillar 5: Higher education and training 

Quality higher education and training is crucial for economies that want to move up the value chain beyond simple 

production processes and products. In particular, today’s globalising economy requires economies to nurture pools of 

well-educated workers, who are able to adapt rapidly to their changing environment. 

Pillar 6: Goods market efficiency 

Countries with efficient goods markets are well positioned to produce the right mix of products and services for the 

applicable supply-and-demand conditions, as well as to ensure that these goods can be most effectively traded in the 

economy. Healthy market competition, both domestic and foreign, is important in driving market efficiency and hence 

business productivity, because it is market competition that ensures that the most efficient firms, producing goods 

demanded by the market, are those that thrive. 

Pillar 7: Labour market efficiency 

The efficiency and flexibility of the labour market are critical for ensuring that workers are allocated to jobs in which 

they can be most efficient in the economy and provided with incentives to give of their best in their jobs. Labour 

markets must therefore have the flexibility to shift workers from one economic activity to another rapidly, and at low 

cost, to allow for wage fluctuations without much social disruption. 

Pillar 8: Financial market sophistication 
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The present global financial crisis has highlighted the critical importance of financial markets. For the functioning of 

national economies, an efficient financial sector is necessary to allocate the resources saved by a nation’s citizens, as 

well as those entering the economy from abroad, to their most productive uses. 

Pillar 9: Technological readiness 

This pillar measures the agility with which an economy adopts existing technologies to enhance the productivity of its 

industries. In today’s globalised world, technology has become an increasingly important element for firms to compete 

and prosper. In particular, information and communication technologies (ICT) have evolved as the “general purpose 

technology” of our time, given the spillovers to the other economic sectors and their role as efficient infrastructure for 

commercial transactions. 

Pillar 10: Market size 

The size of the market affects productivity because large markets allow firms to exploit economies of scale.  The markets 

available to firms have been constrained by national borders. In the era of globalisation, international markets have 

become a substitute for domestic markets, especially in small countries. 

Pillar 11: Business sophistication 

Business sophistication is conducive to higher efficiency in the production of goods and services. This leads, in turn, to 

increased productivity, thus enhancing a nation’s competitiveness. Business sophistication is concerned with the quality 

of a country’s overall business networks, as well as the quality of individual firms’ operations and strategies. 

Pillar 12: Innovation 

Innovation is particularly important for economies as they approach the frontiers of knowledge, where the possibility of 

integrating and adapting imported technologies tends to disappear. Although less advanced countries can still improve 

their productivity by adopting existing technologies or making incremental improvements in other areas, for countries 

that have reached the innovation stage of development, this is no longer sufficient to increase productivity. Firms in 

these countries must design and develop cutting edge products and processes to maintain a competitive edge. This 

means sufficient investment in research and development (especially by the private sector), the presence of high-quality 

scientific research institutions, extensive collaboration in research between universities and industry and the protection 

of intellectual property. 

 

3.8 MACRO-PRODUCTIVITY IN SOUTH AFRICA – CHALLENGES AND OPPORTUNITIES 

The IMD (2009:244) prioritised the following as the five major challenges for South Africa: 

1. Protecting the poor 

2. Building capacity for long-term growth by accelerating investment spending 

3. Sustaining employment growth and expanding training opportunities 

4. Addressing sectoral barriers to growth and investment 

5. Maintaining a sustainable debt level 

 

 

STUDY UNIT 4: Micro-perspective on productivity. 

 

Because ultimately the whole economy (with all its sectors) is made up of individual firms and businesses, and the 

overall productivity of the country is the sum of the productivity of all its individual enterprises, large and small, this 

study unit examines productivity management from a micro-perspective (or from the perspective of the individual firm 

or business). 

 

4.2 MICRO-PRODUCTIVITY PERSPECTIVE DEFINED 

 

The traditional definition of productivity focuses on the efficiency and utilization of resources and is expressed as 

follows: 
 

 
Where: 

 &  Thus:  

 

The more recent definition: is namely the efficient and effective use of all resources in the production or conversion 

process in order to produce outputs that can satisfy market, consumer, customer/client needs. 
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The productivity process 

 
 

Popular (corrected) misconceptions about productivity: 

1. Productivity is not only labour efficiency or labour productivity because the latter is also an input into the 

greater productivity formula - although not the sole determinant. 

2. Judging an enterprise simply by its output is not a determinant of productivity. An enterprise's output may 

increase, but if the input costs of production are not controlled, an increase in output does not constitute an 

improvement in productivity. 

3. Productivity and profitability are often confused. Profit per se in an enterprise can be increased through 

improved price recovery, irrespective of a simultaneous decline in productivity. 

4. Productivity is often confused with efficiency. Efficiency means producing high quality goods in the shortest 

possible time. Thus, if the goods are not needed and they have been produced for nothing, then the enterprise 

has been counterproductive. 

5. Cost cutting in the enterprise does not always contribute to an improvement in productivity. Indiscriminate cost 

cutting can lead to long-term difficulties for an enterprise. 

6. Productivity can only be applied to a manufacturing enterprise. This is incorrect. Whilst this study is concerned 

with the manufacturing enterprise, there are service functions within these enterprises such as a drawing office 

providing a service that require control and assessment. These are typically, financial functions, engineering 

support, procurement divisions, human resource management and public relations. 

 

4.3 MANAGING PRODUCTIVITY WITHIN A BUSINESS 

 

The NPI believes: 

• “a successful strategy to improve productivity requires a systematic approach to measurement at both macro 

and micro levels, since productivity is relevant to individuals, firms, industries and the national economy” 

• “at operations level, physical indicators can be used to compare productivity performance, but that such 

indicators can only be used in situations where output is homogeneous” 

• “where goods produced may vary widely in terms of type and quality, a value indicator is needed, because 

another shortcoming of physical indicators is that they measure only efficiency not effectiveness”  

• value-added productivity measurement “can be used to supplement physical indicators because they not only 

reflect the efficiency of production, but are a measure of the additional wealth created by the company” where 

the value added is calculated in the following two ways: 

1. Value added = total sales minus purchased materials and services  

2. Value added = labour costs + profit + depreciation + other distributed costs (i.e. taxation and interest) 

 

Value added productivity measurement 

This can be used to supplement physical indicators because they not only reflect the efficiency of production, but are a 

measure of the additional wealth created by the company 
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Value-added productivity measurement has the following advantages: 

1. “Attaching a rand value to each product type, allows output of different products to be aggregated”, which 

“permits management to assess company-wide productivity”. 

2. “It shows how the company creates wealth through its production process, and how it distributes this wealth to 

those who have contributed to its creation”, which can “encourage employees to participate in improving the 

performance of the enterprise, because they see themselves as the beneficiaries of higher output and 

productivity”. 

3. “It allows quick comparison with standards”, where “published statistics on value-added for specific industries 

can be used by companies to evaluate their own standing” and it “highlights the crucial operational factors that 

cause differences in performance”, so that “management can then decide how to allocate organisational 

resources – labour, machines and materials”. 

4. “Value added can easily be computed from the profit and loss accounts of companies” and “it is not necessary 

to set up a separate data collection system to monitor value added productivity”, and therefore “because it is an 

extension of conventional accounting concepts, using it to measure productivity enables management to relate 

productivity to various financial analyses, such as those concerning profitability and liquidity”. 

 

According to the NPI, key elements to improve productivity include: 

• Cooperative labour-management solutions: managers should, encourage, lead and train employees, and 

develop attitudes of positive thought and continual improvement. Job security depends on high quality, 

productivity, flexibility, profitability and acceptance of change. 

• Gain sharing and profit sharing, is a management system in which an organisation seeks higher performance 

through the involvement and participation of its people. As performance improves, employees share financially 

in the gain. 

 

Foundation for gain sharing 

1. Identity. It is imperative for employee and company goals to converge so that employees acquire a sense of 

ownership of the business. 

2. Equity. Gain sharing is accepted as a fair practice and employees are rewarded through a bonus system as 

performance improves. 

3. Involvement. People who actually do the work are often the best at solving problems related to it and through 

communication, cooperation and teamwork, employee involvement may be enhanced. 

4. Commitment. Committed, competent managers who value human resources greatly are the best at recognising 

the need for change and higher performance levels. 

 

Steps in the DPA productivity management process 

 

 

 

 

 

 

 

 

Step 1: Productivity measurement 

Monitor and provide info on the financial standing of the business.  

 

The development of the DPA approach starts with the following equations: 
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Substituting equation   

2 & 3 into 1 we get the 

equation where 

profitability develops as 

follows: 
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THUS: 

 

Profitability = Productivity = Price recover 

 

1. Productivity measurement  

2. Productivity diagnosis  

3. Productivity plan  

4. Productivity disclosure  

5. Productivity accountability 

All steps lead and contribute to productivity improvement. 
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A change in profit can therefore be brought about by the following means: 

1. a change in product revenue (which, following equation 4.1, is in turn influenced by a change in product 

quantity and/or a change in product price), and/or  

2. a change in resource value (which following equation 4.1, is in turn influenced by a change in resource quantity 

and/or a change in resource price).  

 

Incorporating equations of productivity, price recovery and profitability, we can get The DPA model.  

 

 
 

The other four steps of the DPA productivity management process: 

2) Productivity diagnosis 

• Aimed at identifying causes or reasons for changes in productivity as detected in productivity 

measurement (Step 1 above) P 

3) Productivity plan 

• Focuses on the hard and soft components of productivity to develop a plan for improvement 

• Soft components – education, training, culture and reorganization 

• Hard components – acquisition or sale of machinery , value engineering, use of material 

requirements planning 

4) Productivity disclosure 

• Disclose performance to internal and external parties 

5) Productivity accountability 

• both management and labour assume joint accountability for productivity. Its requirements are that 

both management and labour share in the benefits of any improvement in productivity. 

 

4.4 THE IMPORTANCE OF MICRO PRODUCTIVITY FOR OPERATIONS MANAGEMENT. 

 

• Improved micro productivity means better efficiency and utilisation of resources within the production (or 

transformation) process (a direct responsibility of production/operations managers) and greater effectiveness 

in satisfying customer/client needs (probably a direct marketing function but an indirect responsibility for 

production/operations managers). 

• micro productivity is important for production and operations management because it is another measure or 

indicator of how well the management of this function is performing, and should the business hope to improve 

its overall financial performance, productivity improvement is one of the more obvious choices; many of the 

ways to do this lie directly in the responsibility field of production and operations management. 

 

 

………………………………………………………………………………………………………………………………………………………………………………… 

 

 

Consider the following scenario: 

(1) Company ‘A’ has just had an unexpected increase in 

the price of its input (∆ resource price). In order to 

maintain profitability, it increases its product price just 

enough to counter the increase (∆ product price). 

Company A has just passed the price increase on to its 

customers/clients. 

(2) Company B, which is company A’s main competitor, 

has had the same unexpected price increase but, through 

tightening up on its internal production process control, 

is able to reduce its input resource quantity (∆ resource 

price) by an amount that allows its resource value (to 

remain constant, as does its profitability (∆ in profit). 
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TOPIC 4: Design of processes for products and services   

STUDY UNIT 5: Process Design 

5.1 Introduction 

 

1. What is process design 

• design is the activity which shapes the physical form and purpose of both products and services and the 

processes that produce them 

• the design activity is more likely to be successful if the complementary activities of product or service design 

and process design are co-ordinated 

2. What objectives should process design have  

• the overall purpose of process design is to meet the needs of customers through achieving appropriate levels 

of quality, speed, dependability, flexibility and cost 

• the design activity must also take account of environmental issues. These include examining the source and 

suitability of materials, the sources and quantities of energy consumed and amount and type of waste 

material, the life of the product itself and the end-of-life state of the product 

3. How do volume and variety affect process design 

• the overall nature of any process is strongly influenced by the volume and variety of what it has to process 

• the concept of process types summarizes how volume and variety affect overall process design 

• in manufacturing, these process types are (in order of increasing volume and decreasing variety) project, 

jobbing, batch, mass and continuous processes. In service operations although there is less consensus on the 

terminology, the terms often used (same order) are professional services, shop services and mass services 

4. How are processes designed in detail 

• processes are designed initially by breaking them down into individual activities. Often common symbols are 

used to represent types of activity. The sequence of activities in the process is then indicated by the sequence 

of symbols. This is called ‘process mapping’. Alternative process designs can be compared using process maps  

• process performance in terms of throughput time, work-in-progress and cycle time are related by a formula 

known as Little’s Law: throughput time = work-in-progress x cycle time 

• variability has a significant affect on the performance of processes, particularly the relationship between 

waiting time and utilization 

 

5.3 The Design Activity in Operations Management. 

 

• to design is to - conceive the looks, arrangement and workings of something before it is constructed; it is a 

conceptual exercise; [it] must deliver a solution that will work in practice. 

• It is important to realize that the design of the product or service and the design of the process for making this 

are interrelated and therefore should be considered together 

 

Process design and product/service design are interrelated. 

� The overriding objective of process design is to make sure that the performance of the process is appropriate for 

whatever it is trying to achieve. 

� The operations performance objectives should translate directly into process design objectives. The impact of 

strategic performance objectives on (a) process design objectives and (b) benefits in the case of the following 

are: 

Operations performance 

objective 

Typical process design objectives Benefits of good process design 

Quality Provide appropriate resources;  

error free processing 

Products produced on spec; 

Less recycling and wasted effort 

Speed Min. throughput time; output rate 

appropriate for demand 

Short customer waiting time; 

Low in-process inventory 

Dependability Provide dependable process resources;  

Reliable process output timing and 

volume 

On-time deliveries; 

Less disruption, confusion, rescheduling 

Flexibility Provide resources with appropriate range 

of capabilities; 

Change easily between process states 

(what, how and how much 

Ability to process wide range of products; 

Low cost/fast product change; 

Low cost/fast volume and timing change; 

Ability to cope with unexpected events 
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Cost Appropriate capacity to meet demand; 

Eliminate process waste relating to: 

Excess capacity 

Excess process capability 

In-process delays 

In-process errors 

Inappropriate process outputs 

Low processing costs; 

Low resource costs (capital costs); 

Low delay/inventory costs (working capital 

costs) 

 

Measures that may be used to describe the process flow performance at a ``micro'' level comprise the following: 

1. The throughput rate – (or the flow rate) is the number of units emerging from the process in an unit of time 

2. The throughput time – is the average time from when input entering the process and becomes an output 

3. Work in process -  is the average number of units within the process being ``worked on'' over a period of time 

4. Utilisation - of process resources is the proportion of available time that the resources within the process are 

performing useful work. 

