


The Handbook of 
Logistics and 
Distribution 
Management



ii

THIS PAGE IS INTENTIONALLY LEFT BLANK



Alan Rushton, Phil Croucher and Peter Baker

The Handbook of 
Logistics and 
Distribution 
Management
Understanding the supply chain

Seventh edition



Publisher’s note

Every possible effort has been made to ensure that the information contained in this book is accurate 

at the time of going to press, and the publishers and authors cannot accept responsibility for any errors 

or omissions, however caused. No responsibility for loss or damage occasioned to any person acting, 

or refraining from action, as a result of the material in this publication can be accepted by the editor, the 

publisher or the author.

First published in Great Britain and the United States in 1989 by Kogan Page Limited

Second edition 2000

Third edition 2006

Fourth edition 2010

Fifth edition 2014

Sixth edition 2017

Seventh edition 2022

Apart from any fair dealing for the purposes of research or private study, or criticism or review, as permitted 

under the Copyright, Designs and Patents Act 1988, this publication may only be reproduced, stored or trans-

mitted, in any form or by any means, with the prior permission in writing of the publishers, or in the case of 

reprographic reproduction in accordance with the terms and licences issued by the CLA. Enquiries concerning 

reproduction outside these terms should be sent to the publishers at the undermentioned addresses:

2nd Floor, 45 Gee Street

London

EC1V 3RS

United Kingdom

www.koganpage.com

8 W 38th Street, Suite 902

New York, NY 10018

USA

4737/23 Ansari Road

Daryaganj

New Delhi 110002

India

Kogan Page books are printed on paper from sustainable forests.

© Phil Croucher, Alan Rushton and Peter Baker 2022

The right of Phil Croucher, Alan Rushton and Peter Baker to be identi�ed as the authors of this work has been 

asserted by them in accordance with the Copyright, Designs and Patents Act 1988.

ISBNs

Hardback 9781398602069

Paperback 9781398602045

Ebook 9781398602052

British Library Cataloguing-in-Publication Data

A CIP record for this book is available from the British Library.

