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to paraphrase Mark Twain, rumours of the demise of warehousing have 
been greatly exaggerated. The warehouse continues to play a major role 

within supply chains and will continue to do so for the foreseeable future, 
although it may appear in different guises.

The introduction of concepts such as Just in Time suggested the require-
ment for warehouses as large storage entities was a thing of the past; how-
ever, transferring the production of certain products from the West to the 
Far East and consumer demand for instant gratification have necessitated 
their retention.

Finished stock needs to be held as close to the point of consumption as 
possible and this has led to many warehouses transforming into cross-dock 
and transhipment centres, fulfilment centres, sortation and consolidation 
points as well as fulfilling their roles as storage facilities.

As a result, managers need to have a greater understanding of the various 
roles that warehouses can fulfil and how these affect the business and the 
supply chain as a whole.

No two operations are exactly the same, even within the same company, 
although the underlying principles remain. This book aims to share these 
principles and enable managers to get a better understanding of what makes 
a good warehouse operation better.

There have been many books written on all aspects of warehouse opera-
tions by many warehousing gurus such as Ackerman, Emmett, Frazelle and 
Tomkins. This book aims to update readers on current and potential future 
advances in warehouse management whilst tackling the issues which are 
challenging today’s managers.

These include the pressure on managers to increase productivity, reduce 
cost, improve customer service whilst ensuring the health and safety of staff 
employed in the warehouse.

The authors have a number of years’ experience in managing and con-
sulting on warehouse operations. This book is written from the perspective 
of hands-on operators and aims to share past experiences and knowledge 
gathered over recent years.

Having moved into consultancy, the authors are continually updating 
their knowledge in this rapidly changing sector of logistics. We also draw on 
the knowledge and experience of colleagues and the results of recent bench-
marking studies and surveys from Europe and the United States.

Introduction

1



Warehouse Management2

Warehouses evolve. Technology has moved on apace and as a result,  
opportunities to improve efficiency and effectiveness within the warehouse 
are constantly being introduced. This, together with increasing demands 
from customers and internal pressures to reduce costs yet improve service 
levels, can prove a significant challenge to warehouse and logistics managers 
everywhere.

The introduction of sophisticated automation, robotics and advanced 
software systems into warehouse operations can potentially have an effect 
on logistics operations comparable to the introduction of the wheel millennia 
ago. These advances in technology are likely to lead to a significant reduction 
in staff and improved efficiency. This comes at a cost, however.

Not all warehouse operations are likely to benefit from such advances or 
can afford large investments in technology. This book will examine the basic 
processes required to manage a warehouse effectively. In fact, these processes 
need to be in place in all warehouses prior to any thoughts of introducing 
new technology.

Automating a bad process might make it quicker but certainly doesn’t 
make it more efficient.

The authors recognize the huge diversity of warehouse operations globally 
and although we discuss current concepts and technologies we have concen-
trated in the main on how all warehouses can become more efficient and 
effective, irrespective of budget.

During our careers we have noticed that logistics is very much about 
trade-offs. We will examine these in detail as they will affect how warehouse 
and logistics managers approach their jobs and the decisions they take.

Major trade-offs include:

cost versus service;●●

speed versus accuracy;●●

efficiency versus responsiveness;●●

volume purchases versus storage cost and availability.●●

These trade-offs appear both within the warehouse itself and also between 
the warehouse operation and other logistics services.

This book has been written in such a way that it will be a useful reference 
point for staff involved in the day-to-day operations of a warehouse, senior 
managers who require a basic understanding of warehouse operations,  
designers and planners, external agencies needing a basic understanding of 
warehouses, and, finally, those who are considering a career in warehousing 
and logistics.

Through the use of case studies and examples, the authors share funda-
mental tools and processes which have been prevalent in the industry over the 
years and have been instrumental in assisting managers to increase efficiency 
and reduce costs.



Introduction 3

The book concentrates on the areas which challenge today’s warehousing 
and logistics managers. These include:

improving efficiency and productivity whilst reducing costs;●●

improving quality and accuracy;●●

technological advancements;●●

workforce management;●●

health and safety;●●

the environment.●●

The first Part of the book discusses the roles of the warehouse and ware-
house manager in today’s supply chain. Within this section we also examine 
one of the main challenges for warehouse managers today – attracting and 
retaining quality staff.

Part Two analyses the individual processes within the warehouse, outlin-
ing areas where costs can be reduced whilst productivities increase through 
the use of technology and improved methods.

Part Three explores in detail equipment utilized within the warehouse, 
including warehouse management systems, handling equipment and storage 
systems.

Part Four discusses how to resource and cost a warehouse.
Part Five looks at performance measurement in detail and also the  

opportunities afforded by outsourcing.
Part Six provides an insight into areas that currently take up a significant 

percentage of a manager’s time today. These include health and safety and 
the continuing pressure on companies to reduce the effect of logistics opera-
tions on the environment.

The final Part looks at current advances in warehousing and attempts to 
predict the future.

The book has been written by UK-based authors who have also worked 
and lectured in many different countries. It is hoped that it will be read  
globally and that the information provided will resonate with warehouse 
operators, students and management teams worldwide.

Books such as this are an excellent resource for today’s managers. 
However, they need to be used in conjunction with other, easily accessible 
resources. These include your peers, staff on the warehouse floor, the suppliers 
of warehouse equipment and consultants – all of whom have a wealth of 
experience to share with today’s managers.

We have included a glossary of terms to assist you through the minefield 
of three- and four-letter acronyms common in the logistics sector.

We have also included a list of useful websites at the end of the book to 
assist you in further enhancing your knowledge in this area.
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“It is not the strongest species that survive, nor the most 
intelligent, but the ones most responsive to change.

CLaRenCe daRRoW (1857–1938)

Introduction

Warehouses have, in the past, been constantly referred to as cost centres and 
rarely adding value. The movement of production to the Far East, the growth 
of e-commerce and increasing demands from consumers have seen a step 
change in warehouse operations. Warehouses are now seen as a vital cog 
within today’s supply chain. However, the pressure is on managers to increase 
productivity and accuracy, reduce cost and inventory whilst improving  
customer service.

As an introduction to the main aspects of the book we set the context by 
examining the role of the warehouse in today’s economy and its likely place 
within future supply chains.

This chapter describes the different types of warehouse operations currently 
in use and their strategic roles.

We have also taken one example of specialist warehousing – refrigerated 
storage – and expanded on this. We realize there are other specialist areas 
such as hazardous goods storage, Customs and Excise storage and main-
tenance stores, but the need to cover all the fundamental areas precludes us 
from going into these areas in detail.

We believe, however, that the same underlying principles apply, albeit 
with greater emphasis on both legal and safety aspects in respect to the other 
areas.

The role of a supply chain is to deliver the right products, in the correct 
quantity, to the right customer, at the right place, at the right time, in the 
right condition, at the right price.

The warehouse plays a significant part in this. Delivering the right pro-
duct in the right quantity relies on the warehouse picking and despatching 
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accurately. Delivering to the right customer at the right place, on time, requires 
the product to be labelled correctly and loaded onto the correct vehicle with 
sufficient time to meet the delivery deadline. In the right condition means 
that the warehouse has to ensure the product leaves the warehouse clean 
and damage free. Finally, at the right price requires a cost-efficient operation 
that delivers value for money.

The warehouse is therefore crucial in delivering the perfect order. This 
can be done in many ways.

In the past, warehouses were seen mainly as stock-holding points, where 
possible matching supply to demand and acting as a buffer between manu-
facturer and consumer. Stock visibility along the supply chain was limited 
and information flow was very slow, resulting in companies holding more 
stock than necessary.

Warehouses also fulfilled a major role in storing raw materials. As land 
and buildings were relatively cheap, the cost of holding significant quan-
tities of raw materials and finished stock was seen as the norm and totally 
acceptable.

Production runs in those days were very long as it was an expensive process 
to change models, colours, styles, etc. The economy was also seen as supply 
driven with manufacturers producing products in the hope that consumers 
would buy them.

As a result there was a large proliferation of warehouses and stock hold-
ing increased appreciably.

In today’s market with expensive land, buildings, labour and energy  
costs, together with the introduction of concepts such as just in time (JIT), 
efficient consumer response (ECR) and quick response (QR), companies  
are continually looking to minimize the amount of stock held and speed up 
throughput.

We have gone from a ‘push’ to a ‘pull’ supply chain over recent years.  
In fact, the phrase ‘supply chain’ can be a bit of a misnomer and maybe it 
should be called a demand chain, with consumers holding sway.

In the past manufacturers produced goods and passed them on to the 
retailers, expecting them to sell as many of their products as possible. The 
manufacturers operated a large number of local warehouses and delivered 
product direct to store.

This situation changed in the 1980s when retailers took partial control of 
their supply chains and began to build national and regional distribution 
centres. This changed the face of warehousing with a reduction in local 
warehousing and a move towards larger, multi-temperature sites owned by the 
retailers and in many situations operated by third-party logistics companies.

These sites continue to grow, with Tesco recently building a 1.2 million 
square foot warehouse at Teesport in the UK.

The trend towards outsourcing production to India and Asia has resulted 
in companies having to hold higher levels of finished goods stock than pre-
viously. This is to cover the extended lead time between production and final 
delivery.
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Containers from Shanghai to the UK, for example, can take upwards of 
31 days, not including clearance at the port of entry. This will potentially 
necessitate at least five weeks of safety stock at the warehouse to cover this 
transit time.

As can be seen in Figure 1.1, there is a requirement for some form of 
warehouse operation throughout the supply chain.

types of warehouse operation

There are many different roles for a warehouse in today’s supply chain. As can 
be seen in Figure 1.1, warehouses can be operated by raw materials suppliers, 
manufacturers, retailers and companies involved in reverse logistics.

These warehouses fulfil the following roles:

Raw materials storage
These warehouses store raw materials and components close to the 

point of manufacture.

Intermediate, postponement, customization or sub-assembly facilities
These warehouses are used to store products at different stages in 

production. These centres are also used to customize products before 
final delivery to the customer.

Postponement and sub-assembly activities can include the following:

specific packaging or labelling being changed or added, eg for  –
store-ready items or printing in different languages;

computer assembly to include different graphics cards, memory  –
chips, software, etc;

country-specific items being added such as electrical plugs; –
special messages being added, eg stencilling of greetings  –
messages on mobile phones.

Finished goods storage
These warehouses store products ready for sale, on behalf of 

manufacturers, wholesalers and retailers. They provide a buffer  
or safety stock for companies, enabling them to build up stock in 
preparation for new product launches, expected increases in demand 
and to deal with seasonality.

Consolidation centres and transit warehouses
Consolidation centres receive products from different sources and 

consolidate them for onward delivery to the customer or onto  
a production line. This can include just-in-time centres where 
automotive parts are delivered to a warehouse where they are brought 
together and sequenced for delivery onto the production line.



Figure 1.1  Warehousing in the supply chain
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They can also be retail warehouses where products from different 
suppliers are consolidated for onward delivery to the stores.  
These differ from cross-dock centres in that product could remain  
in the centre for a period of time awaiting call-off from the final 
destination.

Transhipment or break-bulk centres
Transhipment centres receive products in large quantities from suppliers 

and break them down into manageable quantities for onward 
delivery to various locations.

Cross-dock centres
Cross-dock centres are seen as being the future for warehousing. 

Efficient consumer response and quick response within retail require 
operations to be able to move goods quickly through the supply 
chain. Cross docking requires deliveries into these centres to be 
already labelled and ready for onward delivery. Here the items are 
identified and consolidated with other deliveries, ready for despatch. 
Items should remain in the warehouse for as short a time as possible. 
Same-day despatch is the target.

Although companies are beginning to realize the efficiency of cross 
docking, a survey by Cranfield University (Baker and Perotti 2008) 
suggested that only 10 per cent of goods were cross docked, based  
on the responses received.

Cross-dock warehouses or transhipment centres are also utilized 
in outlying geographic areas to transfer products onto local, radial 
distribution vehicles. This transhipment process can take place either 
inside or outside the warehouse. Typical cross-dock products are 
perishable items such as fruit and vegetables, meat and fish, which 
need to be moved quickly through the supply chain.

Sortation centres
Sortation centres are used in the main by letter, parcel and pallet 

distribution companies. Goods are collected from all parts of the 
country, delivered into hubs or sortation centres, sorted by zip or 
post code, consolidated and delivered overnight to their respective 
distribution areas for onward delivery.

Today’s retailers are also moving towards automated sortation 
centres with pallets being de-layered on entry, the use of mini-load 
systems for temporary storage and retrieval and finally automated 
pallet build on exit.

Fulfilment centres
The growth of e-retailing has seen an increase in the number of 

customer fulfilment centres. These warehouses have been designed 
and equipped to manage large volumes of single-item orders.  
Grocery retail fulfilment centres have, in the main, taken the place  
of store picking for home-delivery orders.



Warehouse Management12

These centres can also double up as returns processing centres as 
e-commerce has a larger percentage of returns than normal retail 
activities.

Reverse logistics centres
The growth of e-retailing and specific environmental legislation such  

as the Waste Electrical and Electronic Equipment (WEEE) Directive 
(2007) introduced by the European Union has compelled companies 
to focus time and energy on reverse logistics. Today companies 
recognize that returning product to stock or disposing of it quickly 
can positively affect cash flow.

As a result, a number of returns warehouses have been set up 
specifically to deal with returned items. Third-party contractors are 
providing a service to retailers where customers return unwanted or 
defective items to the stores; the items are then consolidated and sent 
to the returns centre, where they are checked and either repackaged, 
repaired, recycled or disposed of.

Waste legislation has also resulted in large quantities of returned 
packaging and its subsequent sortation and use as fuel or recycled 
material.

Other reverse logistics processes include the return of reusable 
transit packaging equipment such as roll cages, pallets, tote boxes 
and trays. When used in the food industry these totes and trays are 
washed and sanitized before re-entering the supply chain.

Public sector warehousing
Outside the commercial world there are also warehouse operations 

which support the public sector, armed forces and the third  
sector.

The increasing number of natural disasters such as earthquakes, 
droughts and tsunamis is resulting in third-sector organizations 
opening up warehouses in strategic locations across the globe.  
This ensures that they are closer to the disaster areas and thus able  
to react quicker.

All the warehouse operations mentioned above can be owned, leased or 
operated by third-party companies on behalf of a principal.

Warehouses operated by third-party logistics providers are either dedicated 
operations on behalf of a single customer or can be shared-user or public 
warehouses where a number of different customers share resources and are 
accommodated under one roof.

These include:

companies with different products but with common customers such ●●

as retailers or automotive manufacturers;

companies with the same or similar products delivering to common ●●

customers, eg tyre manufacturers;
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companies needing similar types of service, eg fulfilment or returns ●●

processing;

Customs and excise storage;●●

companies requiring the same environmental conditions,  ●●

eg hazardous or temperature controlled.

Users of shared-user warehouses are, in the main, companies looking for 
economies of scale through sharing facility, equipment and labour costs.

CaSe Study  Goodyear Dunlop (supplied by Norbert Dentressangle)

In 2006 Goodyear Dunlop (GYD) embarked on an initiative to optimize utilization of its 
TyreFort warehouse. Designed to hold a million tyres, following GYD’s decision to ship tyres 
for OEM customers direct from the manufacturing plant, only around a third of this space 
was actually needed.

GYD began by outsourcing the management of the warehouse to its existing, long-
standing transport provider, Norbert Dentressangle (NDL).

The next step was the development of a controversial proposal for opening up the 
operation to other tyre manufacturers, resulting in a tripartite agreement with Continental 
Tyre Group.

At board level, Continental, Goodyear and others had already agreed that they could 
look at areas of ‘sensible cooperation’. Mark Brickhill, managing director of Goodyear 
Dunlop UK, said: ‘Shared logistics is an area where there is probably room for three or four 
manufacturers to operate from one site like TyreFort to give us the lowest operating cost in 
the UK and create competitive advantage. It’s a sensible area we can cooperate on as long 
as it’s managed well. For confidentiality reasons there was no way that a GYD-run 
warehouse could handle all of Continental’s products and billing. So the perfect solution 
was for Norbert Dentressangle to manage the operation for both of us.’

NDL’s solution offered both companies an entirely flexible warehouse solution in which 
they pay only for the actual space occupied along with reduced transportation costs due to 
the transport operation servicing the same customer premises on behalf of both GYD and 
Continental.

Mark Brickhill said: ‘The benefits are really stacking up. We’re no longer paying for a 
large shed... Instead of paying for 100 per cent of the warehouse and the fleet, the ambition 
was to get to between 30 and 40 per cent use and we’re on track to achieve that. The space 
saving was immediate, as were the benefits in handling performance. The warehouse 
operation has the potential to deliver a £3 million saving. These are significant numbers and 
we’re already about half way to achieving them. The whole model works on greater asset 
utilization – NDL benefits in terms of income, we benefit with lower cost.’

NDL’s regional general manager, Tom Chapple, says the arrangement demonstrates 
clearly his company’s core principle: ‘We call this shared benefit logistics. The term shared 
user doesn’t necessarily imply a benefit and can create a conflict of interest or require a 
compromise on service. The day-one-for-day-two delivery service required by the market 
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delivers 99.85 per cent On Time In Full (OTIF). The service is also more convenient and less 
time consuming for the customer delivery points and is more environmentally friendly.’

Whilst the premise is straightforward, overcoming customers’ resistance to working 
with competing organizations is often less simple – the role of the third-party logistics 
provider as the enabler in these circumstances is fundamental.

Brickhill has sound advice for other manufacturers. He said: ‘We looked at compatible 
rather than competitive manufacturers but you can’t put batteries and exhausts on the 
same truck as tyres. Their supply chain model is different. You must be clear about your 
unique selling proposition. There’s not a huge profit margin in tyres so we took the view that 
we needed lowest possible cost logistics. If supply chain is part of your competitive 
advantage then don’t go down this route.’

All businesses are going through the same pain and all have cost pressures. Shared 
benefit logistics could be the next big thing according to Chapple.

Having discussed the various roles of warehouses we also need to understand 
why they are important in terms of stock-holding facilities.

Why do we hold stock?
A supply chain with the minimum amount of stock within its pipeline is 
nirvana. Unfortunately this happens very rarely. Our society and our markets 
are not predictable and therefore we need to hold stock at various stages 
within the supply chain. Increased consumer demand for greater choice has 
resulted in a proliferation of product ranges and sizes leading to further 
demands on storage capacity.

Reasons for holding stock are as follows.

Uncertain and erratic demand patterns
Suppliers of ice cream, suntan lotion, umbrellas and the like will potentially 
experience erratic demand patterns based on the changeability of the 
weather. Other unpredictable sales can revolve around the launch of a new 
product and the progress of a team in a major competition such as football’s 
World Cup.

Trade-off between transport and shipping costs, 
justifying larger shipments
The ability to move product in large quantities tends to attract lower costs 
per unit. The trade-off here is between the cost of storage of additional  
units compared with the higher cost of transport for smaller, groupage-type 
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deliveries. If the transport cost is very attractive then additional storage 
space will be required. There also has to be a strong conviction that all the 
items purchased will be sold.

Discounts via bulk buying
The possibility of reducing the unit rate through buying in greater quantities 
is always an attractive proposition for buyers. This can, however, have a 
negative effect overall if the company fails to sell all of the additional units 
purchased or has to sell at a loss to clear the warehouse. In this situation it 
is our contention that the whole-life cost of the item is calculated before the 
decision is made to purchase additional quantities. These costs will include 
additional storage and handling costs, working capital interest, possible  
discounted sales and disposal costs. A trade-off exists between lower unit 
purchase costs and increased storage costs per unit.

Distance between manufacturer and the end consumer
As mentioned earlier, the distance finished stock has to travel today requires 
a greater amount of safety stock to be held in the warehouse. Lead times can 
be anything between four and eight weeks depending on the manufacturer’s 
location. The trade-off here is between more expensive local suppliers and 
producers and increased costs in transport and safety stock.

Cover for production shutdowns
Many manufacturing companies and sectors continue to shut down their 
operations for vacations, machine maintenance and stock counts. As a result 
retailers and wholesalers need to build up stock prior to the shutdown period 
to ensure stock availability for their customers. Manufacturers will also 
build up a stock of components to ensure that their production lines are not 
brought to a standstill as a result of supplier shutdowns.

Ability to increase production runs
Changing or adjusting production lines in order to accommodate changes in 
models, colour, design features, etc is expensive. The longer the production 
run, the lower the cost per unit to produce. However, the trade-off here is 
between the lower cost per unit versus the additional cost per unit for storage.

High seasonality
Seasonality can be a period of time such as summer and winter or a specific 
date in the calendar such as Easter, Valentine’s Day or the Chinese New Year. 
Figure 1.2 shows the stock build-up for a chocolate manufacturer in the 



Warehouse Management16

Figure 1.2  Seasonality: chocolate
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run-up to Easter. As can be seen, pallet storage ranges from 500 pallets to a 
staggering 10,000 pallets at peak.

Large sporting events can also have an impact on the requirement for  
additional storage. This includes the World Cup, the Olympics, Super Bowl final 
and World Series baseball, etc. Figure 1.3 shows the activity of a clothing 
manufacturer leading up to the two distinct seasons of summer and winter 
collections.

Spare parts storage
To ensure an uninterrupted production line operation, manufacturers need 
to hold stock of spare parts just in case an item becomes defective. This can 
be expensive but the trade-off here is between the cost of the part together 
with its holding cost and the potential breakdown of the production line 
and the consequences that brings with it. This doesn’t mean, however, that 
these items should not be reviewed regularly and decisions taken as to 
whether to stock them or not.

Work-in-progress storage
Many companies will part-build products in anticipation of orders. The 
chocolate manufacturer mentioned above produces the two halves of the 
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Figure 1.3  Seasonality: apparel and equipment
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Easter egg prior to receiving any firm orders. This enables them to complete 
the process at a later date, once they know the type of packaging, style and 
insertions required.

Investment stocks
A number of products can increase in value the longer they are held in stor-
age. These include fine wines and spirits, cigars, precious metals and stones 
and fine art.

Document storage
Both public bodies and private companies have an obligation to store docu-
ments over a period of time. These can include correspondence, invoices, 
accounts, etc. This can be a legal requirement. Other examples include  
evidence storage and patient records by the emergency services.

Third-sector storage
As mentioned previously, third-sector organizations have a requirement to 
store vital equipment in preparation for natural disasters across the globe. 
Items such as tents and survival equipment have to be stored and be acces-
sible very quickly. This also applies to the armed forces.
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supply chain trends affecting warehouses

This section examines current trends within today’s supply chain and how 
these are likely to affect warehouse operations.

The e-commerce phenomenon will continue to grow both for business-
to-business (B2B) and business-to-consumer (B2C) sectors. From a con-
venience point of view and under greater environmental pressure, grocery 
home shopping and delivery will also grow significantly.

This will necessitate more fulfilment centres and returns processing facilities.
Retailers and manufacturers will continue to look for further cost savings 

as markets become even more competitive. Warehouses will be expected to 
be more efficient and cost effective, with the likely closure of inflexible build-
ings and inefficient operations.

Retailers will continue to take stock out of the supply chain, leading to 
increases in stockless depots, transhipment centres and cross-dock operations.

The cost of transport and stock-reduction targets could potentially bring 
manufacturing closer to the consumer. Eastern Europe has recently become 
a centre for manufacturing within automotive and electronics.

The increase in port-centric logistics has resulted in companies building 
large warehouses as close to the ports of entry as possible. As mentioned, 
Tesco’s 1.2 million square foot warehouse at Teesport UK is a typical example.

The miniaturization of products such as mobile phones, DVD players and 
computers, together with the increasing use of media for listening to music 
via downloads and reading books, is likely to result in less space required 
for these types of products.

The sustainability agenda will also play its part within the supply chain. 
This will result in the development of further brown field sites, linkages to 
rail and potentially canal networks, and self-sufficiency in terms of energy 
use.

Future warehouses will be expected to be carbon positive. UK retailer 
John Lewis built a new distribution centre in the UK with a view to signifi-
cantly reducing its carbon footprint. Early results showed savings of 18 per 
cent in energy costs, 45 per cent in water usage, an overall reduction of 40 
per cent in CO2 emissions and a cost saving of circa £250,000 per annum.

It is expected that new warehouses will be targeted with having their own 
means of power generation, be it solar or wind, and may also convert waste 
into power.

Greater collaboration within the supply chain both vertically and hori-
zontally will lead to greater consolidation and an increase in shared-user 
operations. This is likely to lead to a reduction in the number of warehouses 
and the construction of purpose-built centres.

The ability for companies to work closely with each other and trust each 
other will be a major factor as to how quickly this collaboration takes place.

We have mentioned e-commerce in our introduction; as it is one of the 
fastest-growing sectors, we now examine it in greater detail.



the Role of the Warehouse 19

the growth of e-fulfilment and its effect on 
the warehouse

Home shopping is the fastest growth area in UK retail. The total value of 
internet sales in 2009 was estimated at £49.8 billion, 21 per cent up on 2008.

There are significant challenges for warehouse managers when operating 
an e-fulfilment warehouse.

These warehouses are significantly impacted by seasonality. The demand 
on staff and equipment varies significantly with the seasons: large, bulky 
items such as barbecues and garden furniture during spring and summer and 
much smaller electrical products during the run-up to Christmas. These have 
very different impacts on handling and storage equipment.

Second, the wide range of products stored requires warehouse managers 
to efficiently process low-value, single-item orders. This is one of the main 
challenges facing all warehouses today but in particular those dealing with 
internet orders. Picking and packing low-cost items utilize the same amount 
of labour and equipment as for high-cost items but the margin is going to be 
significantly different.

Third, as consumers flex their muscles in the market, accuracy and on-
time delivery are paramount if companies are to retain the loyalty of their 
customers.

Inventory management is another challenge for the warehouse manager. 
The increase in the number of product lines will put pressure on the number 
of pick locations whilst slow-moving and obsolete lines can take up much-
needed space in the warehouse. From a picking point of view the prolifera-
tion of product lines will result in warehouse managers having to look at 
alternatives to ground-floor pick locations such as mezzanine floors, flow 
racking and carousels.

In order to release vital space to the warehouse operation, stock turnover 
has to be managed well and decisions made quickly regarding the disposal 
of non-moving stock.

As discussed earlier, one of the main by-products of e-commerce is a large 
percentage of returns. This can be up to 40 per cent of outward volume. 
Significantly, many of the returns are good stock which can be resold but 
have to go through a thorough quality check.

Mark Hewitt, chief executive of iForce, sees this developing interest in 
returns: ‘There will be a growing demand for outsourcing e-fulfilment to 
companies that can also offer returns processing from the same facility, as 
this will drive down costs by enabling a more efficient process for putting 
returned goods straight back into stock’ (Supply Chain Standard).