 

Environmentally sensitive designs 

Both process and product designers need to take green issues and environmental protection into account. Interest has 

focused on a few fundamental issues: 

• The source of inputs 

• Quantities and sources of energy 

• The amounts and types of waste materials 

• The life of the product itself 

• The end of life of the product 

To help make decisions in the process easier some industries are experimenting with life cycle analysis. 

Life cycle analysis – Is a technique which analyses all production inputs, life cycle of the product and its final disposal in 

terms of total energy used and wastes emitted.  

 

Process types - the volume – variety effect on process design. 

Usually two dimensions of volume and variety go together. Low-volume operations process often have a high variety 

and high-volume operation processes often have a narrow or small variety of products and services. Different 

operations may adopt different types of processes. 

Process types – Terms that are used to describe a particular general approach to managing a process in manufacturing 

and services. 

The five process types in manufacturing are 

1. Project processes – deal with discrete, highly customized products i.e. ship building, movie production, 

construction. The essence of project process is that each job has a well-defined start and finish, time for each 

job is relatively long and the transforming resources which make the product will be organised for each 

product.  

2. Jobbing processes – deal with high variety and low volumes, although there may be some repetition of flow 

and activities i.e. Specialist tool makers, furniture restorers, tailors. Jabbing processes produce more and 

usually more than project processes, but the degree of repetition is low. Many jobs will be ‘one-offs’. 

3. Batch processes – process that treat batches of products together and where each batch has its own process 

route (producing more than one product at a time) i.e. Machine tool manufacturing, car component 

manufacturing.  

4. Mass processes – processes that produce goods in high volume and relatively low variety. It is a mass 

operation because the different variants of its product do not affect the basic process of production, i.e. 

automotive plants; TV factory, DVD production 

5. Continuous processes – processes that are high volume and low variety; usually produced in an endless flow 

and operate over a long period of time, i.e. Electricity, petrochemical refineries. Continuous processes are 

associated with relative inflexible, capital-intensive technologies with highly predictable flow.  
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The three process types in service are 

1. Professional services – devoted to producing knowledge based or advice based services; high customer contact 

and high customization, i.e. management consultants, architects, lawyers. The service process is highly 

adaptable to suit customer needs and tend to be people-based.  

2. Shop services – characterised by levels of customer contact, customisation, volume of customers and staff 

discretion which is positioned between professional services and mass services with medium levels of volume 

and customization i.e. banks, holiday tour operators, travel agents  

3. Mass services – have a high number of transactions often involving limited customer contact time and limited 

customization .i.e. mass transportation services, most call centres. Most value is added in the back office and 

relatively little judgment applied by front-office staff. 

The position of the process on the volume-variety continuum shapes the overall design and general approach to 

managing its activities. Based on this position the most appropriate process type can be chosen 

 
The product/process matrix 

 

 
 

Detailed process design 

The detailed design of a process in its simplest form involves identifying all the individual activities that are needed to 

fulfil the objectives of the process, and deciding on the sequence in which these activities are to be performed and who 

is going to do them 

A visual approach to process design involves process mapping (also termed process blueprinting or process analysis), 

where a process is described in terms of how the activities within the process relate to each other (with the use of 

symbols). 

• Processing mapping involves describing processes in terms of how the activities within the process relate to each 

other.  

• Process mapping symbols are used to classify the different types of activities.  

 

 
• High level process mapping – An aggregate process map that shows broad activities rather than detailed activities.  

• An advantage of mapping process is that it is possible to focus attention systematically on each and every activity 

(question its relevance, duration, etc.) in an attempt to improve the process as a whole. 

 

 

 

� Developed by Hayes and Wheelright. 

� This is a model that demonstrates the natural 

fit between volume and variety of products 

and services produced by an operation on one 

hand, and the process type used to produce 

products and services on the other 

� The value lies in identifying the natural lowest 

cost position for an operation, namely, the 

diagonal line. Should the operation be either 

to the left or to the right of this line (resulting 

in either less or more process flexibility) it 

would lead to cost increases. 
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Determining the process performance of an operation 

When the performance of a process is evaluated, it is important to make sure that the process is appropriate for 

whatever it is supposed to achieve. This could be done by assessing how well the process has been designed 

• These measurement tools include: 

• Work content - total amount of work required to produce a unit of output, usually measured in standard 

times. 

• Throughput time – The time for one unit to move through whole process 

• Cycle time – The average time between units of output emerging from the process 

• Work-in-process (WIP) – The number of units within a process waiting to be processed further. 

• Little’s Law – The mathematical relationship between throughput time, work-in-process and cycle time. 

Throughput time equals work-in-progress x cycle time.  
�ℎ���(ℎ��� ���� =  )�� % �
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� When through put time of a particular process is different (not equal) to the work content time it means that 

there are times when no useful work is being done in the process  
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� Value-added through put efficiency restricts the concept of work content to only those tasks that are literally 

adding value to whatever is being processed. This often implies eliminating activities such as movement, delays, 

inspections etc  
 

The effects of process variability 

• Process variability occurs either in : 

� The demand to which the process is expected to respond (more, or less demand)  

� The time it takes to perform its various activities (longer or shorter process).  

• There are a number of reasons for this ie: 

� The late or early arrival of materials, information or customers/clients;  

� A temporary malfunction or breakdown in process technology within a stage of the process;  

� The recycling of badly processed material;  

� The requirements for the items being processed might change significantly.  

• The relationship between process utilization and number of units 

� Figure 4.17 and 4.18 (b) pg. 103 text book  

� This relationship implies three options: 

• accept long average waiting times but achieve high  process utilization (point X);  

• accept short waiting times but achieve low process utilization (point Y);  

• reduce variability in arrival times, activity times or both and achieve higher process utilization and 

shorter waiting times (point Z). 

 

Simulation in design 

� This involves making decisions in advance of the final process being created.  

� The purpose is therefore to simulate how the product/service would function in practice under normal working 

conditions 

� Simulation models can take many forms and used to gain insights and explore possibilities before the process, 

product or service is created 
 

 

 

 

 

 

 

 

 

 

 

………………………………………………………………………………………………………………………………………………………………………………………………………… 
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STUDY UNIT 6: Design of products and services 

6.1 Introduction 

 

1. Why is good product and service design important? 

Good design makes good business sense because it translates customer needs into the shape and form of the 

product or service and so enhances profitability 

• Design includes formalizing three important issues: 

� Concept 

� Package 

� Process implied by the design 

• Design is a process itself that must be designed according to the process design principles described in 

the previous chapter 

2. What are the stages in product and service design? 

• Concept generation – transforms an idea for a product or service into a concept which captures the 

nature of the product or service and provides an overall specification for its design 

• Screening the concept  - involves examining its feasibility, acceptability and vulnerability in broad terms 

to ensure that it is a sensible addition to the company’s product or service portfolio 

• Preliminary design – involves the identification of all component parts of the product or service and the 

way they fit together. Typical tools used include component structures and flow charts  

• Design evaluation and improvement – involves re-examining the design to see whether it can be done in 

a better way, cheaper or easier. Typical techniques include quality function deployment, value 

engineering and Taguchi methods 

• Prototyping and final design - involves providing the final details which allow the product or service to 

be produced. The outcome of this stage is a fully developed specification for the package of products or 

services, as well as the specification for the processes that will make and deliver them to customers 

3. Why should product and service design and process design be considered interactively? 

• Looking at them together can improve the quality of both. It helps a design break-even  on its 

investment earlier than would otherwise have been the case 

4. How should interactive design be managed? 

• Employ simultaneous development where design decisions are taken as early as can be, without 

necessarily waiting for a whole design phase to be completed  

• Ensure early conflict resolution which allows contentious decisions to be resolved early in the design 

process, thereby not allowing them to cause far more delay and confusion if they emerge later in the 

process 

• Use a project-based organizational structure which can ensure that a focused and coherent team of 

designers is dedicated to a single design or group of design projects 
 

Why is good design so important 

• A good design implies that the needs of the customers/clients will be satisfied by the products/services offered. 

If a certain design satisfies the needs of customers/clients more effectively than other designs, or if the design 

exceeds the expectations of customers/clients, it may be said to influence the competitive position of the 

business positively. 

• Using design throughout the business ultimately boots the bottom line by helping to create better products that 

compete on value rather than price.  

• It helps businesses connect strongly with their customers by anticipating their real needs.  

• Using design both to generate new ideas and turn them into reality allows businesses to set the pace in their 

markets and create new ones rather than simply responding to the competition 

• All products and services comprise of the following three components 

� A concept – the understanding of the nature, use and value of the service or product  

� A package – of component products and services that provide those benefits defined in the concept 

� The process – defines the way in which the component products and services will be created and 

delivered 
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The design activity is itself a process 

� The design activity itself is a transformation process 

� This follows the input-transformation-output model 

• Inputs 

� Transformed resources – tech info; market info; time info 

� Transforming resources – test and design equipment; design and tech staff 

• Transformation 

� The product/service design process measured by quality, speed, dependability, flexibility and cost 

• Outputs  

� Fully specified products and services (concept, package, process) 
 

The stages of design – from concept to specification 

• Sequence of stages 

1. Concept generation 

2. Concept screening 

3. Preliminary design  

4. Evaluation and improvement 

5. Prototyping and final design 

 

1. Concept generation 

New ideas can originate from: 

• Sources outside the business/organization  

o Reverse engineering – The taking apart or deconstruction of a product or service in order to understand 

how it has been produced, often by a competing organisation. 

o Listening to ideas from customers. 

• Within the business/organization (staff, and research and development) 

o R & D – The function of the organisation that develops new knowledge and ideas and operationalizes 

the ideas to form the underlying knowledge on which product, service and process designs are based. 

 

2. Concept screening 

The purpose of the concept screening stage is to take the flow of concepts and evaluate the. We use design criteria to 

assess worth or value of each option, these are: 

• Feasibility – can we do it (investment) 

� skills? 

� Capacity? 

� Financial resources? 

• Acceptability – do we want to do it (return) 

� Does this option satisfy our need for it  

� Will customers want it 

� Does it have a satisfactory financial return 

• Vulnerability – do we want to take the risk (risk) 

� Do we understand the full consequences of choosing this option 

� Being pessimistic – what is the worst that could go wrong and the implication of that 

 

The design funnel 

• This is the model that depicts the design process as the progressive reduction of design options from many 

alternatives down to the final design 

• This helps to cut down the number of options that will be available further along in the design activity, and 

subsequently reduces uncertainty about the product, service or process. In addition it shows what it will cost 

to change one's mind about details of the design 

• Creativity is a vital ingredient in effective design and plays an important role in the long term survival of an 

organization but this often comes at a cost as investigations into creative ideas does take time 
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3. Preliminary design 

i. Component structure 

1. Diagram  that shows the constituent parts of a product or service package and the order in which the 

component parts are brought together  

2. The component structure indicates the order in which the component parts of the package have to be 

put together, while the bill of materials (BOM) specifies the quantities of each component part 

required to make up the total package. 

ii. Reducing Design complexity 

Design complexity may be reduced by following these approaches: 

a. Standardization – the degree to which processes, products and services are prevented from varying 

over time (restrict variety to that which has real value for customers/clients);  

b. commonality – the degree to which a range of products or services incorporate identical components 

(use the same components across a range of products or services); 

c. modularisation – design standardized subcomponents that can be put together in different ways to 

create a high degree of variety. 

 

4. Design evaluation and improvement 

The purpose of this stage is to take the preliminary design and see whether it can be improved. A number of techniques 

and methods can be used for evaluation: 

1.  Quality function deployment (QFD) 

a. Used to ensure that the eventual design of a product or service actually meets the needs of its 

customers  

b. A matrix is used to measure this and is sometimes called the house of quality  

c. It tries to capture the customer requirements (the what’s) and the design characteristics of the new 

products (the how’s)  

2. Value engineering  

a. This is an approach to cost reduction in product design that examines the purpose of the product or 

service, its basic functions and its secondary functions  

b. Value engineering requires innovative and critical thinking, but carried out using formal procedure.  

c. It tries to eliminate any costs that do not contribute to the value or performance of the product 

d. The team focusing on this may attempt to reduce the number of components, use cheaper materials 

or simplify the process 

3. Taguchi methods 

a. A design technique that uses design combinations to test the robustness of the design  

b. The basis of the idea is that the product should be able to perform in extreme conditions and cope 

with uncertainties  

c. The Taguchi procedure is a statistical procedure for carrying relatively few experiments while still 

determining the best combination. 

 

5. Prototyping and final design 

i. The purpose is to take the improved design at this stage of the design activity and to turn it into a prototype 

that can be tested in the market.  

ii. The advantages of CAD (computer added design) is that the design data can be stored electronically and 

retrieved easily, making it possible to manipulate or change designs quickly and inexpensively. 
 

The benefits of Interactive design 

a. Interactive design is the idea that the design of products and services on one hand, and processes that create 

them on the other, should be integrated.  

b. This means that both the design of the product/service and the design of the processes for its 

manufacture/provision are done at virtually the same time or are more closely integratedwith one another, 

this offers greater potential to reduce the time-to-market (TTM) of a product or service. 

c. Benefits of reducing time to market 

1. Increase competitive advantage  

2. Reduced development costs 

3. Faster sales revenue and cash flow resulting in quicker break-even point 
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d. Factors which can significantly reduce TTM for a product or service include: 

1. Simultaneous development - Overlapping these stages in the design process so that one stage in the 

design activity can start before the preceding stage is finished, the intention being to shorten time to 

market and save design cost.  