Library of Congress Control Number

2021053166

Typeset by Hong Kong FIVE Workshop

Print production managed by Jelly�sh

Printed and bound by CPI Group (UK) Ltd, Croydon CR0 4YY



CONTENTS

List of �gures xvi

List of tables xxiv

About the authors xxv

Preface xxviii

PART ONE  Concepts of logistics and distribution 1

01 Introduction to logistics and distribution 3

Introduction 3

Scope and de�nition 4

Historical perspective 7

Importance of logistics and distribution 10

Logistics and supply chain structure 14

02 Integrated logistics and the supply chain 16

Introduction 16

The total logistics concept 16

Planning for logistics 18

The �nancial impact of logistics 23

Globalization and integration 24

Integrated systems 25

Competitive advantage through logistics 27

Logistics and supply chain management 28

The importance of integration 30

03 Customer service and logistics 32

Introduction 32

The importance of customer service 33

The components of logistics-related customer service 34

Two conceptual models of service quality 36

Developing a customer service policy 40

Levels of customer service 48

Measuring customer service 48

Service level agreements 51

The importance of customer service 53



Contentsvi

04 Channels of distribution 54

Introduction 54

Physical distribution channel types and structures 54

Channel selection 60

Outsourcing channels 64

05 Key issues and challenges for logistics and the supply chain 67

Introduction 67

The digital supply chain 68

The external environment 72

Manufacturing and supply 74

Logistics and distribution 77

Retailing 83

The consumer 87

PART TWO  Planning for logistics 93

06 Logistics planning overview 95

Introduction 95

Pressures for change 95

Corporate strategic planning overview 97

Logistics design strategy 100

Key logistics design factors 103

The product life cycle 105

Packaging 107

Unit loads 107

07 Logistics processes 109

Introduction 109

The importance of logistics processes 109

Logistics process types and categories 111

An approach to process design and redesign 115

Tools and techniques 116

08 Supply chain segmentation 124

Introduction 124

Product segmentation 124

Demand and supply segmentation 125

Marketing segmentation 128



Contents vii

Combined segmentation frameworks 129

Two-tier supply chains 130

Implementation 131

09 Logistics costs and trade-off analysis 133

Introduction 133

The role of distribution centres and warehouses 133

Cost relationships 135

10 Logistics network planning 144

Introduction 144

A planned approach or methodology 145

Initial analysis and option de�nition 147

Logistics modelling: logistics options analysis 153

Evaluate results, develop implementation plan 157

11 Logistics management and organization 160

Introduction 160

Logistics relationships with other corporate functions 160

Logistics organizational structures 162

Organizational integration 163

The role of the logistics or distribution manager 166

Payment systems 169

12 Omnichannel fulfilment 174

Introduction 174

Issues 175

Food retailing 176

Non-food retailing 178

Implementation 182

13 Manufacturing logistics 184

Introduction 184

Typology of operations 185

Just-in-time 189

Material requirements planning (MRP) 191

Manufacturing resource planning (MRPII) and further developments 195

Flexible ful�lment (postponement) 196

The effects on distribution activities 196

Additive manufacturing 197



Contentsviii

PART THREE  Procurement, inventory and demand 
forecasting 199

14 Procurement and supply 201

Introduction 201

The procurement cycle 202

The scope of procurement 203

Setting the procurement objectives 203

Managing the suppliers 211

Expediting 214

Procurement performance measures 214

Collaborative planning, forecasting and replenishment 215

Factory gate pricing 216

E-procurement 216

Corruption 217

15 Inventory: the basic concepts 218

Introduction 218

The need to hold stocks 218

Types of stockholding/inventory 220

Stockholding policy implications for other logistics functions 222

Inventory costs 224

Reasons for rising inventory costs 225

Inventory replenishment systems 226

The reorder point and safety stock 228

The bullwhip or Forrester effect 230

The economic order quantity 232

16 Inventory and the supply chain 237

Introduction 237

Push and pull systems 237

The lead-time gap 240

Inventory and time 241

Analysing time and inventory 243

17 Inventory planning and demand forecasting 246

Introduction 246

Inventory-planning horizons 247

Demand forecasting 247



Contents ix

Qualitative forecasting methods 248

Quantitative forecasting methods 248

Inventory planning for manufacturing 257

Inventory planning for retailing 260

Inventory planning for the supply chain 265

PART FOUR  Warehousing and storage 269

18 Principles of warehousing 271

Introduction 271

The role of warehouses 272

Warehouse operations 274

Costs 277

Packaging and unit loads 278

19 Storage and handling systems (palletized) 281

Introduction 281

Pallet moving equipment 281

Pallet stacking equipment 283

Palletized storage systems and equipment 289

Comparison of different types of palletized storage equipment 300

Rack safety 302

20 Storage and handling systems (non-palletized) 304

Introduction 304

Small-item storage systems 304

Long loads storage and handling systems 309

Truck attachments 311

Cranes 312

Conveyors 313

Automated guided vehicles and autonomous mobile robots 314

Hanging garment storage and handling systems 314

21 Order picking and packing 317

Introduction 317

Order picking concepts 317

Order picking equipment 320

Sortation 329

Picking area layout 334

Pick face size 334



Contentsx

Slotting 335

Pick routes 336

Information: alternative methods for order picking 337

Picking productivity 339

Replenishment 340

Packing and added-value services 341

22 Receiving and dispatch 344

Introduction 344

Receiving processes 344

Dispatch processes 346

Cross-docking 347

Returned goods 348

Receiving and dispatch equipment 349

Layouts 352

Yard management 354

23 Warehouse design 356

Introduction 356

Strategic issues affecting warehousing 356

Design procedure 357

Design of specialist warehouses 375

24 Warehouse management and information 378

Introduction 378

Operational management 378

Information technology 384

PART FIVE  Freight transport 391

25 International logistics: modal choice 393

Introduction 393

Relative importance of the main modes of freight transport 394

Method of selection 396

Operational factors 397

Transport mode characteristics 400

Consignment factors 405

Cost and service requirements 407

Aspects of international trade 408



Contents xi

26 Maritime transport 414

Introduction 414

Structure of the industry 414

Common shipping terms 416

Surcharges 420

Documentation 422

Vessel classi�cation and certi�cation 424

Common ship types and their cargoes 425

Ports and cargo handling 431

Other factors 432

27 Air transport 437

Introduction 437

Structure of the industry 437

Air cargo handling 439

Types of air freighter 442

Documentation 445

Air hubs and spokes 445

Air freight pricing 446

Air cargo security 449

Space freight transport 451

28 Rail and intermodal transport 452

Introduction 452

Intermodal equipment 453

Intermodal vehicles 462

Intermodal infrastructure 467

Mode shift grant schemes 469

Rail transport 469

29 Road freight transport: vehicle selection 478

Introduction 478

Main vehicle types 479

Types of operation 480

Load types and characteristics 489

Main types of vehicle body 492

The wider implications of vehicle selection 500

Vehicle acquisition 501



Contentsxii

30 Road freight transport: vehicle costing 503

Introduction 503

Why use road freight transport vehicle costing? 503

Road transport costing: key information required 506

Vehicle standing costs 507

Vehicle running costs 511

Overhead costs 514

Costing the total transport operation 515

Whole life costing 516

Vehicle cost comparisons 519

Zero-based budgets 520

Direct product pro�tability 521

31 Road freight transport: planning and resourcing 523

Introduction 523

Key planning areas for road freight transport 524

Main types of road freight transport 525

Transport resources: planning and operational requirements 528

Vehicle utilization 530

Fleet management 534

Vehicle telematics 535

32 Road freight transport: routeing and scheduling 537

Introduction 537

Vehicle routeing and scheduling issues 537

Manual methods of vehicle routeing and scheduling 545

Computer routeing and scheduling 552

33 International freight forwarding 557

Introduction 557

The role of the freight forwarder 558

Specialized services 560

Documentation 564

Cargo insurance 569

Project logistics 572

Common terms explained 574



Contents xiii

PART SIX  Outsourcing logistics 577

34 Outsourcing: operations and services 579

Introduction 579

Breadth of outsourcing 579

Logistics functions provided by 3PLs 581

Types of services available 587

Specialist value-added services 593

35 Outsourcing: decision criteria 598

Introduction 598

Different types of operation: dedicated or multi-user? 598

Drivers and drawbacks of outsourcing logistics 602

36  Outsourcing: the selection process 609

Introduction 609

Approach 609

Detailed steps 611

37 Outsourcing: management 634

Introduction 634

Managing the relationship 635

Implementation planning 638

Monitoring an outsourced logistics operation 640

PART SEVEN  Operational management 645

38 Cost and performance monitoring 647

Introduction 647

Why monitor? 649

Different approaches to cost and performance monitoring 650

What to measure against? 655

A logistics operational planning and control system 661

Good practice 662

In�uencing factors 667

Logistics metrics and KPIs 668

The presentation of metrics 671



Contentsxiv

39 Benchmarking logistics operations 675

Introduction 675

Why should an organization engage in benchmarking? 676

Key steps to benchmarking 676

Formal benchmarking systems 679

Benchmarking distribution operations 679

40 Information and communication technology in the supply 

chain 684

Introduction 684

Basic communication systems 684

Key applications in the supply chain 687

E-commerce 693

The digital supply chain 696

41 Security and safety 703

Introduction 703

International security measures 703

Strategic security measures 705

Tactical security measures 707

Safety in the distribution centre and warehouse 716

42 Logistics and the environment 720

Introduction 720

International agreements and governmental actions 721

Industry actions 723

Environmental management systems (EMS) 731

43 Humanitarian logistics 736

Introduction 736

Key facts 737

Key differences 737

Key terms 739

Performance measurement 743

Pre-positioning of resources 745

Assessment and planning 746

The cluster approach 747

Distribution 747

Further reading 748



Contents xv

References 749

Acronyms and abbreviations 755

Index 765



LIST OF FIGURES AND TABLES

Figures

Figure 1.1 A �ow representation of logistics for a fast-moving consumer goods 

(FMCG) manufacturer. This shows the key components, the major 

�ows and some of the different logistics terminology 5

Figure 1.2 The key components of distribution and logistics, showing a few of 

the associated detailed elements 7

Figure 1.3 Logistics costs as a percentage of GDP for selected countries 11

Figure 1.4 A typical physical �ow of material from suppliers through to 

customers, showing stationary functions and movement functions, 

linked to a diagram that re�ects the ‘value-added’ nature of 

logistics 14

Figure 2.1 Some potential trade-offs in logistics, showing how different 

company functions might be affected 19

Figure 2.2 Logistics planning hierarchy 20

Figure 2.3 The major functions of the different planning time horizons 20

Figure 2.4 Some of the main logistics elements for the different planning time 

horizons 21

Figure 2.5 The planning and control cycle 22

Figure 2.6 The many ways in which logistics can provide an impact on an 

organization’s return on investment 23

Figure 2.7 The logistics implications of different competitive positions 28

Figure 2.8 The different levels of supply chain integration 30

Figure 3.1 Core product versus product ‘surround’, illustrating the importance 

of the logistics-related elements 33

Figure 3.2 The eight ‘rights’ of customer service, showing the main service 

classi�cations 35

Figure 3.3 The constituent parts of total order ful�lment cycle time 37

Figure 3.4 A conceptual model of service quality: the basic elements 38

Figure 3.5 A conceptual model of service quality: the service gaps 39

Figure 3.6 An overall approach for establishing a customer service strategy 41

Figure 3.7 Rating table for selected customer service factors 44

Figure 3.8 Company competitiveness at current service levels: target chart 45

Figure 3.9 Competitive benchmarking showing opportunities for improving 

service when comparisons are made with customer requirements 

and the performance of key competitors 46



List of figures and tables xvii

Figure 3.10 The relationship between the level of service and the cost of 

providing that service 49