Finally, next-day delivery is seen as the norm, which puts further pressure 
on the warehouse manager to balance speed with accuracy. Allied to this is 
the requirement to be able to integrate systems with couriers, and customer 
services to be able to track and trace the progress of each order.
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Currently there are three types of fulfilment centre:

integrated fulfilment, where internet sales are carried out alongside ●●

existing retail operations;

dedicated fulfilment, carried out in a purpose-built facility;●●

store fulfilment, which involves picking online orders from existing ●●

retail shelves for separate delivery ex store.

The third option is probably the least favoured for an e-fulfilment  
operation.

Refrigerated warehouses (by Chris sturman)

The growth in the refrigeration market, due to demand for food which  
can retain its freshness as opposed to produce with a shelf life, has placed 
increasing pressure on cold-store operators.

The key function of a refrigerated warehouse is to maintain the tempera-
ture of products at the level at which they were received. Blast freezing  
and tempering chambers are used for managing any change of temperature 
required and these activities should take place away from the main storage 
areas to minimize the risk of temperature deviation(+/–) to goods being held 
in stock. Cold chain management and maintenance of food quality and 
safety whilst managing significant energy and materials handling cost levels 
are priorities.

At the same time, boards of directors and management need to assess the 
risks which relate to fire and business continuity, these being major issues 
facing both the food processing and storage and distribution industries in 
the UK. A business continuity and disaster recovery plan should be a core 
requirement of the business regime, with staff involvement and training 
being prerequisites.

Materials handling and storage in a 
temperature-controlled environment

A wide range of storage media is used, all with the intention of optimizing 
storage capacity with accessibility, given the high fixed and variable costs 
prevalent in the sector. The most popular are:

Wide, narrow and very narrow aisle racking. Used in faster-moving ●●

operations, particularly in order picking by case and by unit. These 
suit secondary distribution layouts, where access to a wide range of 
stock-keeping units (SKUs) is required, and delivery lead times are 
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short. Often reserve stock is held in a national or primary 
distribution centre (NDC or PDC).

Drive-in racking. Used for bulk pallet storage and more frequently ●●

for longer-term storage, to suit seasonal production and supply peaks 
or production/packaging operations to meet different packing 
formats.

Mobile racking. Buildings must first be constructed with mobility in ●●

mind, as the building needs substantial steel runners set flush into the 
insulated cold-store floor surface. Popular with smaller companies 
that have higher volumes to store but also need accessibility for range 
and stock rotation.

Automated storage. More common in continental Europe, although ●●

recent developments on behalf of multinational food processors in 
the UK have seen two further high bay stores built and commissioned 
in 2010 for primary/national pallet storage and distribution. These 
are very economic for customers if volume related, and best attached 
or contracted to a high-volume production plant. However, they are 
totally dependent on design and WMS software for operational 
capability and capacity/speed, and these demand high standards of 
presentation within the design pallet gauge. Reliability is key, with 
benefits in low manpower and energy costs.

The most recently constructed frozen food facilities are highly automated 
sites, with high-density storage areas. These types of storage media result in 
less air circulation and as a result reduced energy usage.

The UK’s largest frozen food logistics facility to date was opened in 
Wisbech, Cambridgeshire in 2010. The store, operated by Partner Logistics, 
has space for 77,000 pallets, operates at temperatures of –27 degrees centi-
grade, and measures 175 metres by 88 metres by 36 metres high.

The density of storage is achieved by drive-in racking. This uses the cube 
of the building efficiently and is important in terms of economies for energy 
usage.

All these cold stores require specific types of MHE equipment, which 
have to be specially adapted by the manufacturer to be able to operate  
efficiently in chilled and sub-zero environments. Key aspects include:

heavy-duty batteries designed for a minimum eight-hour shift life;●●

special hydraulic oils to withstand sub-zero temperature levels;●●

electronic and electrical systems encased or coated to prevent ●●

moisture ingress.

In some cases, reach and counterbalance trucks are fitted with heated cabs 
to avoid driving staff having to wear special temperature-controlled cloth-
ing. This enables them to work longer since they no longer need the in-shift 
warning breaks.
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energy management and plant maintenance

Energy is a large proportion of operating costs, ranging from 12 to 30 per cent 
on average. The actual amount will depend first on the age and condition of the 
building, relative thermographic integrity and the age and management of 
refrigeration plant, and second on equipment management and maintenance.

Buildings flex naturally, but cold stores more so, because of the tempera-
ture and humidity range between the inside and outside environments. The 
most important area of focus is the avoidance of heat ingress into the cold 
space through panel joints, door frames and structures. An annual thermo-
graphic scan with immediate attention to panels and joints is essential. The 
second priority is to ensure that no condensation is allowed to settle on top 
of cold boxes which, depending on the time of year, can repeatedly freeze 
and melt, with potential ingress through surrounding joints into the panel 
structure, thereby allowing de-lamination and subsequent structural strength 
decay.

The shifting of energy loads to more suitable and cost-effective periods, 
thereby reducing the tariff rate or alternatively agreeing to be cut off at peak 
load periods, are methods of energy-cost reduction. An alternative and latest 
version of this is to be paid to agree to have supply curtailed for a fixed  
period on a timed basis.

The focus on energy and carbon reduction has caused significant research 
in techniques by which to generate even greater improvement. These include:

a reduction in cooling demand by ensuring that product enters at the ●●

correct temperature;

improved plant design;●●

improved operational management and maintenance;●●

recovery of heat to use elsewhere in the business – hot water, space ●●

heating, etc;

examination of the use of CHP (combined heat and power) –  ●●

Tri–generation;

consideration of low carbon electricity – wind, wave or hydro-●●

electric.

In addition, there are more radical approaches, with more positive and 
closer store management attention. These are as follows:

carefully review the cold-store room layout and thereby change the ●●

temperature flows;

raise refrigeration evaporating temperature for a potential 11  ●●

per cent or more cost saving;

reduce refrigeration condensing temperature;●●

seasonally adjust refrigeration to take account of external ambient ●●

temperature;



the Role of the Warehouse 23

where fitted, split cold-store and blast-freezer refrigeration systems;●●

install and use variable-speed drive fans;●●

focus on and manage more closely door opening design and ●●

operations.

stock management and housekeeping

In addition to the normal stock-management processes found in conven-
tional warehouses, the following specific processes can be found in the  
temperature-controlled sector:

●● Traceability. EU 178/2002 sets out specific requirements for food 
safety, traceability and recall of unsafe foods. Warehouse operators 
should carefully consider whether they can be classed as food 
business operators (most public cold-store operators are) and register 
accordingly. Food Standards Agency Guidance Notes are available, 
which should be considered along with the Food Safety Act 1990 
(Amendment) Regulations 2004 and the General Food Regulations 
2004, along with requirements for marks and labels which differ 
depending on whether the product has been prepared for final 
consumption. Food Labelling Regulations 1996 (Regulation 35)  
also need to be considered.

Subsequently, EU Regulations 852 on the hygiene of foodstuffs 
and Regulation 853 laying down specific hygiene rules for food of 
animal origin require (inter alia) the maintenance of cold chain, 
implementation of procedures based on HACCP principles, 
consultation of good practice guides, and establishment of 
microbacterial and temperature-controlled requirements based on 
scientific risk assessment, albeit that this requirement applies to 
storage and transport but not to retail establishments.

●● Temperature checks. All stores need to be fitted with temperature-
monitoring equipment that is checked on a shift or am/pm basis  
and records kept for regulatory and operational analysis.

●● Product checks. All products should be checked on intake to ensure  
that the product is sound and to specification. They should then be 
checked outbound to demonstrate to the collecting company and 
final receiver that they were at the specified temperature level on 
despatch. Care should be taken not to damage product at any time.

●● Segregation. All damaged or unfit product should be labelled or marked 
and removed to ensure it cannot move further down the food chain.

●● Date codes. Particularly with fast-moving chilled products, codes 
need particular attention to ensure correct rotation and 100 per cent 
acceptance at retail RDC or other final delivery point.
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●● Product spills. Need quick response, to avoid crushed product and 
packaging from spreading across the working space, and ingestion 
into the working parts of equipment.

Health and safety issues

Additional hazards are particularly harsh at zero degrees or below, but can 
still apply in certain cases to the chilled chain.

Specific issues surround the effect of cold temperature and the cold  
environment on people, and will also vary by type and size of facility and 
operations being undertaken.

Specific hazards:

accidental lock-in risk, requiring alarms and quick-release equipment;●●

the effect of cold on people and use of PPE require specific advice ●●

and training for staff to wear appropriate thermal clothing, drink  
lots of water, protect bare skin (particularly fingers, noses and ears), 
taking greater care if smokers or drinkers;

accidental release of refrigerant, particularly ammonia;●●

use of materials-handling equipment in slippery floor areas where  ●●

ice build-up may occur, particularly around door openings. Slip and 
trip hazards are ever present along with the risk of skidding and 
overturning;

ice build-up on panels present an ice-fall hazard, and can, if left, ●●

cause roof panels to fall, risking injury to operators below;

product falls from pallet racks, due to displaced product;●●

working at heights: the use of non-integrated platforms using forklift ●●

trucks has effectively been eliminated from all stores other than in 
sub-zero temperatures, and the use of mechanized elevating working 
platforms (MEWPs) is obligatory. However, these items of equipment 
are not equipped for sub-zero temperatures. Here the practice is closely 
scrutinized as agreed between the industry and the Health and Safety 
Executive.

The Food Storage and Distribution Federation, British Frozen Foods 
Federation and Health and Safety Executive have worked together to deliver 
a Supplementary Guidance (PM 28) during 2010 to help manage these risks.

transportation issues

These revolve around the loading dock, where operational regimes need to 
ensure the maintenance of the cold chain, preventing temperature migration 
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between the cold store, the outside temperature and the open vehicle whilst 
loading and unloading.

Solutions include the use of dock ports and shelters, with close-fitting 
seals around the door apertures of the vehicle, and air curtains to prevent 
the ingress of warm air.

summary and conclusion

Overall housekeeping regimes in any environment require the provision of  
a safe, clean, clear, unobstructed floor or work space to allow for the safe 
movement of goods, vehicle equipment and people. The temperature- 
controlled environment requires that extra care is taken to address conden-
sation and ice build-up on equipment, floors and walls, and that operational 
processes are designed with the care of people and product in mind.

Risk assessments and operational methods and instructions need to be 
developed with that as the first priority.

There are many types of warehouses operating within very different supply 
chains. No longer are they simply stock-holding points.

The transfer of supply chain control from manufacturers to retailers in the 
1980s and 1990s has seen a significant change in the operation of storage 
facilities worldwide. Warehouses are, in the main, no longer seen as static 
storage units. Concepts such as consolidation, cross docking and tranship-
ment have become commonplace with the ultimate goal of stock reduction 
and increased throughput within the whole supply chain.

Retailers are continually looking to move stock back through the supply 
chain thus releasing more sales space in store. This requires more control 
over the supply chain, improved forecasting and accurate and timely infor-
mation flow.

The advent of e-commerce has also changed the warehouse landscape 
appreciably, as has the necessity for cost reduction and the growing pressure 
to reduce the impact of logistics operations on the environment.

Companies are continually striving to reduce inventory within the supply 
chain and the continuing use of offshore manufacturing, increasing consumer 
choice and a predilection for instant gratification ensure that stock holding 
remains a necessity even in these days of just in time, efficient consumer  
response and quick response.

Warehouses remain a crucial link within today’s supply chains. As a re-
sult, warehouse managers and their colleagues need to be better equipped to 
manage a constantly changing environment, and also need to work closely 
with their counterparts within their wider supply chains.



“If I had to sum up in one word what makes a good manager, 
I’d say decisiveness. You can use the fanciest computers  
to gather the numbers, but in the end you have to set  
a timetable and act. Lee IaCoCCa

Introduction

Today’s warehouse managers no longer patrol the warehouse in brown  
coat clutching a clipboard and pencil. They are likely to be in a suit or  
corporate uniform, use a personal digital assistant (PDA) and more often 
than not are seen hunched over a laptop deciphering the latest cost and  
productivity figures.

This chapter examines the challenges facing today’s warehouse manager 
and the attributes required to deal with them. Each challenge is introduced 
to the reader and is further examined in detail in the remaining sections of 
the book.

One of the main challenges for the warehouse manager before we begin 
to look at the warehouse itself is whether they and their colleagues see them-
selves as the right person for the job.

Nick Weetman, commenting in Retail Week (2009), said: ‘It is a neglected 
area. The effort expended on developing warehouse management is not  
proportionate to the importance of the warehouse as a business... We see  
a lot of warehouse management where people have just been promoted and 
don’t really understand how to run warehouses. Those (retailers) that do 
have it in house need to understand it’s a critical part, and retail is just the 
end of the supply chain.’

A recent job description for a distribution centre manager required the 
following key skills and outlined core accountabilities which are typically 
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sought from today’s senior warehouse managers: there included an ability to 
negotiate, information-technology skills, basic finance and business acumen, 
people-management skills and an ability to motivate and lead large numbers 
of employees through communication and engagement.

These are very much people skills and as Lee Iacocca (1984) has said, 
‘Management is nothing more than motivating other people.’

The job description and the core accountabilities were as follows:

the provision of a responsive and cost-efficient warehouse that is ●●

aligned with the current and long-term requirements of the global 
business strategy;

responsibility for the leadership and direction of the warehouse team;●●

to ensure that the warehouse is capable of delivering the volume ●●

requirements of the business;

to drive continuous improvement in the cost efficiency of the ●●

operations;

to set the long-term vision for the warehouse in line with the strategic ●●

plan and to ensure that future volumes and customer-service 
requirements can be met;

to safeguard the human and physical assets employed in the warehouse;●●

the management of projects and introduction of new initiatives;●●

to maintain strong relationships with suppliers;●●

the development and management of industrial relations within the ●●

warehouse environment.

The warehouse manager has a number of operational challenges and is also 
expected to understand and implement company strategy in relation to 
warehouse activity.

Again we see the trade-offs which the warehouse manager has to deal 
with. These include cost versus responsiveness, and cost efficiency versus 
volume throughput.

It is good to see that safeguarding human assets is included in the list of 
core accountabilities as this is a common worry for warehouse managers.

Today’s manager has to maximize the effective use of his operational  
resources whilst satisfying customer requirements. This can be done effectively 
through motivating and managing staff effectively. People are a warehouse’s 
most valuable assets and should be used appropriately.

The above job description is reasonably typical of the requirements of  
a warehouse manager in today’s fast-moving economic environment. The 
expectation is that the manager will achieve high customer-service levels but 
also reduce cost through improved productivity and performance. Added to 
this is the constraint of lower inventory and the pressure to ensure the safety 
and security of staff, equipment and stock.

The six basic tenets of warehouse management can be summed up as  
follows:
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accuracy;●●

cost control;●●

cleanliness;●●

efficiency;●●

safety;●●

security.●●

There are many trade-offs associated with warehouse management and 
these can be found throughout the book.

Warehouse trade-offs

Managing trade-offs within the warehouse is fundamental to the role of 
warehouse manager.

The main trade-offs are shown in Figure 2.1.

Figure 2.1  Warehouse trade-offs

High customer
service level

Lower
inventoryLow cost

Warehouse managers are also expected to recognize and balance other trade-
offs within the warehouse, examples of which are as follows:

increased throughput versus reduction in labour costs;●●

storage density versus quicker pallet extraction;●●

manual versus automated processes;●●

increased pick rates versus accuracy;●●

inventory holding costs versus cost of stock outs.●●

Today’s challenges are many and varied and require additional skills from 
the warehouse manager.

The next section examines these specific challenges.



Role of the Warehouse Manager 29

the warehouse manager’s challenges

Pressure on today’s warehouse manager comes from many different directions. 
These are both internal and external pressures.

The main pressures and challenges are as follows:

Pressure to reduce operating costs
Companies are targeting the supply chain as an area where costs can  

be reduced further and as a result pressure is increasing on transport 
and warehouse managers to reduce their costs whilst also increasing 
customer service.

This has resulted in companies evaluating outsourcing options as 
well as reviewing their own logistics operations.

Achieving the perfect order
A recent key performance indicator (KPI) introduced into the supply 

chain is the perfect order metric. A perfect order is deemed to be  
one that has been delivered on time, in full, in perfect condition and 
accompanied with the correct paperwork. This metric includes many 
of the current supply chain performance measures, and providing 
everybody uses the same parameters it can be adopted as one of  
the leading supply chain measures and a differentiator between 
companies and supply chains. If we ever get to a paperless 
transaction we may need to replace the fourth metric.

Shorter order lead times
Order lead time is the length of time between the placing of an order 

and the receipt of the item by the customer. Order lead time can be  
a significant differentiator between competitors. For example, if  
your favourite cereal is not on the shelf of the supermarket, you are 
unlikely to wait for the next delivery but will look for it in another 
store or choose the closest alternative, whether from the same brand 
or a different brand.

The quality of products is such that competitive advantage  
is gained through fast, timely and accurate delivery. With the  
internet providing price transparency through a proliferation of 
price-comparison websites, competitive advantage is now gained 
through offering the best service by whatever channel the consumer 
decides.

The most effective warehouses are those that have reduced lead 
times whilst maintaining quality at a reduced cost.

Delivery through multiple channels
Companies are increasingly delivering via multiple channels to reach 

customers more effectively. The pressure on the warehouse is  
brought about through having to present goods in a variety of 
different ways.
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These include direct delivery of single items to the end user, 
multiple SKU orders direct to store and bulk orders to retail 
distribution centres. Each has its own different pick requirement  
and is likely to rely on different equipment. Order lead times will 
also vary, as will the method of delivery.

Steve Smith of Manhattan Associates (Supply Chain Standard) 
summed this up when he said: ‘Moving from a comparatively 
uncomplicated process of supplying and replenishing high street 
stores – with some added complexity around special promotions  
– to an online presence with fulfilment from either a store or  
a warehouse, be that dedicated or part of an existing facility,  
creates complexities associated with “singles” picking, small order 
volume, the number of deliveries, time limits, availability issues,  
and so on.’

Smaller, more frequent orders
Manufacturers and retailers are continually striving to reduce inventory 

whilst retail stores are looking to increase floor sales space and thus 
reduce the amount of inventory held in stock rooms. Just-in-time 
methods, increasing internet sales and initiatives such as efficient 
consumer response (ECR) and quick response (QR) are resulting in 
smaller, more frequent orders. This again necessitates changes in 
warehouse operations, with a move away from full-pallet picking to 
carton and individual-item picks.

Greater fluctuations in demand
The days of predictable sales are long gone with consumers rather  

than manufacturers flexing their muscles in the marketplace. 
Seasonality remains a factor in terms of market sectors such as 
fashion, while pre- and post-Christmas sales are now stretching 
warehouse resources to the limit as the rush to get product to  
stores intensifies.

Companies have to be able to ramp up resources during the peak 
periods and have a much leaner operation during slower, quieter 
periods.

The clothing manufacturer shown in Figure 1.3 in Chapter 1 
operates with a core team of seven warehouse staff, which can 
increase to over 40 during busy periods.

Increases in stock-keeping units
The proliferation of product lines gives the consumer choice; however,  

it is a major challenge for warehouse managers in terms of having 
sufficient, cost-effective pick locations. Once operators have to pick 
items at height, productivity rates reduce significantly.

Retailers continue to seek differentiation and as a result are 
continually looking to introduce product variants, not only in terms 
of the product itself but also in pack size, the type of packaging, 
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labelling and product combinations. Retailers are also introducing 
more of their own-brand labels to provide consumers with even 
greater choice.

This has led to a number of companies introducing postponement 
into the warehouse. This entails holding stock of the basic product 
and only adding the ‘extras’ once orders have been received. 
Examples include loading specific software onto personal computers, 
adding additional memory or including extras such as monitors and 
keyboards – known as bundling.

Labour cost and availability
During periods of high employment many countries are seeing labour 

rates steadily increasing and coupled with the fact that a number  
of countries have an ageing population it is becoming harder to 
source experienced warehouse operatives. Additionally, working  
in a warehouse is not seen as being the most glamorous of 
occupations and this deters a number of young people from  
entering the industry.

Warehouse managers need to come up with ways to attract  
new staff.

Many workforces have been supplemented with the introduction 
of staff from abroad. In these circumstances companies need to look 
at employing bilingual supervisors and contemplate the use of new 
technology such as voice-directed processes. There is also the added 
challenge of health and safety, ensuring that foreign staff are able to 
read and understand instructions.

Another way to attract staff is to be flexible on working hours. 
This can include shifts that coincide with school hours or with 
spouses’ work hours, such as twilight shifts. The length of shift can 
also be varied to coincide with worker preferences. This can also 
attract student workers. Although a potential nightmare to organize, 
this can prove beneficial in the long run.

Parkinson’s Law suggests that work expands to fill the time 
allowed. This can be a problem in many warehouses when volumes 
are low. The introduction of annualized hours allows companies to 
match resource to demand.

Environmental issues
Warehouse managers are not only tasked with cost reduction  

but also the reduction of the warehouse’s impact on the  
environment.

This includes areas such as energy consumption, affecting  
items such as lighting, mechanical handling equipment (MHE)  
and heating.

Managers need to set examples by switching off lights and  
heaters when they are not in use and ensuring that MHE is  
operating optimally.
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The issue of waste is also high on the environmental agenda. The 
warehouse can generate a great deal of waste in its daily operation. 
This includes stretch-wrap, cardboard, tape, pallets, etc. These need 
to be closely controlled and, where cost effective, recycled, reused or 
turned into energy.

Data and information transfer
One of the warehouse manager’s greatest challenges is how to manage 

data. Today’s supply chain produces vast amounts of data and it is up 
to the warehouse manager among others to analyse this data and use 
it effectively.

A further challenge is ensuring that data is transferred to the 
correct location. It has been said that supply chains are all about the 
transfer of information and products are a secondary thought. The 
ability to track items throughout the supply chain is paramount, 
especially in the food and pharmaceutical market sectors.

As can be seen from this list and Figure 2.2, the role of warehouse manager 
has expanded significantly over the years and, as a result, the warehouse 
manager has become an important link within the supply chain.

People management

During the past few years as I’ve been running warehouse management 
courses, one of the main topics of discussion has been how to attract, man-
age and motivate staff.

This section concentrates on what we believe to be the lynchpin of the 
warehouse operation: the people. Technological advancements have brought 
increased productivity and higher accuracy into the warehouse operation; 
however, warehouse managers still rely heavily on their staff to ensure a 
cost-effective and efficient operation.

In all industries, companies face identical workforce management chal-
lenges. These include:

identifying, attracting and retaining good supervisors, first line ●●

managers, foremen and forewomen;

retaining and attracting new employees;●●

an ageing and constantly changing workforce, including the ●●

introduction of foreign staff;

training;●●

the need to provide safe, comfortable working conditions;●●

employment contract negotiations;●●

compliance with employment and Health and Safety legislation.●●



Figure 2.2  Warehouse challenges (adapted from Dematic Corporation 2009)

Increase productivity, improve utilization of space, staff and
equipment

Improve productivity, increase accuracy, improve handling and
invest in systems

Improve processes and increase productivity

Improved picking strategies such as bulk picking and greater
use of technology

Flexible working hours and improved forecasting

Improved use of equipment such as carousels, A Frames and
flow racks

Staff retention through excellent working conditions, flexible
hours, training and improved productivity

Manage energy more efficiently, better use of waste

Introduce Warehouse management system and real-time data
transfer

Cost reduction

Operational RequirementsChallenge

Achieve the Perfect Order

Shorter order lead times

Sales via multiple channels and
increase in smaller orders

Fluctuations in demand

Proliferation of SKU

Labour cost and availability

Increasing cost of energy and environmental challenges

Data accuracy and speed of transfer

33



Warehouse Management34

Challenges

Warehouse supervisors are seen as the lynchpin of warehouse operations. 
They can be in charge of large numbers of staff within a warehouse depending 
on the type of work carried out, the size of the warehouse and the capabilities 
of the supervisors and their staff.

In our experience, a ratio of one supervisor to 12–15 staff members is the 
optimum. Any higher and supervision becomes less effective, whilst any 
lower and costs increase and there is more onus on the supervisor to assist 
in the tasks. This is not always a bad thing as it provides the supervisor with 
a greater insight into the job at hand and facilitates progression. However, it 
can reduce overall effectiveness.

A recent survey carried out by Cranfield University (Baker and Perotti 
2008) showed the average number of operators per supervisor were as follows:

small warehouse (<10,000 square metres): 1 supervisor per 8 ●●

operators;

large warehouse (>10,000 square metres): 1 supervisor per 15 ●●

operators.

As discussed previously, the role of the warehouse and that of its staff have 
changed appreciably over the last 10 years. Warehouse staff roles are chang-
ing to include more tasks that were once undertaken by staff in administra-
tion, inventory control and customer service.

McMahon et al (2007) undertook research into the various logistics func-
tions and found that warehouse supervisors work in the difficult middle. 
They must understand and often do the work of operators and clerical staff 
but also perform management tasks. These jobs are complex, calling for 
frequent decisions and almost constant activity.

In today’s warehouse, supervisors need a comprehensive knowledge of 
the operation along with significant management skills.

These changes have altered the way companies hire, train and develop 
warehouse supervisors. They require higher education standards, better 
training and ongoing personal development.

Supervisors are the people at the sharp end as the warehouse managers are 
usually found at their desks in front of computer screens evaluating reports 
and planning future activity.

Warehouse supervisors therefore need high-level supervisory skills, train-
ing skills and interpersonal skills. They also need to know about supplier 
and customer procedures that may affect warehouse operations.

Supervisors also need to manage by example. A previous director of mine 
was often seen picking up litter within the warehouse, setting an example to 
the rest of the staff. This simple task shows how important housekeeping is 
within a modern warehouse. Having been around warehouses all my work-
ing life, I have yet to find an untidy warehouse that is likely to figure within 
the top 10 best-performing warehouses in the country.
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Taking pride in the way the warehouse looks tends to mean that staff 
take a pride in their work, leading to an efficient warehouse.

Effective supervisors, according to Ackerman (2000), encourage an open  
exchange of ideas and have frequent discussions with their staff and peers. 
Today’s supervisor should have nine critical attributes:

1 Excellent communication skills
The ability to receive and convey messages clearly and explicitly. 
Miscommunication leads to confusion, wasted effort and a missed 
opportunity.

2 An ability to delegate effectively
This is a hard skill to master but very effective when achieved. Once 
a task is delegated, managers and supervisors must not oversee the 
task too closely but neither should they abrogate responsibility. They 
need to monitor how the task is progressing and give feedback on 
performance.

3 Motivational skills
Supervisors and managers need to understand their staff and adapt 
their approach to motivation and feedback according to each 
person’s needs. Providing staff with consistent feedback, even when 
they are performing well, is as important as the feedback to less 
well-performing staff.