2. Early conflict resolution - This will reduce the degree of uncertainty within the project and reduce the 

cost and time associated with managing or changing the uncertainty.  

3. Project-based organisation structures – which can ensure that a focused and coherent team of designers 

is dedicated to a single design or group of design projects.  
 

  

……………………………………………………………………………………………………………………………………………………………….. 

 

TOPIC 5: Design and location of production and operations capacity   

Study Unit 7: Supply network design 

 

• Why should organizations take a total supply network perspective 

o The main advantage is that it helps any operation to understand how it can compete effectively within the 

network. This requires ops managers to think about their suppliers and their customers as operations. 

o It can also help to identify particularly significant links within the network and hence identify long term 

strategic changes that will affect the operation 

• What is involved to configure a supply network 

o There are two main issues in configuring a supply network. The first concerns the overall shape of the 

supply network and the second concerns the nature and extent of outsourcing or vertical integration 

o Changing the shape of the supply network may involve reducing the number of suppliers to the operation 

so as to develop closer relationships, any bypassing or dis-intermediating operations in the network 

o Outsourcing or vertical integration concerns the nature of the ownership of the operations within the 

supply network. The direction of vertical integration refers to whether an organization wants to own 

operations on its supply side or demand side (backwards and forwards integration). The extent of vertical 

integration relates to whether an organization wants to own a wide span of the stage in the supply 

network. The balance of vertical integration refers to whether the operation can trade with only their 

vertically integrated partners or with any other organizations 

• Where should the operation be located 

o The stimuli which act on the organization during the location decision can be divided into supply side and 

demand side influences  

o Supply side - Labour, land and utility costs which may change with a move 

o Demand side - Convenience of  location to customers, image of location and stability of the site itself 

• How much capacity should the operation itself plan to have 

o The amount of capacity will depend on the organization’s view of current and future demand. When 

future demand is considered different to the current the issue becomes more important 

o When there is a change in demand, a number of capacity decisions have to be made. These include 

deciding on the optimum capacity, balancing the various capacity levels and timing the changes of 

capacity in the network 

o Important influences on these decisions include the concepts of economy and diseconomy of scale, 

supply flexibility is demand is different and the profitability and cash flow implications of capacity timing 

changes 
 

 

 

7.3 Supply network perspective  

The supply network is a network of supplier and customer operations that have relationships with an operation. The 

main features include: 

1. The supply side – the chain of suppliers and supplier’s suppliers etc that provide parts info or services to the 

operation 

2. Demand side – the chain of customers and customer’s customers etc that receive the products and services 

produced by the operation 

3. First tier – suppliers and customers who are in an immediate relationship with an operation with no 

intermediate operations (eg wholesalers) 
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4. Second tier – customers and suppliers who are separated from the operation only by first tier suppliers and 

customers (eg shopping mall) 

5. Immediate supply network – the suppliers and customers that have direct contact with the operation 

6. Total supply network – all the suppliers and customers that are involved in the supply chains that pass 

through an operation 

 

Why consider the whole supply network 

1. It helps an understanding of competitiveness  

2. It helps identify significant links in the network which contribute to those performance objective valued by 

end-customers.  

• Downstream – The other operation in a supply chain between the operation being considered and the 

end customer. 

• Upstream – The other operations in a supply chain that are towards the supply side of the operations. 

3. It helps focus on long term issues  

 

Design decisions in supply network 

o How the supply network is to be configured (shape and extent of ownership or vertical integration decision); 

o Where  each part of the network is to be located (location decision); 

o What the physical capacity of each part of the (owned) network has to be at any point in time (long-term 

capacity management decision).  
 

Configuring the supply network 

Even when an operation does not directly own or even control other parts of the supply network, it may use its 

influence to change the shape of the network itself. This move is referred to as network reconfiguration. It means that 

an organization may attempt to merge parts of the network with the operation, or may reduce the number of suppliers 

it has direct contact with. 

 

Disintermediation  

Mean that a business/organization may bypass customers or suppliers in the supply network and make direct contact 

with these customers' customers or supplier’s suppliers. It is therefore away of ``cutting out the middle man''. 

 

Co-opetition 

Is the term used to capture the idea that all parties or ``players'' in a particular supply network (i.e. be it customers, 

suppliers, competitors or complementors) can be either friends or enemies at different times. 

• a complementor makes a particular business's products or services more valued by customers because of the way 

the complementor's products or services complement the business's own 

• it is important to realize that customers and suppliers are symmetric and both have vital roles to play. An 

organization should always take both into account when making decisions 

• the do/or buy decision (vertical integration decision) 

o organizations rarely do everything themselves but sometimes buy transformed inputs (materials, info, etc ).  

o When organizations buy in transforming resources (facilities and staff) this is referred to as outsourcing 

o Taking this concept even further, some businesses/organizations may outsource some of their indirect 

processes. This is called business process outsourcing (BPO) – this often is seen as having a negative effect 

on job security. 

 

In-source or out-source? Do or buy? 

An organisation's vertical integration strategy may be defined in terms of: 

1. The direction of vertical integration - which can be expanding strategically on the supply side of the network 

(which is called backward or upstream integration) and/or expanding on the demand side of the network 

(which is called forward or downstream integration) 

2. The extent of vertical integration - which determines how far the business chooses to integrate, if at all, 

from its original part of the network 

3. The balance among stages - which can either be total (meaning one operation produces solely for the next 

stage in the network and totally satisfies its requirements) or less than fully balanced (meaning each 

operation is allowed to sell its output to other companies or buy in some of the supplies from other 

companies) 
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How in-house and outsourced supply may affect an operation’s performance objectives:  

Performance objective Do it yourself Buy it in 

Quality Origins of issues easily found and 

adjustments can be made immediately; 

risk of complacency 

Supplier has specialized knowledge; more 

motivated through market pressures; 

communication maybe harder 

Speed Can mean synchronized schedules (faster); 

internal customers may take lower priority  

Sped response part of SLA; may have 

transport/delivery delays 

Dependability Easier communication makes more 

dependable; internal customers may take 

lower priority 

SLAs can drive dependability and 

performance; organizational barriers may 

inhibit communication 

Flexibility Closeness to the real need allows earlier 

alerts of need for changes; changes may 

be limited by scope or scale  

Wider capabilities with more ability to 

respond; you are not their only customer 

and they have to balance the needs of all 

Cost No additional supplier costs; low volumes 

can affect economies of scale 

Can achieved economies of scale; costs of 

communication and co-ordination 

 

 

The location of capacity 

Decisions relating to the location of the production/operations capacity are important because they may impact on the 

cost base of the operation itself and the business's ability to serve its customers/clients (and thus its revenue-earning 

potential) 

Location decisions are prompted by changes in the demand for goods and services, and changes in the supply of inputs. 

When goods and services change, the operation may need more space. Changes in the supply of inputs may mean that 

inputs become too expensive. The operation may then relocate to a part of the world where the labour costs are lower 

and/or inputs are less expensive or more readily available. 

The objectives of the location decision are to achieve an appropriate balance between  

1. The spatially variable costs of the operation or the costs that change with the geographical location;  

2. The service the operation is able to offer its customers/clients;  

3. The revenue potential of the operation.  

• Note that in for-profit organizations the last two objectives are related. 

• In not-for-profit organizations the first two points are of prime concern because the revenue potential is not 

relevant objective so cost and customer service are taken as the two objectives. 

 

The location decision for any operation is determined by the relative strength of the supply-side and demand-side 

factors: 

 

 

 

 

 

 

 

 

 

 

The location decision must be made at three levels  

1. In which country the operation should be located,  

2. In which region of the country 

3. On which specific site in that region the operation needs to be.  

 

Methods for decision 

1) The weighted score card 

This is a technique for comparing the attractiveness of alternative locations that allocates a score to the factors 

that are significant in the decision and weights each score by the significance of the factor ie if the score is 80 and 

the importance weight is 4, 4x80 = 320 

 

Supply side factors which vary to 

influence cost as location varies: 

5) Labour costs 

6) Land costs  

7) Energy costs  

8) Transportation costs  

9) Community factors (social, political 

and economic environment) 

 

Demand side factors which vary to 

influence customer service/revenue as 

location varies: 

1) Labour skills 

2) The suitability of the site itself 

3) The image of the location 

4) Convenience for customers 
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2) Centre of gravity method 

This is a technique that uses the physical analogy of balance to determine the geographical location that balances 

the weighted importance of the other operations with which the one being located has a direct relationship 
 

The long term management of capacity 

The specific issues involved in measuring and adjusting capacity in the medium and short term. 

 

Determining the optimum capacity level 

• The optimum capacity level is where the average cost of producing a certain level of output is the lowest 

• The average cost = total cost at the specific output level (both fixed and variable costs) divided by the output 

level. 

• A fixed cost break is the volume of output at which it is necessary to invest in operations facilities that bear a 

fixed cost (new equipment) 

• The scale of capacity must be in balance with the projected or forecast demand (referred to as demand-

capacity balance). That means that if too large units of capacity are used, the business may have substantial 

amounts of over-capacity for periods when the demand is on the increase 

• Economies of scale – the manner in which the costs of running an operation decrease as it gets larger. 

• Diseconomies of scale – A term used to describe the extra costs that are incurred in running an operation as 

it gets larger. 

 

Balancing capacity levels 

All parts or stages of the production/operations network must have the same capacity, otherwise bottlenecks will occur 

in the supply network. If not, capacity of the whole network will be limited to the capacity of the slowest link. 

 

The timing of capacity change 

The timing of capacity change is not just about deciding on the best size of a capacity increment. It also means deciding 

when new ``on-stream'' capacity must be brought in. When making this decision the organization must chose a position 

somewhere between the following extremes: 

• Capacity leads demand – planning capacity levels such that they are always greater or equal to forecast 

demand 

• Capacity lags demand -  planning capacity levels such that they are always less or equal to forecast demand 

 

Arguments for and against pure leading and pure lagging strategies of capacity timing: 

Advantages Disadvantages 

Capacity – leading strategies 

Always sufficient capacity to meet demand, therefore revenue is 

maximised and customers satisfied 

Utilisation of the plants is aleays relatively low, therefore costs 

will be high 

Most of the time there is a ‘capacity cushion’ which can absorb 

extra demand 

Risks of even greater overcapacity if demand does not reach 

forecast levels 

Any critical start-up problems with new plants are less likely to 

affect supply to customers 

Capital spending on plant early 

Capacity-lagging strategies 

Always sufficient demand to keep the plants working at full 

capacity, therefor unit costs are minimized 

Insufficient capacity to meet demand fully, therefore reduced 

revenue and dissatisfied customers 

Overcapacity problems are minimized if forecasts are optimistic No ability to exploit short-term increase in demand 

Capital spending on the plants is delayed. Under-supply position even worse if there are start up problems 

with the new plant.  

 

‘Smoothing’ with inventory 

It is possible to implement a strategy that does not result in the accumulation of inventories. This requires that the 

capacity is introduced in such a way that demand is met by a combination of production and inventory. Using the excess 

capacity of one period to produce inventory with which to supply the under capacity of another period 

• Advantages – all demand is satisfied; utilization is high therefore cost is low; short term surges in demand 

can be met from inventory 

• Disadvantages – cost of inventory is high; risk product deterioration or obsolescence 
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Break-even analysis of capacity expansion 

Break even analysis can be used as an alternative when considering capacity extension by examining the cost of 

implications of adding increments of capacity.  

Fixed costs breaks are important in determining break-even points.   
 

……………………………………………………………………………………………………………………………………………………………….. 

 

 

TOPIC 6: Design and layout of workflow   

Study Unit 9: layout and flow of an operion 

 

• What are the basic layout types used in operations? 

o There are 4 basic layout types 

� Fixed position layout 

� Functional layout  

� Cell layout  

� Product layout 

• What type of layout should an operation choose? 

o Partly this is influenced by the nature of the process type, which in turn depends on the volume-variety 

characteristics of the operation. Partly the decision will also depend on the objectives of the operation. 

Cost and flexibility are particularly affected by the layout decision 

o The fixed and variable costs implied by each layout differ such that in theory, on particular layout will have 

the minimum costs for the particular volume level. However in practice, uncertainty over the real costs 

involved in the layout make it difficult to be precise on which is the minimum-cost layout 

• What is layout design trying to achieve? 

o In addition to the conventional operations objectives which will be influenced by the layout design, factors 

of importance include the length and clarity of customer; material and info flow; inherent safety to staff 

and/or customers; staff comfort; accessibility to staff and customers; the ability to coordinate management 

decisions; the use of space and long term flexibility  

• How should each basic layout type be designed in detail? 

o Fixed position 

� The people or materials being transformed do not move but the transforming resources move 

around them. Techniques are rarely used  in this type of layout but some such as resource location 

analysis bring a systematic approach to minimizing the costs and inconvenience of flow at a fixed-

position location 

o Functional layout 

� All similar transforming resources are grouped together in the operation. The detailed design task is 

usually to minimize the distance travelled by the transformed resources through the operation. 

Either manual or computer based methods can be used to devise the detailed design 

o Cell layout 

� The resources needed for a particular class of product are grouped together in some way. The 

detailed task is to group the products or customer types such that the convenient cells can be 

designed around their needs. Techniques such as production flow analysis can be used to allocate 

products to cells  

o Product layout 

� The transforming resources are allocated in sequence specifically for the convenience of product and 

product types. The detailed design includes a number of decisions such as the cycle time to which the 

design must conform, the number of stages in the operation, the way tasks are allocated to the 

stages in the line and the arrangement of stages in the line. The cycle time of each part of the design 

together with the number of stages is a function of where the design lies on the ‘long-thin’ to ‘short 

fat’ spectrum of arrangements. This position affects cost, flexibility, robustness and staff attitude to 

work. The allocation of tasks to stages is called line balancing which can be performed either 

manually or through computer based algorithms 
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The layout of an operation 

o The layout of an operation or process refers to the positioning of the transforming resources relative to each other, 

including the allocation of the various tasks to these transforming resources. Layout thus dictates the pattern of 

flow for transformed resources as they progress through the operation itself 

o There is double pressure on the layout decision because of the importance of adopting the correct layout from the 

beginning. If the layout is later found to be faulty and has to be changed, this causes disruption and customer 

dissatisfaction - in some cases it might even be impossible to change 

o A wrong or unsuitable layout might have serious consequences, including over-long or confused flow patterns, 

excessive inventory, customer queues becoming long, customers being inconvenienced, long process times, 

inflexible operations, unpredictable flow and high costs. 

o General objectives of a good layout that are relevant to all operations are 

� Inherent safety - refers to all processes that might constitute danger should not be accessible to the 

unauthorized. Fire exits should be clearly marked etc.  