Figure 3.11 Radar gram showing the perfect order targets and achievements 51

Figure 4.1 Alternative physical distribution channels for consumer products to 

retail stores 56

Figure 4.2 A typical channel of distribution, also showing the difference 

between the physical and the trading channel 60

Figure 4.3 ‘Long’ and ‘short’ distribution channels 62

Figure 5.1 Fourth-party logistics, showing the main areas of service that could 

be provided 78

Figure 5.2 The different characteristics that distinguish digital freight 

exchanges from each other 81

Figure 6.1 Pressures in�uencing logistics systems 96

Figure 6.2 Corporate strategic planning overview 97

Figure 6.3 A framework for logistics network design 101

Figure 6.4 Standard product life cycle curve showing growth, maturity and 

decline 106

Figure 7.1 The process triangle: used to help differentiate the type and 

importance of the various processes within a company, and to 

identify which processes need to be redeveloped 114

Figure 7.2 Approach to process design or redesign 115

Figure 7.3 A typical Pareto curve showing that 20 per cent of products 

represent 80 per cent of sales value 117

Figure 7.4 An example of a criticality matrix 118

Figure 7.5 Relationship mapping: used to identify key departments and their 

interrelationships 119

Figure 7.6 A matrix process chart 120

Figure 7.7 Value/time analysis 121

Figure 7.8 A time-based map illustrating the order to dispatch process broken 

down into value-added and non-value-added time 122

Figure 7.9 Root cause analysis: �nding the cause of non-value-added time in a 

depot using an Ishikawa diagram 123

Figure 8.1 Segmentation by throughput and value-density 126

Figure 8.2 Segmentation by demand and supply characteristics 127

Figure 9.1 Relationship between number of depots (i.e. storage capacity) and 

total storage cost 136

Figure 9.2 Primary transport costs in relation to the number of depots 137

Figure 9.3 Delivery transport costs in relation to the number of depots 138

Figure 9.4 Combined/total transport costs (primary and delivery) in relation to 

the number of depots 139

Figure 9.5 Inventory-holding costs in relation to the number of depots 140



List of figures and tablesxviii

Figure 9.6 Information system costs in relation to the number of depots 141

Figure 9.7 The relationship between total and functional logistics costs as the 

number of depots in a given network changes 141

Figure 9.8 Trade-off analysis showing that a change in con�guration can lead 

to a reduction in total logistics cost while some cost elements 

increase and others reduce 142

Figure 10.1 An approach to logistics and distribution strategy planning 146

Figure 10.2 Logistics network �ow diagram, showing some examples of major 

�ows and costs 149

Figure 10.3 Map showing a representation of the demand for different product 

groups in different geographic areas 151

Figure 10.4 Logistics modelling: the main steps for a DC location study 157

Figure 11.1 A traditional organizational structure showing the positioning of 

key logistics functions 162

Figure 11.2 A functional organizational structure showing logistics activities 

linked together 163

Figure 11.3 A traditional silo-based functional organizational structure 164

Figure 11.4 A customer-facing, process-driven organizational structure 165

Figure 11.5 Mission management, which acts directly across traditional 

functional boundaries 166

Figure 11.6 Matrix management, which emphasizes both planning and 

operational elements 166

Figure 11.7 Buyer/seller relationships: a single versus a multiple linked 

approach 167

Figure 11.8 The main types of payment system, showing the relationship 

between performance and pay 170

Figure 11.9 Hierarchy of payment schemes in relation to �nancial 

incentives 172

Figure 11.10 The extent of supervision required for different payment 

schemes 173

Figure 12.1 Potential omnichannel ful�lment options for food retailing 179

Figure 13.1 A basic input–output transformation diagram 185

Figure 13.2 A bill of requirements for one product 193

Figure 14.1 Categories of purchase with the appropriate buying process 209

Figure 15.1 Inventory level showing input (order quantity) and output 

(continuous demand) 221

Figure 15.2 Inventory level with safety stock in place 221

Figure 15.3 Periodic review system 227

Figure 15.4 Fixed point reorder system 228

Figure 15.5 A normal distribution curve showing 95 per cent and 99 per cent 

service levels 229



List of figures and tables xix

Figure 15.6 The ‘bullwhip’ or Forrester effect 231

Figure 15.7 The EOQ balance 232

Figure 15.8 Reorder quantities 233

Figure 15.9 The economic order quantity (EOQ) principle 233

Figure 15.10 The EOQ formula with worked example 234

Figure 16.1 The decoupling point at different positions in the supply chain 

showing where inventory is held 239

Figure 16.2 The lead-time gap 241

Figure 16.3 High inventory levels can hide other supply chain problems 242

Figure 16.4 An example of a supply chain map showing inventory mapped 

against time 245

Figure 17.1 Different demand forecasting methods 249

Figure 17.2 The moving average (MA) method (B) and the exponential 

smoothing (ES) method (A) of forecasting shown working in 

response to a step change in demand (C) 252

Figure 17.3 Elements of a demand pattern 254

Figure 17.4 Time-based process mapping 259

Figure 17.5 The virtuous circle of time compression 260

Figure 17.6 The Benetton Group: initial quick response system 262

Figure 17.7 CPFR model 266

Figure 18.1 Typical warehouse functions in a stockholding warehouse 275

Figure 18.2 Floor area usage 276

Figure 19.1 Fork-lift truck load centre 284

Figure 19.2 Electric counterbalanced fork-lift truck loading pallet into shelved 

cantilever racking 286

Figure 19.3 Reach truck working in aisle of adjustable pallet racking 287

Figure 19.4 Narrow-aisle trucks 295

Figure 19.5 AS/RS crane 298

Figure 20.1 Miniload crane tote storage system 308

Figure 20.2 Miniload storage system with shuttles at each level 309

Figure 20.3 Autonomous mobile robots (AMRs) used for transporting tote 

bins 315

Figure 20.4 Hanging garment system that can also be used as a pocket sorter 

(described in Chapter 21) 315

Figure 21.1 Order picking onto a low-level order picking truck (LLOP) 321

Figure 21.2 Totes-to-picker system and totes-to-robot system 325

Figure 21.3 Small-item dispenser 328

Figure 21.4 Decision tree for order picking equipment 330

Figure 21.5 Sliding shoe sorter 332

Figure 22.1 Telescopic boom conveyor 349



List of figures and tablesxx

Figure 23.1 Warehouse �ow diagram 362

Figure 23.2 Pareto diagram, for throughput (sales) and inventory 363

Figure 23.3 Time pro�le of warehouse operations 364

Figure 23.4 Decision tree to identify possible pallet storage systems 366

Figure 23.5 3D computer-aided design, showing miniload storage with goods-

to-picker conveyor systems on mezzanine and ground levels 368

Figure 24.1 Typical warehouse systems architecture 385

Figure 24.2 Barcode scanning using ring scanner and wrist-mounted radio data 

terminal 388

Figure 25.1 Freight transport modal share percentage in the key EU countries 

(% of tonne kilometres) 395

Figure 25.2 Freight transport modal share for selected European countries 

(2018), China (2015) and the United States (2018) (% of tonne 

kilometres) 395

Figure 25.3 Modal choice: selection process 396

Figure 25.4 Modal choice: selection matrix 407

Figure 26.1 Out-of-gauge cargo loaded on to a cellular container vessel 419

Figure 26.2 The Emma Maersk : one of the largest cellular container vessels in 

the world, capable of transporting 15,200 TEU 426

Figure 26.3 The deck of a typical oil tanker 427

Figure 26.4 A heavy-lift ship delivering four new lock gates to the Panama 

Canal 428

Figure 26.5 Gatun lock on the Panama Canal 430

Figure 26.6 A tug boat 432

Figure 26.7 New Panama Canal locks under construction 2015 435

Figure 27.1 Air cargo pallets being loaded through the side door 440

Figure 27.2 Cargolux air freighter being loaded using the powered rolling 

�oor 440

Figure 27.3 Air freighter being loaded through the nose with out-of-gauge 

cargo 441

Figure 27.4 Aeroplane being loaded through the side door by a specialist vehicle 

equipped with a scissor lift 442

Figure 27.5 A300-600ST Super Transporter: a special aircraft built and 

operated by Airbus Industries 444

Figure 28.1 Articulated vehicle loaded with a tanktainer 454

Figure 28.2 Refrigerated containers showing the refrigeration units �tted to the 

front 455

Figure 28.3 RoadRailer® semi-trailers coupled to form railway rolling 

stock 457

Figure 28.4 Spine wagons being loaded by a reach stacker equipped with a 

grappler 458



List of figures and tables xxi

Figure 28.5 Ship-to-shore gantry crane loading a cellular container ship 459

Figure 28.6 Two gantry cranes loading ISO containers on to railway freight 

wagons. Note the double-stacked containers as this is in 

Canada 460

Figure 28.7 A reach stacker stacking ISO containers 461

Figure 28.8 Containers being loaded into slots on a cellular container 

vessel 462

Figure 28.9 River barges being pushed by a powerful tug on the Mississippi 

River in the United States 463

Figure 28.10 Gantry crane with grappler attachment loading road semi-trailers 

on to rail cars in the United States 464

Figure 28.11 Road semi-trailers ‘piggybacked’ on rail cars in the United 

States 465

Figure 28.12 Container loaded with grain being unloaded by using a hydraulic 

ram to lift the trailer. The liner used to secure the grain inside the 

container can be clearly seen 466

Figure 28.13 Two locomotives, United States 473

Figure 28.14 Double-decked rail cars loaded with new cars being towed by a 

converted road vehicle 475

Figure 28.15 Trees being unloaded from rail wagons at a paper mill in 

Finland 476

Figure 29.1 Articulated vehicle comprising a tractor and box semi-trailer. Note 

the skirts on the bottom of the truck to improve fuel 

consumption 480

Figure 29.2 Four-wheeled rigid vehicle �tted with a refrigerated body 481

Figure 29.3 Double-bottomed articulated vehicle in Jebel Ali port, UAE 482

Figure 29.4 A 6×2 rigid vehicle towing a triaxle semi-trailer by means of a 

tandem axled bogie �tted with a �fth wheel coupling. Both vehicle 

and trailer are �tted with refrigerated bodies. Oulu, northern 

Finland 482

Figure 29.5 Close-coupled draw-bar combination 483

Figure 29.6 Eight-wheeled rigid tipper vehicle 485

Figure 29.7 Articulated vehicle with a triaxle trailer equipped with aerodynamic 

mouldings to reduce drag and thus improve fuel economy 489

Figure 29.8 Heavy haulage tractor with an indivisible large load 490

Figure 29.9 Rigid bulk powder tanker with a draw-bar powder tanker 

trailer 492

Figure 29.10 A 4×2 rigid vehicle equipped with a box body 493

Figure 29.11 Platform or �at-bed 6×2 rigid vehicle with drop sides and HIAB 

crane to assist loading 494

Figure 29.12 Articulated vehicle with a triaxle trailer �tted with a tilt body 495



List of figures and tablesxxii

Figure 29.13 Curtain-sided trailer giving ease of access for loading 495

Figure 29.14 Vehicle showing tipping bodies. Note the fact that the vehicle is 

tipping one container to the side and the other container to the rear 

of the vehicle 496

Figure 29.15 Triaxle Feldbinder bottom discharge tanker. The discharge pipe may 

be seen under the middle of the rear bumper bar 497

Figure 29.16 Eight-wheel rigid vehicle equipped with a cement hopper 497

Figure 29.17 A post trailer designed to carry trees and logs, Oulu, Finland 498

Figure 29.18 Demountable body system 498

Figure 29.19 How to get the most from your vehicle: somewhere in sub-Saharan 

Africa 499

Figure 30.1 Depreciation: straight-line method 508

Figure 30.2 The reducing balance method of depreciation 510

Figure 30.3 Vehicle standing (�xed) costs 511

Figure 30.4 Vehicle running (variable) costs 514

Figure 30.5 A comparison of vehicle costs, emphasizing the difference in 

importance of some of the main road freight vehicle costs 519

Figure 30.6 Comparison of budget-based and activity-based delivery transport 

costs 522

Figure 31.1 Typical road freight transport operations consist of ‘primary’ and 

‘secondary’ transport or distribution 526

Figure 32.1 The savings method: a heuristic scheduling algorithm 541

Figure 32.2 Pigeonhole racking 546

Figure 32.3 Steps taken to undertake a manual routeing and scheduling 

exercise 547

Figure 32.4 Digitized map of drop points and depot 550

Figure 32.5 Map showing �nal routes 551

Figure 32.6 Routeing and scheduling systems use digital mapping and complex 

algorithms to work out realistic schedules that meet all the 

constraints 553

Figure 32.7 Today’s most advanced systems are used for central planning of 

multiple depots with multi-shifted vehicles combining deliveries, 

collections, reloads and inter-depot transfers 554

Figure 32.8 The link with vehicle tracking means that route plans can be 

monitored in real time so that discrepancies can be highlighted 

immediately 555

Figure 33.1 Pentagon Freight Services vessel Charelle II loading project cargo in 