According to Gavin Chappell, supply chain director at Asda 
Walmart in the UK, ‘if you get the culture right and the atmosphere, 
structure and progression right it’s not that difficult to get a 
motivated team’ (Retail Week 2009).

4 Problem-solving skills
Problem-solving and decision-making skills are closely aligned and 
each requires a person to identify and develop options, and having 
done so, act decisively.

One example provided by Gagnon (1988) is that ‘hidden lost time 
accounts for about 80 per cent of lost time, yet attracts only about 
20 per cent of management’s problem-solving attention’.

He said that ‘it’s easy to see operators standing around because they 
have no work to do; much harder is to see delays in operations that 
are the result of system issues, poor data, bad processes, etc – but that 
time can really add up’. Supervisors should be alert to these situations.

When walking around your warehouse, look for staff who are 
waiting for something to happen before they can do their own job 
– find out what’s causing the bottleneck and change the process.

5 Flexibility
Supervisors in today’s fast-moving warehouse environment need to 
be flexible and react quickly to changes and urgent requests. They are 
also asked to oversee and undertake many different tasks.
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6 A comprehensive knowledge of company processes and procedures
Warehouse supervisors need to have a comprehensive understanding 
of the company’s policies and procedures in order that they can 
effectively train warehouse operatives and coordinate their work. 
Supervisors are likely to be called upon to oversee and undertake 
many different tasks within the warehouse. As such, they need to 
spend time in all sections to get a working knowledge of all 
operations within the warehouse.

Supervisors need to be involved in and be party to the compilation 
of warehouse procedures and processes. They need to know both the 
administrative and operating procedures.

7 Ability to train others
Supervisors need to be able to pass on their knowledge effectively  
to their staff to ensure consistency and continuity. Well-trained  
staff are more likely to stay and provide the supervisors of the  
future.

8 Be customer oriented
Today supervisors need to be fully aware of customer requirements 
and manage the operation in such a way that customer satisfaction is 
achieved within the parameters set. However, they also need to be 
mindful of costs and the potential trade-offs involved.

9 Teamwork skills
Supervisors need to be able to set out the goals of the company to 
their team and outline how the team is going to contribute to these 
goals.

Team-working skills and capabilities include:

ability to work in a group;●●

ability to build relationships;●●

ability to cope under pressure;●●

negotiating skills;●●

ability to cooperate;●●

coordination and allocation of tasks;●●

influencing skills;●●

ability to compromise where necessary;●●

ability to make decisions.●●

Supervisors are paramount to the success of any warehouse operation. 
Needless to say, they also need to receive suitable, ongoing training.

One pitfall to avoid is not to promote your best operative without assess-
ing their supervisory abilities. Many companies use promotion to award 
ability; however, the best person in a particular job is not always manage-
ment material. This is sometimes called the Peter Principle, where staff are 
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promoted as a result of their capability in particular job aspects. This can 
have a number of consequences. For example, by promoting your best picker 
not only are you taking them away from the shop floor but you may also be 
promoting them to a position at which they are no longer competent  
(they have reached their ‘level of incompetence’). Here they stay – or may 
leave, being unable to earn further promotions and potentially harming the 
company’s operations.

attracting and retaining warehouse 
employees

To maximize benefits and minimize costs, warehouses need to hire employees 
who have expectations that can be met by the company. This doesn’t neces-
sarily mean the ability to progress within the company. This is an expect-
ation for some but not all staff.

Flexible hours, recognition of a job well done, clean and safe working 
conditions, access to training and open communication are all seen as crucial 
to attracting and retaining staff.

Recent surveys (eg Gooley 2001) have shown that the primary reasons 
for staff leaving their employment isn’t pay but employee discomfort with 
or misunderstanding of the corporate culture and the general lack of a sense 
of belonging.

As Chappell (Retail Week 2009) puts it: ‘Having motivated, engaged indi-
viduals working in warehouses is a must if you want to be cost effective. 
However, it’s also about service. If you need the warehouse to work above 
and beyond in times of peak or change, would you want a team who is just 
doing it for the extra overtime or one who is doing it because they want the 
business to succeed?’

an ageing and constantly changing workforce

This is a challenge faced by many warehouses throughout Western Europe 
and the United States. Experienced staff are nearing retirement age with 
fewer trained staff to replace them as the position of warehouse operative is 
not seen as attractive for today’s youth.

In order to overcome the challenge of staff shortages, organizations are 
visiting schools to teach pupils about the role of logistics in today’s society 
and trying to burst the myth that warehouses are cold, dirty, noisy places in 
which to work.

Attracting younger workers and increasing their job satisfaction early on 
can be a key to early integration into the organization, which in turn can 
lead to improved attitude and job performance. The opportunity to follow 
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jobs through to their conclusion can give staff a sense of ownership and  
a greater understanding of the business.

Companies are also utilizing agency workers in greater numbers; this 
provides cover not only during seasonal peaks but also during periods of 
absence and holiday cover. The use of agency staff can also provide flexibility 
during new contract start-up.

As discussed previously, the use of flexible working hours and annualized 
hours will attract staff who would not normally consider working in this 
environment.

operating hours

The legislation which surrounds working hours within the warehouse will 
vary country by country. This section outlines some of the options available 
to the warehouse manager in terms of working hours. However, these need 
to be checked against local legislation.

The operating hours of the warehouse will very much depend on the 
throughput and customer requirements.

The classic three-shift system is still used widely; however, with the  
increasing requirement for 24/7 working, many warehouses have adopted 
different shift patterns.

The classic shift pattern is as follows:

Shift 1: 0600–1400 hours;

Shift 2: 1400–2200 hours;

Shift 3: 2200–0600 hours;

Shift 4: 0900–1700 hours.

This shift pattern works on an eight-hour day with 24-hour coverage. 
However, one of the drawbacks is that there is no overlapping shift for the 
handover of information.

With the introduction of 24/7 working, a number of companies have 
adopted a four-day working week for staff based on a 12-hour day on a 
rotating basis. See Table 2.1.

Other companies have utilized part-time workers with flexible shifts, 
working around school hours with staff working between 0930 and 1430 
hours, for example, in order to supplement full-time staff.

Where 24/7 coverage is not required typical shift patterns are as follows:

Shift 1: 0600–1400 hours;

Shift 2: 0900–1700 hours;

Shift 3: 1400–2200 hours.

There can be variations on the above theme. The ideal situation is to ensure 
that peaks in activity are covered as much as possible. This can include the 
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table 2.1  Warehouse shift patterns  
(adapted from Ackerman 2000)

Team 1 Team 2 Team 3 Team 4

Monday week 1 0600–1800 1800–0600

Tuesday 0600–1800 1800–0600

Wednesday 0600–1800 1800–0600

Thursday 0600–1800 1800–0600

Friday 0600–1800 1800–0600

Saturday 0600–1800 1800–0600

Sunday 0600–1800 1800–0600

Monday week 2 0600–1800 1800–0600

Tuesday week 2 0600–1800 1800–0600

arrival of inbound trucks in the morning and the normally busy period of 
picking and despatch during late afternoon and early evening.

When shift working is adopted, public transport and catering facilities 
need to be available for the staff.

Other considerations include potential congestion during shift chang e-
overs and the effect on nearby residential housing of vehicle movements, 
noise and light pollution.

In a seasonal business the system of annualized hours can be used to cover 
periods of unpredictable demand. Staff are paid the same amount each 
month but their hours will vary depending on the work content within the 
warehouse operation. This can include working longer shifts during periods 
of increased activity and being sent home when things become quieter.

The adoption of this system provides increased flexibility, reduces the 
need for agency staff and temporary labour and ensures sufficient labour 
cover when demand is high, as a result providing better customer service. 
Through its flexibility and by working with staff it can also contribute to 
higher levels of employee retention.

Rather than pay overtime during periods of high activity, the company 
can ‘call in’ these hours without making additional payments.

This system can work efficiently with the cooperation of staff. Whereas 
overtime relies on the goodwill of the employee and their commitments at 
the time, a system of annualized hours should benefit both parties equally. 
Costs are also reduced as there is no additional cost for each hour.

Temporary labour is expensive, not only in terms of the hourly rate but 
also in terms of training and supervision. Where temporary workers are 
utilized it is always a good idea to strike up a relationship with a local agency 
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that can provide staff who have received training specific to your company’s 
requirements and have also received some form of induction.

training

A whole book can be written on this topic. However, in this section we will 
cover the basics of warehouse staff training.

First, managers need to ensure that all staff receive an induction. For  
example: ‘At Boots we set up a three-day induction programme for col-
leagues joining the warehouse, the highlight of which was a day’s stint  
working in store, seeing a delivery being made and working the stock to shelf. 
It really helped colleagues connect what they do with the store operation’ 
(Chappell 2009).

Second, the manager needs to undertake a training needs analysis to identify 
which staff require specific types of training. There are always areas in which 
staff need to be trained – the trick is in identifying them.

Effective training helps to engage staff and should be an ongoing process. 
Training across disciplines not only provides the operator with a sense of 
progression but builds flexibility into the operation.

A simple process flow map showing the end-to-end supply chain and how 
each step impacts the final customer will engage warehouse staff and make 
them feel part of the bigger process.

summary and conclusion

If a warehouse is going to operate effectively and efficiently it needs an  
experienced, knowledgeable, well-trained manager and a motivated team of 
supervisors and operators.

An ageing population and difficulty in attracting new staff pose more chal-
lenges for today’s manager, together with increased environmental pressures.

The warehouse manager’s challenges are therefore many and varied, not 
least the requirement to reduce costs and inventory levels whilst increasing 
customer service.

A comprehensive and ongoing training programme is essential for both 
managers and supervisors. The warehouse should not be seen as a black 
hole but as an essential part of the supply chain, and the role of its staff in 
this chain needs to be recognized and understood.

The next section of the book examines in detail the processes within the 
warehouse and suggests where the manager can increase productivity and 
look to reduce costs.
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“Almost all quality improvement comes via simplification of 
design... layout, processes, and procedures. toM PeteRs

Introduction

As Peters says, improvement comes from simplifying processes and pro-
cedures. These processes also need to be aligned and working optimally if we 
are to improve efficiency and, as a result, reduce cost within the warehouse 
operation.

In this section we examine in detail each of the processes associated with 
a warehouse operation. Although warehouses differ in terms of size, type, 
function, ownership and location the fundamental processes remain.

These processes include pre-receipt, receiving, put-away, storage, picking, 
replenishment, value-adding services and despatch. We also include a section 
on cross docking where products are moved across the warehouse without 
actually going through the put-away process. Other warehouse processes 
such as stock counting are included in the section on housekeeping.

By ensuring that the correct processes are in place and operating optimally, 
companies can not only improve accuracy and efficiency but also take advan-
tage of the new technology available.

Many books on the subject of warehousing will concentrate on the pick-
ing process as this is the most labour and cost intensive process and has a 
direct impact on customer service.

This section is no exception; however, we also recognize the importance 
of pre-receipt and the receiving process. Receiving the wrong products or 
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putting products in incorrect locations can result in errors just as easily as 
can picking the wrong item.

Figure 3.1 shows each main warehouse activity as a percentage of cost, 
emphasizing the importance of the pick, pack and despatch operation. These 
figures will vary significantly depending on the type of operation.

For example, companies which are under pressure to speed up throughput 
are likely to use concepts such as cross docking, thus reducing the amount 
of time spent on put-away, picking and retrieval.

Figure 3.1  Warehouse activities as a percentage of total cost
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The main activities mentioned above are shown in Figure 3.2 together with 
their relationships.

Receiving

Receiving, goods-in or in-handling is a crucial process within the warehouse. 
Ensuring that the correct product has been received in the right quantity and 
in the right condition at the right time is one of the mainstays of the ware-
house operation. These elements are often termed supplier compliance.
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Figure 3.2  Warehouse processes
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However, it is our contention that once goods have arrived at the warehouse 
it is usually too late to rectify most receiving issues. We believe there are 
many steps that need to be taken before the actual act of receiving takes 
place.

Pre-receipt

First we need to ensure that the supplier presents the products to the ware-
house in the most appropriate way. It is normally the buyer who specifies  
the product and therefore may not have knowledge of the goods-receiving 
operation.

Our suggestion here is that the warehouse manager is also involved in 
specifying and agreeing the packaging, items per carton, cartons per pallet 
and any specific labelling required, together with the mode of transport to 
ensure that the products ordered are compatible with the storage facility.

All too often we see items arriving at warehouses in unsuitable packaging 
that overhangs pallets, has incorrect labels and with the goods packed in 
quantities that do not relate to selling-pack quantities. Our proposal here is 
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that samples are ordered and despatched in their transit packaging to ensure 
full compliance.

All these problems take time to resolve and are better handled at the  
supplier prior to delivery.

Areas that need to be discussed both internally and externally prior to the 
order being placed should include:

size and type of cartons;●●

type of transit packaging – cardboard, plastic, totes, metal stillages, ●●

roll cages, pallets;

palletized or non-palletized delivery of product;●●

size (length, width and height) and type of pallets, eg euro pallet, ●●

four-way entry;

specific labelling such as product description, barcode and quantities;●●

carton quantities (inner and outer carton quantities, for example);●●

mode of transport, delivery quantity and frequency of delivery.●●

Delivery in the normal selling quantity is also crucial in assisting the manager 
to increase the speed of throughput and simplify picking.

The method of delivery needs to be compatible with the equipment avail-
able at the warehouse. The lack of loading bays, for example, will necessi-
tate the use of tail-lift-equipped or side-(un)loading vehicles.

The transfer of much production offshore has resulted in a significant 
increase in container traffic. The decision here is whether to loose load or 
palletize the cargo.

The benefits of palletizing product include protection from loss or damage 
during handling and transportation and a reduction in the number of people 
required to load and unload containers. The process of loading and unloading 
is speeded up whilst space at the loading and despatch bays is also reduced.

The trade-off is the reduction of space utilization in the containers. 
Depending on the number of pallets used, this can be up to 10 per cent of the 
space for the pallets alone. Couple that with the clearance height for the  
pallet and the possibility that pallets cannot be stacked, and space utiliza-
tion is significantly reduced.

One potential method of reducing the trade-off effect is the use of slip 
sheets in place of pallets. Slip sheets are constructed from fibreboard, thick 
cardboard or thin plastic in the shape and size of the unit load. The thick-
ness of the sheet is approximately 2 centimetres.

The load is placed on the slip sheet within the container and on arrival at 
the final destination the slip sheet together with its load is removed by means 
of a specialist forklift attachment and placed on a pallet for storage.

The increasing legislation (FAO ISPM 15) on the use of wooden pallets 
makes slip sheets a viable option for the transport of goods in containers. 
They increase the loading cube within the container, reduce the time taken 
to offload containers and are easier to clean. They do, however, require you 
to purchase a special attachment for your forklift truck.
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Depending on the load configuration, shipping costs can increase between 
15 and 33 per cent when using pallets. However, there are notable savings 
made at the point of delivery plus the reduction in potential damage to 
products and injury to staff.

The introduction of high cube containers has provided additional internal 
height and therefore the double stacking of pallets becomes more feasible, 
providing the products are not easily crushed.

Finally, containers with large numbers of product lines will still need to 
be sorted at the receiving bay whether they are palletized or loose loaded. In 
order to reduce in-handling time the supplier needs to be instructed to keep 
the same product lines together in the container.

If products arrive loose loaded in a container they will need to be palletized 
prior to being put away in the racking. Where possible these cartons need to 
be constructed in such a way that there is no overhang and no potential for 
crushing when they are arranged on the pallet and that as many cartons as 
possible can be accommodated within the cubic capacity of the pallet space.

For example, for a 1200 mm × 1000 mm (48″ × 40″) pallet with a clearance 
height within the pallet location of 2000 mm (80″), the cartons might measure 
300 mm × 200 mm × 250 mm, for example, giving a total potential pallet 
capacity of 140 cartons if we allow 15 centimetres for the height of the pallet 
and 10 centimetres’ clearance between the top of the pallet and the under-
side of the beam. Each layer will have 20 cartons and will be stacked seven 
high. There is no overhang on the pallet on either side and cartons are not 
turned on their sides.

As can be seen below, the size of the outer cartons does not allow the 
warehouse operation to optimally stack the pallet and can result in increased 
damage.

Figure 3.3  Example of incorrectly sized cartons
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Utilizing off-the-shelf software can potentially further improve the load-
building capability where the carton dimensions are not so straightforward 
both on a pallet and within a trailer or container. Not only do the pallets 
look neat and tidy but the products are less prone to damage.

Currently there is no universally accepted standard for pallet dimensions. 
Different market sectors and organizations utilize many different pallet sizes 
around the globe.

The International Organization for Standardization (ISO) sanctions six 
pallet dimensions, detailed in ISO Standard 6780: Flat pallets for inter-
continental materials handling – principal dimensions and tolerances. These 
are shown in Table 3.1.

Other pallet sizes are seen in the chemicals and printing industries to accom-
modate drums and printer reels, etc. We are currently working with a client 
who has two different pallet sizes: 1200 mm × 1000 mm and 900 mm × 650 
mm. This makes it very difficult to configure storage racks and decide on 
optimum locations within the warehouse.

The size of pallet to be stored determines the rack configuration. Where 
companies store different sizes of pallet the configuration needs to be suitably 
flexible. For example, UK companies needing to store both UK and euro 
pallets will be forced down the route of having their racking set at 1200 mm 
deep with each 2.6 metre bay accommodating either two UK pallets or three 
euro pallets.

Companies can utilize decking to accommodate different sizes of pallets 
but this can prove expensive and reduces the load capacity of the racking.

Other factors to take into account when specifying pallets include whether 
they are two-way (stringer) or four-way entry (block), the type of timber 

table 3.1  Pallet dimensions (ISO)

Dimensions in  
mm (W × L)

Dimensions in  
inches (W × L)

Country of use

1219 × 1016 48.00 × 40.00 North America

1000 × 1200 39.37 × 47.24 UK and Asia; pallet  
commonly referred to as  
a UK or industrial pallet

1165 × 1165 44.88 × 44.88 Australia

1067 × 1067 42.00 × 42.00 Most countries

1100 × 1100 43.30 × 43.30 Asia

800 × 1200 31.50 × 47.24 Europe; pallet commonly  
known as a euro pallet
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used (certain countries have restrictions, such as Australia where wood is 
required to be treated) and the type of nails used.

Certain types of MHE are not able to operate with block pallets, reducing 
warehouse flexibility. These include pallet stackers.

Plastic pallets are also becoming more widely used whilst the automotive 
industry has tended to use metal stillages to transport and store automotive 
parts.

Recent innovations in the pallet sector have included iGPS’s plastic pallets 
that are said to be 100 per cent recyclable as well as being 30 per cent lighter 
than wooden pallets.

iGPS also claim that their pallets are ‘vastly better for the environment’ 
and ‘do not absorb fluids that can cross-contaminate food’. One concern 
that has worried food manufacturers is the treatment of wood pallets with 
pesticides and fungicides. iGPS’s plastic pallets do not need treatment, so 
they claim they are more suitable for moving foodstuffs in the warehouse.

They have also embedded RFID tags into the pallets to enable tracking  
to take place and there are also barcode and alphanumeric identifiers. The 
pallets measure 48″ × 40″ (1200 mm × 1000 mm) and are four-way entry 
(Logistics.about.com).

Products delivered in outer cartons need to be labelled in such a way that 
they can be easily identified. Information can include barcodes, which need 
to be compatible with your radio frequency (RF) equipment and which hold 
data such as product code, description and pack quantity. Ease of identifica-
tion speeds up the in-handling process.

With regard to carton quantities, many suppliers continue to supply in 
multiples of 12, yet customers who have grown up with the metric system 
tend to order in multiples of 5 and 10. There needs to be consistency within 
the supply chain in terms of pack quantities supplied, pack quantities stored 
and pack quantities sold.

The pack quantities will depend on the value, weight and volume of the 
product and, although there is no legal limit, outer cartons should not weigh 
in excess of 20 kilograms.

Individual unit sales will always necessitate opening cases to make up orders; 
however, the fewer times this occurs the more productive the warehouse.

There also needs to be consistency by product line to ensure accuracy 
during stock counts and reduce picking errors.

Discussions between the warehouse, procurement, customer services and 
the supplier should alleviate many of these problems.

The premise is to discuss requirements with the supplier and if you need 
them to do things differently then you need to take the initiative. There 
may be an additional cost. However, this needs to be weighed against the 
additional costs incurred within the warehouse. The supplier may surprise 
you by changing the way they present things to you. In fact, there may be 
occasions when this is also advantageous to the supplier. The old adage of 
‘If you don’t ask, you don’t get’ is very true.
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Another truism to bear in mind is the 80/20 rule as it applies to suppliers. 
Not only is it likely that 20 per cent of your suppliers provide 80 per cent of 
your stock but it is likely that 20 per cent of your suppliers cause 80 per cent 
of your goods-in problems.

You need to put measures in place to identify the suppliers who are not 
performing to standard and work with them to introduce improvements. 
You can be reasonably sure that your suppliers aren’t deliberately causing 
you problems. The issues arise because they are not aware of the effect of their 
actions on your operation. You will benefit more from a hands-on approach 
to the problem and work with the supplier to improve the situation.

In-handling

One of the main challenges for a warehouse manager is to match labour hours 
with work content. Handling a product the least amount of time possible 
(labour touch points) leads to reduced labour hours and, as a consequence, 
reduced cost.

Depending on the operation, labour can be the single biggest cost within 
a warehouse. It can be between 48 and 60 per cent of the total warehouse 
cost depending on the amount of automation utilized. It is also the most 
difficult cost to control.

In-handling makes up approximately 20 per cent of the total direct labour 
cost within a retail warehouse.

Preparation

Prior to the actual receipt a number of processes need to take place. The first 
step is to ensure that suppliers deliver into the warehouse when you decide, 
not when it suits them. There will be exceptions to this. For example, it is 
difficult for parcel delivery companies to adhere to booking times because  
of the nature of their deliveries; however, pallet and full-load delivery  
companies expect to be given specific delivery times, albeit this is not their 
preferred option.

By providing delivery times for each supplier or their subcontractors,  
you are in control and able to match your work hours to work content.  
A booking-in system needs to be introduced.

First you need to match the length of the time slots to the time estimated 
to fulfil the task. Standard time slots do not work as each delivery is likely to 
be different. For example, it could take 30 minutes to offload a 13.6 metre 
(45 foot) palletized trailer and a further 15 minutes to check and move the 
pallets to the storage area, whereas a loose-loaded 20 foot container could 
take up to three hours depending on the number of SKUs and staff deployed.
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You need to keep records of the time it takes for each type of delivery and 
share this information with your booking-in team. This will give you the 
amount of labour and equipment required to undertake the task, thus  
making planning a great deal easier.

Warehouse staff need to be aware of the products being delivered, the 
type of vehicle and the equipment required to offload. Once this has been 
ascertained and the time calculated, a suitable booking slot is allocated and 
a booking reference given to the supplier.

Details of any pallet exchange agreements also need to be ascertained. 
The use of pallets within a rental system such as Chep, IPP Logipal and others 
requires both parties to accurately record movements within the system.

Pre-advice of the products being delivered is also advisable so that the 
details can be entered in the warehouse management system (WMS). Some 
WMSs will use this information to pre-allocate pallet locations for the pro-
ducts prior to arrival. The information is also used to check the delivery.

offloading

On arrival, the vehicle details need to be checked against the booking reference 
and the vehicle allocated a loading bay or location in the yard. Any vehicle 
seals need to be checked against the delivery paperwork.

Prior to offloading temperature-controlled vehicles, the temperature history 
of the vehicle whilst in transit needs to be checked, together with the current 
temperature of the goods.

Once the vehicle has backed onto the appropriate bay or has been posi-
tioned in the yard for offloading from the sides, the in-handling team should 
have appropriate labour and equipment to hand, to efficiently manage the 
offloading process.

Where vehicles are unloaded in the yard this usually necessitates the use 
of two lift trucks, one to unload the trailer and another to put the product 
away within the warehouse.

The introduction of articulated forklift trucks is going some way to reduc-
ing the requirement for two different types of truck for this operation.

The most common method of unloading palletized vehicles onto a load-
ing bay is with a powered pallet truck, hand pallet truck or pallet jack.  
Some companies utilize counter-balance forklift trucks; however, the weight 
of the truck, driver and load on potentially weak or damaged floors can be 
an accident waiting to happen.

Unloading times will vary depending on the equipment used and whether 
the load needs to be staged prior to put-away.

In order to speed up this process, equipment companies have introduced 
automatic unloading systems, which means that a 26-pallet trailer can be 
unloaded within five minutes of arriving at the dock. Unloading methods 
include the use of rollers, tracks (see Figure 3.4) and slip chains whilst others 
use loading plates or giant slip sheets.
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Combine these with conveyors or automated guided vehicles (AGV) and 
the requirement for labour within the receiving operation reduces significantly.

Figure 3.4  Automated unloading (courtesy of Joloda)

Unloading loose-loaded containers has always been a time-consuming opera-
tion. This normally necessitates having at least two people unloading within 
the container and placing the items onto a pallet. A third person is usually 
waiting for the pallet to be stacked before taking it to the checking area 
before put away. This is very unproductive as the staff within the container 
wait for full pallets to be replaced with empty ones whilst the forklift driver 
is waiting for the pallet to be built.

There is no guarantee that the same product is together within the con-
tainer, therefore more sortation needs to take place on the unloading dock. 
This is very inefficient and can be hazardous to the staff, who are continually 
bending and stretching within the container and are in close proximity to 
the MHE. Lighting is usually poor and conditions are not conducive to fast, 
accurate work.

Added problems arise if the warehouse is not equipped with loading  
bays and is dependent on a container ramp, which can slow the process even 
further.

Figure 3.5 shows a boom conveyor unloading cartons from a container. 
These can be static or can be moved between loading doors as required.

Placing cartons onto a conveyor means that sortation can take place outside 
the container, there is less bending and twisting involved as the conveyor is 
at a manageable height and it provides a continuous, uninterrupted flow.

Pallets or stillages can be laid out either side of the conveyor and can be 
stacked with the correct item. These pallets can be placed on platforms 
which rise and fall according to the build height of the pallet, thus reducing 
the amount of bending and stretching by the operators.
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Figure 3.5  Boom conveyor unloading cartons  
(courtesy of Best Conveyors)

In order for this operation to run smoothly, the supplier needs to be in-
structed to load the same items together in the container. There is the poten-
tial of increasing productivity by up to 50 per cent using this process.

With the increase in automation, there is a greater emphasis on uniform 
cartons as robots are now utilized for building pallets both on intake and for 
despatch.