� Length of flow - the flow of materials, information or customers are channelled by the layout so as to be   

in line with the objectives of the operation 

� Clarity of flow – the flow of materials and customers should be well signposted, clear and evident to staff 

and customers alike. 

� Staff conditions - Staff should be located away from noisy or unpleasant parts of the operation, it should 

be well lit, ventilated, and pleasant working conditions. 

� Management coordination – The supervision and communication should be assisted by the location of 

staff and communication devices. 

� Accessibility – the accessibility of machine, plants and equipment for proper cleaning and maintenance 

� Use of space - The layouts should achieve an appropriate use of space (height and floor space), by 

minimising the space used for a particular purpose. 

� Long-term flexibility - Layouts need to be changed periodically as the needs of the operations change.  

 

The layout of an operation is related to the selection of an appropriate process type described earlier, but in a narrower 

sense, as it represents the physical manifestation of a particular process type. 

� Product layout is more suited to a continuous process (electricity utility),  

� fixed-position layout is better suited to a project process (construction of a dam wall).  

� the product or cell layout is preferred for a mass service (international airport) 

 

The basic layout types 

The 4 basic layout types  

1) Fixed position layout  2) Functional layout  3) Cell layout   4) Product layout 

 

1) Fixed position 

The people or materials being transformed do not move but the transforming resources move around them. 

Techniques are rarely used in this type of layout but some such as resource location analysis bring a systematic 

approach to minimizing the costs and inconvenience of flow at a fixed-position location 

2) Functional layout 

All similar transforming resources are grouped together in the operation. The detailed design task is usually to 

minimize the distance travelled by the transformed resources through the operation. Either manual or computer 

based methods can be used to devise the detailed design 

3) Cell layout 

The resources needed for a particular class of product are grouped together in some way. The detailed task is to 

group the products or customer types such that the convenient cells can be designed around their needs. 

Techniques such as production flow analysis can be used to allocate products to cells  

4) Product layout 

The transforming resources are allocated in sequence specifically for the convenience of product and product 

types. The detailed design includes a number of decisions such as the cycle time to which the design must conform, 

the number of stages in the operation, the way tasks are allocated to the stages in the line and the arrangement of 

stages in the line. The cycle time of each part of the design together with the number of stages is a function of 

where the design lies on the ‘long-thin’ to ‘short fat’ spectrum of arrangements. This position affects cost, 

flexibility, robustness and staff attitude to work. The allocation of tasks to stages is called line balancing which can 

be performed either manually or through computer based algorithms 
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Fixed-position layout Functional Layout Cell layout Product layout 

Mainframe computer 

maintenance 

Hospital Some computer component 

manufacture 

Motor vehicle assembly 

Open-heart surgery Machining aircraft parts ‘Lunch’ products are in the 

supermarket 

Mass-immunisation 

programme 

High-class service restaurant Supermarket Maternity unit in a hospital Self-service cafeteria 

Shipbuilding    

Motorway construction    

 

A mixed layout 

A mixed layout comprises the use of the pure layout types for different parts of an operation. Note the appearance of a 

fixed-position layout (in the service restaurant), a process layout (in the kitchen), a cell layout (for the buffet) and 

product layout (in the self-help cafeteria). 

� Hybrid layouts can also be chosen – it means that an operation itself designs the layout, using a combination 

or elements of some or all the pure basic layout types. 

 

The selection of a basic layout type depends on the volume- variety characteristics of a particular operation.  

� In the top left-hand corner of the table the flow is intermittent (low volume with high variety),  

� in the bottom right-hand corner of the table the flow becomes continuous (high volume with low variety).  

� ``Stepping'' down diagonally from top left to bottom right, the fixed-position, process layout, cell layout and 

product layout (with or without overlaps between the preceding and/or following layout-type) would be the 

most appropriate. 

 

 
 

Advantages and disadvantages of the basic layout types 

Layout advantages Disadvantages 

Fixed position Very high mix and product flexibility; 

product or customer not moved or 

disturbed; high variety of tasks for staff 

Very high unit costs; scheduling of space and 

activities can be difficult; can mean much 

movement of plant and staff 

Process (functional) High mix and product flexibility; relatively 

robust in the case of disruptions; relatively 

easy supervision of equipment or plant 

Low facilities utilization; can have very high 

work in progress or customer queuing; 

complex flow can be difficult to control 

Cell Can give a good compromise between cost 

and flexibility for relatively high variety 

operations; fast throughput; group work can 

result in good motivation 

Can be costly to rearrange existing layout; 

can need more plant and equipment; can give 

lower plant utilization 

product Low unit costs for high volume; gives 

opportunity for specialization of equipment; 

materials or customers movement is 

convenient  

Can have low mix flexibility; not very robust if 

there is disruption; work can be very 

repetitive 

…………………………………………..……………………………………………………………………………………………………………………………………………………………….. 
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TOPIC 7: Job design and work organization   

Study Unit 9: Elements, objectives and approaches to job design 
 

• What is job design 

o Job design is about how we structure individuals jobs and the workplace or environment in which they work 

and the interface with the technology they use 

• What are the key elements of job design 

o Job design involves deciding which tasks to allocate to each person in the organization, the best method of 

performing them and how long they should take 

o Job design is also concerned with how people should interact with their workplace, the technology and the 

immediate work environment 

o It is also concerned with trying to ensure a committed and motivated workforce through autonomy, skill 

development and team working for example 

• How do you go about designing jobs and organizing work 

o Ergonomics is concerned primarily with the physiological aspects of job design. This includes the study of how 

the human body fits into its workplace and how humans react to their immediate environment, especially in 

heating, lighting and noise characteristics 

o The concept of division of labour involves taking the total task and dividing it into separate parts each of which 

can be allocated to a different individual to perform. The advantages of this are largely concerned with 

reducing costs. However highly divided jobs are monotonous and in their extreme form contribute to physical 

injury  

o Scientific management took some of the ideas of division of labour and applied them more systematically. 

Method study is the systematic recording  and examination of methods of doing work and work measurement 

is about establishing the time to do the job 

o Behavioural models of job design are more concerned with the individuals reaction to and attitudes to their 

job. It is argued that are designed to fulfill peoples needs for self esteem and personal development are more 

likely to achieve satisfactory work performance. The empowerment principle of job design has concentrated 

on increasing the autonomy which individuals have to shape the nature of their own jobs. Team working can 

both put together a required mixture of skills and allow decisions to be made by people who have to manage 

the results . Flexible working hours involve individuals in being able to change the nature of their jobs and the 

location in which jobs are performed. Where applicable only to certain jobs, flexible working may have a 

significant impact 
 

 

9.1 What Is Job Design 

Job design is about how we structure individual’s jobs and the workplace or environment in which they work and the 

interface with the technology or facilities that they use. 
 

Elements of job design 

o the essence of job design (how each individual's job is structured, the workplace or environment in which they 

work and the interface with technology) and work organisation (the organization of the operation as a whole, 

material, technology and people) is to define the way in which people go about their working lives. 

o Elements of job design  

� What are the environmental conditions of the workplace? 

� What technology is available and how will it be used? 

� What tasks can be allocated to each person in the operation? 

� What is the best method of performing each job? 

� How long will it take and how many people will be needed? 

� How do we maintain commitment? 
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9.3 Designing For Environmental Conditions - Ergonomics 

Ergonomics is concerned primarily with physiological aspects of job design (the human body and how it fits to its 

surroundings) and involves two aspects, namely how a person interfaces with environmental conditions in their 

immediate working area and secondly how the person interfaces with the physical aspect their workspace. Ergonomics 

is often referred to as human factor engineering. Both factors are linked by two ideas: 

1) There must be a fit between people and their jobs. Ergonomics addresses how people can be made to fit thier 

jobs.  

2) It is important to take a scientific approach to job design.  i.e. collecting data and trying to find best set of 

conditions for performance and comfort. 

 

Ergonomic Environmental design 

o The ergonomic environmental design of the workplace must focus on aspects provided for in occupational 

health and safety legislation or standards (OSHAS18 000).These aspects include  

� Working temperatures - comfortable temperature range, the effectiveness of people, likelihood of 

accidents when temperatures are above or below the comfortable range. 

�  Illumination levels - intensity of lighting to perform any job satisfactory. 

� Noise levels - damaging effect of excessive noise. 

� Ergonomics in the office – Office planning needs to take into account the factors to reduce the inherent 

risk in equipment use, plan work times for beaks and changes in activity and provide information and 

training for users.  

 

Ergonomic workplace design 

o Ergonomic workplace design investigates how people interface with the physical aspects of their jobs to avoid 

repetitive strain injuries (RSI), impaired vision etc. It is therefore important to understand how the workplace 

affects performance, fatigue, physical strain and injury.  

o Anthropometric data – Data that relates to people's size, shape and physical abilities used in the design of jobs 

and physical facilities.  

o Neurological aspects focus on how people's sensory capabilities ( sight, touch, sound, smell) are engaged in 

their jobs. 
 

9.5 Designing Task Allocation – The Division Of Labour 

Division of labour refers to an approach to job design that involves dividing a task down into relatively small parts, each 

of which is accomplished by single person.  

o The division of labour refers to dividing the total task into a number of smaller manageable parts. Each of 

these smaller tasks is the responsibility of a single person or team. 

o  The real advantages in division-of-labour principles are: 

1. It promotes faster learning  

2. Automaton of facilitates becomes easier  

3. Reduces the amount of non-productive work. 

o The potential drawbacks to highly specialised or highly divided jobs are:  

1. Monotony - repeating the same task over and over can become boring.  

2. Physical injury - the over-use of some parts of the body can result in pain, a reduction in physical 

capability and increasing RSIs. 

3. Low flexibility - doing only one thing over and over again leads to rigidity that makes change difficult.  

4. Poor robustness - highly divided jobs implies many different stages that could all be affected by the 

failure of one stage. 
 

9.6 Designing Job Methods And Job Design – Scientific Management 

Scientific management is a school of management theory established in 1911, more analytical and systematic that 

‘scientific’ as such and sometimes referred to as a Taylorism, after Frederick Taylor who founded its principles.  

o The basic principles of scientific management are 

� All aspects of work should be investigated on a scientific basis to establish the laws rules and formulae 

governing the best methods of working 

� This investigative approach is necessary to establish what constitutes a fair days work 

� Workers should be selected, trained and developed methodically to perform their tasks  

� Managers should act as planners of work (analysing jobs and standardizing the best methods), while 

workers should be responsible for carrying out the job to the standards laid down 
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� Cooperation should be achieved between management and workers based on the ‘maximum 

prosperity’ for both 

Scientific management may be criticized because it is not particularly scientific and because the method concentrates 

on relatively limited and sometimes trivial objectives. It is also believed that jobs designed under strict scientific 

management principles lead to low motivation among staff, frustration at the lack of control over their work, and 

alienation from the job 

o Work study is a generic term for those techniques which are used in the examination of human work in all its 

contexts leading to factors which lead to the efficiency and economy of situations being reviewed in order to 

effect improvements. There are two basic fields. 

1. Method study - The analytical study of methods of doing jobs with the aim of finding the best or an 

improved job method.  

2. Work measurement -  which is concerned with measuring the time that should be taken for performing 

jobs 

 

Method study concentrates on determining the methods and activities that should be included in jobs. It is a systematic 

approach to finding the best method and it follows six steps:  

1. Selecting the work to be studied 

2. Recording the present method 

3. Examining the facts (questioning technique is used to detect weaknesses in the rationale for existing 

methods 

4. Developing a new method,  

5. Installing the new method  

6. Maintaining the method by periodic check 

A useful aid during this process is a checklist such as the principles of motion economy. This is a checklist used to develop 

new methods in work study that is intended to eliminate elements of the job, combine elements together, simplify the 

activity or change the sequence of events so as to improve efficiency.  

 

Work measurement in Job Design. 

Work measurement is the process of establishing the time for a qualified worker, at a defined level of performance, to 

carry out a specified job.  

o A qualified worker is one who is accepted as having the necessary physical attributes, intelligence, skill, 

education and knowledge to perform the task to satisfactory standards of safety, quality and quantity. 

o Standard performance is the rate of output which qualified workers will achieve without overexertion as an 

average over the working day provided they are motivated to apply themselves to the work (makes allowances 

for recovery and relaxation) 

 

Basic time - when a qualified worker is working on a specified job at standard performance. The best known  technique 

for establishing basic times is time study. Time study involves three steps that are taken to derive the basic times for the 

elements of a job, namely: 

1. Observing, measuring and rating,  

A job is observed through cycles, each element performed is timed using a stopwatch and a rating of the 

person doing the job is recorded. Rating is the process of assessing the workers rate of working relative to the 

observer’s concept of the rate corresponding to standard performance.  

2. Adjusting observed times 

The adjustment to normalise the observed time is 
-./01203 145678
/5473413 145678 where standard rating 100. For example if 

observed time is 0.71 minutes and observed rating is 90, then: 9���� ���� =  :.;< = >:
<:: = 0.64 �������  

3. Averaging the basic times 

Every human activity cannot be repeated in exactly the same time on every occasion so average basic times 

need to be taken into account.  

 

Standard Times – A term used in work measurement to indicating the time taken to do a job including allowances for 

recovery and relaxation. 