Sharjah, UAE 560

Figure 33.2 Project logistics: a 95 tonne milling machine being unloaded from a 

road trailer. The load is being lifted and manoeuvred into position 

by a four-way gantry lift system with a total lifting capacity of 360 



List of figures and tables xxiii

tonnes. The milling machine had to be accurately located on to 30 

bolts 561

Figure 33.3 Project logistics: a gas turbine skid weighing 137 tonnes being 

unloaded from a ship. The ship’s cranes are not able to 

accommodate such a heavy load. The two mobile cranes both have 

a lifting capacity of 500 tonnes. The load is being transferred to a 

Goldhofer trailer with 12 hydraulic axle lines coupled to a MAN 

prime mover for the road journey. The freight forwarder arranged 

and coordinated all the logistics providers involved 573

Figure 34.1 Continuum of logistics outsourcing showing some of the range of 

physical functions and services that might be outsourced 580

Figure 34.2 Annual demand, showing that the �eet should be resourced between 

average or average plus 10 to 20 per cent, and so some transport 

should be outsourced at the two peaks 592

Figure 35.1 The key trade-offs between dedicated and multi-user distribution 

emphasizing the different cost and service advantages and 

disadvantages 600

Figure 36.1 Key steps of the contractor selection process 610

Figure 36.2 Outsourcing is not for everyone 612

Figure 36.3 Typical distribution data requirements 619

Figure 36.4 Summary of the tender evaluation process together with an example 

of an overall evaluation matrix 625

Figure 36.5 The �nal stages of contractor selection 627

Figure 36.6 Operational risk assessment: measurement of risk 629

Figure 37.1 An overall approach to outsourcing management 642

Figure 38.1 The planning and control cycle 648

Figure 38.2 The balanced scorecard 651

Figure 38.3 Balanced scorecard: typical measurements 652

Figure 38.4 Integrated supply chain metrics framework 654

Figure 38.5 The steps required to prepare and use an operating control 

system 662

Figure 38.6 Hierarchy of needs showing the different information requirements 

at the different levels of an organization 664

Figure 38.7 Hierarchical structure of a measurement system used by a 

household goods manufacturer 669

Figure 38.8 A measurement dashboard 672

Figure 38.9 Example of actual measurements for the dashboard 673

Figure 38.10 Basis for the scoring system for some of the processes for the 

dashboard 674

Figure 39.1 Distribution audit: general approach 681

Figure 39.2 Typical activity centres 681



List of figures and tablesxxiv

Figure 40.1 Supply chain systems architecture overview 688

Figure 42.1 An articulated vehicle designed to be more aerodynamic 729

Figure 43.1 South Asia earthquake �nal scorecard 745

Tables

Table 1.1 Logistics costs as a percentage of sales turnover 13

Table 3.1 Different types of customer service study 42

Table 3.2 The advantages and disadvantages of different survey 

approaches 43

Table 3.3 Assessment of possible solutions to performance gaps 47

Table 6.1 PESTEL analysis: external in�uences 98

Table 10.1 Example of part of a qualitative assessment used for a European 

study 159

Table 19.1 Space utilization examples 301

Table 19.2 Palletized storage attributes matrix 302

Table 23.1 Examples of �exible design options 372

Table 27.1 Common cargo-carrying aircraft types and their carrying 

capacities 443

Table 30.1 A practical example of whole life costing 518

Table 30.2 Typical operating cost breakdown showing the relative cost 

difference for two different vehicle types 519

Table 34.1 Percentage of shippers outsourcing speci�c logistics activities 582

Table 34.2 A breakdown of the broad third-party transport types, showing 

some of the different attributes 590

Table 36.1 Example of a structured qualitative assessment matrix (for 

contractor-related elements) 624

Table 37.1 Potential pitfalls that might adversely impact the successful 

implementation of an outsourcing operation 640

Table 37.2 An example of the development of metrics for a 3PL provider 

planning to operate a warehouse and storage operation for an 

online retailer 644

Table 38.1 SCOR®: typical performance metric development 653

Table 38.2 Integrated supply chain metrics 654

Table 39.1 Reasons for benchmarking 676

Table 42.1 Conversion factors for calculating KgCOSUB2e savings 733



Alan Rushton

After graduating from the University of 

Warwick with a degree in Economics, Alan spent 

several years in industry as Raw Materials 

Controller with the International Synthetic 

Rubber Company and as a distribution execu-

tive with Rio Tinto Zinc based in London.

He studied for an MSc in Transport Studies 

at Cran�eld University and then joined the 

National Materials Handling Centre, initially 

to carry out research into urban delivery  

problems and goods consolidation. He was a 

senior consultant with the Centre for many 

years, undertaking a variety of consultancy projects, specializing in transport and 

logistics systems and strategies. After helping to create the Distribution Studies Unit 

(DSU) at Cran�eld, he became the Director of Studies for the MSc in Distribution 

Technology and Management, and Head of the DSU.

With the creation of the Cran�eld Centre for Logistics and Transportation (later 

the Cran�eld Centre for Logistics and Supply Chain Management, CLSCM) he 

became the Director of Graduate Programmes for the new Centre where he set up 

and, for many years, ran the Executive MSc in Logistics and Supply Chain 

Management. He became the Director of eLearning for CLSCM and chaired the 

eLearning Committee for the Cran�eld School of Management.

As well as his research and consultancy experience in transport, distribution, 

logistics and the supply chain, he has lectured in Europe, the Far East, the Middle 

East, North America, South America and Africa. He has published widely and  

co-wrote the original and subsequent editions of The Handbook of Logistics and 

Distribution Management, which was �rst published in 1989. He is also co-author 

of International Logistics and Supply Chain Outsourcing. He has continued to 

undertake consultancy, both nationally and internationally, and is the Director of 

Dialog Consultants Ltd, a consultancy specializing in distribution, logistics and  

supply chain management. Alan is a Fellow of the Chartered Institute of Logistics 

and Transport.

ABOUT THE AUTHORS



About the authorsxxvi

Phil Croucher

Phil Croucher is an independent supply chain 

consultant and trainer. He has 44 years’ 

experience in the �eld of logistics and supply 

chain management, the last 20 years at  

senior management or board level, working, 

travelling and living in many different  

countries.

He has worked in many different  

industries, countries and functions within 

those industries. On the third-party logistics 

side he has worked in express parcels in  

the UK, as Managing Director of a freight 

forwarder in Oman, as General Manager of 

a desert trucking company in Oman, and as Regional Manager for the Middle  

East responsible for land transport based in Jordan and Dubai. In addition, he  

has held the post of Group Logistics Director in the paper merchant business in the 

UK, National Distribution Manager in the food industry and Vice President-Supply 

Chain, responsible for worldwide procurement and logistics movements for a land 

drilling contractor in the oil and gas industry with operations in Algeria, Qatar, 

Kingdom of Saudi Arabia, India and Oman.

Although at heart a practitioner, it has not stopped him developing a parallel 

career in training and academia. He has worked for the Chartered Institute of 

Logistics and Transport (UK) (CILT) on many projects. In 2002 CILT chose him to 

represent them in China at the inception of a prestigious training contract with the 

Chinese Government. This was followed by four further two-week trips delivering 

training in Beijing, Shanghai, Shenzhen and Dalian. He has also delivered training  

in Taiwan for CILT.

More recently (2011) CILT sent him to Somaliland to train United Nations 

International Children’s Emergency Fund (UNICEF) staff, in 2012 he was sent to 

Bangkok to train Plan International staff and in 2013 he was sent to Qatar four 

times for Maersk Oil.

He has taught Masters courses in procurement, supply chain management and 

operations management.

He has also published several articles, most notably ‘Insourcing’.

His quali�cations include an MSc in Logistics and Distribution Management 

from Cran�eld University, Chartered Fellow of the CILT (UK) and a Professional 

Diploma in Management from the Open University. He also holds a NEBOSH 

National General Certi�cate in Occupational Health and Safety.



About the authors xxvii

Peter Baker

Peter Baker spent the early part of his career 

in international freight forwarding, conduct-

ing export and import freight movements  

and ship’s agency work. He became an of�ce 

manager prior to taking an MSc degree in 

Distribution Technology and Management at 

Cran�eld University.

After a period with a specialist materials 

handling and distribution consultancy, he 

worked for 12 years with Deloitte Consulting 

in their Supply Chain and Consumer Business 

divisions. During his period in consultancy, 

he has conducted over 100 supply chain  

projects across a wide range of industries and public sector organizations. He has 

undertaken projects in many European countries, as well as in North America, the 

Far East, Central Asia, West Africa and the Middle East. These projects have included 

supply chain strategy, procurement, international logistics, distribution centre design, 

inventory control, transport operations and supporting computer systems.

He became a lecturer, senior lecturer and then visiting fellow, at the Centre for 

Logistics and Supply Chain Management at Cran�eld School of Management, where 

he completed his PhD on the subject of the role, design and operation of distribution 

centres in agile supply chains. He has continued his consultancy work during this 

period. He is a Fellow of both the CILT (UK) and the Higher Education Academy.  

He has published regularly in books, trade journals and academic journals.



PREFACE

The scope of logistics continues to change and grow, and covers a wide range of  

different topics. In this book, we discuss key aspects of supply chain phil osophy  

and practice, but also focus on the detailed elements of distribution and logistics. 

The objectives of the original book remain unchanged: to provide a text with both 

simplicity of style and relevance of context. In addition, we have attempted to re�ect 

the general principles of logistics and distribution that can be applied in any country 

throughout the world, recognizing that in some instances there are practical differ-

ences that cannot be generalized effectively. As before, we have included a substan-

tial and detailed Index, which we know makes the book very attractive to students 

and practitioners who wish to identify speci�c subjects for reference.

We hope, once again, that this book will help in logistics managers’ quest to 

improve service and reduce cost while reducing the environmental impact, as well as 

keeping them aware of the many different facets of logistics and the supply chain. It 

should be of interest and use to practising managers and supervisors, to candidates 

undertaking examinations for the various professional institutes, and to under-

graduate and graduate students who are reading for degrees in logistics, distribution, 

transport and supply chain management or where these subjects are an integral part 

of their course. It should also provide major support for those participating in web-

based training in logistics.