Other equipment includes forklift trucks with clamp attachments for the 
offloading of white goods and larger cartons and forklift trucks with slip 
sheet attachments for unloading containers.

Checking

Once the goods are offloaded, you need to decide whether they need to be 
checked before put-away. The ideal scenario is to move inbound goods  
directly from the loading bay to the storage area or despatch area if goods 
are cross docked.

However, trust is an issue here and unless you are 100 per cent certain 
that your supplier is totally accurate with their deliveries on every occasion, 
some form of checking will need to take place.
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This can, however, take the form of a random check of certain product 
lines rather than checking the whole consignment. A count of total pallets 
may be sufficient.

A number of retailers have introduced GFR (good faith receiving) where 
products are accepted into the distribution centre or store without checking 
on arrival. Random checks are undertaken and any discrepancies found are 
charged to the supplier on a pro rata basis. This enables drivers to continue 
with their deliveries and pressurizes suppliers to increase the accuracy of 
their shipments.

This can be extended to other operations, providing agreements can be 
made with the suppliers.

Even if GFR is not introduced, by measuring supplier performance a 
warehouse manager can decide on the regularity and comprehensiveness of 
inbound product checks. The rate of checking can be based on the accuracy 
of recent deliveries.

A client we are currently working with checks 10 per cent of the lines on 
each incoming shipment. If they find a discrepancy they will check a further 
10 per cent. Further discrepancies result in the whole load being checked.

Where new suppliers are concerned it is likely that you will want to check 
the whole of the consignment initially until you are confident of the accuracy 
of the supplier.

There is a trade-off here between the time it takes to check inbound  
deliveries, the number of discrepancies found and the time it takes to deal 
with them.

Another decision to be made is whether the delivery notes are used to 
check off the delivery or whether a ‘blind’ count is made (in which operators 
are not made aware of the quantities expected until the count has been com-
pleted) and the actual delivery cross checked against the paperwork once the 
whole load has been received into the warehouse.

From experience, although it is likely to take longer, it is more accurate to 
count the product and then compare it with the delivery paperwork than use 
the paperwork as a checklist.

The utilization of barcode scanners has speeded up the process significantly 
and improved accuracy. Product can be scanned and the details compared in 
real time (if wireless enabled) with the expected quantities to determine any 
discrepancies. Once scanned, the goods can be moved directly to the next 
staging point, be this quality control, a forward pick face, reserve storage or 
the despatch bay for cross docking.

The introduction of RFID will further reduce checking time at the receiv-
ing bay. Products that have tags fitted can be recognized and counted im-
mediately on entry to the warehouse and details passed in real time to the 
WMS.

Aberdeen Group (2009b) has reported that 70 per cent of best-in-class 
companies are more likely than all other companies to receive goods  
without using paper documents. All have migrated to the use of barcodes, 
RFID or voice technology.
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Recording and reporting discrepancies both internally and externally are 
a fundamental part of the receiving process.

Table 3.2 shows an example of a goods received non-compliance report.

table 3.2  Goods received non-compliance report

Date  
received

Supplier Product  
code

Purchase  
order no

Booking  
reference

Non-compliance

03/04/10 ACS 48145 266460 11228 Barcode does  
not scan

03/04/10 ACS 104658 266460 11228 Outer carton  
is >20 kg.  
No warning on box

10/04/10 BFP 113144 261688 11317 Barcode on outer,  
not inner

10/04/10 QRS 102258 267456 11319 Inner quantity = 6  
not 12 as expected

14/04/10 QRS 115119 267456 11424 Barcode does  
not scan

21/04/10 Tco Deli 110002 287547 11563 No price sticker  
as requested

Cross docking

The goal of most warehouses is to increase throughput rates and reduce the 
amount of stock held. Cross docking is a process where products are moved 
directly from goods-in to the despatch bays. This avoids the need to place 
the product into store and any subsequent picking operation.

Cross docking needs the full support of suppliers as to how they present 
the product. This includes clear labelling and advance notice of arrival  
together with accurate, on-time delivery.

Cross docking requires systems to identify the product that needs to be 
cross docked and a process needs to be in place to recognize and prompt the 
transfer.

Once checked in, the products should be taken directly to the despatch 
area and their floor or temporary rack location recorded on the system, 
alerting staff that the product is now awaiting despatch. The details must be 
recorded in order to provide an audit trail.

Other points to take into account include the amount of space available 
at the inbound and outbound areas. Sufficient space is key to moving pro-
ducts quickly and safely. Any congestion in these areas will slow up the 
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process appreciably and lead to tension between teams. There also needs to 
be a well-marked staging area where the products can be placed prior to 
despatch. An area of drive-in racking can assist in marshalling loads for 
particular collections.

Cross docking is used significantly in the movement of perishable goods 
through the supply chain and retailers use this system in their distribution 
centres where they receive products from multiple suppliers and sort and 
consolidate them for onward shipment to different stores. It has been said 
that Walmart in the United States delivers approximately 85 per cent of its 
merchandise using a cross-docking system. This system is prevalent in many 
retail operations today.

Just-in-time systems also rely on cross docking whereby manufacturers 
deliver parts to a cross-dock centre where they are consolidated and delivered 
line-side in sequence.

Figure 3.6  Example of cross docking
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Recording

Depending on the product, there could be a requirement to record more 
than just the standard data such as product code, description and quantity 
on arrival. Other information could include batch or lot numbers and serial 
numbers. Barcode scanning, which we will look at in the following chapters, 
is ideal for this type of data capture.
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Quality control

It is accepted that certain products will require more stringent checking on 
receipt. These include high-value items, food, hazardous goods, temperature-
sensitive product and pharmaceuticals. New suppliers will also fall into this 
category.

An area close to the receiving bay should be set aside to spot check items 
on arrival. This needs to be done as promptly and as efficiently as possible 
so as to avoid congestion and to get the products onto the system quickly.  
If there are issues, the items need to be taken to a specific quarantine area or, 
if space is an issue, to the storage area – but must be identified as defective 
or awaiting the results of tests. Most WMSs are able to block access to pro-
ducts on the system, making them unavailable for picking. A physical sign at 
the location is an additional failsafe.

Put-away

Many of today’s WMSs allocate product locations in advance and instruct 
the operator as to where to place the goods. This can be directly to the despatch 
area if the product is to be cross docked as discussed above, to the pick face 
as a form of replenishment or to a reserve or bulk-storage location.

In order for this system to work effectively, a great deal of information 
needs to be programmed into the system. This includes the following:

size, weight and height of palletized goods;●●

results of an ABC analysis or slotting, where fast-moving goods are ●●

placed closest to the despatch area (an area we will cover later);

current order data;●●

family product groups;●●

actual sales combinations;●●

current status of pick face for each product;●●

size of pallet locations;●●

weight capacity of racking.●●

In circumstances where there is an absence of such a system, the warehouse 
manager needs to calculate the optimum location for the goods and instruct 
the operators accordingly.

Another decision to take is whether products are placed into fixed or 
random locations. In utilizing fixed locations you are designating a specific 
location for a particular product. A random location is as it states, where the 
pallet is placed in the most efficient slot available.

Fixed positions enable the picker to memorize the actual location and 
speed up the picking process. However, if there is no stock for that particular 
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product at any one time, the slot remains empty and pallet storage utiliza-
tion reduces significantly.

Factors to bear in mind when locating product include their specific char-
acteristics. For example, hazardous items need to be stored in an appropriate 
area. Items of high value will also require special storage conditions, which 
might mean a lockable cage or the use of a secure carousel.

When locating cartons, the fastest-moving items should be placed in the 
middle row so that the order picker doesn’t have to spend time bending and 
stretching. Slower-moving items should occupy the lowest and highest shelves.

The warehouse manager also needs to take into account that items should 
be stored in groups by similarity. For example, within an automotive environ-
ment gearbox parts should be stored together in the same area. Added to 
this, products which often appear together on a pick list should be located 
side by side. For example, a ½-inch bolt needs to be stored next to a ½-inch 
nut rather than the bolts stored together in one area and the nuts in another.

Finally, some warehouse systems will combine put-away with pallet  
retrieval. This is termed task interleaving. The system will instruct the  
operator to put away a pallet en route to collecting a picked full pallet or 
one that is required for replenishment.

summary and conclusion

As discussed earlier, the receiving process is crucial to the efficient and effec-
tive operation of the warehouse.

The following five quick steps should help to improve productivity in the 
receiving and put-away area:

Ensure that you have booked slots for the majority of your suppliers.●●

Reduce the amount of checking required on inbound deliveries.●●

Have a system in place to prioritize inbound goods, eg prioritize ●●

low-stock items and promotional items.

Plan your put-away meticulously and ensure product is located ●●

accurately and efficiently.

Cross dock as much as possible.●●



“Before anything else, preparation is the key to 
success. aLexandeR gRaHaM beLL (1847–1922)

Introduction

Order picking is the most costly activity within today’s warehouses. Not 
only is it labour intensive, but it is challenging to automate, can be difficult 
to plan, is prone to error and crucially has a direct impact on customer  
service.

Companies target the picking operation as the area in which productivity 
improvements can make a significant difference to overall costs.

The trade-off in this instance is between speed, cost and accuracy. Managers 
are looking for quick response times, high accuracy and high productivity 
but at least cost.

Satisfying these factors will determine the types of picking systems and 
processes chosen.

The picking operation has changed significantly over the past 20 years. 
Previously, full case and pallet picks tended to be the norm. Today concepts 
such as just in time, the growth in online shopping and significant reduc-
tions in order lead times have resulted in smaller order quantities and more 
frequent deliveries.

In a 2009 benchmarking survey, Aberdeen Group used the key performance 
measures shown in Table 4.1 to distinguish best-in-class picking operations. 
So how does the warehouse of today achieve best-in-class standards? As  
can be appreciated, there are many interrelated decisions that need to be 
made and aligned for companies to be effective in this area. Figure 4.1 shows 
the interrelationship between labour, technology, equipment and warehouse 
layout.

04Warehouse 
processes: pick 
preparation
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table 4.1  Best in class: picking (Aberdeen Group)

Best in class Industry average Laggards

Percentage of orders  
picked accurately

99.8% 97.7% 88.4%

Percentage of orders  
shipped on time and  
complete to customer  
request; or on time,  
in full (OTIF)

99.5% 95.6% 88.2%

Figure 4.1  Picking interrelationships
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Preparation

As with any logistics process, preparation is a key element.
According to Frazelle (2002), less than 15 per cent of SKUs within a 

warehouse are assigned to the most efficient location, resulting in a 10 to 30 
per cent cost increase in travel time and underutilized locations.

Prior to laying out a warehouse, deciding on the most appropriate handling 
equipment, installing storage systems and deciding on which form of picking 
system to introduce, a full ABC analysis of inventory should take place.

Understanding ABC classification begins by understanding Pareto’s Law 
or the 80/20 rule.
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This states that roughly 80 per cent of effects come from 20 per cent  
of causes. This rule is not universal but it is surprising how often it can 
apply.

Examples of the 80/20 rule in relation to the warehouse include the  
following:

80 per cent of sales come from the top 20 per cent of the product ●●

lines;

80 per cent of sales come from 20 per cent of the customers;●●

80 per cent of profits come from 20 per cent of the customers – not ●●

necessarily the same customers as above;

80 per cent of the cube usage within the warehouse comes from 20 ●●

per cent of the products;

80 per cent of the inventory value is in 20 per cent of the  ●●

products;

80 per cent of problems come from 20 per cent of your suppliers;●●

80 per cent of staff problems come from 20 per cent of your staff.●●

An 80/20 split isn’t always the case, however. One client’s profile was as  
follows.

In 2008, 80 per cent of the total units sold came from only 4.7  
per cent (28) of the total SKUs sold that year (586 product lines). A further  
27 SKUs (4.6 per cent) provided another 10 per cent of the units sold  
whilst the remaining 90.7 per cent of lines made up the remaining 10 per cent 
of sales.

These analyses allow you to identify not only the highest-selling products 
but also items which are not selling and may be prime candidates for disposal.

As can be seen in Figure 4.2, this rule can be used for identifying relation-
ships between sales and product lines, sales and weight or cube and sales 
and the number of units sold.

Pareto’s Law is widely used in logistics and is an excellent method for 
categorizing items. This is normally termed ABC classification.

In terms of sales, under this classification, ‘A’ is the most important, with 
20 per cent of products producing 80 per cent of sales, ‘B’ is of medium 
importance with say 35 per cent of items producing 15 per cent of sales, and the 
remaining 45 per cent being ‘C’ items producing only 5 per cent of sales.

The precise classification of items will vary between companies and  
market sectors. However, in broad terms they are very similar.

Many companies will use an ABC analysis to produce an effective ware-
house layout. However, the traditional single ABC analysis will only provide 
a snapshot of the current situation based on one parameter – the level of 
sales by product, the idea being that the A items, as the highest sellers, are 
placed at the front of the warehouse, closest to the despatch area.

Unfortunately, using this analysis alone can lead to a reduction in  
productivity. For example, compare the following two products in Table 4.2.
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Figure 4.2  Pareto’s Law or the 80/20 rule  
(courtesy of Vanderlande)
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table 4.2  ABC comparison

Sales Number of orders

Product A 10,000 units 4

Product B 1,000 units 200

Although product A is the highest-selling item, it is only picked four times 
during the period, whereas product B appears on 200 orders, necessitating 
200 visits to the pick face. Under these circumstances, in order to reduce 
travel distances and time, it is product B that should be closest to the des-
patch bay.

A double ABC categorization allows you to combine two single cate-
gories into one – in this case volume and frequency. This can be done by 
producing a nine-box grid as shown in Figure 4.3.

In this example, AA products are those which generate the most sales and 
are sold most frequently. CC products on the other hand are defined as slow 
movers in that they sell the least and move less frequently.

In terms of picking, the more frequently you visit a pick location the more 
labour intensive it is likely to be. Products in position AA will generate, on 
average, 50 per cent of your sales yet will only be 8 per cent of your product 
range.
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Figure 4.4 shows the relationship between the frequency of sales and the 
value of the product. As can be seen, different strategies can be introduced 
for each of the sectors. These can include factors such as the service level 
provided, stock-ordering frequency and method, stock-counting frequency 
and customer and supplier relationships.

There are sophisticated software programs available to enable you to 
produce these results. However, if you are looking for a quick analysis,  
the following method, utilizing the ‘sort’ feature within Excel, will give you 
reasonable results.

Figure 4.3  ABC analysis: quantity and frequency of sales 
(courtesy of ABC Softwork)
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table 4.3  ABC analysis using Excel

Product  
code

Annual  
demand  

000

Pick list  
frequency

Weighted  
volume

Weighted  
percentage

Cumulative  
weighted  

percentage

ABC  
category

85058 200 20,000 4,000,000 41.2 41.2 A

79001 250 15,000 3,750,000 38.6 79.9 A

67553 400 2,000 800,000 8.2 88.1 B

12865 600 1,000 600,000 6.2 94.3 B

13866 800 500 400,000 4.1 98.4 C

13700 1,000 100 100,000 1.0 99.4 C

85866 1,000 40 40,000 0.4 99.9 C

72333 100 80 8,000 0.1 99.9 C

77577 500 10 5,000 0.1 100.0 C

77212 1,000 1 1,000 0.0 100.0 C

5,850 9,704,000



Figure 4.4  ABC analysis: product value and frequency of sales

AA AC

� Minimize ordering costs
� Have a good relationship with
 your supplier
� Minimize product cost price
� Increase sale price
� Increase service level
� Spend time on optimization
� Count stock frequently

� Usually ‘cheap’ items
� Usually low stock value
� Don't spend too much time here
� Increase service level
� Ordering: big lot sizes
� Use Kanban or VMI

� Usually high stock value
 based on few items
� Focus on shorter lead times
� High risk of obsolescence
� Spend time on forecasting
� Be careful when ordering
� Be close to the customers

� Check for obsolescence
� Usually relative low stock
 value per item
� Use simple ordering principles
� Decrease service level
� Periodic stock counts

AB

BA

V
al

u
e

BB BC

CA CB CC

FrequencyFrequency

64



Warehouse Processes: Pick Preparation 65

In this example, the annual demand is multiplied by the number of times  
the product appears on a pick list to give a weighted volume. If we had used 
the volume figures alone the top two products in terms of pick-list frequency 
would have ended up much further away from the despatch area, thus in-
creasing travel time appreciably.

It is likely, for example, that product code 85866 is sold in full-pallet quan-
tities and can be stored in the pallet racking away from the forward pick faces.

The more times you visit a pick face the higher your labour costs are likely 
to be. Travel time within a pick operation can account for up to 50 per cent 
of the total picking time.

There is an argument therefore that warehouse layout should be based on 
pick-face visits alone. The same process as above can be followed but only 
taking into account the number of pick-face visits.

This is partly true. However, we also need to take into account the cube 
movement distribution, which we will discuss in the next sections.

Another part of the preparation process is slotting. This is a tool that 
calculates the optimum location for products within a warehouse. The tool 
is used to reduce the amount of travel time for operators by not only placing 
fast-moving products close to despatch but also places items that frequently 
ship together next to each other in the pick-face area.

For example, in a maintenance stores environment the natural storage 
method for nuts and bolts is likely to be by family and product code: all the 
nuts in one area and the bolts together in another area, although reasonably 
close by. Our suggestion is that the same-size nuts and bolts are stored next 
to each other. This is for two reasons: one, they are normally sold together 
and two, it provides a separation between two similar-sized products, eg 3/8-
inch nut from a 1/2-inch nut. This should lead to a reduction in travel time 
and potential errors.

Slotting can also determine how many and what size of pick face is  
required for each product line. Very fast-moving lines will require multiple 
faces to avoid a bottleneck at a single location. These need to be spread  
efficiently across the front of the racking nearest the start and finish of the 
picking run.

The system can also identify small groups of products that can complete 
a large number of orders. By examining the popularity of the items combined 
with the orders that they complete, these items can be identified and stored 
within a specific area in the warehouse.

Slotting will also take into account seasonality and suggest product moves 
such as transferring garden furniture, from the front of the warehouse, 
where it is stored during spring and summer, to the rear of the warehouse 
during winter. Although there is likely to be a reasonable amount of addi-
tional handling involved, this should be outweighed by an overall reduction 
in travel, having moved the more popular winter products to the front of the 
warehouse.

The system can also take into account other parameters such as value, 
cube, weight and crushability. Retailers can also set up the system to pick in 
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sequence tailored to store layout, thus minimizing the time spent handling 
the product at store.

This software is integrated within many of today’s WMSs but can also be 
sourced separately; payback is normally less than one year.

By profiling the activity of items and orders received into the warehouse, 
we can determine which pick method to use, how much space to allocate 
and therefore where and how to store the product.

The idea is to place the most popular items in terms of pick frequency in 
the most accessible warehouse locations.

We can analyse orders in a number of different ways. One of the most 
common is lines per order. This examines how many different product codes 
make up an order, and as a result we can calculate how many pick locations 
we will visit for each order.

Table 4.4 shows the number of lines (SKUs) per order on average for  
different family groups and also the average number of units per line for  
a manufacturer in the fast-moving consumer goods (FMCG) sector.

table 4.4  Order analysis: FMCG manufacturer

No. of  
orders

No. of  
units

No. of  
SKUs

Units per  
order

Units per  
SKU

SKU per  
order

Family  
group 1

4,783 65,552 29,501 13.7 2.2 6.2

Family  
group 2

6,955 81,857 34,386 11.8 2.4 4.9

Family  
group 3

1,892 25,596 12,165 13.5 2.1 6.4

Family  
group 4

52 817 110 15.7 7.4 2.1

Family  
group 5

2,555 13,654 4,287 5.3 3.2 1.7

Family  
group 6

12,974 667,558 189,898 51.5 3.5 14.6

Family  
group 7

6,067 112,218 55,704 18.5 2.0 9.2

Family  
group 8

949 1,590,870 40,135 1,676.4 39.6 42.3

Family  
group 9

62 23,459 643 378.4 36.5 10.4

Overall 36,289 2,581,581 366,829 71.1 7.0 10.1
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As can be seen in Table 4.4, the family groups of products have different 
profiles. Family groups 8 and 9 have full-carton picks; however, the other 
family groups are predominantly item picks.

This information can help in determining the type of pick operation and 
also the type of storage medium to be used.

We can also drill down further into this information to determine the 
number of lines per order by family group.

If we take family group 6 as an example, we can see in Figure 4.5 that 
there are a larger number of single-line orders together with some large orders 
with multiple lines. Using averages in these circumstances can therefore be 
misleading.

Figure 4.5  FMCG manufacturer: order analysis
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With such a large number of single-line orders we also need to determine 
whether these are standard orders or possibly back orders.

If they are standard orders then a batch pick is probably the most suitable 
method of picking. Examples of this type of order profile include internet 
sales, small-parts distribution and engineering spares.

Where items are picked from cases, this suggests that the items could 
potentially be decanted into smaller receptacles and placed in a specific area 
within the warehouse where picking operations can be consolidated.

Allied to the lines-per-order calculation is the ‘cube per order index’ 
(COI), which calculates the ratio of a product line’s space requirement at the 
pick face to the number of picks per day.

This ratio enables you to decide on which position in the pick run a  
particular item should be placed. The lower the COI, the better the space 
utilization of the product and therefore, for example, it should be placed 
nearer to the despatch bay at the front of each run of racking.

By combining the two measures we are able to determine the method of 
picking. Multiple orders with a small overall cube can be picked by means 
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of a roll cage or trolley whilst larger cube orders will require pallet trucks or 
pallet jacks, for example.

In order to decide on the method of storage for individual product lines 
we need to examine the cube-movement distribution. By detailing the items 
which fall into specific cube-movement ranges we can decide on the most 
appropriate storage mode.

Figure 4.6 shows an example of cube-movement distribution. Appro-
ximately 15 per cent of the total items ship less than 0.5 cubic metres  
per month, which suggests bin, shelf flow rack or carousel storage, whereas  
12 per cent of the items ship in excess of 1,000 cubic feet per month. This 
would point in the direction of some form of pallet storage.

Figure 4.6  Product cube picked and despatched per month
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Demand variation distribution enables you to determine the size of the pick 
face and the quantity held for each type of product, the idea being to limit 
the number of replenishments that take place during a day. The ideal is not 
to replenish but have sufficient stock in situ to cover demand over a day. An 
approximate figure can be derived by calculating the average daily demand 
and calculating the standard deviation for each item.

Table 4.5 is an example of a client’s pick operation that utilizes flow rack-
ing and has a mixture of full carton and item picks from carton.

As can be seen from this example, the number of cartons stored in the 
pick faces is nearly optimum providing there is no significant deviation from 
the average.
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table 4.5  Example of pick-face analysis

Product  
code

Units 
picked  
per day

Equivalent  
carton pick

Average  
number of  

visits to pick  
face per day

Cartons  
per flow  

rack  
location

Minimum  
number of  
locations

989533 886.1 11.1 13.3 6 2

989133 942.3 10.5 16.2 6 2

881043 522.2 8.7 6.4 6 2

978003 5,804.3 7.3 14.4 6 2

989333 309.8 6.2 13.4 6 2

881033 405.7 5.8 4.3 6 2

881053 141.8 4.7 3.7 6 1

989122 554.1 3.7 12.0 6 1

812833 158.8 3.5 11.6 6 1

989144 194.6 3.2 8.8 6 1

989322 277.7 3.1 9.1 6 1

The issue arises when there is a significant daily deviation in the number of 
items picked. For example, if we take product code 989533 with daily pick 
quantities of 11, 13, 19, 5 and 7, although the average pick per day is 11 
there is a wide deviation across the week.

In order to accommodate an average day’s demand with a low possibility 
of replenishment, we need to store the average number of cartons picked 
plus two standard deviations for a 5 per cent chance of replenishment and 
three standard deviations of demand for a 1 per cent chance of replenish-
ment during the day. This suggests the pick face should contain either 21 or 
26 cases.

The issue will be whether there is sufficient space available to accommo-
date this amount of stock in the picking area.

The amount of space made available to the pick operation will very much 
depend on the total available cubic capacity of the warehouse, the floor 
space and the amount of reserve stock needing to be stored.

This takes us into the next section which examines the warehouse layout.
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Figure 4.7  Basic warehouse layout based on ABC classification
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Having produced a comprehensive profile of the products and orders, we 
are ready to tackle the warehouse layout.

Figure 4.7 depicts a very basic layout that has used an ABC analysis 
based on the frequency of pick-face visits. The next step is to minimize the 
amount of travel through the warehouse when picking an order.

The route followed by the picker when assembling the order needs to 
take into account the following:

The pick instruction will have each pick sequenced as per the most ●●

effective route beginning at the front of the racking nearest the 
despatch bays.

Heaviest items are picked first.●●

The picker should be able to pick from both sides when moving up ●●

and down the aisles.
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Short cuts are programmed into the system to minimize travel.  ●●

For example, a break in a long length of racking enables the picker  
to shorten the travel distance but allows the storage of reserve 
product above the pathway.

The picker ends up as close to the despatch area as possible.●●

Multiple pick locations for the most popular items need to be set up ●●

to avoid congestion at the pick bays.

A typical warehouse layout will operate with a reserve pallet storage area 
(racked or free standing) which may or may not be above the individual pick 
faces. Whether the storage area is separated from the pick area or not will 
depend on the number of SKUs and the amount of floor space available for 
pick locations.

This enables the picker to pick full pallets of a product if the order  
demands it. The picker must not be directed to pick a full pallet from the pick 
location as this will increase the amount of work required, as that pallet will 
have to be replaced by another through replenishment immediately.

The worst scenario is where the picker takes 30 cartons from the pick 
face and a further 30 cartons from the reserve stock to complete a full pallet 
order of 60 cartons of the same SKU. Unfortunately, some WMSs still work 
on the principle of emptying the pick face first, irrespective of the size of 
order. A manual intervention by the picker normally takes place to over-
come this situation.

If during the item and order profiling we see that families of items regu-
larly appear on orders together and fulfil a large percentage of these orders, 
it may be cost effective to establish a separate area within the warehouse for 
these products. Examples are large customers who only order a specific 
number of products or customers who have bespoke products with their 
own logos.

Third-party shared-user warehousing is a typical example where a 
number of clients share the building but the picking activities are typically 
segregated.

Where small quantities of items are picked, the warehouse will also have 
an area of shelving where the product may be held in bins or totes to make 
individual-item picking easier. Gravity-fed shelving or flow rack further  
enhances the picking process, where product is fed in at the back of the shelf 
and as the carton, bin or tote is emptied it is replaced with another. The key 
to this type of storage is to ensure maximum utilization of the flow rack and 
timely replenishment.

Depending on the height of the building, these may be situated on a mezza-
nine floor, thus increasing the cubic utilization of the building and minimiz-
ing contact between MHE and the pickers.

An alternative to shelf locations is carousels, which are described in 
greater detail in Chapter 5.