Allowances – Term used in work study to indicate the extra time allowed for rest, relaxation and personal needs.  
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Other work measurement techniques are 

� Synthesis from elemental data - technique for building up time from previously timed elements 

� Pre-determined motion-time systems (PMTS) - technique where standard elemental times obtained from 

published tables are used to construct a time estimate for the whole job 

� Analytical estimating - technique of estimating whereby the time required to carry out the elements of the job 

at a defined level of performance is estimated from knowledge and experience of the elements concerned 

� Activity sampling – a large number of instantaneous observations are made over a period of time of a group of 

machines, processes or workers  
 

9.7 Designing For Job Commitment - Behavioural Aspects Of Job Design 

Where jobs were previously designed purely on division of labour, scientific management or even purely ergonomic 

principles, they alienated the people performing the jobs. Job design should take into account individuals' need for 

self-esteem and personal development. The major shift in taking individuals' desires into account when designing 

jobs met two important objectives: 

1) It provided jobs that have an intrinsically higher quality of working life (QWL), which is an ethically desirable 

end in itself and, 

2) It brought about higher levels of motivation, which were instrumental in achieving better performance in 

terms of quality and quantity of output. 

A number of techniques for job design are recommended in order to achieve various positive mental states towards the 

job. These are: 

� Combining tasks - allows for skill variety 

� Forming natural work units -  drives task identity and task significance 

� Establishing client relationships - also allows for skill variety and autonomy 

� Vertical loading – also includes indirect activities such as general management drives autonomy 

� Opening feedback channels – Customer and staff feedback on perceptions directly to staff and of staff and 

their performance.  

 

Job rotation  

The practice of encouraging the movement of individuals between different aspects of a job in order to increase 

motivation.  

Job enlargement  

A term used to indicate the increasing amount of work given to individuals in order to make the job less monotonous.  

Job Enrichment 

A term used to indicate increasing variety and number of tasks within an individual’s job, it may include decision making 

and autonomy.  

Empowerment 

A term used to indicate the increasing authority given to make decisions within the job or changes to the job itself as 

well as how it is performed. This can be designed into different degrees: 

• Suggestion involvement – Allows staff to contribute their suggestions for how the operation might be improved.  

• Job involvement – This goes much further and allows staff to redesign their jobs. There are some limits the way 

each individual can make changes which impact other staff and general operations.  

• High involvement – means including all staff in the strategic direction and performance of the whole 

organisation.  

Benefits of empowerment Cost associated with empowerment 

• Faster on-line responses to customer needs 

• Faster on-line responses to dissatisfied customer 

• Employees feel better about their jobs 

• Employees will interact with customers with more 

enthusiasm 

• Empowered employees can be a useful source of service 

• Promotes word-of-mouth advertising and customer 

retention. 

• Larger selection and training costs 

• Slower or inconsistent training 

• Violation of equity of service and perceived fair play 

• ‘Give-aways’ and bad decisions made by employees. 
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Team working 

``team-working'' or ``team-based work organization'' is a development in job design closely linked to the empowerment 

concept.  

It means that staff with overlapping skills collectively perform a defined task and have a high degree of discretion over 

how they actually perform the task. Teams are a useful organizational device because they: 

• Lead to an improvement in productivity through enhanced motivation and flexibility 

• They improve quality and encourage innovation 

• They increase individual job satisfaction 

• They make it easier to implement technological changes, because such challenges can be shared. 

 

Flexible working 

• Multi-skilling – Increasing the range of skills of individuals in order to increase motivation and/or increase 

flexibility. Individuals can migrate from one skill or job to another as the demand for their skills changes.  

• Time-flexibility - Increasing the possibility of individuals varying the time during which they work. Apart from 

certain core working days and hours, and a total for the required compensatable hours that individuals may 

work when they want to, but the demand for their services is taken into account.  

• Location flexibility (teleworking) – The ability to work from home using telecommunications or computer 

technology. Individuals are not necessarily location-specific and the necessary communication links enable them 

to work away from the organization itself. 
 

……………………………………………………………………………………………………………………………………………………………….. 

 

TOPIC 8: Capacity planning and control   

Study Unit 10: General nature of planning and control in operations 

• What is planning and control 

o Planning and control is the reconciliation of the potential of the operation to supply products and 

services, and the demand of its customers on the operation. It is the set of day to day activities that runs 

the operation on an on- going basis. 

• What is the difference between planning and control 

o A plan is a formalization of what is intended to happen at some time in the future. Control is the process 

of coping with changes to the plan and the operation to which it relates. Although planning and control 

are theoretically separable they are usually treated together 

o The balance between planning and control changes over time. Planning dominates in the long term and 

is usually done on an aggregated basis. At the other extreme in the short term, control usually operates 

within the resource constraints of the operation but makes interventions into the operation in order to 

cope with short term changes in circumstances  

• How does the nature of demand affect planning and control 

o The degree of uncertainty in demand affects the balance between planning and control. The greater the 

uncertainty the more difficult it is to plan and greater emphasis must be placed on control 

o This idea of uncertainty is linked with the concepts of dependent and independent demand. Dependent 

demand is relatively predictable because it is dependent on some known factor. Independent demand is 

less predictable because it depends on the changes of the market or customer behaviour 

o The different ways of responding to demand can be characterized by differences in the P:D ratio of the 

operation. This is the ration of total throughput time of goods or services to demand time  

• What is involved in planning and controlling 

o Loading – dictates the amount of work allocated to each part of the operation 

o Sequencing – decides the order of work 

o Scheduling – detailed timetable of activities 

o Monitoring and control – push/pull control 
 

10.3 What is Planning Control? 

Planning and control activities provide the systems, procedures and decisions which bring together different aspects of 

supply and demand. 

Planning concerns what should happen in the future, the formalisation of what is intended to happen at some time in 

the future.  

Control copes with changes, the process of monitoring operation activity and coping with any deviations from the plan, 

usually involves elements of re-planning.  
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Long-, Medium- and short-term planning and control 

Long-term planning and control – operation managers make plans concerning what they intend to do, what resources 

they need and what objective they hope to achieve. It usually involves: 

1) Aggregate demand forecasts 

2) Determines resources in aggregate demand form 

3) Objectives set in largely financial terms 

Medium-term planning and control – It is more detailed. It looks ahead to assess the overall demand which the 

operation must meet in a partially disaggregated manner.  

1) Uses partially disaggregated demand forecasts 

2) Determines resources and contingencies 

3) Objectives set in both financial and operations terms 

Short-term planning and control – many of the resources will have been set and it will be difficult it make changes.  

1) Uses totally disaggregated forecasts or actual demand 

2) Makes intervention to resources only to correct deviation from plan or demand 

3) Ad hoc consideration of operation objectives.  
 

10.4 Nature of Supply And Demand in Operations 

Some operations are reasonably predictable and run to plan, so the need for control is minimal. In others, supply and/or 

demand may be unpredictable and it may, therefore, become necessary to rethink plans quite often and to increase 

control activities.  

 

Dependent and independent demand 

� Dependent demand - is relatively predictable because it is dependent upon some factor which is known, so 

dependent demand planning and control concentrate on the consequences of the demand within the operation. 

� Independent demand - operations will supply demand without having any firm idea of customers' orders. The 

business/organisation therefore runs the risk of being out of stock of items because demand may exceed the 

available stock. This is normal for independent demand planning and control where, by means of inventory, the 

operation attempts to respond quickly by putting resources in place to satisfy demand. 

Responding to Demand 

Difference in planning activities for 

� Resource to order – operations that buy in resources and produce only when there is a demand 

� Create to order or make to order – operations that produce products only when they are demanded  

� Made to stock – operations that produce products prior to their being demanded by customers 

 

P:D Ratio’s 

A ratio that contrasts the total length of time customers have to wait between asking for a product or service and 

receiving it (D) and the total throughput time to produce the product or service (P). 

� Determining the P:D ratios (P for ``total throughput time'' and D for ``demand time'') for various operations is 

another way of characterising the relationship between the time when a customer/client ``asks'' for a 

product/service and the time it takes the operation to obtain the resources and produce and/or deliver the 

product/service.  

� High P:D ratios generally mean that the operations need a long time before they can respond to 

customers/client’s needs. These operations normally also have a higher degree of uncertainty in their planning 

and control activities as the result of the longer time span involved in ``order-by-customer/client-to-

production/delivery-by-operation'' 
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P10.5 Planning and Control Activities 

Planning and control require the reconciliation of supply and demand in terms of volume, timing and quality. There are 

four overlapping activities, these are: 

1) Loading 

2) Sequencing 

3) Scheduling 

4) Monitoring and control 

Loading  

Loading is determining the amount of work allocated to the work centre. In working out the loading the difference 

between maximum available time and valuable operating time (e.g. of a machine) takes into consideration certain 

unavoidable losses in time (public holidays, weekends, equipment idling, set-up and changeover - planned times of 

unproductivity, etc.) and avoidable losses in time (quality losses, slow running equipment, breakdown, failure - 

unplanned times of unproductivity, etc.) in well-run operations. 

• Valuable operating time – the amount of time a set piece of equipment of work centre that is available for 

productive working after stoppages and inefficiencies have been accounted for.  

• Finite loading - is an approach which only allocates work to a work centre up to a set limit', which is the estimate 

of the capacity of the work centre. Finite loading is relevant for operations where: 

o It is possible to limit the load 

o It is necessary to limit the load 

o The cost of limiting the load is not prohibitive 

• Infinite loading - is an approach to loading work that allocates work to work centres irrespective of any capacity 

or other limits. Infinite loading is relevant for operations where: 

o It is not possible to limit the load 

o It is not necessary to limit the load 

o The cost of limiting the load is prohibitive 

 

Sequencing  

Sequencing is the activity within planning and controlling that decides on the order in which work will be performed. 

When priorities are given to work in an operation, some predefined set of rules may apply, or physical constraints 

(physical nature of materials being processed) may determine the priority. This predefined set of sequencing rules 

includes: 

• Physical constrains – The nature of materials being processed may determine the priority of work. 

• Customer/client priority -  allows important or aggrieved customers to be processed prior to others, irrespective 

of the order of arrival. 

• Due Date (DD) - is when work is sequenced according to the due date for delivery, irrespective of the size of 

each job or importance of the customer/client. 

• Last in first out (LIFO) - is when work is selected for practical reasons, meaning those last in move out first. 

• First in first out (FIFO) -  customers or clients are served as they arrive. 

• Longest operation time (LOT) - is when jobs that take the longest are done first 

• Shortest operation first (SOT) - is usually when cash constrained operations do the shortest jobs first to invoice, 

receive payment quicker and improve cash flow. 

 

The five performance objectives may also be used to judge the effectiveness of the sequencing rules. These 

performance objectives include  

1) Dependability, meeting dues dates promised 

2) Speed, minimizing the time a job spends in process 

3) Cost minimizing work-in-process inventory  

4) Minimizing idle time at work centres. 

 

Johnson’s Rule applies to sequencing of n jobs through two work centres or at two successive work centres. It also 

minimises the total idle time at the work centres. 
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Scheduling  

Scheduling is used to indicate the detailed timetable of what work should be done, when it should be done and where it 

should be done. Scheduling activity is considered to be one of the most complex tasks in production/operations 

management, because it deals with several different types of resources simultaneously (e.g. machines with different 

capabilities and capacities) and the number of possible schedules increase rapidly as the number of activities and 

processes increase. 

Forward and Backward Scheduling.  

• Forward scheduling involves starting work as soon as it arrives. 

• Backward scheduling involves starting the jobs at the last possible moment. In theory both MRP (material 

requirements planning) and JIT (just-in-time) use backward scheduling, which means that the work is only 

started when it is required. 

 

Advantages of forward scheduling Advantages of backward scheduling 

• High labour utilisation – workers always start work to keep 

busy 

• Flexible – the time slack allows for unexpected work to be 

loaded.  

• Lower material costs – materials are not used till they have 

to. 

• Less exposed to risk in case of schedule change 

• Tends to focus the operation on customer due dates 

 

Rostering usually indicate staff scheduling, the allocation of working times to individuals so as yto adjust the capacity of 

an operation. 

 

Monitoring and controlling the operation 

After a plan has been created for the operation through loading, sequencing and scheduling, each part of the operation 

has to be monitored to ensure that the planned activities do take place. Any deviation from the plans must be rectified 

through some kind of intervention and may involve replanning. 

 

Push and pull control 

• Push control – used to indicate that work is being sent forward to workstations as soon as it is finished on the 

previous workstation 

• Pull control – used to indicate that a workstation requests work from a previous station only when it is required, 

one of the fundamental principles of JIT planning and control.  

 

Drum, Buffer and Rope 

The drum, buffer and rope concepts come from the theory of constraints (TOC) and a concept called Optimised 

production technology (OPT). It helps to decide exactly where in a process control should be. Some work centres will not 

have the same amount of work allocated to them, this could result in a bottleneck on the work flow. This is called the 

drum as it sets the beat or pace of the rest of the process. Therefore it is sensible to keep a buffer of inventory for the 

next process. Because of constraints it is not necessary for stations where the bottleneck occurs to work at full capacity. 

The rope is the form of communication between the bottleneck and the input to the process that is needed to make 

sure that activities before the bottleneck do not overproduce.  
 