The book is divided into seven distinct parts, each covering a broad subject area 

in logistics. Each part is made up of a series of interlinking chapters. The main topics 

in each chapter can be seen in the list of contents at the beginning of this book.

In Part One the key concepts of logistics and distribution are considered. After  

an introduction to logistics and distribution, the integrated nature of logistics and 

the supply chain is discussed. The important aspects of customer service within logis-

tics are covered in some detail and the use of different channels of distribution is 

examined. Finally, the key issues and challenges for logistics and the supply chain are 

outlined.

Part Two covers the ways and means of planning for logistics. An overview of 

logistics planning is provided including a speci�c logistics design framework. This is 

followed by a discussion of the key logistics processes. The important area of supply 

chain segmentation is reviewed. The various costs of the key logistics elements are 

outlined and the concept of logistics trade-off analysis is described. A particular 

approach to logistics network planning is developed and then the key elements of 

logistics management and organization are examined. The various issues concerning 
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omnichannel ful�lment are investigated and this part of the book concludes with a 

consideration of manufacturing logistics.

Part Three concentrates on those issues that are involved with procurement, 

inventory and demand forecasting decisions. The main principles concerned with the 

procurement and supply of raw materials and other goods are explored. The basic 

concepts behind the inventory-holding decision are investigated, including the  

reasons for holding stock and the different types of stock. Key developments in 

inventory planning are reviewed, particularly the way that inventory is viewed across 

the supply chain as a whole. Finally, there is a discussion of the use of demand fore-

casting to help determine the amount of inventory that should be held in the logistics 

network to meet customer service needs.

Part Four covers warehousing and storage. The main warehousing prin ciples are 

introduced and an outline of the main warehouse operations is provided. Palletized 

and non-palletized storage and handling systems are considered, including descrip-

tions of the various types of equipment that are available. Then, order picking, 

replenishment and packing are reviewed in some detail, in particular, the main order 

picking concepts, and the various order picking methods. The major factors related 

to receiving and dispatch are outlined. A step-by-step approach to warehouse and 

distribution centre (DC) design is described. Finally, there is a review of the key  

elements involved in warehouse management, together with the supporting informa-

tion systems, for both automated and conventional operations.

Part Five concentrates on those areas of logistics and supply chain management 

speci�cally related to freight transport. International logistics and the choice of 

transport mode are considered, including a simple approach for modal choice. An 

overview and description of the major modes of inter national transport – maritime, 

air and rail – are given. For each of these, the basic infrastructure of the industry  

is reviewed, together with a variety of other aspects such as equipment, safety, pric-

ing, security and documentation. Intermodal transport is also discussed. There are 

several chapters concerned with aspects of road freight transport. Vehicle selection 

factors are described, including the main types of vehicle and vehicle body, different 

types of operation, load types and characteristics. Vehicle and �eet costing is  

explained. Methods for the planning and resourcing of road freight transport  

operations are outlined. Following from this, the routeing and scheduling of vehicles 

within this process is described, including examples of both manual and computer 

routeing and scheduling. Finally, in this section, the key aspects of international 

freight forwarding are considered.

Part Six of the book covers the outsourcing of logistics, when the key decision  

of whether to use an own-account (in-house) operation or whether to outsource to 

a third-party logistics (3PL) service must be made. This begins with a review of the 

different outsourcing operations, activities and services that are available. The key 

decision criteria for outsourcing are then reviewed. The actual process of selecting a 
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service provider is described, including a step-by-step guide from the initial scoping 

of outsourcing requirements through to �nal negotiation and contract agreement. 

The all-important question of contractor management provides the �nale to this  

section. The need to manage an outsourced contract is explained and the key factors 

required in managing a successful relationship are examined.

The �nal part of the book, Part Seven, considers a number of aspects related  

to the operational management of logistics and the supply chain. The cost and per-

formance monitoring of logistics and distribution operations is discussed, together 

with the use of benchmarking as a major technique for identifying best practice in 

logistics. The different information and communication systems that can be used in 

the supply chain are outlined, indicating how the development of the digital supply 

chain has evolved from the many different threads of technological development. 

Key factors concerning security and safety, a very important area of responsibility in 

logistics, are discussed. Another important aspect that is considered is the impact of  

logistics operations on the environment, as well as the environmental regulations 

that may impose on logistics operations. The �nal chapter of the book provides an 

overview of humanitarian logistics and compares this with commercial logistics.

Once again, we hope that this new edition of The Handbook of Logistics and 

Distribution Management will continue to serve as an essential aid to understanding 

this wide-ranging and increasingly important business area.

Alan Rushton
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Introduction

The key components of logistics – transport, inventory, warehousing – have been 

fundamental elements of industrial and economic life for countless years. However, 

these components and their sub-functions were treated as individual elements and 

rarely as part of a bigger and broader concept whereby they are connected together 

to provide the means to an end. That end is the satisfactory supply of goods or prod-

ucts to a customer at an acceptable time and an acceptable cost. Thus, in those early 

years, logistics was not recognized as a major business function in its own right. The 

main reason for this is the nature of logistics itself. It is a function made up of many 

sub-functions and many subsystems, each of which has been, and may still be, treated 

as a distinct management operation. Both the academic and the business world 

accept that there is a need to adopt a more holistic view of these different operations 

in order to take into account how they interrelate and interact with one another and 

to ensure that the overall operation, whatever it may be, is optimized.

The appreciation of the scope and importance of logistics and the supply chain 

has led to a more scienti�c approach being adopted towards the subject. This 

approach has been aimed at the overall concept of the logistics function as a whole 

but, importantly, also includes the interrelationship of the individual subsystems. 

Much of this approach has addressed the need for, and means of, planning logistics 

and the supply chain, but has necessarily included the consideration of the major 

operational issues as well.

Continuous advances in technology and the development of new ideas and con-

cepts, however, mean that there is a constant change in thinking with regard to the 

most effective approaches that should be adopted for logistics and the supply chain. 

Some of these key ideas and issues are described in Chapter 5. This �rst chapter of 

the book provides an introduction to the very basic aspects of distribution, logistics 

and the supply chain. Initially there is a review of the scope and de�nition of  

01
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distribution, logistics and the supply chain. Next is a discussion of the key elements 

that are fundamental to the logistic function. A brief description of the historical 

growth of distribution and logistics is followed by an assessment of its importance 

throughout the world. Finally, a typical distribution and logistics structure is 

described and discussed.

Scope and definition

Parallel to the growth in the importance of distribution, logistics and the  

supply chain has been the growth in the number of associated names and different 

de�nitions that are used. Among the many different names can be found:

	● physical distribution

	● logistics

	● business logistics

	● materials management

	● procurement and supply

	● product �ow

	● marketing logistics

	● supply chain management

	● demand chain management

and there are several more.

There is, realistically, no ‘true’ name or ‘true’ de�nition that can be pedantically 

applied to these different terms because the elements that are covered can be so 

variable. Every industry has its own characteristics, and for each company in that 

industry there can be major variations in strategy, size, range of product, market 

coverage, etc. Logistics is, therefore, a diverse and dynamic function that has to be 

�exible and has to change according to the various constraints and demands imposed 

upon it and with respect to the environment in which it works.

Thus, these many different terms are used, often interchangeably, in literature and 

in the business world. One of the key relationships can be described as follows:

Logistics = Materials Management + Distribution

where ‘materials management’ represents the activities concerning materials going 

into and through the production process and ‘distribution’ represents the process of 

making a product available to the consumer or business that needs it.
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An extension to this idea helps to illustrate that the supply chain covers an even 

broader scope of the business area. This includes the supply of raw materials and 

components as well as the delivery of products to the �nal customer. Thus:

Supply Chain = Suppliers + Logistics + Customers

It should also be noted that logistics and the supply chain are concerned not only 

with physical �ows and storage from raw material through to the �nal distribution 

of the �nished product, but also with information �ows and storage. Indeed, major 

emphasis is now placed on the importance of information as well as physical �ows 

and storage. This is re�ected in the content throughout this book. An additional and 

very relevant factor is that of reverse logistics – the �ow of used products and return-

able packaging back through the system. Figure 1.1 illustrates these different ele-

ments and �ows, as well as indicating how some of the associated logistics 

terminology can be applied.

Figure 1.1 A flow representation of logistics for a fast-moving consumer goods (FMCG) 

manufacturer. This shows the key components, the major flows and some of the different logistics 

terminology
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Having indicated above that there is no ‘true’ de�nition of logistics that can be 

universally applied, it would be remiss not to consider some of the alternatives! The 

question of what is the most appropriate de�nition of logistics and its associated 

namesakes is always an interesting one. There is a multitude of de�nitions to  

be found in textbooks and on the internet. Several early de�nitions referred to the 
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ability of logistics to help create time and place utility for products in the market-

place. A selection of more recent de�nitions is:

Logistics is the management of the �ow of goods between point of origin and point of 

destination to meet customer and corporate requirements.

Collins Dictionary

Logistics management is that part of supply chain management that plans, implements 

and controls the ef�cient, effective forward and reverse �ow and storage of goods, 

services and related information between the point of origin and the point of 

consumption in order to meet customers’ requirements.

Council of Supply Chain Management Professionals (USA), 2021

Logistics is de�ned as the time-related positioning of resources. It is also described as the 

‘�ve rights’. Essentially, it is the process of ensuring that goods or a service is: in the right 

place, at the right time, in the right quantity, at the right quality, at the right price.