When determining the warehouse layout, you need to take into account the 
requirement for space to undertake value-adding services such as labelling, 
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kitting, packing, shrink wrapping, promotional packing, etc. This area needs 
to be close to both the picking and despatch areas to avoid excessive travel-
ling and handling.

As picking is a labour-intensive operation, the welfare of the operator has 
to be taken into account when choosing the most appropriate method of 
picking. This includes safe and comfortable MHE, ergonomically designed 
work stations and equipment.

We will discuss how to approach warehouse layout and the choice of 
equipment in greater detail later.

In the next chapter we determine the most appropriate picking system 
based on the data we have compiled. Information required to determine the 
most effective picking system includes:

dimensions and weight of the product (item, inner carton, outer ●●

carton, pallet);

product group (hazardous, temperature sensitive, high value, etc);●●

total number of SKUs by category (ABC);●●

total number of orders in a period;●●

total number of deliveries (there is a difference – orders can be ●●

consolidated into fewer deliveries);

mode and average number of lines per order;●●

mode and average number of units per line;●●

pick-face visits per SKU;●●

item, case or full-pallet picks by SKU;●●

typical family groupings;●●

items sold together frequently.●●

This data should be gathered during the profiling exercise. Having compiled 
the data, we can now proceed to determine the most effective picking systems.

summary and conclusion

In order to be productive and efficient in the picking process, a great deal  
of preparation needs to take place. This includes having a comprehensive  
understanding of the products and their sales patterns and the data available 
to produce ABC analyses.

Placing products in the most appropriate location reduces travel distances 
and strain on operatives and as a consequence leads to improved productivity 
and overall cost reduction.



“However beautiful the strategy, you should occasionally look 
at the results. WInston CHuRCHILL (1874–1965)

Introduction

In this chapter we examine the different types of picking strategy available 
to warehouse managers and the types of equipment used in storage and 
picking.

One of the main cost areas within the picking operation is the movement 
between pick locations. Depending on the operation, this can account for up 
to 60 per cent of a picker’s time. The aim is to reduce the amount of travel 
within the warehouse. This section examines the different modes of picking 
and the equipment utilized to attain this goal.

There are a number of dimensions to the picking process. These include 
how and when the orders are presented, how the actual items are picked and 
the equipment required. These dimensions are shown in Figure 5.1.

What we can see from Figure 5.1 is that there can be many interrelation-
ships and many options. For example, if we decide on a picker-to-goods 
operation this can either be done by, for example, picking individual orders, 
batch or cluster picking, utilizing trolleys or pallet trucks and a choice of 
paper, voice or scanning.

The first point to mention here is that in terms of picking there is no ‘silver 
bullet’ or ‘one size fits all’ solution.

According to an Aberdeen Group report (2009), 46 per cent of best-in-class 
companies are more likely than all others to use advanced pick methodologies 
such as batch, zone and cluster picking as opposed to individual-order picks. 
However, each company has different requirements and these strategies may 
not suit everyone.

05Picking  
strategies and 
equipment
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Figure 5.1  Picking strategies and equipment
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A picking operation may require full-pallet picks, pallet-layer picks, outer-
carton picks, inner-carton picks or individual-item picks. In most cases the 
warehouse will be required to pick a combination of the above and, at times, 
a combination even on the same order.

Many managers see advanced technology and automation as the silver 
bullet where picking is concerned; however, they may well be overlooking basic 
improvements that can be introduced to enhance order picking efficiency.

During many of the warehouse management courses I run I tend to find 
that the majority of attendees do not use ABC analysis and order profiling. 
There are many opportunities therefore to improve basic pick operations 
before introducing automation.

Basic techniques such as profiling, slotting, pick-route planning, pick-face 
sizing, proper equipment selection and documented processes will all help to 
enhance pick efficiency without having to introduce technology and auto-
mation in the short term.

Companies are likely to operate a number of different order-picking 
strategies and techniques depending on the nature of the product, the quantity 
of items to be picked and the size of order.

There are usually four types of pick requirement within a warehouse. 
However, they do not always occur individually and can be included on the 
same order. These are as follows:

piece, unit, item or broken-case pick;●●

full-case or carton pick;●●

layer pick;●●

full-pallet pick.●●

In the following sections we will look at each of the pick strategies in turn 
and discuss their interrelationships.

Pick strategies can be split into three categories. These are:

picker to goods;●●

goods to picker;●●

automated picking.●●

Picker to goods

The majority of warehouses continue to operate with minimal automation 
and therefore picker-to-goods operations prevail.

Pick to order
The picker takes one order and travels through the warehouse either on foot 
with a cage or trolley or with a pallet or fork truck, collecting items until the 
whole order is picked.
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Orders can be for individual items, full cartons or even full pallets.
The picker follows a route designated by reading a paper pick list, read-

ing instructions on a radio data terminal or following voice commands.
All order lines are picked in sequence for a specific customer order.  

Depending on the size of the items, these will be stored on shelf locations,  
in carousels or on flow racks. Full cartons can be stored on pallets in pick  
locations or in flow racking.

The advantage of picking individual orders is the minimum amount of 
handling involved.

This remains the most common method of picking. However, orders  
with multiple SKUs and long distances between picks can be very labour 
intensive.

There is normally a requirement for a second person to check the order 
before it is despatched.

Cluster picking
In order to reduce overall travel time, operators can take a number of orders 
out into the warehouse and pick into individual compartments on their  
trolleys or cages. Some operations will utilize powered pallet trucks that can 
carry two pallets at a time or utilize tugs or tractors that can move multiple 
pallets through the picking aisles.

Cluster picking can also be used with conveyors, where a tote diverts into 
a pick zone. As the tote passes a barcode reader its unique ID is read and all 
the picks for the current tote are displayed on the individual pick-to-light 
terminals.

Each terminal indicates both the quantity to be picked and the tote loca-
tion where it is to be placed. A pick of eight pieces into the B compartment 
would be displayed as B8. When all picks for all compartments in the  
current zone are complete, the tote is returned to the conveyer belt and it 
proceeds to the next zone, where additional picks for any compartment are 
required (elogistics101.com).

The number of orders per cluster will depend on the number of lines, 
units per order, total cube and the capacity of the totes, cages or trolleys.

Batch picking
Batch picking is where operators pick products for a number of orders at the 
same time. This is similar to cluster picking.

The orders are broken down into their constituent products and each 
individual product line is consolidated. An amalgamated pick instruction is 
produced.

There are two alternatives: pick by line or pick to zero. Here orders are 
consolidated and an instruction is raised to bring forward products from 
reserve stock. Pick by line may result in excess items being returned to stock 
where full pallets or cartons have been picked. In the case of pick to zero the 
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correct number of items are picked and allocated to customer orders until 
the lines and units are exhausted. This can also be termed bulk picking.

Advantages include less travel and potentially increased accuracy as two 
people are involved in the pick and allocation process. The disadvantage is 
that it can be a two-stage process and it doesn’t always take into account 
time-sensitive orders.

Batch picking can significantly increase the number of lines picked per 
hour; however, you also have to take into account the collation of the items.

The system can be utilized within a cross-dock operation where product 
can be picked and allocated on arrival at the warehouse. This removes the 
put-away and replenishment aspects of the operation and increases through-
put and accuracy.

Orders can be batched in a number of different ways. For example,  
mail order or e-commerce operations may well batch by single order lines  
or single items. Orders containing similar items can also be batched  
together. Finally orders can be split, based on where the products are in the 
warehouse.

Batching orders together can be done manually; however, most ware-
house management systems (WMSs) today have this capability.

Zone picking
In zone picking, products are picked from defined areas in the warehouse 
and each picker is assigned to a specific zone or zones and only picks items 
from within those zones. The level of activity will determine the number of 
zones allocated to each picker. Separate pick instructions are produced by 
the WMS for each zone.

Orders are moved from one zone to the next as each zone completes its 
pick. This movement can be undertaken by a cage, trolley or pallet being 
passed from one operator to another but is more commonly done by con-
veyor. The conveyors may be powered or use rollers or gravity to move the 
cartons or totes between the zones.

The volume of orders sent to each zone needs to be controlled so that 
each sector has an equivalent amount of picks. The potential for bottlenecks 
can be high with staff having to wait for orders to arrive.

Zones are usually sized to accommodate enough picks for one or two 
order pickers. A picker may look after two zones or more if the volumes are 
reduced on a particular day.

Zone picking can be effective in operations with large numbers of SKUs, 
multiple orders and low to moderate picks per order. DVD and computer 
games retailers are typical examples.

The most popular picking method utilized in the zones is pick by light. As 
an operator scans the next order, a number of lights illuminate in the zone. 
A digital display denotes the number of items to be picked. Once the pick is 
completed the light is turned off and the picker goes to the next illuminated 
location.
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Some companies will also scan the barcode on the product prior to  
placing it in the tote to ensure that the correct item has been picked.

Advantages are the reduction in travel and the speed of pick as multiple 
lines can be picked at the same time compared with pick by order.

This system can be used by companies where there are different zones for 
product families such as pharmaceuticals, hazardous items and food items.

Wave picking
In wave picking, orders are released at specific times during the day. This can 
be hourly or morning or afternoon. The idea is to associate them with vehicle 
departures, replenishment cycles, shift changes, etc.

Orders can be released at different times to different zones based on how 
long it takes to pick the orders. The drawback is the requirement for a further 
step in the process, having to bring the partial orders back together. However, 
as discussed with batch and zone picking, it does allow for a second check 
on product codes and quantities.

goods to picker

Significant benefits can be realized with the use of a goods-to-person system. 
Even though there are many variations on how a system can be configured, 
most of the designs allow the following benefits, according to Dematic (2009):

Eliminate picker travel time, use less labour. Order pickers do not need 
to roam the warehouse walking to and from the dedicated pick faces. 
Travel time is the largest time component of a traditional order 
picker in a person-to-goods arrangement. By minimizing this time 
component, productivity is increased and labour to operate the 
facility is reduced.

Omit the dedicated pick face. Typically, a goods-to-person system 
involves storing the inventory in very narrow aisle racking or an  
AS/RS system. Each SKU is retrieved when it is required. The system 
dictates when the item is picked and it is less important where it is in 
the warehouse, although having fastest-moving items at the front of 
the racking will improve efficiencies.

Reduce system footprint. The space required for a goods-to-person 
design is less than conventional person-to-goods. If the storage medium 
is high density, significant space savings can be achieved. A typical 
footprint may be 30 to 50 per cent less than conventional storage.

Product security. When the product is placed into a high-density 
automated system (AS/RS), it is secure and not available for access  
by staff. Product security is important to maintain inventory 
accuracy, reduce theft, and assure first in, first out strategies.
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Ergonomic workstations. The pick stations can be designed for 
employee comfort. Working heights, range of motion and 
environment (lighting, temperature) can be optimized for the 
employee. Some designs omit the requirement to move and lift  
totes/cartons. Furthermore, workstations can be outfitted to support 
special needs employees, thereby allowing universal access.

Speed in order selection. The pick station design allows high worker 
productivity. Since there is little or no travel time and the item to be 
picked is ergonomically served to the worker, high rates of order 
selection are achieved. Most operations obtain rates of 500 to 1,000 
lines picked per hour per operator. The goods-to-person system 
allows fast- and slow-moving SKUs to be treated equally, which 
removes the need for separate pick areas based on SKU velocity.  
This is important for applications where SKU velocity changes on  
a daily basis.

Accuracy. Order picking using a goods-to-person station is more 
accurate because operators are typically handling one SKU at a  
time, making errors less likely. Most goods-to-person stations utilize 
put-to-light technology to indicate quantity and location to place the 
item, further enhancing accuracy. The picking process is performed 
by one person, thereby improving traceability.

Decoupled workstations. Staff can work in parallel, unaffected by  
each other. Stations can be opened and closed according to business 
volume on a particular shift of operation. There is redundancy in  
this configuration since items can be processed at any location as  
the workstations are completely decoupled.

High-utilization workstations. Work flows into the pick station 
smoothly and consistently. Order pickers are highly utilized,  
since they do not need to wait for work. Worker productivity is  
not affected by the structure typical of a traditional pick module 
(high activity in one zone, little activity in another zone, pace  
issues in a pick-and-pass environment, etc).

Sequencing. When building a customer order, a precise sequence of 
SKUs can be achieved. For example, items can be presented to the 
order selector by weight (heavy to light). Or, in another example, 
orders can be built in sequence by family group.

Order profile. The system is not affected by changes in order profile.  
For example, single-item orders and multi-item orders are 
accommodated with equal efficiency. This means that trends such as 
more orders with fewer order lines do not compromise productivity. 
This feature adds to the ability of goods-to-person systems to 
accommodate change as order profiles change in the future.

Efficiently accommodates SKU growth. If more SKUs are added, the 
storage system can absorb the new loads (if sized for growth) or the 
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system can be expanded with additional automated storage modules, 
or existing modules can be extended.

Examples of goods-to-picker systems are as follows.

Compact picking system
The goods-to-picker-based compact picking system is ideal for slow-moving 
products in retail and wholesale warehouses. It is also cost effective for 
warehouses handling parts and components for sectors such as the auto-
motive industry which have a large range of SKUs and very high service levels.

Product is retrieved from the storage area and taken by conveyor to the 
operator’s workstation. There it is consolidated with other items and placed 
in a shipping carton for despatch.

Order distribution system
An order distribution system is ideal for business processes where a large 
number of order lines are fulfilled from a relatively small number of SKUs. 
Totes or cartons of single-line products are transported to operators who 
distribute goods into order totes controlled by put-to-light displays. This 
concept works efficiently in mail order and e-commerce sectors.

In both the above operations the workstation plays a major part in the 
overall system. Vanderlande Industries has developed a family of ergonomic 
workstations that offer a wide range of capacities from 100 to 1,000 order 
lines per hour.

The main features include:

optimal ergonomics because of horizontal order picking (one level);●●

ideal height for the operator using a movable platform;●●

operator learning curve of only 15 minutes;●●

constant productivity level through fatigue-free working;●●

high accuracy and safety by pick-to-light displays, detection light ●●

grids and a touch screen.

Ergonomic workstations
Ergonomic workstations are used in conjunction with goods-to-picker solutions.

The workstations are designed to enable continuous, sustainable perform-
ance. The goal is to prevent repetitive strain injury (RSI) and fatigue, thus 
increasing effective operator time.

Dematic has introduced a workstation (RapidPick) which can be fully 
tailored to match the individual requirements of the operator. As a first step, 
operator platforms and work tables are adjustable for height. This allows 
the stations to be optimally adapted to different body sizes, while also pro-
viding flexibility in terms of the volume of totes or cartons to be processed. 
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Moreover, the picking stations feature optimal workplace lighting, large and 
comfortable operating controls and acknowledge buttons. Height- and rake-
adjustable human–machine interaction (HMI) screens are also part of the 
ergonomic equipment package.

The HMI display provides the visual management of the pick processes. 
Its multicolour, high-resolution screen displays simple, intuitively under-
stood symbols for article volumes, photos of the products to be picked and 
a 3D description of the positioning of the picks in the order carton. All these 
features contribute to accurate, safe order picking with virtually no error 
rates. As optional additional verification, volume weighing can be integrated 
into each picking station.

A further distinctive feature adding to the high throughput capacity of 
RapidPick is the possible configuration of the automated sequences in the 
picking process. In addition to the empty tote/carton management for the 
order cartons, the station can be equipped with two conveyor tracks – one 
behind for the donor totes, one in front for the order cartons. The donor 
totes are automatically presented at a frequency that is optimal for the pack-
ing sequence of order fulfilment and transferred to the picking station by  
the conveyor system. The totes/cartons are presented ergonomically to the 
operator to ensure that picking access is comfortable. Picking to the order 
carton is directed by the visual parameters shown on the display screen. Each 
placement in the order carton is confirmed via a terminal or an acknowledge 
button. Once the order is consolidated, the superimposed IT system triggers 
the automatic removal of the donor totes and order cartons. If totes become 
empty during picking, they are buffered in the station and used in the ongo-
ing process as order cartons when directed to do so by the IT system.

The expectation is that these workstations will pick up to 1,800 units per 
hour at full capacity.

Figure 5.2  Ergonomic workstation (courtesy of Dematic)
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automated picking

The requirement for increased speed, accuracy and productivity has pointed 
managers towards automation as a realistic option in today’s competitive 
automated equipment market. A high-volume item pick operation is an  
area where automation can have a high impact. An operation where the 
despatch of upwards of 3,000 cartons per day is worth consideration in 
terms of automation.

Vanderlande Industries introduced a new, revolutionary automated case-
picking (ACP) system in 2009, which they claim lowers the costs per case 
handled by 40 per cent compared with a manual case-picking operation. 
The system is especially aimed at food retailers, who require very high  
system capacity to handle a large product range.

In this system, pallets arriving at the warehouse or coming from bulk 
storage are automatically de-palletized layer by layer. Each pallet layer is 
stored on a tray in a mini-load AS/RS system. Storing pallet layers instead of 
individual cartons significantly reduces the number of crane movements and 
therefore the number of AS/RS systems required to handle the workload. 
Hence, the ACP system requires a significantly lower initial investment and 
reduces order picking costs per case handled by 40 per cent compared with 
a manual operation. The ACP system has a very short payback time, less 
than four years. The new ACP system also secures stock availability in the 
pick face and ensures short order processing time, improving service level to 
food retail stores.

The advantages of automation include the following:

increased space utilization;●●

high bay, narrow aisle systems (up to 30 metres high);●●

random storage;●●

higher density storage for refrigerated products, leading to cost ●●

reduction through lower energy requirements;

improved control;●●

pallet tracking through enhanced WMS;●●

labour and energy savings;●●

no heat and light requirement unless required for product integrity;●●

minimum supervision required;●●

continuity;●●

24 hours, 7 days per week operation;●●

product security;●●

high bay areas, use of first in, first out principles;●●

less human intervention;●●

safety;●●
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elimination of manual handling;●●

reduction in accidents;●●

ability to cope with hazardous/harsh environments such as ●●

refrigerated storage;

integration;●●

coordination of product flows, avoiding bottlenecks;●●

constant performance levels;●●

continuous review.●●

However, there is still a low take-up of fully automated warehouses. As can 
be seen in Figure 5.3, automation does not figure highly in this sample of 
warehouse operators. Automation is a big step to take and it is a decision 
that should not be taken lightly.

Figure 5.3  Use of equipment for picking  
(Baker and Perotti 2008)
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You should not under any circumstances automate a bad or broken pro cess. 
Always ensure that your warehouse operation is working as efficiently as it 
can without the use of technology. It is only when you are at this stage that 
you should contemplate using technology to further improve the operation. 
Processes need to be as streamlined as possible and any unnecessary steps 
eliminated.
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Automation requires a great deal of preparation and time spent on design, 
evaluation and implementation. Automation can provide significant im-
provements in productivity and accuracy – but it can also prove to be the 
wrong solution.

In 2004 a major supermarket chain in the UK had to write off over a 
quarter of a million pounds worth of automated equipment and IT systems 
due to the failure of the system to improve on shelf availability.

Continuing to do what you’ve always done but more quickly and poten-
tially with less paper is not going to improve your overall performance. As 
Drucker (nd) said, ‘Do not believe that it is very much of an advance to do 
the unnecessary three times as fast.’

Automation has its place; however, there are a number of disadvantages. 
These include:

High opportunity cost: could the investment have been spent more ●●

effectively elsewhere?

High investment costs: building, equipment, information  ●●

technology.

System failure: operations are entirely reliant on technology.●●

Standardized unit loads are required.●●

Anomalies are not accepted and need to be handled separately.●●

More quality control is required on intake.●●

High cost of disposal of equipment.●●

Lack of flexibility.●●

Robotics
Robots are a common sight in manufacturing operations and on automotive 
production lines. However, they are rarely seen operating in warehouses.

Robots in the form of automated guided vehicles utilized for transferring 
pallets within the warehouse have been in use for a number of years, but 
they have been a rarity within picking operations.

However, things are beginning to change and robots have been adapted 
to pack items into boxes and stack those boxes onto pallets in the most  
efficient way.

The use of robots in the pick process is also beginning to increase. These 
are in areas where labour is scarce or very expensive, where the tasks  
are reasonably straightforward and where the operation is undertaken in  
hazardous conditions where manual handling is deemed dangerous.

Examples of the use of robotic arms fitted with suction pads and an optical 
reader being used to pick items from a conveyor and deposit the items into 
their respective containers are beginning to appear.
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CaSe Study  Schäfer Robo-Pick

Schäfer Robo-Pick is the first fully automatic picking cell that can be smoothly integrated 
into existing warehouse architectures. It is neither necessary to enter article characteristics 
into the system nor to place the articles in special positions in the storage tote. An innovative 
two-step image-processing system automatically recognizes the position of the products 
on the tray and controls the universal picking robot. Schäfer Robo-Pick achieves up to 2,400 
picks per hour in continuous operation. According to SSI Schäfer, the Schäfer Robo-Pick 
cell is a particularly economic system, the investment costs being far below the costs for 
corresponding conventional goods-to-man stations with equivalent picking performance. 
See Figure 5.4.

Figure 5.4  Robot picking (courtesy of SSI Schäfer)

Another recent innovation has been the introduction by Kiva Systems of a 
pick operation where mini AGVs or robots transfer free-standing shelving, 
arranged in rows and columns in a memory-chip-like grid, from a storage 
area to pick stations. When a consumer submits an order, robots deliver  
the relevant shelving units to workers who pack the requested items in a  
box and ship them off, allowing workers to fill orders two to three times 
faster than they could with conventional methods. This is because the robots 
can work in parallel, allowing dozens of workers to fill dozens of orders  
simultaneously.

The robotic system is also faster because the entire warehouse can adapt,  
in real time, to changes in demand by having the robots move shelves  
with popular items closer to the workers, where the shelves can be quickly 
retrieved while items that aren’t selling are gradually moved farther away. 
This becomes a very sophisticated slotting system.
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According to Kiva, the system is capable of up to 750 picks per hour, per 
worker. See Figure 5.5.

Figure 5.5  Robotic systems (courtesy of Kiva Systems)

These systems remain expensive and at present require reasonably uniform 
items. A fully equipped 100,000 square foot warehouse reportedly costs 
between £3 and £5 million to fit out. Depending on the operation, payback 
has been estimated at anything from three to five years or beyond.

Handling equipment

Warehouses have a number of different types of mechanical handling equip-
ment at their disposal to undertake the picking process. These range from 
relatively cheap trolleys through to large conveyor systems. Figure 5.3 shows 
the results of a survey undertaken by Cranfield University into the types of 
equipment utilized in UK warehouses in 2008. As we can see, there remains 
a heavy reliance on picker-to-goods systems with the use of pallet trucks, lift 
trucks and the utilization of shelving and racking as storage media.

In this section we examine some of the equipment used in picking  
operations.

Trolleys/cages
These are pushed along picking aisles or shelving by pickers and have shelves 
or compartments into which the picked items are placed. The roll cages  
can also be utilized for transportation, thus reducing the need for double 
handling. They are used in both item and full-carton picking.
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Hand pallet truck, pallet jack, powered pallet truck, 
manual stacker truck
Hand pallet trucks have hydraulic pumps to enable the operator to lift a 
pallet sufficiently to be able to move it across the warehouse floor. They are 
cost effective for transferring pallets across short distances.

Powered pallet trucks are used for loading, unloading and picking full 
cartons, and for pallet-transfer duties to and from the receiving and despatch 
areas. They can be supplied as pedestrian, stand-on or seated versions.

The choice of truck will depend on pallet throughput per hour and distances 
travelled within the warehouse.

Manual stacker trucks have a 1,000 kg lift capacity up to 3 metres,  
depending on the model.

Advances in this area include pallet trucks which have a lift ability up to 
800 mm in height.

Forklift trucks
Both counter-balance and reach trucks can be utilized in the picking process 
and each has the advantage of being able to lift a pallet to a height such that 
the operator doesn’t have to bend down to place cartons onto the pallet. 
These trucks are also utilized to pick full pallets from the racking.

Low-level order pickers (LLOP) and towing tractors
Low-level order-picking trucks are electrically powered and have the facility 
of moving two pallets or up to three roll cages at a time along picking aisles. 
These trucks are able to operate at first and second levels.

The towing tractors are ideal for horizontal transport and low-level order 
picking for multiple pallets or cages. See Figure 5.6.

Figure 5.6  Low-level order picker (courtesy of Toyota)
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High-level order pickers (HLOP)
In operations where there is a high number of product lines and insufficient 
floor space to provide enough pallet pick faces, there is a requirement to pick 
from the reserve storage slots that are above ground level. In these circum-
stances we need to operate high-level order pickers as shown in Figure 5.7.

The advantages of this system are that we end up with a high density of 
pick faces by utilizing narrow aisle racking and trucks; it can also eliminate 
replenishment if a random storage system is utilized.

However, disadvantages include a much slower retrieval process and a 
potential for bottlenecks in the aisles, together with the inflexibility of  
narrow aisle racking. Other issues include the requirement for harnesses  
for staff and the ergonomic issues of reaching to the far side of a pallet to 
retrieve stock.

The system is mainly suited for operations with a large number of slow-
moving items and low numbers of lines per order.

Figure 5.7  High-level order picker (courtesy of Toyota)
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Conveyors
Conveyors carry goods by power or gravity. They are an integral part of 
zone picking and goods-to-picker systems as they transfer cartons and totes 
between zones and to the operator workstations.

Powered conveyors tend to be used for transferring goods over longer 
distances and utilize belts, chains, slats and rollers.

Gravity conveyors can be used to transfer picked items from a mezzanine 
floor to the despatch area for consolidation with other picked items or along 
short distances within zones.

The disadvantages of conveyor systems include high capital cost and  
inflexibility, and they are an obstruction to both pedestrians and trucks.

Figure 5.8  Conveyor systems  
(courtesy of Dematic Corporation)

Mini-load AS/RS systems
A mini-load automatic storage and retrieval system handles loads that are 
contained in small containers or totes, with load weights typically falling in 
a range of 40 to 250 kilograms. The capacity range can go to 350 to 1,000 
kilograms at the high end.

One key feature of a mini-load system is that it maximizes the cube of the 
warehouse, saving space while increasing throughput.

Product is put away in random locations and the system manages the 
put-away and retrieval of the product. When a part is required, the system 
will identify the location and the tote will be transferred to the operator, 
who is standing at a pick station located in front of the rows and columns 
of storage bins.

Once the item has been picked from the tote, it is returned to its position 
in the racks. Different SKUs can be stored in each tote providing the operator 
has the ability to distinguish one part from another.
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Each pick station can have multiple totes arriving and leaving at the same 
time, ensuring an effective flow of goods and increasing productivity. See 
Figure 5.9.