…………………………………………………………………………………………………………………………………………………………………………………………………………… 

 

Study Unit 11: Capacity Management 

 

• What is capacity planning and control 

o Its is the way organizations organize the level of value added activity that they can achieve under 

normal operating conditions over a period of time 

o It is usual to distinguish between long, medium and short term capacity decisions  

o Almost all operations have some kind of fluctuation in demand (or seasonality) 

• How is capacity measured  

o Either by the availability of its input resources or by the output which is produced 

o The usage of capacity is measured by the factors ‘utilization’ and ‘efficiency’. A more recent measure is 

that of overall operations efficiency (OEE) 

 

 

 



41 | P a g e  

 

• What are the ways of coping with demand fluctuation 

o Output can be kept level, in effect ignoring demand fluctuations. This will result in under utilization of 

capacity where outputs cannot be stored or the build up of inventories where output can be stored 

o Output can chase demand by fluctuating the output level through some combination of over-time, 

varying the size of workforce using part time staff and sub-contracting 

o Demand can be changed either by influencing the market through such measures as advertising and 

promotion or by developing alternative products with a counter-seasonal demand pattern 

o More operations use of mix of all three strategies 

• How can operations plan their capacity level 

o Representing demand and output in the form of cumulative representations allows the feasibility of 

alternative capacity plans to be assessed 

o In many operations, especially service operations, a queuing approach can be used to explore capacity 

strategies 

• How can operations control their capacity level 

o By considering the capacity decision as a dynamic decision which periodically updates the decisions and 

assumptions upon which these are based 
 

11.4 What is Capacity 

o The capacity of an operation is the maximum level of value-added activity over a period of time that the process 

can achieve under normal operating conditions  

o Some organisations operate below their maximum processing capacity because: 

1. there may be insufficient demand for the products or services to use up all available capacity, or  

2. as a deliberate policy that enables the operation to respond quickly to new ``unplanned or 

unexpected'' orders. 

o A capacity constraint (bottle neck) will occur when some part(s) of the operation is (are) operating at its (their) 

``capacity ceiling'' (at maximum processing capacity level) even while other parts may be operating below the 

capacity ceiling. Various parts of the operation may be pushed to their capacity ceiling and act as a constraint on 

the operation as a whole. 

 

Planning and controlling capacity 

The capacity planning and control task is to set the effective capacity of the operation so that it can respond to the 

demands placed upon it. This usually determines how the operation will react to fluctuations in demand. 

o Long-term capacity – Are long-term changes in demand and the alternative capacity strategies for dealing with 

the changes and concerned with introducing or deleting major increments of physical capacity. 

o Medium-term capacity - should be adjusted in the medium term, based on the assessment of demand 

forecasts for a period of 2 to 18 months.  

o Short-term capacity - allows flexibility owing to demand changes on a month-to-month, week-to-week, day-to-

day or even hour-to-hour basis, as well as on short notice. 

 

Aggregated demand and capacity - is used to indicate medium-term capacity planning that aggregates different 

products and services together in order to get a broad view of demand and capacity. That is, it is making overall, broad 

capacity decisions and not concerned with individual products and services offered.  

 

The bbjectives of capacity and planning control 

Decisions operation managers take will affect several aspects of the organisation, namely: 

• Costs 

• Revenues 

• Working capital 

• Quality 

• Speed 

• Dependability  

• Flexibility 

 

The steps of capacity planning and controlling 

The sequence of capacity planning and control involves the three steps of 

1. Measuring aggregate demand and capacity 

2. Identifying alternative capacity plans 

3. Choosing the most appropriate capacity plan 
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Measuring demand and capacity in operations  

Three specific requirements of the demand forecast for capacity planning and control purposes are: 

1. It should be expressed in terms that are useful for capacity planning and control (eg machine hours per year 

and not just a monetary value like R2million per year). 

2. It should be as accurate as possible (demand may fluctuate, but there is a time-lag between the decision to 

change capacity and the implementation of the decision, when the change actually takes effect). 

3. It must give an indication of its level of uncertainty (also referred to as ``accuracy'') through demand 

statistics, possible deviation of actual demand from average, probabilistic estimates, etc. 
 

Forecasting 

The two basic approaches to forecasting are Qualitative methods and quantitative methods. 

 

The qualitative Method 

Which involves collecting and appraising judgments, considering various options, looking at past performances, and 

inviting experts to make a prediction (the methods available are the panel approach, Delphi methods and scenario 

planning. 

1. Panel approach – The panel acts as a focus group allowing everyone to talk and act freely.  

2. Delphi method – Employs a questionnaire sent to experts, replies analysed and summarised and returned to 

experts and asked to reconsider their approach. It is repeated until consensus is reached.  

3. Scenario planning – Used for situations of greater uncertainty and is usually applied to long-term forecasting 

using a panel.  

 

The quantitative approach  

Includes the time series analysis and causal modelling 

1. Time series analysis - where the pattern of past behaviour of a single phenomenon over time is examined to 

forecast the phenomenon's future behaviour. A key weakness that is looks and past behaviour to predict the 

future, ignoring casual variables.  

The random variations which remain after taking out trend and seasonal affects are without any known or 

assignable cause. Nevertheless some attempt can be made to forecast it, namely: 

a) Moving average forecasting – takes the previous n periods’ actual demand figures and calculates the 

average demand over the n periods and uses this average as a forecast for the next periods demand. 

b) Exponential smoothing – Forecasts demand in the next period by taking into account the actual demand 

in the current period and the forecast which was made previously for the current period .  

2. Casual modelling - where complex techniques are employed to understand the strength of a relationship 

between the network of variables and the impact the have on each other. Simple regression models try to 

determine the ‘best fit’ expression between two variables.  
 

Measuring Capacity 

The main problem of measuring capacity is the complexity of most operations. Capacity can be measured by using: 

• Output capacity measure  - the most appropriate measure for an operation where the nature of its output does 

not vary much, e.g. 2 000 Model A television sets per week, or  

• Input capacity measures - when a much wider range of outputs occurs, which places varying demands on the 

operation, e.g. number of customers per night at a restaurant. 

 

Design capacity and effective capacity 

The theoretical capacity of an operation cannot always be achieved in practice due to different line and product 

requirements 

• The design capacity - The capacity of a process of facility as it is designed to be, often greater than effective 

capacity. 

• Effective capacity – The useful capacity of a process or operation after maintenance, changeover and other 

stoppages and loading has been accounted for.  

• Utilisation – the ratio of the actual output from a process or facility to its design capacity. 

A���������� =  ������ ������
����(� �������
 

• Efficiency – the ratio of actual output from a process of facility to its effective capacity. 

B��������
 =  ������ ������
�������	� �������
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11.6 Overall Equipment Effectiveness (OEE) 

A method of judging the effectiveness of how operations equipment is being used. Calculated as OEE = a x q x p which 

represents the valuable operating time as a percentage of the design capacity. 

OEE measure is based on three aspects, namely  

1. The time that equipment is available to operate – denoted by ‘a’ = total operating time divided by the loading 

time 

2. The quality of the product or service it produces - denoted by ‘q’ = valuable operating time divided by net 

operating time. 

3. The speed or throughput rate of the equipment - denoted by ‘p’ = net operating time divided by total operating 

time. 

 

11.6 Alternative Capacity Plans in Operations 

There are three different methods or ``pure'' options for responding to demand fluctuations, namely; 

1. Level capacity plan – An approach to medium-term capacity management that attempts to keep output from 

an operation or its capacity constant, irrespective of demand resulting in periods of undersupply and 

oversupply 

2. Chase demand plan - An approach to medium-term capacity management that attempts to adjust output 

and/or capacity to reflect fluctuations in demand. This fluctuation in capacity can be done in a few ways: 

• Overtime – Varying the number of productive hours worked by staff.  

• Idle time – cost of paying staff not engaged in productive work. 

• Hire and fire – varying the size of the work force through employment policy. 

• Part-time staff – staff required for less than a full working day. 

• Sub-contracting – temporary use of other operations to perform some tasks.  

3. Managed demand plan - An approach to medium-term capacity management that attempts to change or 

influence demand to fit available capacity. A common mechanism is to change demand is to change price or 

developing alternative products or services.  

 

Mixed plans - Most organizations should follow a mixture of the three ``pure'' approaches to ``simultaneously reduce 

costs and inventory, minimize capital investment, and yet to provide a responsive and customer-oriented approach at 

all times 

Yield management - is used where the operation has a relatively fixed capacity, and it is important for generating 

revenues at full potential such as airline (fixed seat capacity). It is a collection of methods used when 

• capacity is relatively fixed 

• the market is fairly segmented 

• the service cannot be stored  

• the services are sold in advance 

• the marginal cost of making a sale is relatively low 

 

11.7 Selecting a Capacity Planning and Control Approach 

Cumulative representation of capacity plans is useful where the operation can store its finished goods as inventory. In 

operations where it cannot produce goods and services before demand has occurred (like most service operations) 

capacity planning and control are best considered by using the waiting or queuing theory. 

• Cumulative representation – Reflects demand and capacity spread over a period of time allowing managers to 

predict whether the operations will be able to meet capacity during peak periods.  

• Queuing theory – A mathematical approach that models random arrival and processing activities on order to 

predict the behaviour of queuing systems. Also called waiting line theory.  
 

 

 

 

 

 

 

 

 

……………………………………………………………………………………………………………………………………………………………………………………………………….. 
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Study Unit 12: Enterprise resource planning 

 

• What is ERP? 

• An enterprise wide info system that integrates all the info from many functions that is needed for 

planning and controlling operations activities. This integration around a common database allows 

for transparency 

• How did ERP develop? 

• latest development from the original planning and control approach called materials requirements 

planning (MRP) 

• What is MRP? 

• a dependent demand system which calculates materials requirements and production plans to 

satisfy known and forecast sales orders 

• it is a master production schedule which summarizes volume and timing of end products or services 

• What is MRP II? 

• Systems that integrate many processes that are related to MRP but which are located outside the 

operations function 

• How is ERP developing? 

• It is becoming increasingly competent at the integration of internal systems but there is significant 

potential for integrations with other organization’s ERPs 

• The internet has opened up the possibility of a web-based integration 
 

12.3 What is ERP? 

Enterprise Resource Planning (ERP) – The integration of all significant resource planning systems in an organisation that, 

in an operation context, integrates planning and control with other functions of the business. It is the most recent 

development that evolved from the original material requirements planning (MRP), which as a system helped calculate 

the quantity and types of materials required (or volume calculations) and the times when they are required (or the 

timing calculations).  

• Material requirements planning (MRP) – A set of calculations embedded in a system that helps make operations  

volume and timing calculations for planning and control purposes. 

• Bill of Materials (BOM) – A list of component parts required to make up the total package for a product or 

service together with information regarding their level in the product or component structure and the 

quantities of each component required.  

• Master production schedule (MPS) – The important schedule that forms the main part of too material 

requirements planning, it contains a statements of the volume and timing of the end products to be made.  

• Manufacturing Resource Planning (MRPII) – An expansion of material requirements planning to include greater 

integration with information in the other parts of the organisation and often greater sophistication in scheduling 

calculations. 

• Web-integrated ERP – Enterprise resource planning that is extended to include the ERP type systems of other 

organisations such as customers and suppliers.  
 

12.4 Information inputs and outputs of MRP 

The inputs to MRP I are; 

• Master production schedule (MPS) - provides information on demand, has as its inputs customer/client 

orders, which provide  information on firm orders scheduled and the demand forecast, which provides 

information on realistic estimates of the quantity and timing of future orders 

• Bills of materials - provide information on the product structure (level, part number, description and 

quantity) 

• Inventory records -  provide information on the parts or items that are already in stock in the form of finished 

goods, work in progress or raw materials, components, etc. 

 

The outputs of MRP I are; 

• Purchase orders - show the quantity and time required for the net requirements of items, raw materials, 

components, parts, etc., that are bought from suppliers 

• Materials plans - which show the material requirements at each level and part or component of the bill of 

materials for each product 

• Work orders - show the net requirements for items, components, parts, etc., that are made in-house 
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Demand management 

• Demand management combines the management of customer orders and sales forecasts, which feeds into 

the MPS and encompasses the set of processes that interface with customer and market. 

• Confirmed customer orders reflect the records of exactly what each customer has ordered, how many they 

have ordered and when they require delivery (known orders) 

• The forecast of demand tries to predict what the likely orders (forecast orders) will be. The combination of 

confirmed customer orders and forecast of demand is used to represent demand for the organization. 

• The mix of known orders and forecast orders will also be different for different types of operations;  

o In a make-to-order business, the visibility of known orders over time will be greater than for the 

make-for-stock business. 

o For the purchase-to-order business, most raw materials will only be ordered once confirmed 

customer orders are received. 

o In a resource-to-order business, raw materials will not be ordered, and the business will not enter 

into contracts for labour and equipment. 

 

The Master Production Schedule 

The important schedule that forms the main input to material requirements planning, it contains a statement of the 

volume and timing of the end product to be made. 

� Inputs into the MPS include: 

o Forecast demand 

o Known orders 

o Key capacity constraints inventory levels  

o Spares demand 

o Safety stock requirements  

o Exhibition/promotion requirements 

o R&D Demand 

o Sister plant demand 

 

Chase or level Master production Schedule. 

� Chase MPS – The MPS increases as demand increases and aims to keep available inventory at 0 – in this way the 

MPS is chasing demand and stock is kept at a minimum.  

� Level MPS - An alternative level MPS involves averaging the amount to be required to be completed to smooth 

out peaks and troughs, manufacturing constant demand and keeping minimum stock levels.  

� Available to Promise (ATP) -  is the stock available to promise – in the chase level this is 0 as there is no 

additional stock, in level MPS, this is whatever is left over – pg. 413 for tables. 

 

Product structure and the levels of assembly 

The product structure will show the various parts that go into making the final or end product and, in MRP terms, it will 

break down the finished product into different levels of assembly with  

o Level 0 - being the finished product,  

o Level 1 - the parts and subassemblies that go into making the finished product, level 2 - the parts and 

subassemblies that go into level 1 

There are several features of this product structure; 

� Multiples of some products are required, MRP needs to know this to multiply the requirements. 

� The same part may be used in different parts of the product structure. 

� The product structure starts when it gets down to parts that are not made by the business.  

 

The shape of the component structure  

Component structure shape is a diagram shows the constituent component parts of a product or service package and 

the order in which the component pasts are brought together, often called component structure. 

The nature of the product structure is closely related to the design of the product. This is reflected in the component 

structure shape. The shape is determined by the number of components and parts used at each level as well as the 

amount of the item made in-house. Recognised shapes include; 

o A-shape - only one finished product which goes into a greater number of  components (low variety) 

o T -shape – small number of raw materials and a standard manufacturing process with a very wide range of 

highly customized end products. 

o V-shape -  A small number of raw materials, a high number of products but with less standardised 

manufacturing process.  
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o X-shape -  a wide range of finished products with economies and stability of large volume production of 

modularized manufactured components. 