Chartered Institute of Logistics and Transport (UK), 2021

For many de�nitions it is possible to detect the different biases – military, economic, 

academic… An appropriate modern de�nition that applies to most industries and 

that we might use for this book is that:

logistics concerns the ef�cient transfer of goods from the source of supply through the 

place of manufacture to the point of consumption in a cost-effective way while providing 

an appropriate service to the customer.

This focus on cost-effectiveness and customer service will be a point of emphasis 

throughout this book.

A more critical consideration of the difference between logistics and the supply 

chain is given at the end of Chapter 2. It is developed using some of the ideas that are 

discussed in that chapter.

For most organizations it is possible to draw up a familiar list of key areas  

representing the major components of distribution and logistics. These will include 

transport, warehousing, inventory, packaging and information. This list can be 

‘exploded’ once again to reveal the detailed aspects within the different components. 

Some typical examples are given in Figure 1.2.

All of these functions and sub-functions need to be planned in a systematic way, 

in terms both of their own local environment and of the wider scope of the distribution 

system as a whole. A number of questions need to be asked and decisions made. The 

different ways of answering these questions and making these decisions are addressed 

in the chapters of this book as consideration is given to the planning and operation 

of the logistics and supply chain function. In addition, the total system interrelation-

ships and the constraints of appropriate costs and service levels are discussed.
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Figure 1.2 The key components of distribution and logistics, showing a few of the 

associated detailed elements
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Historical perspective

The different elements of logistics and the supply chain have, of course, always been 

fundamental to the manufacturing, storage and movement of goods and products. 

For most companies they are recognized as vital functions that contribute to the 

business and economic environment. The role of logistics has developed such that it 

now plays a major part in the success of many different operations and organiza-

tions. In essence, the underlying concepts and rationale for logistics are not new. 

They have evolved through several stages of development, but still use the basic ideas 

such as trade-off analysis, value chains and systems theory together with their associ-

ated techniques. Of course, many of these ideas, concepts and techniques have 

altered, almost beyond recognition, from their original format.

There have been several distinct stages in the development of distribution and 

logistics.

1950s and early 1960s

In the 1950s and early 1960s, distribution systems were unplanned and unformu-

lated. Manufacturers manufactured, retailers retailed, and in some way or other the 
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goods reached the shops. Distribution was broadly represented by the haulage  

industry and manufacturers’ own-account �eets. There was little positive control 

and no real liaison between the various distribution-related functions.

1960s and early 1970s

In the 1960s and 1970s the concept of physical distribution was developed with  

the gradual realization that the ‘dark continent’ (as distribution was described in 

early academic literature) was indeed a valid area for managerial involvement. This 

consisted of the recognition that there was a series of interrelated physical activities 

such as transport, storage, materials handling and packaging that could be linked 

together and managed more effectively. In particular, there was recognition of a  

relationship between the various functions, which enabled a systems approach  

and total cost perspective to be used. Under the auspices of a physical distribution 

manager, a number of distribution trade-offs could be planned and managed to pro-

vide both improved service and reduced cost. Initially the bene�ts were recognized 

by manufacturers, who developed distribution operations to re�ect the �ow of their 

product to their customers.

1970s

The 1970s was an important decade in the development of the distribution concept. 

One major change was the recognition by some companies of the need to include 

distribution in the functional management structure of an organization. The decade 

also saw a change in the structure and control of the distribution chain. There was a 

decline in the power of the manufacturers and suppliers, and a marked increase in 

that of the major retailers. The larger retail chains developed their own distribution 

structures, based initially on the concept of regional or local distribution depots to 

supply their stores.

1980s

In the 1980s fairly rapid cost increases and the clearer de�nition of the true costs  

of distribution contributed to a signi�cant increase in professionalism within distri-

bution. With this professionalism came a move towards longer-term planning and 

attempts to identify and pursue cost-saving measures. These measures included  

centralized distribution, notable reductions in stockholding and the use of the com-

puter to provide improved information and control. The growth of the third-party 

distribution service industry was also of major signi�cance, with these companies 

spearheading developments in information and equipment technology. The concept 
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of and need for integrated logistics systems were recognized by forward-looking  

companies that participated in distribution activities.

Late 1980s and early 1990s

In the late 1980s and early 1990s advances in information technology enabled 

organizations to broaden their perspectives in terms of the functions that could be 

integrated. In short, this covered the combining of materials management (the 

inbound side) with physical distribution (the outbound side). The term ‘logistics’ was 

used to describe this concept (see Figure 1.1). Once again, this led to additional 

opportunities to improve customer service and reduce the associated costs. One 

major emphasis made during this period was that informational aspects were as 

important as physical aspects in securing an effective logistics strategy.

1990s

In the 1990s the process of integration was developed even further to encompass not 

only the key functions within an organization’s own bound aries but also those func-

tions outside that also contribute to the provision of a product to a �nal customer. 

This became known as ‘supply chain management’ (see Figure 1.1). The supply chain 

concept gave credence to the fact that there may be several different organizations 

involved in getting a product to the marketplace. Thus, for example, manufacturers 

and retailers should act together in partnership to help create a logistics pipeline that 

enables an ef�cient and effective �ow of the right products through to the �nal  

customer. These partnerships or alliances should also include other intermediaries 

within the supply chain, such as third-party contractors.

2000s

As the new millennium dawned, business organizations faced many challenges as 

they endeavoured to maintain or improve their position against their competitors, 

bring new products to market and increase the pro�t ability of their operations. This 

led to the development of many new ideas for improvement, speci�cally recognized 

in the rede�nition of business goals and the re-engineering of entire systems.

Logistics and the supply chain were con�rmed as key elements to overall business 

success. Indeed, for many organizations, changes in logistics and the supply chain 

provided the catalyst for major enhancements to their business. Leading organiza-

tions recognized that there was a positive ‘value-added’ role that logistics could offer, 

rather than the traditional view that the various functions within logistics were 

merely a cost burden that had to be minimized regardless of any other implications. 

Logistics was seen as a key enabler for business improvement.
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2010s and beyond

This period saw the con�rmation of the importance of a number of concepts and 

many businesses developed and improved their systems and operations to embrace 

these. Many of these concepts remain key and are covered in the relevant chapters of 

this book. Some examples are:

	● environmental concerns resulted in the development of many green initiatives in 

logistics

	● the important role of the supply chain was re�ected in new approaches to 

humanitarian logistics

	● the recognition of the difference between lean and agile supply chains brought 

about revised structures to relevant businesses

	● the concept of the networked economy was also embraced, acknowledging that 

the success of a company is intrinsically linked to others so that enterprises need 

to cooperate and collaborate across their traditional boundaries

	● signi�cant technology developments began to impact on logistics and supply 

chain activities

	● e-commerce, e-ful�lment, AI, Big Data analytics

The key recent and likely future issues to be faced in distribution, logistics and sup-

ply chain management are reviewed and discussed in Chapter 5.

Importance of logistics and distribution

Importance in the economy

Logistics is an important activity making extensive use of the human and material 

resources that affect a national economy. Due to the dif�culty of data collection, 

only a limited number of studies have been undertaken to try to estimate and com-

pare the extent of the impact of logistics on the economy.

One study in the UK has indicated that about 30 per cent of the working popula-

tion were associated with work that is related to logistics. A study undertaken by 

Armstrong and Associates (2021a) was able to present data at a country level, which 

indicated that, for the many economies reviewed, logistics represented somewhere 

between 7.4 and 20 per cent of the gross domestic product (GDP) of that country. 

The information, for the latest year available, is summarized in Figure 1.3 for certain 

key countries.

Figure 1.3 shows that, for the main European and North American economies, 

logistics represented between 7.4 per cent and 9.5 per cent of GDP. For the larger 
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South American nations this range was higher at around 12 per cent, with India  

at 13 per cent and China at 14.5 per cent. These numbers represent some very sub-

stantial costs, and serve to illustrate how important it is to understand the nature of 

logistics costs and to identify means of keeping these costs to a minimum. Countries 

with the lowest costs are generally those where the importance of logistics was  

recognized relatively early and where there has been time to create more ef�cient 

systems. It is already apparent that the logistics costs of developing nations will con-

tinue to decrease over the next few years as they have decreased in the past few years. 

About 25 years ago, if the same statistics had been available, these percentage  

elements would undoubtedly have been a lot higher in all of these countries. In the 

UK records go back for about 40 years, and logistics costs were then around the  

18 to 20 per cent mark.

Figure 1.3 Logistics costs as a percentage of GDP for selected countries
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SOURCE Armstrong and Associates, 2021a

The Council of Supply Chain Management Professionals in the United States, in 

its Annual State of Logistics Report (2020), provided �gures indicating that logistics 

costs as a percentage of GDP for the United States had fallen from 8.1 per cent in 

2008 to 7.4 per cent in 2009. There was a brief rise to 7.9 per cent for 2018, due to 

fast growth and capacity shortages, before a return to a more normal level of 7.6 per 

cent for 2019. The report notes that this �nal measure indicated ‘an unrecognized 

last hurrah of the old normal’ before the global pandemic.
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Importance to industry

The breakdown of the costs of the different elements within logistics has also been 

addressed, but again only in a very limited number of surveys, so data is hard to �nd. 