Figure 5.9  Mini-load system (courtesy of Vanderlande)

storage equipment
The type of storage equipment utilized within the warehouse for pick opera-
tions will vary substantially depending on the type and size of product, the 
throughput envisaged and available capital.

We also have to take into account the requirement for reserve storage and 
how product is transferred from the reserve storage area to the pick face; 
this is termed replenishment.

Floor/bulk storage
In situations where capital is at a premium and goods are of a low value 
with very few SKUs, the use of the floor area for storage and picking is  
totally acceptable.

The disadvantages, however, are the low utilization of the cubic capacity 
of the building and the inability to replace picked pallets without compro-
mising the FIFO rule.

Standard and narrow aisle pallet racking
Standard and narrow aisle adjustable pallet racking is used for providing 
ground-floor pick locations and reserve storage for full-carton picks. The 
racking can also be used with high-level order picking trucks if there are 
insufficient ground-floor pick locations.
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Very narrow aisle pallet racking
This racking is utilized for the storage of reserve pallets. The use of automatic 
cranes in this area precludes the picking of individual cartons. Full-pallet, 
single-SKU picks are however undertaken.

Carton flow racking
Carton live storage operates by means of gravity-fed rollers on adjustable 
shelving. Cartons are loaded at the upper end of sloping lanes, and move 
down under the force of gravity when a carton is removed from the picking 
face. The rollers can be adjusted to take different sizes of cartons and can 
also be fitted with a braking system to protect the more fragile items.

As can be seen by comparing Table 5.1 and Figure 5.10, the occupancy 
rate is high, travel time is reduced and the system is fully FIFO compliant.

If space is an issue, companies can use a push-back system, which loads 
from the front as opposed to the rear. However, this will mean a last in, first 
out (LIFO) as opposed to first in, first out (FIFO) system of stock control.

Full pallets of stock can be stored above the carton live storage, thus  
utilizing the cube of the area.

Figure 5.10  Carton flow rack (courtesy of Knapp)

Shelving
Shelving is used to store less than pallet quantities of product. The items  
can be stored in their original cartons or in totes or bins. There are many 
different types of shelving, most of which are adjustable with different 
widths and heights.

Bin or tote storage makes it possible to present a large variety of small 
components on a very compact face. These bins or containers are of different 
sizes, colours and shapes, and most have semi-open fronts.
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table 5.1  Shelf storage versus carton flow storage  
(courtesy of Cisco Eagle)

Factor Gravity/carton  
flow

Static  
shelving

Gravity  
flow gain

If total 
available  
floor space is

equal equal –

Then items 
stored  
(0.03 cbm) =

155 122 29%

Shelves high 5 3 2

Cases per  
opening/face

15 12 3

2,325 1,440 61%

Static shelving is reasonably inexpensive. The hidden cost, according to 
Cisco Eagle, is the cost of labour: the amount of time operators spend pick-
ing and restocking. Cisco Eagle reports that pickers spend only 15 per cent 
of their time doing productive work using static shelving. By using gravity-
flow shelving, pickers are a lot more productive.

Gravity-flow shelving does cost more than static shelving; however, this 
is more than made up for by the labour-cost savings. Travel time is reduced 
significantly, as is the time spent locating and replenishing products.

Gravity-flow racking uses floor space more efficiently. Fewer aisles are 
required and more product can be stored in the same amount of floor space, 
as shown in Table 5.1.

Mobile shelving
Where space is at a premium and access to items is intermittent, as in the 
case of archive material and very slow-moving items, mobile shelving, which 
runs on guides or rails and is either manually operated or powered, is a  
potential alternative to static shelving.

Access to each run of shelving is gained by either turning a wheel at the 
end of the run or by accessing it electronically at the touch of a button.

Carousels
Carousels are designed for medium- to high-throughput environments. They 
are also ideal for small, high-value items. There are two types of carousel: 
horizontal and vertical.



Figure 5.11  Static shelving versus carton flow (courtesy of Cisco Eagle)
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Horizontal carousels
Horizontal carousels work on a similar principle to a merry-go-round. The 
carousel can be made up of shelves, bins or garment holders. These rotate 
and are controlled by an operator who uses a computer keypad to type in 
the location, product code or order number, depending on how the software 
has been set up. If an order number is keyed in, the carousel will stop at the 
operator station in pick sequence.

An operator may look after more than one carousel in order to limit the 
amount of down time waiting for each carousel to rotate. Goods-to-operator 
systems are designed to keep the operator working as much as possible and 
reduce the amount of travel time.

Horizontal carousels vary significantly in length depending on the nature 
of the product to be stored. They can also range in height from 2 to 8 metres, 
necessitating the use of a platform to access the product.

Horizontal carousels are ideal for storing and picking individual items, 
medium to large cartons and products including hanging garments. They are 
especially effective in low-headroom areas.

Horizontal carousels are expensive and are limited by the amount of time 
they take to rotate. Cubic space utilization can also be an issue, as can safety 
if the carousel is not enclosed.

Vertical carousels and lifts
Vertical carousels have shelves that rotate in either direction similar to a 
Ferris or big wheel at a fun fair, bringing a requested item to the operator at 
a suitable working height. They allow you to use the maximum height avail-
able within the building, providing the best use of space within a very small 
footprint. Vertical carousels are ideal for small- to medium-size parts. The 
carousel takes up a much smaller footprint than a horizontal carousel. The 
shelving can be adjusted to handle different sizes and weights.

Vertical carousels provide added security. However, their effectiveness is 
tempered by the speed of movement. Here the trade-off is between the height 
of the system and therefore its greater storage capacity and the length of 
time it takes the shelves to rotate.

Some carousels will operate with a lift system as opposed to rotating 
shelves. These can handle heavier items.

The software provided with vertical carousels can manage the stock 
within the carousel, pick in sequence, work with pick-to-light systems and 
provide accurate reporting. The system can also work with scanners to  
confirm the correct item is picked every time.

In both examples operators may look after more than one carousel, thus 
reducing downtime.
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Figure 5.12  Vertical carousel (courtesy of System Logistics)

A-frames
These machines are similar to vending machines but on a much bigger scale. 
They are ideal for high-volume items of uniform size and weight. This sort-
ing and picking equipment operates most efficiently in an environment 
where these two characteristics are present. Typical products include CDs, 
DVDs, cosmetics and pharmaceuticals.

The products are placed in magazines on a frame resembling a letter A 
and are automatically dispensed into a tote or directly onto the conveyor as 
it passes through the tunnel created by the frame.

Orders are transported via conveyor to another picking area if incomplete 
or to the packing area. While the machine is operating, manual replenishment 
activities can be performed with no impact on the dispensing operations.

A-frame systems are capable of filling orders quickly: up to 750,000 units 
per day, depending on capacity and the replenishment capability. They can 
be highly accurate, with operations recording over 99.95 per cent.

However, this system does require manual replenishment and inaccuracies 
can occur when filling the channels.
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Figure 5.13  Pick module selection matrix  
(courtesy of OPS Design)

Piece
Picking Type

Inner Pack
Full Case
Full Pallet
Security
High
Medium
Low
Pick Unit Size
<0.0005 Cubic Ft.

<0.005 Cubic Ft.

0.0005–0.015 Cubic Ft.
0.015–0.125 Cubic Ft.
0.125–1 Cubic Ft.
1–5 Cubic Ft.
5–10 Cubic Ft.

0.005–0.1 Cubic Ft.
0.1–0.5 Cubic Ft.
0.5–5 Cubic Ft.
5–10 Cubic Ft.
10–25 Cubic Ft.
25–100
>100

<0.125 Cubic Ft.
0.125–2 Cubic Ft.
2–5 Cubic Ft.
5–10 Cubic Ft.

25–250 Cubic Ft.
10–25 Cubic Ft.

>250 Cubic Ft.
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summary and conclusion
There are many different picking strategies that can be utilized within a 
warehouse operation. Each one will depend on the nature of the product, 
the velocity of throughput and the company budget.

Picker-to-goods strategies remain the most used method within today’s 
warehouse operations. However, goods-to-picker methods are gaining 
ground as automation becomes more sophisticated and also more affordable.

Figure 5.13 provides some guidelines to the type of picking and storage 
equipment to use, based on product size, number of orders, speed of through-
put and size of inventory.



“One machine can do the work of fifty ordinary men.  
No machine can do the work of one extraordinary man.

eLbeRt HubbaRd (1856–1915)

Introduction

This is the area in which advances in technology have transformed the pick-
ing operation and improved accuracy and productivity significantly. The 
introduction of barcoding, voice technology and pick-by-light systems is not 
only improving warehouse picking operations but also producing an accept-
able return on investment.

The following picking methods are currently in use in today’s warehouses:

paper pick lists;●●

pick by label;●●

pick by voice;●●

barcode scanning;●●

radio frequency identification;●●

pick by light/pick to light;●●

put to light;●●

automated picking.●●

Paper pick lists

A paper pick list will normally detail the order number, location, product 
code, description and quantity to be picked. If utilizing a WMS, each product 
line will be shown in sequence, enabling the picker to travel the most efficient 
way around the warehouse and ending up as close to the despatch bay as 

06order-picking 
methods
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possible. The fastest-moving items should be placed close to the despatch 
area to minimize travel. Stock control systems and manual applications  
may not have this ability and therefore some form of manual intervention is 
required to reduce the amount of pick travel undertaken.

The picker will utilize a trolley, cage, pallet truck or possibly a forklift 
truck. The advantage of using a forklift truck is that the pallet can be lifted 
to a suitable height as the picker continues along the route.

Any discrepancies should be written onto the pick list. When the pick list is 
returned to the supervisor, the discrepancies should be checked immediately 
and alternative locations provided if there are shortages. Details of the pick 
are entered manually into the system. This can lead to errors if the writing 
is illegible or there is confusion over the way a number is written. This all 
adds time to the operation.

Pick by label

In this system, pick lists are a series of labels on a sheet, which are printed  
in pick order. The picker attaches a label to each item picked and returns  
any unused labels to the supervisor’s office. Any discrepancies are checked 
immediately and additional labels printed if the stock is available elsewhere 
in the warehouse.

These are both very manual operations and rely on the operator, supervisor 
and administration clerk all playing their part to ensure accurate informa-
tion is recorded.

This manual form of operation has led to an increase in the use of tech-
nology within the warehouse.

Pick by voice

The use of voice technology is gaining ground in warehouses globally,  
particularly for order picking, although other processes such as cycle count-
ing, put-away and replenishment also utilize the system.

Operators are issued with a headset and a microphone together with a 
small computer that is attached to a belt or can be worn on the wrist. The 
WMS sends messages to the computer via radio frequency (RF) transmis-
sions, utilizing transmitters installed throughout the warehouse, and these 
messages are converted into voice commands. The operator also uses voice 
to communicate back to the system.

Voice was first employed about 20 years ago for cold-storage applications 
where gloves and extreme temperatures made it difficult to use scanners.
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The list of benefits are stated as being very comprehensive. They include:

increased accuracy;●●

increased productivity;●●

reduction in paper usage;●●

reduction in errors through elimination of re-keying data;●●

improved safety through hands- and eyes-free operation;●●

reduction in damage;●●

real-time stock updates leading to fast and accurate  ●●

replenishment;

real-time updates regarding potential shortages;●●

increased time on the warehouse floor;●●

reduced training times;●●

multilingual, accommodating a diverse workforce;●●

easy to integrate with other systems;●●

potential reduction in employee turnover;●●

normally a quick ROI.●●

In a 2007 survey by ARC Advisory Group and Modern Materials Handling 
magazine, nearly 60 per cent of respondents saw productivity gains greater 
than 8 per cent in their picking operations when they adopted voice, while 
another 26 per cent saw productivity gains of between 4 and 8 per cent.

More than 83 per cent of the companies who had implemented voice  
reported that their investment had met their financial hurdle goals.

Figure 6.1 shows other benefits identified by the survey.

Figure 6.1  Benefits of voice picking  
(courtesy of ARC Advisory Group)
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Increased ability to use
non-native workers

10.00% 100.00%
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This system has become prevalent in the food service and grocery retail sector. 
It is particularly suitable for both chilled and frozen environments where 
gloves hamper the use of radio data terminals (RDTs) and paper, whilst the 
hands-free aspect of the system has major advantages over paper pick lists, 
labels and barcode scanning.

Increased accuracy can negate the need for additional checks at despatch. 
The reduction in picking errors is significant in most of the companies who 
have adopted this technology. Some companies have introduced a failsafe by 
scanning the item once picked.

For high-volume operations, even small improvements in accuracy can 
produce a substantial payback. For example, a warehouse that picks half  
a million cases per week with a 99.8 per cent accuracy level (two errors  
per thousand) incurs 52,000 errors per annum. Increasing accuracy to  
99.96 per cent or 0.4 per thousand, for example, will reduce errors by 
41,600 per annum.

If we accept that the cost of a mispick is approximately £15, this can be 
an overall saving of £624,000.

When UK retailer Waitrose introduced voice into its picking operation it 
recorded an increase in accuracy from 98.68 per cent to 98.88 per cent 
based on sample audits.

Companies that have invested in voice systems are seeing increases in ac-
curacy rates of up to 99.9 per cent and above, and a number are recording 
reduced staff turnover and training time.

Perhaps most importantly, voice solutions demonstrate direct benefits to 
the bottom line: payback in typically less than one year. This can be achieved 
through accuracy alone.

As can be seen in Figure 6.2, voice can eliminate a number of steps in the 
pick process, leading to increased productivity and accuracy.



Figure 6.2  Why voice outperforms scanning
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CaSe Study  Waitrose

Waitrose was founded in London in 1904. It has since been acquired by The John Lewis 
Partnership, who opened the first Waitrose supermarket in 1955. Today there are 185 
branches, dedicated to offering quality, value and customer service.

Waitrose combines the convenience of a supermarket with the expertise and service of 
a specialist shop.

Locations range from high streets to edge-of-town sites and vary in size from just 7,000 
square feet to approximately 56,000 square feet.

Waitrose services its stores from six regional distribution centres across four sites at 
Bracknell, Aylesford, Bardon and Milton Keynes. The latter two operations are run by 
Kuehne and Nagel.

Having recognized potential productivity improvements through the use of voice 
technology, the Waitrose supply chain team decided to research the technology by visiting 
other UK retailers and testing different systems.

Prior to the introduction of voice-picking technology, Waitrose operated with a variety 
of picking methods including pick sheets, pick labels and RDTs.

Having chosen a supplier, the team introduced voice for the pick operations only, 
although there are plans to utilize voice for other operations in the warehouse in future. The 
implementation began at Bracknell and was subsequently rolled out to the other sites.  
The fresh foods department was excluded from this implementation phase.

One reason for the partial implementation was the fact that the existing WMS was  
a bespoke system, didn’t operate in real time and therefore would have required greater 
functionality to be written into the voice software system.

Waitrose utilized their productivity systems team to measure productivities within each 
department prior to the implementation to enable them to compare the different methods of 
picking.

The voice-picking operation was measured after a three-month settling-in period.
In order to introduce voice technology, a business case was produced which, based on 

discussions with other companies who had introduced voice, predicted a 7.5 per cent 
increase in productivity.

Having operated the technology across a number of sites and for a reasonable period of 
time, Waitrose has calculated that the overall productivity improvement is on average  
8 per cent. As the staff become more experienced, the productivity rate is likely to improve 
further. Staff are also able to monitor their own productivity through the voice system in 
terms of cases picked per hour, for example.

In terms of pick accuracy, independent auditors recorded an increase from 98.68 per 
cent to 98.88 per cent accuracy based on sample audits. The system only operates with 
check digits for the location and doesn’t include product confirmation. There is pressure 
therefore on the put-away team to ensure accurate placement.

The team at Waitrose has been very happy with the implementation to date even though 
the process didn’t run smoothly throughout.

When considering the introduction of voice technology, the Waitrose team came up 
with a list of Dos and Don’ts as follows:
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Do:

visit other operations to assess impact of introduction; –

work in partnership with these companies where possible; –

get a full understanding of the potential technology issues; –

ensure sufficient RF coverage throughout the warehouse; –

ensure the management team fully understands the benefits and has a full  –
understanding of the system;

consult and gain full acceptance from your staff; –

explain fully the advantages of voice and allay fears regarding safety and any   –
‘Big Brother’ issues;

appoint super users to respond to and react quickly to issues; –

ensure training standards and procedures are maintained at a high level; –

provide choice to the users in terms of headsets and voices; –

provide opportunities for staff feedback; –

measure productivities before and after implementation and ongoing; –

continually assess and review the processes. –

Don’t:

think it’s easy to implement and manage; –

assume staff will accept it unconditionally; –

implement other systems at the same time. –

The main advantages to date include:

improved health and safety as a result of the hands-free operation;●●

a safer working environment as staff are able to concentrate fully on the job in hand;●●

improved productivity;●●

greater accuracy;●●

quicker staff training compared with paper- and RDT-based picking;●●

ability to use many nationalities in the same operation.●●
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The Waitrose case study shows an initial average productivity improvement 
of 8 per cent across all the operations.

Further savings can be made in terms of stationery, the labour involved  
in administrative tasks, the training of personnel, improved safety, reduced 
sickness levels and potential compensation claims and quicker, more accurate 
stock checks.

Time to full productivity for a new worker using scanning methods is 
typically two to three weeks; with voice it can be as little as three to four days.

In terms of expected return on investment, this will vary significantly 
from company to company. It will depend on:

the current level of productivity and scope for improvement;●●

the current method of picking;●●

the amount of checking within the system;●●

the number of picking shifts within the system;●●

the current level of RF infrastructure;●●

whether the WMS can support voice.●●

Voice on its own may not work in all environments. Where companies require 
the capture of data such as serial numbers or batch codes, voice needs to be 
supplemented by some form of scanning or image-capture technology.

Voice technology, unless used in conjunction with scanning, may not be 
100 per cent accurate. It does rely on the correct product being in the right 
location. Some companies have supplemented voice confirmation of quantity 
with product recognition by repeating the last four digits of the barcode, for 
example.

Even if hands-free picking is a requirement there are other systems on the 
market that can be as appropriate, if not more so.

Light travels at a speed of 186,000 miles per second (299,792,458 metres 
per second) whereas sound travels at 0.2 miles per second (343 metres per 
second), therefore the human eye can see a light faster than it takes for the 
brain to interpret a voice command.

Overall, voice technology can provide a reasonable return on investment 
by improving accuracy, increasing productivity and improving ergonomics, 
thus reducing staff illness and, as a consequence, improving customer service.

Taking things a step further, a number of manufacturers have introduced 
a combined voice and automated guided vehicle (AGV) or laser-guided fork-
lift truck system.

The AGVs feature a laser navigation steering system which charts the 
picker’s route. At the first location the voice system instructs the picker as to 
which item should be loaded onto the empty pallet. The picker informs the 
system what has been picked and loaded and the truck continues to the next 
location without the operator having to control it.

Once the truck is fully loaded it transfers to the loading bay while the 
picker moves on to the next order, arriving at the first location where  
another AGV with an empty pallet has just arrived. See Figure 6.3.
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Figure 6.3  Laser-guided AGV with voice (courtesy of Toyota)

By implementing both systems simultaneously, the Swedish Co-op reported 
that it had improved productivity by up to 70 per cent.

barcode scanning

A barcode consists of a series of vertical bars of varying widths that repre-
sent letters, numbers and other symbols. Barcodes are used to identify pro-
ducts, locations in the warehouse, containers (totes, cartons, pallets), serial 
and batch numbers.

As with many areas of logistics, there is no conformity and thus no universal 
barcode. This can make it difficult to transfer products between companies 
and countries. The main barcode standards include EAN-8, EAN-13 and 
Code 128.

Recent developments include two-dimensional barcodes, the advantage 
being that you can store a greater amount of data within a much smaller 
space. See Figure 6.4.

Figure 6.4  One-dimensional and two-dimensional barcodes

ADDR0010C62620AE
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A current debate is whether the pharmaceutical industry should be invest-
ing in either 2D technology or radio frequency identification (RFID) tags. Both 
are able to hold more information than a standard linear barcode; however, 
certain types of RFID tags are rewritable. Currently there is a significant dif-
ference in price between barcodes and RFID tags.

Barcode readers come in many different forms. They can be hand held, 
static or wearable.

The hand-held scanner has a screen and a trigger. It scans the barcode, 
deciphers it and stores or transmits it to a computer. These scanners have the 
ability to read a number of different types of barcode, although this will 
depend on the manufacturer, model and cost. Some PDAs and mobile phones 
also have scanners and cameras able to read one-dimensional and two- 
dimensional barcodes.

Data can be read, stored in the scanner and then downloaded by attach-
ing the scanner to the computer via a USB connection. Information can also 
be transferred in real time via RF. A pen or wand scanner swipes the barcode 
through contact and reads and deciphers the information.

Barcode scanning, utilizing hand-held scanners with real-time data trans-
mission, has made data collection faster and more accurate in today’s  
warehouse environment. It has also increased productivity by ensuring that 
the operator doesn’t have to return to the office for instructions each time  
he completes a task.

However, barcode scanning with hand-held devices does have drawbacks. 
These include having to set down the reader whilst tasks are carried out or 
struggling to hold the unit and carry out the task at the same time. Errors 
tend to occur when using hand-held scanners if they are holstered or put 
down on a surface. This movement can cause the picker to pick from the 
wrong location or miscount the items. There is potential for greater damage 
if scanners are dropped or mishandled.

A stationary scanner will read the barcode as it passes by on a conveyor, 
for example. This requires the barcode to be easily visible, intact and in a 
uniform position on the item.

Recent advances in this area include the introduction of hands-free, wear-
able computers that enable the operator to handle product with both hands as 
opposed to having to hold a barcode scanner, paper pick list or roll of labels.

A wireless-enabled, wearable computer allows operators to receive instruc-
tions in real time, scan barcodes, enter data and transmit in real time. Wearable 
computers are typically worn on the wrist or lower arm and feature a screen 
and a small keyboard or touch screen, with the option of a finger-mounted 
scanner that either plugs into the unit or communicates via Bluetooth tech-
nology. These have gained in popularity within warehouses where heavy 
items require both hands free to execute a task.

Companies choose wearable solutions for a variety of reasons. Wearable 
computers require very little change to existing warehouse operations that 
currently use hand-held computers.
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Figure 6.5  Wearable RDT with finger scanner  
(courtesy of Vanderlande)

Wearable computers also require little retraining of staff and usually no 
soft ware modification. The existing application designed for a hand-held  
or forklift-mounted unit can usually run on a wearable device with no  
modification.

Workers simply need to adjust to putting the wearable components on,  
to the feel of the computer on their wrist, and if chosen, to the use of a ring 
scanner. Today’s wearable units typically weigh just a few ounces, so fatigue 
and comfort are typically not an issue. Power is usually supplied from a  
battery pack worn on the arm or at the small of the back. See Figure 6.5.

By using wearable computers, one task is eliminated, thus making the pick 
process quicker and potentially reducing errors. Productivity and accuracy 
improvements can quickly add up to substantial savings.

To put things into context, imagine a warehouse with 20 order pickers, 
that picks 100 cases per hour (based on an eight-hour day, 253 days per 
annum). An accuracy rate of 99.5 per cent incurs 20,240 errors per annum. 
An increase in accuracy to 99.8 per cent reduces the errors to 8,096 errors. 
If each error costs a conservative £15, that amounts to an annual saving of 
£182,160.

The computers can also be supplied with easy-to-read touch screens  
and two-dimensional imagers. They can be configured to be voice enabled, 
allowing pick operations to be even more accurate as items can be scanned 
to ensure the correct item has been picked from the location.

Other advantages include less damage to equipment and less strain on the 
user. Figure 6.6 shows an operator carrying both a scanner and a box. Not 
all his fingers are around the box, making it more difficult to grip. This  
compares with the operator in Figure 6.7, who is using both hands to hold 
the box.
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Figure 6.7  
Picking with finger scanner  
(courtesy of LXE)

Figure 6.6  Picking with 
hand-held barcode scanner  
(courtesy of LXE)

These systems are also providing benefits in other areas including improved 
customer service, decreased training time, a reduction in damages and  
accidents, increased employee satisfaction and increased compliance.

One of the main disadvantages of barcodes is their potential to be damaged, 
thus making reading difficult and/or potentially inaccurate.

Radio frequency identification

RFID is a means of uniquely identifying an item using radio waves. Data is 
exchanged between tags and readers and depending on the frequency, may 
or may not require line of sight. Common uses in today’s world include  
library books, toll passes and access ID cards.

Its use in the supply chain has been limited until recently. However, high-
profile projects within the US military, Asda Walmart and Tesco have increased 
awareness.

The system enables the simultaneous reading of multiple items as opposed 
to barcodes, which need to be read individually.
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There are two types of RFID tags: those that are passive, have no power 
source, limited data storage capacity, are read only and have a limited read 
range, and those that are active, have their own power source, have a larger 
data-storage capacity, have a read/write capability and are readable from a 
greater distance.

Passive tags hold little actual data but are able to identify an item to a data-
base where more comprehensive data is stored. For example, a conveyor-
based sortation system can identify the item and interrogate the database to 
receive routing instructions.

Active tags have a higher capacity and can have their item’s status updated 
once a task has been completed. They have a shorter writing range than 
reading range and the internal power source is likely to burn out within 5 to 
10 years.

Frequency is an important factor in transmission range and speed and 
not all frequencies are available for use globally, which can cause issues 
from a supply chain perspective.

Individual-item-level tracking for the majority of products is unlikely to 
happen during the next 10 years or so due to the cost of implementation; 
however, unit-load identification is possible and potentially cost effective. 
The tracking of roll cages, pallets and returnable packaging such as totes, 
kegs, barrels and trays can be made simpler and cost effective through the 
use of RFID.

The difficulty faced by proponents of RFID is that barcodes are so cheap to 
produce and remain an accurate and cost-effective method of identification.

The cost of operating an RFID system will vary tremendously depending 
on the application, the size of installation, the frequencies used and the 
quantity of tags purchased. As take up increases, the costs will reduce.

The following items are required to introduce an RFID application:

RFID readers (from £300 to £1,500);●●

RFID tags (from £0.05 to £0.10 upwards depending on the frequency ●●

and method of application to the item);

middleware;●●

systems upgrades;●●

RF network within the warehouse.●●

Current disadvantages of RFID include:

reading issues when in close proximity to liquids and metal;●●

dead areas where signals are weak;●●

tags can be damaged by liquids, static discharges and magnetic ●●

surges;

intermittent data capture, with the possibility of some tags not being ●●

read.
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Pick by light/pick to light

Pick to light or pick by light uses light-indicator modules mounted to shelv-
ing, flow racks, pallet racks or other storage locations.