 

Single-level and intended bills of materials 

• single-level bills of materials provide the details of the relationships between parts and 

subassemblies at one single level at a time (All of 0;then 1;then 2) 

• indented bills of materials provide the details of the relationships between parts and 

subassemblies at several levels at a time (all together 0;1; 2). It is indented as .1 or ..2. 

• inventory management 

• Three files kept in the MRP system help manage inventory, namely  

� the item master file (contains the unique standard identification code for each part or 

component),  

� the transaction file (which tracks the quantity of inventory of each part kept)  

� the location file (identifies where the parts of inventory are physically kept 

� or stored). 
 

12.5 MRP Calculations 

The core of the MRP procedure involves calculating the volume of (how much) and timing (when or at which time) 

requirements of materials that will satisfy the demand for the finished or end products. The way these calculations are 

performed is MRP netting process 

 

MPR Netting Process 

MRP Netting process is the process of calculating net requirements using the master production schedule and the bills 

of material. 

The MRP netting process takes the master production schedule and ``explodes'' the schedule through a single-level bill 

of materials to determine how many subassemblies or parts are required. Before moving down to the next level of the 

product structure, it checks to see how many of the required parts are already in stock. Then it generates work orders or 

requests for the net requirements of items made in-house and/or purchase orders for the net requirements for items 

that are bought from suppliers.  

Back scheduling (lead time) 

• In addition to calculating the volume of materials required, the MRP must also consider when these parts are 

required, or the time and scheduling of the materials.  

• This is done by back-scheduling from the time when the finished or end products are required. It means that the 

lead times (time allowed for the completion of each stage of the process) for each part that goes into the 

assembly are taken into account. 

• Using the lead-time information, the programme works backwards to determine tasks that have to be 

performed and the purchase orders that have to be placed. 

MRP Capacity checks 

The MRP process needs checking to determine whether a plan is achievable. The ``closed-loop'' MRP thus includes a 

feedback loop that facilitates the checking of production plans against available resources. Should the plans not be 

achievable at any level, they are revised through three planning routines. These are; 

These are resource requirements plans (RRP), rough-cut capacity plans (RCCP) and capacity requirements plans (CRP). 

• Requirements plans (RRP) - focus on the long term to predict the requirements for large structural parts of the 

operation, such as numbers, locations and size of new plants. 

• Rough-cut capacity plans (RCCP) - Used in the medium to short term to check the master production schedules 

into known capacity bottlenecks.  

• Capacity requirements plans (CRP) –Look at the day-to-day effect of the works orders issued from the MRP on 

the loading individual process stage. 

 

Manufacturing resource planning II (MRPII) 

The difference between material requirements planning (MRP I), manufacturing resource planning (MRP II) and 

enterprise resource planning (ERP) are; 

• MRP was essentially aimed at the planning and control of production and inventory in manufacturing 

organizations.  

• It was extended to MRP II, which is one integrated system containing a database that could be accessed by the 

whole business, including marketing, finance and engineering.  
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• ERP is a further development of MRP II. Its aim is to ``integrate the management of the different functions 

within the business as a whole in order to improve the performance of all the interrelated processes in a 

business''. 

12.6  Enterprise resource planning (ERP) 

ERP is the integration of all significant resource planning systems in an organisation that, in an operations context, 

integrates planning and control with other functions of the business.  

ERP is a complete system of software support modules that integrates marketing, sales, product design, production and 

inventory control, procurement, distribution, process design and development, manufacturing, quality, human resource, 

finance and accounting, and enables the sharing of information among these functions. 

Because of the much enhanced visibility that information integration gives, it also serves as a function of discipline that 

ERP demands and is seen as a ``double-edged'' sword. On one hand it keeps the management of every process within 

the organization ``on their toes'' and allows for best practices, but on the other, the rigidity of this discipline is both 

difficult to achieve and possibly not appropriate for all parts of the business. 

Benefits of ERP 

• There is absolute visibility of what is happening in all parts of the business; 

• The disciple of forcing business process based changes is an effective mechanism for making all parts of the 

business more efficient.  

• There is a better sense of control of operations for continuous improvement. 

• It enables more sophisticated communication with customers, suppliers giving more timely information.  

• It is capable of including whole supply chains including suppliers and customers. 

• It is based on client/server architecture, i.e. information is open to anyone with access. 

• It can include decision-support facilities. 

• It can be linked to external extranet systems such as the company’s supply chain partners. 

• Can be linked to standard used programmes such as spreadsheets. 

• Can operate on common platforms such as Windows, Linux or Unix.  

 

Web-integrated ERP 

Web-integrated ERP is that it is extended to include the ERP type systems of other organisations such as customers and 

suppliers. This is, it is able to give customers and suppliers to see progress of orders and operations planning and 

control.  

Optimised production technology (OPT) 

• The optimized production technology approach recognizes the importance of planning to known capacity 

constraints rather than overloading part of the production plan. 

• It is based on the Theory of Constraints (TOC), which entails focusing on the capacity constraints or bottlenecks 

in an operation, working to remove them, and then looking for the next constraint, etc. to improve the pace of 

output or throughput. 

• OPT is a computer-based technique and tool which helps to schedule production systems to the pace dictated 

by the most heavy loaded resources, that is bottlenecks. 

Principles of OPT 

• Balance flow not capacity 

• The level of utilization of a non-bottle neck is determined by some other constraint in the system not by its own 

capacity 

• Utilization and activation of a resource are not the same – utilization is only if it contributes to the entire process 

• One hour lost in a bottleneck is an hour lost forever out of the entire system 

• Bottlenecks govern throughput and inventory in the system. 

• You do not have to transfer batches in the same quantities that you produce them 

• The size of the process batch should be variable not fixed  

• Fluctuations in sequence dependent processes add to each other rather than averaging out 

• Schedules should be established by looking at all constraints simultaneously  

To what extent are OPT and MRP/ERP compatible  

• OPT should not be viewed as a replacement for MRP/ERP, and they can run together, though conflict may arise 

in practice.  

• MRP/ERP does not prescribe fixed lead times and batch sizes, though the systems are usually run that way. The 

focus on bottlenecks (which may change their location and severity because of the dynamic nature of 

unplanned variations in demand, supply and the process of manufacture) necessitates that lead times and batch 

sizes change throughout the operation (depending on whether a particular work centre is a bottleneck or not). 
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……………………………………………………………………………………………………………………………………………………………………………… 

TOPIC 10: Inventory and supply chain planning and control     

Study Unit 13: Inventory planning and control 

• What is inventory 

• a stored accumulation of transformed resources in an operation 

• almost all operations keep some form of inventory – most usually of materials but also of info and 

customers (queues) 

• Why is inventory necessary  

• to smooth the differences between supply and demand 

• 5 main reasons 

• To cope with unexpected interruptions in supply or demand (buffer inventory) 

• To cope with the operations inability to make all products simultaneously (cycle inventory) 

• To allow different stages of processing to operate at different speeds and schedules (de-

coupling inventory) 

• To cope with planned fluctuations (anticipation inventory) 

• To cope with transportation delays in the supply network (pipeline inventory) 

• What are the disadvantages of holding inventory  

• It forms a major part of working capital, tying up money that could be used more productively 

elsewhere 

• There is a risk of damage, loss, deterioration or obsolescence  

• It takes up space and the conditions of storage have to be managed 

• How much inventory should an operation hold 

• This depends on the balancing of costs of holding stock against costs of placing an order 

• The best known approach is the economic order quantity formula (EOQ) 

• When should an operation replenish inventory 

• This depends on the level of uncertainty of demand. The level of safety stock is influenced by the 

variability of demand and the lead time of supply 

• Using re-order levels as triggers drives constant review of inventory levels 

• How can inventory be controlled 

• Using the ABC classification of stock 

• Computer based programs 

 

13.3  What is Inventory? 

Inventory or stock is the stored accumulation of material resources in a transformation system. It is also referred to as 

transformed input resources, because it primarily comprises materials that are treated, transformed or converted in the 

transformation process to produce products.  

 

The roles of inventory 

• Keeping inventory for the operation in the form of raw materials, components, parts, finished products, etc. has 

a direct bearing on all its performance objectives, including speed, flexibility, quality, cost and dependability. 

• Inventory is sometimes seen as a ``necessary evil''. Without it or with too little of it, the operation would 

probably not be able to run smoothly, but with too much inventory, the operation becomes too expensive to 

run. 

 

Types of Inventory 

• Buffer Inventory – An inventory that compensates for unexpected fluctuations in supply and demand, also called 

safety inventory. 

• Cycle Inventory – Inventory that occurs when one stage in a process cannot supply all the items it produces 

simultaneously and so has to build up inventory of one item while it processes the others.  

• De-coupling Inventory – The inventory is used to allow work centres or processes to operate relatively 

independently. 

• Anticipation Inventory – Inventory that is accumulated to cope with expected future demand or interruptions in 

supply. 

• Pipeline inventory – The inventory exists because material cannot be transported instantaneously. 
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Disadvantages of holding inventory  

• It forms a major part of working capital, tying up money. 

• Inventory incurs storage costs 

• There is a risk of damage, loss, deterioration. 

• Inventory may become obsolete 

• Inventory could be lost or stolen 

• Inventory add administrative and insurance costs  

• It takes up space and the conditions of storage have to be managed 

 

Position of Inventory 

There are three types of inventory. 

1) Raw material and component inventories – Good are received form operations suppliers and work their way through the 

various stages of production.  

2) Work-in-progress - Time raw material are spent in the production process before reaching finished goods inventory. 

3) Finished goods inventory. Multi-echelon inventory system is a development of finished goods inventory and maps the 

relationship of inventories between the various operations within a supply network.  

 

Inventory stage systems 

The position of inventory may also differ, depending on the location of the imbalance between supply and demands in 

the operation. 

• Single stage inventory system 

o Local retailer 

o Only one stock of goods to manage 

• Two stage inventory system 

o Automotive dealer 

o May have central depot and various other local distribution points that hold inventory  

• Multi-stage inventory system 

o Television manufacturer 

o Inventory is held for raw materials and components; work in progress and finished goods 

• Multi-echelon inventory system 

o Clothing manufacturer to retails 

o Inventory is held between the various operations within the supply network as a whole. E.g. Yarn to 

cloth to garment to regional warehouse to retail store 

 

Day-to-Day inventory decisions 

Production/operations managers need to take three types of inventory decisions on a day-to-day basis, namely,  

• How much to order - the volume decision. 

• When to order - the timing decision. 

• How to control the inventory - inventory analysis and control systems. 
 

 

13.4 The Volume Decision – How much to order. 

Inventory costs to be considered 

• Cost of placing the order 

• Price discount costs 

• Stock out costs 

• Working capital costs 

• Storage costs 

• Obsolescence costs 

• Operating inefficiency costs 

 

Inventory Profiles – Is the visual representation of the inventory level over time. Every time an order is placed, Q items 

are ordered. Demand for the items is steady at a predictable rate of D units per month. When D stock is depleted, an 

order of Q is ordered, under these circumstances:  

� The average inventory = Q/2 

� The time interval between deliveries = Q/D  (demand) 

� The frequency of deliveries = D/Q 
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Economic order quantity (EOQ) 

Economic order quantity is the quantity of items to order that supposedly minimises the total cost of inventory 

management, derived from various EOQ formulae. It is the most common ordering approach in attempting to find 

balance between the advantages and disadvantages of holding stock. 

 

` 

 

 

 

 

 

 

 

 

Order costs are calculated by taking into account: 

1) Cost of placing the order 

2) Price discount costs 

Cost of holding stock is calculated at R1 per item per year and cost of order is calculated at R20. We can now calculate 

the total holding costs: 

• Holding costs = holding cost / unit x average inventory =  *C D E
F 

• Ordering costs = ordering cost x number of orders per period =  *- D G
E 

• Total costs = *5 =  HCE
F +  H-G

E  

 

Economic batch quantity (EBQ) 

Economic batch quantity is the amount of items to be produced by a machine or process that supposedly minimizes the 

cost associated with production and inventory holding.  

An example is a batch order is placed and the machine will produce and ship the parts in a continuous stream. Stock will 

increase as long as parts stream faster than the demand for the goods. The machine will then move on to the next part 

to be manufactured.  

• This depicts the gradual replacement of inventory 

Example: 

A bottle filling plant needs to decide how long to run each type of drink to process. Demand for each drink is constant at 

80,000 unit per month (160hrs). The bottles are filled at a rate of 3000 bottles per hour with  1hr change over and a cost 

of R100 (labour and production). Stock-holding costa are counted at R0.1 per bottle per month.  

D  = 80,000 per month 

 = 500 per hour  

=JF = <:: = K::::
:.<( <LM NOO

POOOQ)  

EBQ = 13.856 

 

Criticisms of EOQ and EBQ 

• The simplistic nature of the assumptions of EOQ models. Assumptions were made that would rarely be true in 

practice, but most can approximate reality. Where they are found to be completely incorrect, the use of EOQ 

models should be considered inappropriate. 

• The argument that the ``real'' cost of stock does not correspond to the assumed cost in the EOQ models. Should 

the slope of the holding costs be increased to reflect a more accurate picture, the total costs of inventory would 

be higher and the minimum cost point to the left of the previous point. This then favours lower economic order 

quantities and implies that operations less willing to hold stock on the grounds of cost, should order smaller 

quantities but do so more frequently.  

• The argument that the models are descriptive and should not be used prescriptively. This is primarily a 

philosophical criticism from the Japanese-inspired just-in-time [JIT] approach, which focuses on reducing the 

overall level of inventory rather than on determining the optimum order quantity. It also tries to reduce the cost 

of placing orders by reducing changeover times or cost of changeover. 

 

 

Plan B 
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13.4 The Timing Decision – When to place an order. 