One survey of US logistics costs undertaken by Establish Davis (2016) indicated that 

in the United States transport was the most important element at 48.4 per cent, fol-

lowed by inventory carrying cost at 22.9 per cent, storage/warehousing at 22.6 per 

cent, customer service/order entry at 3.9 per cent and administration at 2.3 per cent.

In past studies of this nature, the transport cost element of distribution has always 

been the major constituent part in the United States. US transport costs are especially 

affected by the long distances travelled, so the transport cost element is markedly 

higher there than it is in Europe.

The statistics described above are useful to provide a broad perspective on the 

importance of the relative logistics components. When looking at industry and com-

pany level, however, it is essential to be aware that these costs are average �gures 

taken across a number of companies.

The relative make-up of these costs can vary quite signi�cantly between different 

industries. Listed in Table 1.1 are some examples of the major logistics costs from 

different types of company, shown as a percentage of sales turnover. These are taken 

from an industry cost audit carried out in the UK by Dialog Consultants Ltd and 

they illustrate how extreme these variations can be. There are some quite major 

variations among the results from the various companies and there can be a number 

of reasons for these cost differences. For example:

	● Logistics structures can and do differ quite dramatically between one company 

and another, and one industry and another.

	● Channels can be short (i.e. very direct) or long (i.e. have many intermediate 

stocking points).

	● Supply chains may be operated by different players: manufacturers, retailers, 

specialist third-party distribution companies, or indeed by a mixture of these.

Also, it should be noted that in the examples shown in Table 1.1 the relative impor-

tance of logistics is measured in relationship to the overall value of the particular 

products in question, which has implications for comparing relative importance 

between different companies. For example, cement is a low-cost product (as well as 

being a very heavy one!), so the relative costs of its logistics are very high. Spirits 

(whisky, gin, etc) are very high-value products, so the relative logistics costs appear 

very low.

Two key factors related to the relative importance of logistics in industry are:

	● Small companies tend to have proportionately higher logistics costs than large 

companies (about 13 per cent of the cost of sales compared to about 4.5 per cent). 
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Table 1.1 Logistics costs as a percentage of sales turnover

Cost as Percentage of Turnover

Main 

Company 

Business

Transport  

Cost

%

Warehouse/ 

Depot Cost

%

Inventory  

Investment/ 

Holding  

Cost

%

Administration  

Cost

%

Overall  

Logistics  

Cost

%

Of�ce  

equipment

3.20 10.70 0.87 14.77

Health  

supplies

1.36 9.77 0.66 0.19 11.98

Soft drinks 2.53 2.71 0.44 5.68

Beer (food  

and drink)

8.16 2.82 0.56 2.19 13.74

Spirits  

distribution

0.37 0.27 0.07 0.10 0.81

Cement 25.20 9.10 7.10 4.60 46.00

Automotive  

parts

2.07 6.35 1.53 9.96

Gas supply  

(non-bulk)

9.41 2.45 0.02 11.98

Computer  

maintenance

0.45 0.10 0.29 0.05 0.88

Computer  

supply

0.65 0.78 0.09 1.52

Healthcare 0.96 1.08 1.21 3.25

Specialist  

chemicals

7.23 1.95 0.20 0.49 9.87

Fashion 0.38 1.31 0.33 2.02

Food  

packaging

3.14 3.73 0.85 7.72

SOURCE Benchmark survey of UK companies by Dialog Consultants Ltd (unpublished)

This is principally because large companies can bene�t from economies of scale.

	● Companies with high product values tend to have proportionately lower logistics 

costs than those with low product values (about 4.5 per cent of the cost of sales 

compared to about 10.5 per cent). This is because the high value of their goods 

tends to distort downwards the importance of the respective logistics costs.

These and other associated aspects are discussed in subsequent chapters.
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Logistics and supply chain structure

The discussion in the previous sections of this chapter has illustrated the major  

components to be found within a logistics or supply chain system: transport, ware-

housing, inventory, etc. The fundamental characteristics of a physical distribution 

structure are illustrated on the left-hand side of Figure 1.4, and can be considered as 

the �ow of material or product, interspersed at various points by periods when the 

material or product is stationary. This �ow is usually some form of transportation of 

the product. The stationary periods are usually for storage or to allow some change 

to the product to take place – manufacture, assembly, packing, break bulk, etc.

This simple physical �ow that is illustrated thus consists of the different types of 

transport (primary, local delivery, etc) and stationary functions (production, �nished 

goods inventory, etc).

Figure 1.4 A typical physical flow of material from suppliers through to customers, showing 

stationary functions and movement functions, linked to a diagram that reflects the ‘value-added’ 

nature of logistics
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distribution depot
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There is also, of course, a cost incurred to enable the distribution operation to 

take place. The importance of this distribution or logistical cost to the �nal cost of 

the product has already been highlighted. As has been noted, it can vary according 

to the sophistication of the distribution system used and the intrinsic value of the 

product itself. One idea that helps to emphasize the importance of distribution and 

logistics is that these different elements of logistics are providing an ‘added value’ to 

a product as it is made available to the �nal user – rather than just imposing an addi-

tional cost. This is a more positive view of logistics and is a useful way of assessing 

the real contribution of logistics and distribution services. Figure 1.4 also provides 

an example of this cost or added value for a typical low-cost product.

Figure 1.4 concentrates on the physical �ows of goods and materials, demonstrat-

ing some of the different links and functions that are fundamental to logistics. What 

is not shown, but will be seen as vital to the success of the process, is the vast amount 

of information that is essential to enable and support logistics operations. This is key, 

and will be considered in detail in many chapters of this book.



Integrated 
logistics and the 
supply chain

Introduction

In Chapter 1, different de�nitions of logistics were introduced, and the main com-

ponents of logistics were outlined. It was shown that the various logistics and supply 

chain functions are part of a �ow process operating across many business areas. In 

this chapter, the emphasis is on the integration of the various logistics components 

into a complete working structure that enables the overall system to run at the  

optimum. Thus, the concept of ‘total logistics’ is described, and the importance of 

recognizing the opportunities for appropriate trade-offs is discussed. Some key 

aspects of planning for logistics are reviewed, and the �nancial impact that logistics 

has in a business is described. Finally, a number of key developments in logistics 

integration are considered, including the impact of the globalization of many  

companies, the use of integrated planning systems, how logistics can help to create 

competitive advantage and the concept of supply chain (SC) management.

The total logistics concept

The total logistics concept (TLC) aims to treat the many different elements that  

come under the broad category of distribution and logistics as one single integrated 

system. It is a recognition that the interrelationships between different elements, for 

example delivery transport and storage, need to be considered within the context of 

the broader supply chain. Thus, the total system should be considered and not just 

an individual element or subsystem in isolation.

An understanding of the concept is especially important when planning for any 

aspect of distribution and logistics. The simple, practical example in the box helps to 

emphasize the point.

02
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EXAMPLE The total logistics concept

A company produces plastic toys that are packaged in cardboard boxes. These 

boxes are packed onto wooden pallets that are used as the basic unit load in the 

warehouse and in the transport vehicles for delivery to customers.

A study indicates that the cardboard box is an unnecessary cost because it does 

not provide any signi�cant additional protection to the quite robust plastic toys and 

it does not appear to offer any signi�cant marketing advantage. Thus, the box is 

discarded, lowering the unit cost of the toy and so providing a potential advantage 

in the marketplace.

One unforeseen result, however, is that the toys, without their boxes, cannot be 

stacked on to wooden pallets, because they are unstable, but must be stored and 

moved instead in special trays. These trays are totally different to the unit load that 

is currently used in the warehouse and on the vehicles (i.e. the wooden pallet). The 

additional cost penalty in providing special trays and catering for another type of 

unit load for storage and delivery is a high one – much higher than the savings 

made on the product packaging.

This example illustrates a classic case of sub-optimization in a logistics system.  

It shows that if the concept of total logistics is ignored, this can be a signi�cant cost 

to a company. As the product packaging costs have been reduced, those concerned 

with this company function will feel that they have done their job well. However,  

the overall effect on the total logistics cost is, in fact, a negative one. The company  

is better served by disregarding this potential saving on packaging, because the  

additional warehouse and transport costs mean that total costs increase.

This simple example of sub-optimization emphasizes the importance of under-

standing the interrelationships of the different logistics elements. A more positive 

action would be to measure and interpret these and other interrelationships using a 

planned approach to identifying and determining any cost trade-offs. This approach 

will be a bene�t to the logistics system as a whole. Such a trade-off may entail addi-

tional cost in one function but will provide a greater cost saving in another. The 

overall achievement will be a net gain to the system.

This type of trade-off analysis is an important part of planning for logistics. Four 

different levels of trade-off can be identi�ed:

1 Within logistics components: this refers to the trade-offs that occur within single 

functions (e.g. warehousing). One example would be the decision to use random 

storage locations compared to �xed storage locations in a depot. The �rst of these 

provides better storage utilization but is more dif�cult for picking; the second is 

easier for picking but does not provide such good storage utilization.
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2 Between logistics components: these are the trade-offs that occur between the 

different elements in logistics. To reverse the earlier packaging example, a company 

might increase the strength and thus the cost of packaging but �nd greater savings 

through improvements in the warehousing and storage of the product (i.e. block 

stacking rather than a requirement for racking).