To begin the process a barcode is scanned on a pick tote or shipping carton 
which denotes the next order number to be picked. This communicates to 
the system that the operator is ready to pick. The system then sends a mes-
sage to the zone in which the operator is stationed and all the pick locations 
for that particular order light up at once. A digital display tells the operator 
the quantity to pick; once this has been picked the operator turns the light 
off to confirm the pick. The operator can then move on to the next location 
indicated. The pickers continue until the pick in their area is completed. The 
tote is then passed to the next zone for the rest of the order to be picked. 
This is a typical pick-and-pass method of picking.

All information is exchanged in real time with the enterprise resource 
planning (ERP) or WMS system.

Unlike scanning and voice picking, which are sequential in nature, all 
locations are indicated to the operator at the same time. This means that the 
operator can choose the best pick path.

Pick by light necessitates operators being stationed in zones looking after 
a certain quantity of SKUs. The order tote moves between zones on a con-
veyor, cart or other transportation method.

As operators are based in a specific area, this reduces the amount of walk-
ing required within the warehouse.

At the end of the pick an operator will check the order number, check  
the weight of the consignment, attach an address label, add the delivery 
documentation and signify the carrier if multiple carriers are used.

By getting the operator to the right location each time, the picking process 
is greatly improved and productivity increased. Training is relatively simple 
and is conducive to the use of temporary labour and seasonal employees. 
Some companies have introduced portable pick-by-light systems that can be 
moved around the warehouse as required or to a temporary warehouse to 
cover peaks in business.

As with voice, there is very little upheaval when implementing the system. 
The lights can be retro fitted onto shelving and racking. The system can also 
be used in conjunction with carousels.

In terms of systems integration, pick to light is relatively simple. It requires 
the downloading of a file with the order number, product codes, locations 
and quantities. It can easily deal with part cases and individual items.
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CaSe Study  SSI Schäfer and Yankee Candle

Picking efficiency has improved by 50 per cent and picking errors have significantly reduced 
at Yankee Candle’s European distribution centre in Bristol as a result of SSI Schäfer’s 
paperless pick-to-light system installation.

Yankee Candle are distributors of the world’s largest selection of scented candles and 
home fragrance product scents to retail stores, export organizations and the consumer via 
the internet. They wanted to improve overall picking accuracy and efficiency by building 
upon the existing KDR (push-through conduit shelving) flow-racking system previously 
installed by SSI Schäfer.

The original KDR flow racking, designed to hold forward-picking stock in over 1,800 
locations, is divided into pick zones in a U-shaped layout with a conveyor running through 
the centre. Originally supporting paper-based picking, the KDR flow racking has been 
significantly enhanced by the addition of SSI Schäfer’s pick-to-light system.

Yankee Candle is already reaping the benefits of the new paperless system which  
uses the latest in Schäfer’s software technology by providing the advantage of flexible zone 
picking to balance out workload, contributing to increased picking efficiency, meaning 
fewer labour hours and reduced picking errors, resulting in fewer missed or low-level 
product shipments.

Mike Alibone, business development manager, SSI Schäfer, says: ‘As well as improving 
picking efficiency the system is designed to provide enhanced volumetric packing, multiple 
order consolidation, order progress optimization and shipping detail transfer to third-party 
carriers, taking Yankee Candle to a new level in operational excellence.’

Bruce Mitchell, operations manager at Yankee Candle, is delighted with the new system. 
He says: ‘The system has lifted picking efficiency by 50 per cent whilst significantly 
increasing the accuracy of the pick. In fact, shipping volumes are up by more than 40 per 
cent on this time last year while the number of errors is down by over 50 per cent of last 
year’s figure.’

In terms of packing, the system calculates the sizes and number of cartons required and 
prints labels in advance with the content. The system is reliant on using a database of 
carton volumetrics/packing parameters and is enabled when the operator scans the 
barcode on the carton label. Multiple orders can be consolidated for a single shipment to  
a customer.

For order progress optimization, all defined pick zones are able to commence order 
picking simultaneously, even when a single large order is split across different zones. It 
relies on operators in each zone picking in the printing sequence of the labels, which have 
been issued to synchronize order progression. For each pick wave the system looks at the 
distribution of the picks and calculates a zone size for each operator to work in, thereby 
spreading the number of picks evenly across a maximum of 12 operators.

Shipping detail transfer to third-party carriers allows cartons to be scanned and the 
details of the shipment to be transferred electronically via an interface between the SSI 
Schäfer system to any one of five carrier systems in order for the latter to generate their 
own despatch documentation.
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Figure 6.8  Yankee Candle pick to light  
(courtesy of SSI Schäfer)

Put to light

This system is particularly prevalent in retail store replenishment operations.
The WMS will consolidate all the store orders for a particular group of 

stores. This might be done by region or despatch times from the distribution 
centre (DC). The system needs to ensure that each group of stores has similar 
volumes where possible.

Depending on daily volumes, staff can increase or decrease the number of 
locations (stores) that they look after. Large-volume stores may be situated 
in a number of different zones with the totes/containers being consolidated 
at the despatch area.

Individual product lines required by the stores will be picked in bulk and 
transferred to the correct operator station by cart, pallet truck or via a con-
veyor. Each store will have a tote or totes assigned to it.

The operator scans each item and a flashing light displays at each loca-
tion indicating which containers (relating to a particular store) require that 
product and how many items are required.
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Confirmed ‘put’ results are uploaded to the system in real time to update 
the WMS.

With pack-to-light or put-to-light systems there is a requirement to set up 
a central processing area, which can result in the design of a new layout and 
the introduction of further equipment.

In terms of systems, put-to-light technology requires order consolidation 
and a batch pick of products. Part pallets or cases will need to be returned 
to stock if stores do not order in complete cases or the total number of units 
ordered does not equate to full case quantities.

Pack or put to light can be more dynamic and works well with cross-dock 
operations where product can be received, allocated, picked and despatched 
on the same day if required.

One further note to add here, which is also relevant to other picking 
strategies, is the introduction by retailers of pick sequences that duplicate 
store layouts, enabling retail staff to replenish shelves efficiently.

CaSe StudieS  Put to light

A UK clothing retailer installed a put-to-light system at one of its DCs. Twenty stations were 
installed, each with a capacity of up to 24 stores. Product is automatically delivered to each 
station, utilizing an automated storage and retrieval system.

The light display at each location indicates how many items must be placed into each of 
the order totes, which means that a single operator can look after 24 store orders at the 
same time.

Once an order tote is full, the display instructs the operator to push the tote onto a 
conveyor system, which takes it to the despatch area.

The high-rate put stations (up to 1,000 items per hour, depending on order profile) 
significantly reduce the time taken by staff travelling between store orders.

Operators are fed with a continuous supply of products and each workstation is ergo-
nomically designed.

A leading sporting goods manufacturer introduced a put-to-light system at a UK 
operation in 2008, investing over £20 million in the project. The company says: ‘Automation 
allows us to handle a lot of volume in a relatively small amount of space, which keeps 
overheads down... automation allows us to flex the volume up and down accordingly. High-
rate put stations enable operators to achieve an average of 500 units per hour, with a 
potential capability of 1,500 picks per hour. With over 70,000 SKUs the pick face for a manual 
operation would have been massive and given the seasonal nature of our business we 
would have been continually changing it – automation improves efficiency fivefold.’
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Comparisons

Table 6.1 shows the various methods of picking utilized within today’s 
warehouse. These show a combination of picker to goods and goods to 
picker. In section one we tend to have a single-pick operation where the 
picker collects all the items for a particular order and then takes it to des-
patch prior to picking the next order. Picks can be made from a floor-level 
pick face or, if there are significant numbers of SKUs and too few floor loca-
tions, from a higher-level pick face. In this situation the productivity reduces 
significantly as soon as the operator has to go up into the air.

In section two we have a two-stage process where product is picked in 
bulk, for example by batch, followed by a sortation process into individual 
orders. Although in two stages, the pick rates are reasonably high and it also 
includes a double check of items and quantities, thus improving accuracy. 
Put-to-light systems use batching to collect all the items for specific orders.

In section three we have the use of carousels, conveyors, flow racks and 
fully automated AS/RS systems.

Utilizing this form of picking, we see pick accuracy rates increasing to-
gether with the ability to handle large numbers of SKUs and items.

Cost of errors

It is an accepted fact that increased errors lead to increased costs.
There are many calculations for the cost of a mispick. The elements  

involved in an incorrect pick include:

cost of recovering the item;●●

labour cost of in-handling and checking the item on its return;●●

cost of picking the replacement item;●●

cost of repacking;●●

cost of redelivery;●●

administration costs of handling credit claims, etc;●●

cash flow with reference to non-payment of invoice;●●

possible stock write-off if the returned product is outside an ●●

acceptable shelf life or has been damaged in transit.

In addition, if the error is an under-pick then it could result in a lost sale and 
the associated margin. If it’s an over-pick and is reported, there is the cost of 
transport to collect the item and labour costs as above or potentially a loss 
of margin in persuading the customer to keep the item. If not reported, the 
cost becomes the loss of the product and margin.

Estimations of the cost of mispicks range from £15 to £40 with £15 being 
seen as a significant underestimation. This will, of course, depend on the 
type of product and market sector.



Method Equipment Approx case  
picks per 
hour

Speed Accuracy Order size  
(lines)

Cost

Pick faces 
in aisles

Picker to goods Low level with 
hand pallet truck, 
jack or roll cage

150 Medium Paper: low
RDTs: med–high
Voice: high

Large Low
Medium
Medium

Picker to goods Low level with 
PPT/CBT

200 Fast Paper: low
RDTs: med–high
Voice: high

Large Low
Medium
Medium

Picker to goods High-level 
order-picking  
truck

100 Slow Paper: low
RDTs: med–high
Voice: high

Small Medium
Medium
Medium

Zone pick Pick to light 250+ Fast High Medium–low Medium–high

Bulk 
pre-pick 
(batch)

Pallet to picker 
followed by picker  
to tote/pallet

By RT/CBT 150–250 Medium–fast Paper: medium
RDTs: high
Voice: high

High Low
Medium
Medium

Put to light Cart, pallet truck 
or conveyor

500–1,500 Medium–fast High Medium–high Medium 

Mainly 
automated

Goods to picker Carousel 100–300 Medium–fast High Low–medium High

Picker to goods or 
goods to picker

Conveyor or 
sorter (A-frame)

500+ Fast High Medium–high High

Goods to picker AS/RS to pick 
station

1,000+ Medium–fast High High High

table 6.1  Pick method comparison (adapted from CILT Warehouse Management course)

PPT – Powered Pallet Truck; CBT – Counterbalance Truck; RT – Reach Truck; AS/RS – Automated Storage and Retrieval System; RDT – Radio data terminal.
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deciding on type of picking system and 
equipment

This is quite a dilemma for warehouse managers today as they grapple with 
labour shortages and pressure to reduce costs yet increase accuracy, produc-
tivity and service levels.

The following factors must be taken into account before you make your 
final decision:

The return on investment and payback periods for major capital 
investments will greatly influence the decision as to whether or  
not to choose automation over more manual processes. A three-year 
payback or better is considered a reasonable period when investing in 
warehouse operations.

Ergonomic and green issues are also playing their part in decision 
making within this arena. A greater concern over energy usage and 
potential taxation on environmentally unfriendly equipment is  
a factor that needs to be taken into account.

The long-term strategy of the company will have a bearing on the 
decision to invest in new equipment. Any potential relocation of the 
business, changes in product profile or distribution channel suggests 
that any investment in hard automation needs to be carefully 
considered. The dismantling and re-installation cost of this 
equipment is likely to be prohibitive.

High volume due to seasonal peaks such as the pre-Christmas period  
is not a signal to fully automate the processes. iForce, a UK-based 
fulfilment centre, has decided against large-scale investment in 
automation. In a recent article, MD Mark Hewitt said that peak 
issues may negate the use of technologies such as hand-held data 
terminals because it would mean a large number of units sitting 
redundant for the majority of the year.

The availability of labour is also a major factor in determining the level 
of automation. The availability of a large and stable workforce of skilled 
and non-skilled operators at reasonable wages enables you to be 
more flexible, saves on investment and improves cash flow significantly.

Flexibility and automation tend not to go hand in hand and therefore a 
thorough review of your pick operations and a discussion regarding future 
operations are paramount.

Computer simulations can assist in this review. Different types of pick 
operation can be evaluated and both soft and hard automation can be com-
pared quickly and without disrupting the existing operation.

Simulating different types of pick operation enables you to determine 
which one is best suited to the operation. It is cost effective and provides 
instant results.
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By comparing picking solutions, such as pick to light and voice picking, 
for example, the simulation software is able to determine performance indi-
cators such as operator pick rates and overall order throughput and, based 
on the results, suggest the most cost-effective method. Each of the scenarios 
is undertaken in the risk-free environment of a computer screen.

Suppliers include Class, Logistics Simulation Ltd and many of the mech-
anical handling and equipment suppliers.

summary and conclusion

You should not under any circumstances automate a bad or broken process. 
Always ensure that your warehouse operation is working as efficiently as it 
can without the use of technology. It is only when you are at this stage that 
you should contemplate using technology to further enhance the operation. 
Processes need to be as streamlined as possible and any unnecessary steps 
eliminated.

Continuing to do what you’ve always done but more quickly and poten-
tially with less paper is not going to improve your overall performance.

There are a plethora of suppliers in this market and all are capable of  
assisting you in making the right decision for your company. They want  
a sale but they also want a satisfied customer – take advantage of their  
expertise.

Finally, staff resistance to change is a potential barrier to the successful 
implementation of any new system and therefore all parties need to be on 
board before major decisions are taken.



Introduction

In this chapter we examine the remaining processes within the warehouse. 
These include replenishment, value-adding services and despatch, together 
with the peripheral but essential tasks of stock counting and housekeeping.

Replenishment

In order to ensure a smooth and efficient picking process we need to ensure 
that the right products and quantities are in the correct pick location. This 
is replenishment.

As in the case of replenishing overall inventory to ensure customer satis-
faction, the warehouse also has to replenish its pick faces regularly to ensure 
picker satisfaction. The result of a poor replenishment process is order short-
ages, increased picking times and therefore increased cost per pick and an 
overall reduction in service level.

Real-time WMSs will recognize the need to replenish pick locations 
through real-time data transfer. These systems are also able to identify the 
total actual order quantities and therefore replenish before the next wave of 
orders arrives on the warehouse floor.

Other systems will rely on a trigger that denotes when the stock level 
within a pick face falls to a certain level. This will rely heavily on timing as 
orders which have generated pick lists may not actually have been picked 
and therefore replenishment has been triggered early. Late replenishment 
can result where staff have picked out of sequence, for example, and emptied 

07 Warehouse 
processes from 
replenishment  
to despatch
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the pick bays before the replenishment team have had an opportunity to top 
up the location.

Timing is crucial. An early instruction to replenish can cause as many 
problems as late replenishment, with potentially overfull pick faces and  
issues with FIFO.

If product can be moved directly to the pick face from the inbound  
section this cuts out a number of processes. This will require a certain 
amount of pre-planning to ensure that pick faces are not overfilled. Pallets 
can be de-layered to correspond with expected pick quantities.

In the absence of such systems the warehouse manager will need to first 
ensure that the pick faces are designed to take the optimum quantity of pro-
duct based on predicted sales and cubic volume, and staff need to be trained 
to identify replenishment requirements and inform either the supervisor or 
the forklift truck driver, depending on how the process has been set up.

One other point to note here is that although real time dictates that  
replenishment and picking can occur simultaneously, there are issues of 
worker safety if forklift trucks and pedestrian pickers are working together 
in the same aisle.

This can be alleviated by incorporating multiple picking locations for the 
same SKU, the utilization of flow racking where product is replenished from 
a separate aisle and by carrying out the two activities at different times of 
the day if feasible. For example, receiving and replenishment can take place 
in the morning whilst picking takes place in the afternoon.

Alternatively, replenishment can take place during breaks or after picking 
has been completed for the day. This mirrors what happens at retail stores 
where shelf replenishment takes place when stores are closed overnight.

value-adding services

Many warehouses have introduced areas where value-adding services can  
be carried out. These are common in both dedicated and shared-user or 
public warehouses where third-party logistics companies are providing an 
all- encompassing service to their customers.

These value-adding services include the following:

(re)labelling;●●

pricing;●●

tagging and kimballing;●●

(re)packing;●●

bundling, as in ‘buy one, get one free’ (BOGOF) offers;●●

reconfiguration;●●

subassembly;●●

repair and refurbishment.●●
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Undertaking shop-floor-ready labelling, tagging, bundling and pricing in the 
warehouse removes the task from the shop assistants who can spend more 
of their time selling.

More sophisticated services include some form of production as in the 
case of postponement where items are added once the customer’s order is 
known. This can include the inclusion of graphics cards and the loading of 
software in the case of personal computers and laptops. It can also include 
the fitment or inclusion of a particular part for a specific market. The UK 
electrical plug is a typical example as it differs from the rest of Europe.

Postponement can be described as a delay in the completion of an item 
until an actual order is received from a customer. Postponement not only 
saves time but reduces inventory holding by reducing the total number of 
SKUs held in stock.

Value-adding services can also include returns processing and a repair 
service. This area is covered in more detail at the end of this chapter.

Sufficient space needs to be made available for these tasks, with access to 
power and being close to the despatch area, thus reducing any unnecessary 
movement. An ideal location, if the height of the warehouse allows it, is 
above the despatch bays on a mezzanine floor.

Indirect activities

There are many support activities that occur in warehouses and are crucial 
to the efficient operation of the warehouse. These are, in the main, under-
taken by supervisory staff, specialist teams and the housekeeping team. 
These activities include:

ensuring optimum staffing levels and providing a pool of suitably ●●

trained staff for peak periods;

managing the allocation of labour for value-adding services;●●

ensuring optimum space utilization;●●

monitoring work flow and congestion;●●

provision, allocation and maintenance of equipment;●●

identification and replenishment of fast-moving items;●●

identification of non-moving stock;●●

stock integrity and dealing promptly with non-conforming, lost or ●●

found stock;

managing cycle counts and organizing full stock checks;●●

security of high-value or hazardous stock;●●

ensuring the cleanliness of the warehouse and the safety of both staff ●●

and visitors.
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The above tasks can be separated into three distinct sections:

the management of labour, space and equipment;●●

the control of stock;●●

the security and safety of stock and people.●●

stock management

Inventory or stock management and warehouse management tend to be two 
very distinct roles.

Warehouse managers are in a position to advise their inventory colleagues 
on levels of safety stock and the specific movements and characteristics of 
particular stock items. However, they tend to stop short of determining 
stock levels.

This function is a major part of a company’s operation and the theories 
and practices are covered in many books on the subject of inventory  
management.

Although the majority of warehouse managers are not involved directly 
in the choice, purchase and replenishment of stock, they can play a role in 
the identification of fast-, medium-, slow-, non-moving and obsolete stock.

This can be done using one of the mainstays of a warehouse manager’s 
armoury – an ABC classification. The information can normally be obtained 
from the WMS and as mentioned in Chapter 4 a simple spreadsheet can 
categorize stock items by volume and frequency of sales.

A warehouse manager can extend the normal classification to include 
non-moving and obsolete stock together with identifying stock which may 
not require storage in the warehouse but can be despatched direct from  
the supplier to the end customer where the lead-time is in line with the  
customer’s requirement.

The classification might look something like that shown in Table 7.1.
The percentages will vary significantly by company and by market sector. 

Maintenance stores are likely to have a high proportion of their stock in the 
C to X categories.

The goal is to identify the items in the C to X categories and act accord-
ingly. Obsolete or non-moving stock needs to be analysed and one of the 
following tasks undertaken:

Sell the item at a highly discounted rate either through normal ●●

channels or via companies who specialize in selling overstocks and 
obsolete items.

Assess whether it is cost effective to break the item down into its ●●

constituent parts.

Dispose of the product as cheaply as possible. This may incur charges ●●

but it will release space to store other faster-moving product in its place.
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table 7.1  Stock classification

Classification Description % of stock 
items

A Fast-moving stock 20%

B Medium-moving items 35%

C1 Slow-moving items

C2 Very slow-moving  
but required for cover

O Obsolete or  
non-moving stock 45%

S Special or  
one-off purchases 

X Non-stock or  
non-standard items

A quick and easy way of ascertaining whether there is an excess of slow-
moving stock in the warehouse is to calculate the stock turn:

Stock turn = cost of goods sold ÷ average cost of goods stored

or:

Annual throughput in units ÷ average number of units held in stock

For example, an annual throughput of 1,200,000 units with an average 
stock holding of 100,000 units gives a stock turn of 12. That is, the stock 
turns over once per month.

A low turn in most operations suggests that stock sits in a warehouse  
for far too long, implying that the safety stock level has been set too  
high.

Typical examples of stock turn within companies are as follows:

150 +: world class using just-in-time techniques;

120 +: chilled foods;

18 +: retail;

10–30: European manufacturing;

<3: maintenance stores.

The higher the figure, the better the company is performing. Maintenance 
stores will always have low stock turns through having to hold stock in case 
of breakdown.
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stock or inventory counting

All warehouses are obligated to undertake some form of stock count. It depends 
on the law of the country and accounting requirements as to how frequent 
and comprehensive the count is.

We have seen over recent years a move towards cycle counting or  
perpetual inventory counts as a replacement for an all-encompassing annual 
count of stock in the warehouse.

A full stock count usually necessitates the closure of the warehouse for a 
period of time when all inbound and outbound movements are stopped.

This is normally carried out once a year, at the company’s year end. Some 
companies will carry out quarterly or possibly half-yearly checks depending 
on the stipulations laid down by the auditors.

More recently, providing the company can prove that its cycle counting  
is accurate, auditors have agreed in some cases that if each stock line is 
counted and audited at least once per annum that will be sufficient for their 
needs.

Providing the cycle counts are considered to be accurate, the year-end 
stock figures will be taken from the WMS.

Cycle counting or perpetual inventory counts

When undertaking cycle counts it is prudent to use an ABC analysis to  
ensure that your fast-moving and high-value items are counted more fre-
quently than your slow-moving, inexpensive items.

Mispicks are more likely with fast-moving goods, and high-value items 
are more prone to shrinkage.

It is suggested therefore that fast-moving and high-value items are counted 
monthly, medium sellers are counted quarterly and slow-moving items  
either once or twice a year. The following percentages can be used to ensure 
a comprehensive count:

8 per cent of A items counted weekly (ensures each SKU is counted 
approximately once per quarter);

4 per cent of B items counted weekly (counted twice per annum);

2 per cent of C items counted weekly (counted at least once  
per annum).

The accuracy of the counts will also determine the frequency. A high error 
rate should result in more frequent counts until the accuracy improves. Each 
discrepancy needs to be investigated and procedures put in place to ensure 
that there is no repeat of the problem.

Increasing the frequency to daily ensures a more accurate count; however, 
this will depend on the available resource and the cost of that resource.
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The trade-off here is the cost of the error against the cost of discovering 
it in the first place.

As mentioned previously, a number of auditors will be happy (or as happy 
as they can be) if stock in the warehouse is counted at least once during the 
year.

the count itself

All stock counts require organizing. You need to know who will undertake 
the stock count, what you are planning to count, when you plan to under-
take the stock count, what tools and equipment you need and the timescale 
allotted. For example, if you are counting at height you will need to ensure 
the safety of the warehouse staff. If you are using forklift trucks a suitable 
safety cage needs to be provided.

Prior to the start of the count ensure that all items have been put away in 
their correct location and try to despatch as many items as possible prior  
to the stock take. Secondly, ensure that any obsolete units are disposed of 
before the start of the count. There is no point in counting stock which 
shouldn’t be in the warehouse.

Some companies will affix a different-colour label on pallets during each 
year’s count. One way of identifying non-moving or slow-moving stock  
is to look for the labels from the earliest stock count. In the past we have 
identified stock items which have gone through a significant number of 
counts and the pallets or cartons have never moved.

It is normal to have a counter and a checker for each section if you are 
using a paper-based system. If you are scanning locations and products, one 
person per section should be sufficient. An auditor is likely to be present during 
a full count to make random checks of locations to verify the count is accurate.

In order to complete a full stock count in the shortest possible time to 
minimize disruption to sales, companies will inevitably use staff who are 
unfamiliar with the products. As these counts normally take place at week-
ends or over the Christmas and New Year vacations, their motivation to do 
a thorough job might also be suspect.

Where there are a significant number of locations and a number of open 
cartons and individual items to be counted, it is likely that additional staff 
will need to be employed from agencies to assist in the count to ensure it is 
completed in time. However, completion on time is rarely the case as the 
number of discrepancies can take days to resolve. As a result, operations 
resume so as not to let customers down but this tends to compound the 
problems. This is why a number of companies are turning to cycle counts as 
opposed to full-blown stock counts.

Outside agencies who are experienced in stock counts can be employed 
as an alternative but can be expensive and the issue of product familiarity is 
also a factor.
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Any discrepancies between the system figures and the count figures should 
be checked immediately by a supervisor and this continues until you arrive 
at two matching figures, be they the last two counts or the count and the 
system figures.

The likelihood of finding the reasons for a discrepancy are low as a year’s 
transactions have passed through the warehouse since the last count. The 
root cause of discrepancy is seldom discovered and as a result cannot be 
eliminated.

With a paper system it is usual to provide staff with details of locations 
and product codes but with the quantities removed. Quantities are written 
on the sheets together with any changes to the product codes and other com-
ments such as damages are recorded.

This can lead to further inaccuracies as the administration staff try to 
decipher each person’s writing whilst typing the results into a spreadsheet or 
database.

This system of counting is fraught with problems and if agreed by auditors 
a perpetual inventory counting system should be introduced to replace the 
single annual count.

security

Security of product within the warehouse is paramount. The warehouse 
manager is responsible for the integrity of all the products under his care, 
whether they are owned or stored on behalf of other companies as a third-
party contractor.

This can be achieved through good housekeeping, the use of security 
cages and carousels for storage, and through vigilance by staff.

Poor security costs companies in lost inventory, higher insurance pre-
miums and personnel turnover.

Loading docks and platforms tend to be the most vulnerable areas – 
they’re very easy places for a thief to remove stolen property, often in partner-
ship with an outsider. Security systems tend to be designed to protect your 
facility from people breaking in – but many thefts are perpetrated from 
within.

Closed-circuit television at strategic points throughout the warehouse is 
a significant deterrent; however, unannounced inspections and walkabouts 
are also effective and much cheaper.

With regard to the loading bays, one common-sense recommendation is 
that you separate them from employee parking areas, making it much more 
difficult to remove items from the warehouse. Searches on entry and exit, 
whether instigated by staff or by a random system of lights, is also very  
effective.

Not only is product security important but also the protection of data. 
WMSs hold a large amount of sensitive data which needs to be protected. 
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Internally this can be done through the use of password protection for  
different access levels and firewalls for external protection. The data needs 
to be backed up daily and the backup files stored offsite.