The assumption here is that demand and the order lead times are perfectly predictable, which they will not be. Safety 

stock is held because of the unpredictability and variability of both lead times [t] and demand rate [d]. 

• Re-order point – The point in time at which more item are ordered, usually calculated to ensure that inventory 

does not run out before the next batch of inventory arrives.   

• Re-order level – The level of inventory at which more items are ordered, usually calculated to ensure inventory 

does not run out before the next batch of inventory arrives.  

• Lead-time usage – The amount of inventory that will be used between ordering replenishment and the 

inventory arriving, usually described by a probability distribution to account for uncertainty in demand and lead 

time. 

Replenishment timing decisions 

• The continuous review - approach makes the decision concerning the timing of stock replenishment by 

continuously reviewing the current level of stock and re-ordering as soon as it reaches its re-order level. This 

means the timing of orders is irregular, but there is a constant re-order size [Q], which can be set at the 

optimum economic order quantity. 

• The periodic review – An approach to making inventory decisions that defines points in time for examining 

inventory levels and then makes decisions accordingly, as opposed to continuous review.  

 

The Time Interval 

The interval between placing orders, t1, is usually calculated on a deterministic basis and derived from EOQ. 

E.g. If the demand is 2000 units per year, cost of placing an order is R25, cost of holding stock is R0.5 per item per year: 

EOQ = JFHR G
HS   =  JF = F::: = FT

:.T  = 447 

The optimum time between interval orders, tf, is therefore: 

UV = 
WXE

G  = 
YY;

F::: years = 2.68 months 

Uncertainties in demand and lead time can be allowed for by setting $Z to allow for out-of-stock based on usage during 

the period UV + lead time. 

 

Two-bin and three-bin systems. 

Two and three bin systems are used as part of a continuous review approach  

• Two-bin system - the items used are placed in the first bin and the re-order-point quantity and safety stock are 

placed in the second bin. As soon as the first bin empties, it signals that the next re-order quantity should be 

ordered.  

• Three-bin system - the second bin as described above is split, and the re-order quantity and safety stock are held 

separately. 

 

13.5 Inventory analysis and control systems 

To control complex inventory systems, managers need to do two things: 

1) They have to discriminate between different stocked items to apply a degree of control to each item 

appropriate to its importance.  

2) They need to invest in information-processing system which can cope with their particular set of inventory 

control circumstance.  

A common way to discriminate between stock is to use their usage value, which is their usage rate multiplied by their 

individual value. Generally a small portion of inventory will account for a large portion of the total value, Pareto Law. 

• Pareto Law – A general law found to operate in many situations that indicate that 20% of something accounts 

for 80% of something else, i.e. 20% of products produce 80% of sales, 20% of problems produce 80% disruption.  

 

ABC inventory control allows inventory managers to concentrate their efforts on controlling the more significant items 

of stock. It class inventory by its usage value and varies the approach to managing it accordingly. 

• Class A – Are those 20% or so of high-usage items 

• Class B – Items of medium usage value, usually the next 30% 

• Class C – Items of low usage value, comprising 50% of total types of stock items.  

Other factors to consider other than usage value to consider: 

• Consequence of out-of-stock – Items that seriously disrupt operations or customers 

• Uncertainty of supply – Items that warrant more attention if their supply is erratic and uncertain. 

• High obsolescence or deterioration risk – Items that could lose value or become redundant. 
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Inventory information system 

Computerised inventory information systems are used to manage most inventories that are of any significant size and 

have the common functions of  

• Updating stock records 

• Generating orders  

• Generating inventory reports 

• Forecasting. 

Most computer-based inventory management systems are based on the perpetual inventory principle. This means that 

inventory records are automatically updated when items are received and taken out of inventory with the formula: 

Opening stock level + receipts in - dispatches out = new stock level. 

Common problems with inventory systems lie in data inaccuracy as the result of  

• Keying errors 

• Quantity errors 

• Damaged inventory not recorded as such 

 

• Wrong items being removed from stock 

• Delays between transactions and records updated.  

• Items stolen from inventory. 

 

………………………………………………………………………………………………………………………………………………………………………………… 

 

 

Study unit 14: Supply chain planning and control 

 

� What is supply chain management  

o A broad concept which includes the management of the entire supply chain from the supplier of raw 

material to the end customer  

o Its component activities include 

� Purchasing 

� Physical distribution management 

� Logistics 

� Materials management  

� CRM 

� Are different supply chain objectives needed in different circumstances 

o Functional markets which are relatively predictable require efficient supply chains 

o Innovative markets are less predictable and require responsive supply chains 

� How do supply chains behave in practice 

o They exhibit a dynamic behaviour known as the bullwhip effect. This shows how small changes at the 

demand end of the supply chain are progressively amplified for operations further back in the chain 

o To reduce this effect, operations must adopt three co-ordination strategies 

� Info sharing  

� Channel alignment  

� Operational efficiency  

o Increasingly, supply risks are being measured as a countermeasure to their vulnerability  
 

14.2 What is Supply Chain Management? 

A supply network is all the operations linked together to provide goods and services, i.e. the network of supplier and 

customer operations that have relationships with an operation. 

A supply chain is a strand of linked operations. A linkage or strand of operations that provide goods and services 

through to end customers; within a supply network several supply chains will cross through an individual operation. 

Supply chain pipeline, an analogy to describe supply chains.  

o a supply chain refers to the individual channels or strands that represent the flow of goods and services 

through the supply network of linked operations.  

o supply chain management refers to ``the management of the interconnection of organizations that 

relate to each other through upstream and downstream linkages between the different processes that 

produce value in the form of products and services to the ultimate consumer''.  

o Supply chain management embodies a holistic approach to the management of the flow of goods and 

services across company boundaries. An analogy often used to describe supply chains is that of a 

pipeline. Goods and services must flow through the supply chain pipeline and are processed and stored 

by different operations in the chain.  
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The supply chain objective 

The supply chain objectives are expressed in terms of the five performance objectives of all operations, namely, quality, 

speed, dependability, flexibility and cost. 

� Quality - The final product/service quality is a function of the quality performance of each and every operation 

in the whole chain. 

� Speed - at which customers can be served from requesting the product/service until receiving it and/or the 

time it takes products/services to move through the entire supply chain is the second performance objective. 

� Dependability - refers to the ``on-time delivery'' guarantee and/or ``throughput time'' dependability, which 

reduces uncertainty.  

� Flexibility - is the ability to cope with variability, changes and deviations, and cost is the additional cost apart 

from the cost of each operation transforming its inputs to outputs in doing ``business' 'with one another in the 

supply chain as a whole. 

� Costs – incurred to transform inputs to outputs and cost of doing business such as contracts, monitoring 

performance, transportation etc.  
 

14.4 Activities of Supply Chain Management 

It is important to distinguish between the different terms; Supply chain management, Purchasing and supply 

management, Logistics, Materials management. 

 

Parts of the supply chain 

a) Purchasing and supply management - which encompasses the operation's interface with its supply markets and 

refers to the supply side part of the chain.  

Supplier selection should involve trading off alternate attributes such as range of products, potential for innovation, 

quality of products, dependability, responsiveness, cost, ease of doing business.  

• Single-sourcing – The practice of obtaining all of one type of input product, component, or service from a 

single supplier. 

• Multi-sourcing – The practice of obtaining the same type of product, component, or service from more than 

one supplier in order to maintain market bargaining power or continuity of supply.  

 Single-sourcing Multi-sourcing 

Advantages • Potentially better quality 

• Stronger relationships 

• Greater dependency = more commitment 

• Better communication 

• Easier to develop new product/services 

• More scale economies 

• Higher confidentiality 

• Purchaser can drive down prices 

• Can switch sources in case of supply failure 

Disadvantages • More vulnerability 

• Supplier affected by volume disruptions 

• Supplier might exert upward pressure on prices. 

• Difficult to encourage commitment 

• Less easy to develop SQA 

• More effort needed to communicate 

• More difficult to obtain scale economies 

• Supplier less likely to invest in new process 

 

b) E-procurement – The use of internet to organise purchasing, this may include identifying potential supplier and 

auctions as well as the administrative tasks of issuing orders. Benefits of e-procurement include: 

1) Promotes efficiency improvements 

2) Reduces the transaction costs of doing business 

3) Opens the market place to increased competition  

4) Improves operations ability to manage supply chain more effectively 

 

c) Physical distribution management - encompasses the supplying of immediate customers and refers to the demand 

side part of the chain.  

• Logistics - an extension of physical distribution management - encompasses the management of materials and 

information flow of the business through a distribution channel and refers to the demand side part of the chain.  

 

d) Materials management -  encompasses the management of the flow of materials and information through the 

immediate supply chain, including the activities of purchasing, inventory management, stores management, 

operations planning and control, and physical distribution management 
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14.5  Types of relationships in supply chains 

The behaviour of the supply chain as a whole is the result of the relationships that develop between the individual parts 

of the operations within the chain itself. It is necessary to develop a framework to help the business understand the 

different ways in which the various business/consumer relationships may develop: 

• Business to business – most common, all but the last link in the supply chain 

• Business to consumer – Retail operations and catalogues 

• Consumer to business – Consumers make the offer and business’ respond 

• Consumer to consumer – Trading or swap services such as auction transactions and classified websites. 

 

Different business to business relationships 

• Traditional market supply relationships – the relationship between buyer and supplier is very short-term; no 

further trading after payment 

• Virtual operations – extreme form of outsourcing; operation performs few if any value adding activities itself but 

rather organizes a network of supplier operations  

• Partnership supply relationships – relationship that encourages relatively enduring cooperative agreements for 

the joint accomplishment of the business goals 

 

The traditional market supply relationship 

The relationship between seller and buyer is very short-term. Once goods are delivered and payment made, no further 

trading is done between parties. 

Advantage Disadvantages 

• It maintains competition for best value between 

suppliers 

• Economies of scale for single of few product suppliers 

supplying to many customers 

• There is flexibility in outsourced supplies. If demand 

changes customers can change supply and quantity. 

• Innovations can be exploited by specialist suppliers 

• Operations can concentrate on core activities and 

outsource the rest 

• There may be supply uncertainties 

• Choosing to buy from takes time and effort 

• There are strategic risks in contracting activities to 

other business. 

 

Virtual operations 

Virtual operations are operations that perform few, if any, value-adding activities itself, rather it organisies network of 

suppliers operations, seen as the ultimate in outsourcing. 

The advantage is their flexibility and the risk of investing in production facilities are far lower than in conventional 

operations.  

The disadvantage is that it is difficult to hold on to and develop unique core of technical expertise. The resources will 

also be available to competitors.  

 

Partnership supply relationships 

Partnership supply relationships are a type of relationship in supply chains that encourages relatively enduring 

cooperative agreements for the joint accomplishment of business goals. They are seen as a compromise between 

vertical integration (owning the resources that supply the organisation) and a pure market supply relationship (only 

transactional involvement with the organization's suppliers 

Factors that may affect the degree of ``closeness'’ of the partnership include; 

• Sharing of success – attitude of shared success is mutually beneficial 

• Long-term expectations – May require long-term commintments but not permanent ones 

• Multiple point of contact – Communication between multiple individuals in both organisations 

• Joint learning – learning from each other’s experience 

• Few relationships – Partnership is a commitment to limit the number of customers or suppliers 

• Joint coordination of activities – fewer relationships means it is possible to coordinate flow of materials, 

payment etc. 

• Information transparency – open exchange help to build confidence between the partners 

• Joint problem solving – Jointly problem solving can increase closeness over time.  

• Trust – A key element and most difficult to maintain. 
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Customer relationship managements (CRM) 

Customer relationship management (CRM) is a ``method of learning more about customers' needs and behaviours in 

order to develop stronger relationships with them'' and further ``it is a process that helps to understand customers' 

needs and develop ways of meeting those needs while maximizing profitability''. CRM builds a number of steps into the 

customer interface process. It helps to sell products and services and increase revenues by: 

• Providing services and products that customers want 

• Retaining existing customers and discovering new ones 

• Offering better customer service 

• Cross selling products more effectively 

 

Supply chain behaviour 

How should supply chains be managed when operations compete in different ways in different markets? One needs to 

organise the supply chains serving those individual markets in different ways. Supply chain policies seen to be 

appropriate are: 

• Efficient supply chain – include keeping inventories low, especially in downstream parts of the network. 

Inventory is kept in the manufacturing part of the system where utilisation is high.  

• Responsive supply chain – stresses high service levels and responsive supply to customer end. The inventory 

deployed will be deployed as closely to the customer as possible.  

 

Supply chain dynamics. 

The bullwhip effect – The tendency of supply chains to amplify relatively small changes at the demand side of the supply 

chain such that the disruption at the supply end of the chain is much greater. A small disturbance at one end of the 

chain causes increasingly large disturbances as it works its way up the chain. 

 

Supply chain improvement 

Most of these improvements attempt to improve supply chain performance. 

• E-business – New information technology and internet based e-business provide better and faster information 

to all stages of the supply chain. Without fast and correct information, managers cannot make decisions.  

• Information sharing – Operations need to transmit information throughout the chain so that all operations can 

monitor true demand.  

• Channel alignment – Is the adjustment of scheduling, material movements, stock levels, pricing and other sales 

strategies to bring all operations within the chain together.  

o Vendor managed inventory – Prevents fluctuations between operations form differences in forecasting 

or purchasing practises even when using the same information. This allows an upstream supplier to 

manage the inventories of its downstream customer.  

• Operational efficiency – Is the effort that each operation in the chain can make to reduce its own complexity, 

reduce costs and reduce throughput time. An important approach is  

o Time compression – This is speeding the flow of materials down the chain and the flow of information 

back up the chain.  

Supply chain vulnerability 

An agile supply chain may bring about serious supply chain risks and disruption. This may be the result of major 

unplanned events such as a key supplier becoming insolvent, global outsourcing (parts are shipped around the world, 

which involves increased risk), increased demand volatility in certain areas, natural disasters, terrorist attacks, industrial 

action, port blockades, and accidents.  

Supply chain risk is the study of the vulnerability of supply chains to disruption.  

 