3 Between company functions: there are a number of areas of interface between 

company functions where trade-offs can be made. This is illustrated in Figure 2.1, 

which lists some potential trade-offs and indicates how the different company 

functions might be affected. One example is the trade-off between optimizing 

production run lengths and the associated warehousing costs of storing the 

�nished product. Long production runs produce lower unit costs (and thus more 

cost-effective production) but mean that more product must be stored for a longer 

period (which is less cost-effective for warehousing).

4 Between the company and external organizations: there may be opportunities for 

a trade-off between two companies that are directly associated with each other. 

For example, a change from a manufacturer’s products being delivered direct to a 

retailer’s stores to delivery via the retailer’s distribution depot network might lead 

to a cheaper solution overall for the two companies.

These types of trade-offs are thus at the heart of the total logistics concept. For the 

planning of distribution and logistics, it is important to take this overall view of a 

logistics system and its costs. The other side of the equation is, of course, the need  

to provide the service level that is required by the customer. This balance of total 

logistics cost and customer service level is essential to successful logistics.

Planning for logistics

In order to ensure that the concept of total logistics is put into practice and that  

suitable trade-offs are achieved, it is essential that a positive planning approach is 

adopted. In this section, the various planning horizons with their associated logistics 

decisions are described. In Chapter 6, a more formalized planning framework is 

discussed. This is developed in subsequent chapters into a more practical and detailed 

approach to logistics planning.

Planning should be undertaken according to a certain hierarchy that re�ects dif-

ferent planning time horizons. These are generally classi�ed as strategic, tactical and 

operational. They are represented on the left side of Figure 2.2. There is an overlap 

between the different levels, which emphasizes that there are some factors that can 

be considered at different stages in this planning hierarchy. The relative importance 

of these various elements can differ between one company and another. For example, 

the choice of transport mode might be a strategic decision for a company that is  
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Figure 2.1 Some potential trade-offs in logistics, showing how different company functions 

might be affected
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setting up a new global logistics operation, but might just be a tactical decision for 

another company that is principally a supplier to a locally based market and only 

occasionally exports over long distances. Choice of transport mode could even be an 

initial strategic decision and also a subsequent tactical decision for a single company.

Figure 2.2 also indicates the interrelationship of planning and control within this 

hierarchy. Both of these different elements are essential to the running of an effective 

and ef�cient logistics operation. One way to envisage the difference between these 

two concepts is as follows: planning is about ensuring that the operation is set up to 

run properly – it is ‘doing the right thing’ or preparing for and planning the opera-

tion ‘effectively’; control is about managing the operation in the right way – it is 

‘doing the thing right’ or making sure that the operation is being run ‘ef�ciently’.

Once again it is not relevant to de�ne exactly which strategic, tactical and opera-

tional decisions or tasks within a company should be classi�ed as either planning or 

control. Most elements need to be planned correctly in the �rst place, and then sub-

sequently they need to be monitored and controlled to ensure that the operation is 

running as well as it should be. The practical means of monitoring and controlling 

logistics are described in Chapter 38.
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Figure 2.2 Logistics planning hierarchy

strategic

tactical

operational

planning

control

Some of the major aspects and differences between the three time horizons are 

summarized in Figure 2.3. The importance and relevance of these different aspects 

will, of course, vary according to the type and scale of business, product, etc. It is 

helpful to be aware of the planning horizon and the associated implications for each 

major decision that is made.

Figure 2.3 The major functions of the different planning time horizons

Operational
Day-to-day decision making
Operations controlled against the standards and rules
Control via weekly/monthly reports
The implementation of the operational plan

Tactical
Short- to medium-term horizon
Six-months to one-year (plus) time span
Subsystem decisions are made
– should not impose on other logistics components
Annual budgets provide �nance/cost basis
The strategic plan detail is made into an operational plan

Strategic
Medium- to long-term horizon
One- to �ve-year (plus) time span
Overall ‘structural’ decisions
Trade-offs between company functions
Trade-offs with other organizations
Corporate �nancial plans and policies
Policy decisions developed into a strategic plan
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It is possible to identify many different elements within distribution and logistics 

that can be broadly categorized within this planning hierarchy. As already indicated, 

these may vary from one company to another and from one operation to another. 

Some of these – in no particular order – are as indicated in Figure 2.4.

Figure 2.4 Some of the main logistics elements for the different planning time horizons
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information support 
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stock location & control

order processing
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optimization of automation

load scheduling

returns

personnel availability

stock update

documentation completion

alternative fuels

vehicle maintenance

vehicle workshop 

activity

These examples serve to emphasize the complexity of distribution and logistics. In 

addition, they underline the need for appropriate planning and control. Distribution 

and logistics are not merely the transportation of goods from one storage point to 

another. There are many and varied elements that go together to produce an effective 

distribution and logistics operation. These elements interrelate, and they need to be 

planned over suitable time horizons.

The planning and control of an operation can also be described within the context 

of a broader planning cycle. This emphasizes the need for a systematic approach, 

where continual review takes place. This is a particularly important concept in  

logistics, because most operations need to be highly dynamic – they are subject to 
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continual change, as both demand and supply of goods and products regularly vary 

according to changes in customer requirements for new products and better product 

availability. One example of a fairly common framework is shown as the planning 

and control cycle in Figure 2.5. The key stages in the cycle are as follows:

1 The cycle begins with the question ‘Where are we now?’ Here the aim is to provide 

a picture of the current position. This might be through a regular information 

feedback procedure or, initially, through the use of a speci�c logistics or distribution 

audit.

2 The second stage is to determine the objectives of the logistics process, to identify 

what the operation should be trying to achieve. These objectives need to be related 

to such elements as customer service requirements, marketing decisions, etc.

3 The third stage in the cycle is the planning process that spans the strategic and 

operational levels previously discussed.

4 Finally, there is a need for monitoring and control procedures to measure the 

effectiveness of the distribution operation compared to the plan. This should be 

undertaken on a regular weekly, monthly and annual basis.

Figure 2.5 The planning and control cycle
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The cycle has then turned full circle, and the process is ready to begin again. This 

takes account of the dynamic nature of logistics, the need for continual review and 
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revision of plans, policies and operations. This must be undertaken within a positive 

planning framework in order to ensure that continuity and progress are maintained.

The financial impact of logistics

Logistics can have a variety of different impacts on an organization’s �nancial  

performance. Logistics was traditionally seen as an operational necessity that cannot 

be avoided; however, a good logistics operation can also offer opportunities for 

improving �nancial performance.

Figure 2.6 The many ways in which logistics can provide an impact on an organization’s return 

on investment
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For many companies, a key measure of success is the return on investment (ROI): 

the ratio between the net pro�t and the capital employed in the business. For 

improved business performance, this ratio needs to be shifted to increase pro�ts and 

reduce capital employed. There are many different ways in which logistics can have 

both a positive and a negative impact on the ROI. These are outlined in Figure 2.6. 

This shows ROI as the key ratio of pro�t and capital employed, with the main  

elements broken down further as sales revenue less cost (representing pro�t) and 

inventory plus cash and receivables plus �xed assets (representing capital employed).

Pro�t can be enhanced through increased sales, and sales bene�t from the provi-

sion of high and consistent service levels. One of the aims of many service level 
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agreements is to try to achieve on-time-in-full (OTIF) deliveries – a key objective of 

many logistics systems. On the other hand, costs can be minimized through ef�cient 

logistics operations. There are a number of ways that this might happen, including:

	● more ef�cient transport, thus reducing transport costs

	● better storage and handling leading to reduced storage costs

	● reduced inventory holding leading to less cash being tied up in inventory

	● improved labour ef�ciency, thus reducing costs

The amount of capital employed can also be affected by the different logistics  

components. For example, there are many different types of inventory held by com-

panies, including raw materials, components, work-in-progress and �nished goods. 

The key logistics functions impact very signi�cantly on the stock levels of all of these. 

This impact can occur with respect to stock location, inventory control, stockhold-

ing policies, order and reorder quantities and integrated systems, among others. 

Cash and receivables are in�uenced by cash-to-cash and order cycle times – both of 

these being key logistics processes. Finally, there are many �xed assets to be found in 

logistics operations: warehouses, distribution centres/depots, transport and materi-

als handling equipment. The number, size and extent of their usage are fundamental 

to effective logistics planning. Also, there may be good opportunities to outsource 

some or all of these operations, which has a signi�cant effect on reducing �xed assets.

Much of this book is taken up with the practical logistics issues that enable the 

maximization of pro�t, the minimization of costs and thus the improvement of ROI.

Globalization and integration

One notable element is the number of companies that operate in the global market-

place. This necessitates a broader perspective than when a national company oper-

ates internationally. In the latter, although companies may have a presence across  

a wide geographic area, this is supported on a local or regional basis through local 

or regional sourcing, manufacturing, storage and distribution. In the former, the 

company is truly global, with a structure and policy that represent a global business. 

Typical global attributes will include: global branding, global sourcing, global  

production, centralization of inventories and the centralization of information, but 

with the ability to provide for local requirements, be these electronic standards for 

electrical goods, language on packaging or left-/right-hand-drive alternatives in the 

automotive industry. All of these aspects serve to emphasize the added dif�culty of 

operating effectively in a global environment. Global logistics and supply chain  

networks are far more complicated and it is necessary to plan and manage logistics 

as a complete and integrated system.