Protecting data from being stolen or copied is also paramount. Equipment 
such as servers, computers and laptops need to be protected. These items 
need to be locked away with key or code access, and personal computers 
need to be password protected and those passwords changed regularly.

The core attributes of security within a warehouse are as follows:

appropriate recording of inbound and outbound products;●●

authorizations for all despatches;●●

accurate audit trails;●●

regular stock checks;●●

the use of appropriate storage equipment;●●

vigilance.●●

Returns processing

Returns processing, or reverse logistics as it has become known, involves the 
handling of product returns, transit packaging and surplus items. The pro-
cesses associated with this operation include repair, reuse, refurbishment, 
recycling and disposal. See Figure 7.1.

The processing of returns has gained increasing importance in the ware-
house over the past few years. There is now an increasing awareness of the 

Figure 7.1  The returns cycle (courtesy of University of  
Huddersfield)
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economic value of reusing products and the effect on cash flow of perfectly 
serviceable items which can be repackaged and made available for sale. 
There is also the possibility of fines if products and packaging are not dis-
posed of in an environmentally friendly way.

Doing nothing about returns costs money. They take up space, are difficult 
to count during stock takes, difficult to value and, more importantly, could 
be back on sale rather than taking up much-needed space within the ware-
house. The alternative is ordering further stock with all its inherent costs.

There has also been a greater environmental awareness backed up by 
legislation such as the Waste Electrical and Electronic Equipment Directive 
(WEEE), hazardous waste disposal legislation and more stringent waste 
packaging directives.

The Waste Electrical and Electronic Equipment Directive came into force 
in January 2007. Its aim is to both reduce the amount of electrical and elec-
tronic equipment being produced and to encourage everyone to reuse, recycle 
and recover.

The WEEE Directive also aims to improve the environmental performance 
of businesses that manufacture, supply, use, recycle and recover electrical 
and electronic equipment.

The increase in e-retailing has also seen a significant increase in the level 
of returns into the warehouse. Catalogue retailing has always had signi-
ficant amounts of returns, especially in terms of textiles and clothing. These 
retailers have, in the past, set up returns-processing areas to not only receive 
the items but also clean them, iron them and pack them for resale.

Other such returns include products despatched on a sale-or-return basis 
and those where customers are given the option of a 14-day returns policy. 
These items are likely to be good stock and can be returned to stock almost 
immediately.

Other groups of returns include reusable packaging such as barrels, kegs, 
bins, cages, trays, totes and pallets.

Product recalls are also a significant area, needing to be handled carefully. 
These products need to be quarantined on return so that the company can 
ensure, first, that all items have been received and are no longer a potential 
danger to the public – which is normally one of the main reasons for recall – 
and secondly, that they are not mixed with good product and sent out in error.

Recently introduced legislation, the cost of landfill both in money and 
environmental terms and the realization that returns can be an expensive 
area to neglect have triggered the growth of reverse logistics programmes 
and the establishment of warehouses built specifically to handle the returns 
process.

This type of warehouse needs to be set up very differently from a stock-
holding facility. Space needs to be set aside for sortation, inspection, repair, 
refurbishment and disposal. The idea behind returns processing is to either 
return stock into the supply chain as quickly as possible in whatever format, 
be it finished goods or spares, or dispose of it efficiently.

Returned items shouldn’t remain in the facility for too long.
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Should you decide to operate the returns function within an existing 
warehouse operation then you are likely to set up a warehouse within a 
warehouse. This needs to be carefully planned to avoid cross contamination 
– for example, when dealing with damaged or defective items, chemicals and 
hazardous products.

Prior to making any decision regarding a reverse logistics operation you 
need to calculate the following:

percentage and value of goods returned directly to stock and to vendor;●●

percentage of goods refurbished and returned to stock;●●

percentage of goods dismantled and used for spares;●●

percentage of goods destroyed or given away to charity, etc;●●

percentage of goods returned due to manufacturing defects;●●

percentage of goods returned due to sales, warehouse or consumer error.●●

With regard to the last two points above you need to look at the causes in 
more detail before putting processes in place. For example, with consumer 
error it could be that the operating instructions are not clear enough.

In order to justify a returns processing operation the following needs to 
be calculated:

Total cost of returns processing + cash flow impact versus  
purchasing/manufacturing new + cost of disposal and cash flow impact

A final decision to make with regard to reverse logistics is whether to  
operate the function yourself or subcontract to a third-party specialist. This 
decision very much depends on the following factors:

level of returns;●●

available space;●●

available expertise;●●

cost;●●

control and efficacy;●●

capacity and capability of third parties;●●

lead time from return to available to ship.●●

You need to determine how many hours per week you are likely to expend 
on returns processing and how much space you require. You need to calcu-
late the amount of space required at peak, which is more than likely the 
period after Christmas.

With regard to disposal, companies will need to produce the relevant 
certification to prove that products and packaging, if not recyclable, have 
been disposed of properly.

Reverse logistics has gained momentum recently and has gone from being 
driven by environmental concern to becoming a corporate cost-reduction 
programme.
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despatch

The order cycle time or lead time from order receipt to despatch is con tin-
ually shortening and there is increased pressure on the warehouse manager 
to coordinate all activities to ensure that product is despatched on time and 
complete.

Many operations are now taking orders late into the evening and despatch-
ing that same night for next-day delivery.

Work plans are now centred around the latest despatch time for orders, 
and managers work backwards from this ensuring that all processes are 
completed and both labour and equipment are made available at the right 
time to meet these deadlines.

The despatch process has to be managed precisely and be aligned with 
most other activities within the warehouse. If, for example, receiving and 
despatch share the same doors, a daily schedule needs to be drawn up to 
ensure that labour and equipment are utilized as efficiently as possible, the 
work content is matched to the number of doors available and congestion is 
avoided in the dock area.

In many operations receiving tends to take place in the morning whilst 
picking and despatch occur during the afternoon and evening as order cut-
off times continue to be stretched later into the day.

Depending on the method of picking and the company’s procedures  
regarding checking product before it leaves the building, sufficient space 
needs to be available at the loading bays to stage the loads and allow for 
whichever checking method is applied – be it full-carton checks or random 
checks.

If coordinated correctly, the picked orders should arrive at the loading 
bay in the sequence in which they will be delivered. That is, the last delivery 
on the vehicle will be the first order to be loaded.

Collecting vehicles should be assigned a bay closest to where the orders 
have been accumulated. This requires close coordination between the gate-
house and the despatch supervisor.

Many companies have grids marked out on the warehouse floor at the 
despatch area to replicate the floor area of the largest vehicle. For example, 
a warehouse handling industrial pallets solely will have a grid equivalent to 
26 pallets. Warehouses handling euro pallets will extend this to 36 pallets. 
Where vehicles are delivering multiple orders, a system needs to be in place 
to segregate these orders and make them easily identifiable to the loading 
team. This can be a simple handwritten pallet label or a barcode label.

Companies with sufficient yard space and available trailers can load 
product directly into them and park them up, awaiting collection.

Where full pallet loads are despatched it may be that pallets are pulled 
directly from the bulk or racked area and immediately loaded onto the  
vehicle. This minimizes the amount of double handling and requires precise 
coordination.
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Once the despatch team is ready, vehicles can be called forward onto the 
despatch bay. This can either be the driver of the load or a shunt driver who 
is loading trailers in readiness for collection by drivers returning from earlier 
deliveries.

As with the receiving process, the driver’s paperwork needs to be checked 
to ensure that he is collecting the correct load. Loading a vehicle with goods 
bound for Alaska on a truck scheduled to deliver in Florida will be a very 
costly mistake.

The trailer should also be checked to ensure that it is fit for purpose, ie 
clean and watertight, doesn’t have any odours which could contaminate the 
product, is at the correct temperature if loading refrigerated product, and 
finally that the floor is damage free.

Where products are loose loaded onto a container or trailer, the use of 
telescopic boom conveyors will assist the loading process significantly.

A tyre manufacturer recognized a number of advantages after introduc-
ing three telescopic booms into the operation. These conveyors can also be 
moved sideways to cover a number of dock doors. The advantages were as 
follows:

safer working conditions;●●

cleaner working area with better visibility;●●

separation of forklifts and operators;●●

improved ergonomics: no more rolling of the tyres, no more lifting of ●●

the tyres;

improved quality of the tyres;●●

fewer claims, having introduced a counting and video system on the ●●

conveyor;

improved productivity: 42 per cent increase on tyre loading, 32 per cent ●●

increase on tyre unloading.

ROI and payback can be significant in terms of labour saving, increased  
accuracy and less damage. A fully installed static conveyor will cost in the 
region of £34,000.

Other companies will use automatic pallet loaders as discussed in Section 
One, whilst the majority of companies will use hand pallet jacks or powered 
pallet trucks if loading from a despatch bay. Counter-balance or articulated 
forklift trucks are normally used if loading outside the warehouse.

The increasing use of double-deck trailers presents its own challenge  
to warehouse operations, with some loading bays having to be adapted to 
accommodate the variable heights.

Where loading bays cannot be adapted there are products such as 
Transdeck’s double-deck lifts.

As we go to press, the European Union is currently debating restricting 
the overall height of trailers to 4 metres, which could result in UK com-
panies having to abandon the use of double-deck trailers. This will increase 
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the number of trucks on the road, increase fuel consumption – and as a  
result increase carbon emissions.

Role of the driver

In situations where companies operate with their own transportation there 
are no issues with what the driver’s role is in the actual loading process. 
However, when third-party contractors are used there is the age-old dilemma 
of what to do with the driver whilst the loading process takes place.

Some companies insist on the driver assisting with the loading and check-
ing the contents of the load, whilst other companies have health and safety 
issues with external staff being on the loading bay. If the latter is the case 
then the driver has to be accommodated elsewhere, preferably not in his cab. 
The possibility of the driver moving off the despatch bay whilst the vehicle 
is still being loaded is just as real.

There is also the question of what the driver should sign for once the 
vehicle has been loaded. If he has not seen the products loaded onto the 
vehicle and the vehicle has been sealed prior to leaving the despatch bay, 
then it is reasonable to suggest that he is at liberty to sign the document and 
preface it with the word ‘unchecked’. A time limit needs to be agreed in 
terms of how long the collecting company has to report any discrepancies.

If the vehicle is sealed, the seal number needs to be recorded on the delivery 
paperwork and any other relevant documentation such as hazardous data 
sheets handed to the driver.

summary and conclusion

This chapter has examined replenishment, value-adding services, support 
functions and despatch.

We have already suggested that both receiving and picking are crucial 
roles; however, with the warehouse, the above operations are no less  
important.

Well-timed replenishment will ensure an efficient pick operation whilst a 
timely and accurate despatch ensures that customer lead times are achieved 
or at times surpassed.

The warehouse’s ability to undertake value-adding services enables the 
manufacturer to postpone certain activities until the order arrives, resulting 
in fewer stock codes, and it enables retailers to transfer activities from the 
retail store back to the warehouse, freeing up valuable sales time.

Stock counting and security are fundamental to the integrity of products 
stored in the warehouse and are crucial to maintaining credibility whether 
an in-house or outsourced operation.
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“Trade isn’t about goods. Trade is about information. Goods sit 
in the warehouse until information moves them. C J CHeRRyH

Introduction

As we have seen in Part Two, the introduction of technology can signifi-
cantly improve warehouse productivity, increase utilization, reduce costs 
and increase customer satisfaction.

As customers become more sophisticated, requiring accurate, secure, fast 
data exchange, and as the competition becomes more intense, companies 
need to have the information-technology tools to support the business and 
build reliability, speed, control and flexibility into the warehouse operation. 
The ability to communicate in real time is crucial in today’s fast-moving 
technological world.

Paper-based warehouse management systems or even spreadsheets can 
fulfil a need and manage stock accurately if managed well. However, if a 
company is going to compete effectively it needs to introduce a real-time 
warehouse management system. The cost of these systems has reduced  
significantly over the past few years and today companies are able to rent 
systems on a month-by-month basis using software as a service (SaaS) and 
cloud computing, in which you can pay as you go, share resources and only 
use the functionality you require.

Warehouse management systems (WMSs) can be stand alone or can be 
part of enterprise resource planning (ERP) systems supporting the latest 
technological advances within the warehouse including automation, RFID 
and voice recognition.

Although there has been some consolidation within the WMS market-
place, there continues to be a myriad of systems to choose from.

08Warehouse 
management 
systems
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This chapter looks at the process of choosing a WMS and the function-
alities that assist companies in improving productivity and reducing costs.

Why does a company need a WMs?

Although companies operating with paper-based systems are able to introduce 
best practice into the warehouse such as improving warehouse layout and 
minimizing travel time by having the fastest-selling items closest to despatch, 
they can improve even further and become more productive by introducing 
software technology into the warehouse.

Customers are becoming increasingly demanding and the ability to com-
municate via electronic data interchange and receive instant replies to queries 
is more of an expectation than a need. A WMS can be part of this solution.

Sales and marketing teams are also desperate for real-time information, 
whilst finance departments are chasing data constantly.

Before we discuss the advantages of a WMS we need to point out that a 
stock-control system is not the same as a WMS. We have come across many 
companies who have purchased an inventory management system in the 
belief that it will operate the warehouse efficiently. Stock-control systems will 
manage the inventory at stock location and quantity level, but the majority 
of these systems will not manage productivity within the warehouse.

In our opinion, in order to be productive, warehouse systems need to be 
able to work in real time, manage all the processes within the warehouse 
and have the ability to communicate with other company systems. We will 
go into more detail as to the minimum requirements of the system later in 
this chapter.

A WMS can process data more quickly and can coordinate movements 
within the warehouse. It can produce reports and handle large volumes of 
transactions as experienced in e-commerce operations.

The introduction of new technologies into your operation not only im-
proves your competitiveness in a challenging market but can also be instru-
mental in meeting ever-increasing customer demands.

The potential benefits of having a WMS in place include the following:

stock visibility and traceability;●●

accurate stock;●●

reduction in mispicks;●●

automatic replenishments;●●

reductions in returns;●●

accurate reporting;●●

improved responsiveness;●●

remote data visibility;●●
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improved customer service;●●

minimized paperwork.●●

The diagram from Tompkins in Figure 8.1 illustrates how the quality of infor-
mation can lead to increased sales and cost reduction.

Figure 8.1  Advantages of quality information  
(used with permission of Tompkins Associates)
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There is an adage that says that any IT system costs twice as much as quoted, 
takes twice as long to implement and produces half the benefits. In order to 
avoid this, there are a number of simple steps which need to be followed 
when choosing a WMS.

Choosing a WMs

When choosing the right WMS for a company you first need to fully under-
stand the needs of the company and the key business requirements, not only 
today but some time into the future.

You need to understand your company strategy, ensure that your specific 
needs are met by selecting the solution that best matches your business  
objectives.
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The solution can either be sourced internally by writing your own soft-
ware or you need to ensure that you choose the right business partner to 
work with to develop the most effective solution.

A final step will be to calculate the return on investment (ROI) on the 
purchase and ongoing support of the WMS.

the process

It may be argued that not everyone needs a WMS. In fact, one of the greatest 
challenges to introducing a WMS is not choosing the right system but con-
vincing the management team that one is required in the first place.

During a project to improve the space utilization and productivity within 
a client’s warehouse we were surprised to learn that the warehouse manager 
had not been fully involved in discussions regarding the new ERP system 
which was going to be introduced in the near future.

The vendor was asked whether their system could run the warehouse 
operation and they replied in the affirmative. Unfortunately the system being 
introduced could manage the inventory but was not a warehouse manage-
ment system.

When the new system had been implemented, the finance, sales and  
marketing teams were very happy with it but the warehouse manager was 
left to operate a manual system to manage the workflow through the ware-
house. As a result, stock visibility improved on the system but productivity 
didn’t change. When we suggested that the warehouse required a WMS to 
integrate with the ERP system we were told that no further investment 
would be made in the IT system as the system was able to manage inventory 
perfectly well.

selecting the right WMs

To ensure that the system you choose is the right one for your operation, 
here are some best-practice guidelines courtesy of Business Application 
Software Developers Association (BASDA) (2009) and Sage Accpac (2005):

Form a project team.●●

Define, record, review and improve current processes.●●

Create a list of key functions required of the new system.●●

Incorporate any future growth plans in your specification.●●

List the benefits to your company of a WMS.●●

Research and approach a select number of vendors and select a small ●●

number with experience of providing solutions for your market sector.
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Visit reference sites to look at operational effectiveness and discuss ●●

the benefits the WMS system has brought about since implementation.

Produce a return on investment (ROI) report.●●

We will now look at each stage in more detail.

Form a project team

Assemble a team of people capable of logical thinking who will decide what 
your company needs from a WMS and what functionalities it must have and 
those it will be nice to have. The team should include members from finance, 
sales, production (if applicable), IT and of course the warehouse.

Appoint a project leader and define each person’s role, responsibilities 
and their level of involvement in terms of time and decision making during 
this process. Ensure that all participants are able to make available the time 
and resources to ensure the success of the project.

Define, record, review and improve current processes

The first stage of the design process is to collect and collate as much infor-
mation as possible about current processes and procedures. Once this  
is done you need to go through each process to decide whether it is  
actually required. There is no point in specifying an IT solution for a defunct 
process.

Do not make the error of automating poor processes. You need to get  
the processes within the company right before contemplating introducing  
a WMS. Use a project team and your warehouse staff to identify which  
processes they find frustrating, redundant or inefficient.

You need to understand which processes are going to be improved by the 
introduction of technology, by how much and whether it is cost effective.

Understand how the warehouse communicates both internally with  
other departments and externally with customers, suppliers and transport 
companies.

Create a list of key functions

Each project team member needs to compile a list of the key functions  
required of a system and rank them by importance, eg 1, 2 or 3; or essential, 
greatly desired or nice to have.

Produce an agreed list of the essential requirements from the ideas pro-
duced by the individual team members and document them ready to be  
included in a request for information (RFI).

This list should only have the essential, ‘must have’ functions. This will 
enable you to quickly discard systems which do not meet your fundamental 
requirements.
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Incorporate any future growth plans in your 
specification
Although difficult to forecast, you need to take into account likely future 
events when specifying a WMS. For example: are you looking to increase 
the number of SKUs significantly over the next few years; will your future 
operation require a ‘kitting’ operation; will you need to manage a group of 
warehouses; which systems are you likely to need to interface with? These 
are just some of the questions that need to be answered prior to specifying a 
new system.

List the benefits to your company of a WMS
The right WMS can maximize the productivity of your labour, increase both 
space and equipment utilization and increase accuracy. All of these need to 
be quantified and presented alongside the ROI report.

Approach a select number of vendors; visit reference 
sites
There are a plethora of WMS vendors in today’s marketplace offering ERP 
systems that incorporate WMS, best-of-breed WMSs, stock-control systems 
and SaaS systems. Fortunately, there is assistance out there for companies. 
These include consultants, comparison websites and not to be underestimated, 
the experience of your own staff.

If you are in somewhat of a niche market it is always prudent to look at 
the systems your competitors are operating. When we took on the ware-
housing and distribution operation for a publishing house we realized we 
needed a system that could manage royalties, etc.

Visit reference sites to look at operational effectiveness and discuss the 
benefits the WMS system has brought about since implementation.

Prior to a full invitation to tender, discuss your requirements with a couple 
of vendors and ask to visit some of their operational sites. Discussions  
with existing users will give you further insight into system capabilities and 
potentially revise your own thinking on systems.

Produce an ROI report
Having undertaken sufficient research, detail your requirements and ap-
proach a select number of companies to quote.

Having received the quotes and before making any decisions, involve 
your finance colleagues in calculating the potential return on investment. 
Together with an ROI calculation you need to be certain of the following, 
according to Stephen Cross (2010) from ATMS:



Warehouse Management systems 143

the potential for a WMS to give you improved stock accuracy – by ●●

reducing errors, providing real-time information and enabling 
perpetual inventory;

the potential for increased productivity and cost savings – through ●●

improved labour utilization, improved equipment utilization and 
better space utilization;

the need for improved traceability – a WMS can give you two-way ●●

traceability, almost as a by-product of being in place;

improved customer and client service – through overall improved ●●

warehouse control, improved pick and despatch accuracy.

The cost of a WMS can be broken up into the following main components:

Licence: the software licence needed to run the system. Typically this ●●

is charged by user, ie PC user or radio data terminal user, although 
different models are now being offered, including paying by 
transaction and/or paying monthly rather than outright.

Professional services: the costs for project management, training and ●●

go-live support.

Development costs: software development costs for requirements not ●●

catered for in the package, including interfaces to third-party systems.

Support cost: this is typically an annual cost based on licence costs ●●

and often development costs; look at this cost carefully: the scope of 
service and cost varies significantly from supplier to supplier.

Hardware and infrastructure costs.●●

Ask suppliers to indicate which prices are firm and which are variable. Watch 
out for hidden costs such as travel costs, travel time and project manage-
ment time.

Summarize all the costs in a spreadsheet, showing the initial cost and  
then costs for years 1 to 5 with accumulated totals. You will find that some 
systems look attractive initially but when costed over a longer period they 
may prove a lot more expensive.

What to look for in a system

In order to be effective, a WMS needs to have the following attributes 
(adapted from Ruriani 2003):

Ability to interface with other systems
The ability to interface with other systems such as accounts packages, 

ERP and MRP systems and transport management systems, is 
critical. The system needs to integrate with back-office tasks such as 
order entry, inventory control, purchase-order modules and invoicing. 
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The system also needs to be able to interface with automation 
systems, conveyors, MHE and the latest in picking technology such 
as voice, wearable scanners, RFID and pick- and put-to-light systems. 
Ensure that these WMS interfaces will not incur excessive costs.

Modular and scalable
Where possible, look for a modular system. You only pay for the 

functionalities you require and training and implementation can be 
quicker. Further modules can be added at a later date if required.

Ensure that the WMS can be expanded to accommodate growth 
and/or acquisitions. Ensure that it is capable of handling e-commerce 
transactions (if applicable) and can update web page details in real time.

A WMS needs to be able to at least meet your basic current and 
potential future needs. Buying a system that has functionality way 
beyond your requirements only leads to increased training costs, time 
wastage and as a consequence a poor return on your investment.

Ensure that the system can operate with the maximum number of 
users you are planning on having and can manage multiple sites if 
required.

Check with other divisions within the company to ensure that the 
system has the capabilities to match requirements in those areas also, 
should the management decide to go company-wide with the solution.

Accessible
With the mobility of staff these days it is essential that the system is 

accessible remotely over the web and that it is secure with access levels 
being password protected. The ability to retrieve data simply is a 
must for any system. The ability of the system to produce performance 
reports, cost-to-serve modelling and standard inventory interrogation 
are expected functionalities and should be high on the list of priorities.

Ease of operation
Select a WMS that is user friendly. Choose a system that has a point-

and-click operating environment and clear, easy-to-read screens.  
This can lead to enhanced staff productivity and system acceptance. 
Ensure that the system works in real time, providing instant 
inventory updates.

Standard system
Ensure the system supports the widely accepted standards currently in 

use and isn’t limited to a proprietary standard that your customers 
may not use. Check that you receive updates regularly at no 
additional or at minimal cost.

Meets specific needs
If you are involved in storing Customs and Excise goods, ensure that the 

system is approved or can be approved by the relevant authorities. 
Second, ensure that the system can undertake those tasks that are 
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crucial to your business such as tracking lot and serial numbers (if 
required), managing ‘best before’ dates, identifying hazardous goods 
and being able to calculate royalties, for example.

Capable of supporting warehouse best practice
According to BASDA, to achieve best warehouse practice, systems need 

to be able to optimize movements within the warehouse, eg pallet 
put-away is coupled with pallet retrieval, known as task interleaving. 
Other crucial attributes include automated receipt, directed put-away, 
optimum pick sequences, replenishment tasks, despatch management 
and warehouse mapping.

Ideally the system will be able to monitor the velocity of items 
within the warehouse and locate them accordingly (slotting) or 
alternatively provide the data in a format that can be transferred to 
programmes that have slotting functionality.

Reporting capabilities
Ensure the system provides comprehensive reporting suites and also 

reports failures.

selecting a partner

This is not the type of purchase you would make through an e-auction. As 
with many large service offerings such as outsourcing, the likely success of 
the project will ultimately come down to your relationship with the people 
at the software vendor. As a previous manager of mine told me, ‘People buy 
people’, therefore it is very important to meet the vendors, not only the sales 
staff but also the operations and support staff.

The main aspects to look for in a partner include the following:

Experience. Look for providers that employ staff with significant ●●

operational experience as well as staff with the ability to produce 
best-in-class WMSs. Not only will the operational staff have had 
input into the WMS but they will also be able to understand your 
own requirements better. Choose a vendor who listens effectively  
and understands your organization fully.

Longevity. Check how long the company has been in business and what ●●

their creditworthiness is like; be assured, they will certainly check yours.

Choose a vendor who emphasizes the benefits of the software, not ●●

just the features. Furthermore, choose a provider that has already 
installed WMS systems with clients in your industry.

Ensure that the vendor can supply not only the system but also the ●●

installation, training, maintenance and help-desk service. Verify that 
your prospective WMS provider is reinvesting significant capital into 
research and development, and future product enhancements.
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Choose a vendor you are comfortable working with. Try to find  ●●

a vendor who is culturally similar to your company, is professional 
and well respected in the industry. Ask for a large list of customers 
and visit the customer sites that you decide upon.

Choose a partner that has reasonable modification rates and is willing ●●

to set up a realistic budget based on your needs assessment, prior to 
formalizing the relationship. Alternatively, look to set up an agreement 
where your own IT staff are able to introduce certain modifications.

Resources. Make sure that the WMS provider can fully support you ●●

during the implementation phase.

Select a partner that has an adequately staffed help desk and that  ●●

is available during your company’s hours of operation. Time zones 
can cause innumerable problems if they are not taken into account at 
the outset.

Select a partner that has established partnerships with hardware ●●

providers.

before the final decision

Ask prospective WMS providers for case studies where they have previously 
interfaced with your organization’s specific ERP, transport management  
or accounting system. Ask to visit sites where this has happened and is  
currently happening.

Prior to making a final selection, ask the WMS provider to share a  
detailed implementation plan that includes an installation timeline and  
resource commitment.

Implementation

The following rules need to be followed prior to implementing the new  
system:

Discuss with the business a suitable time to introduce a new system. ●●

The quietest sales period is normally a good time; however, this does 
coincide with staff taking their holidays, so ensure all the key people 
are available.

Agree a realistic implementation plan with the vendor and your ●●

project team.

Guarantee the availability of key staff during the implementation phase.●●

Propose deadlines you are confident in achieving.●●

Appoint super users from amongst your staff.●●



Warehouse Management systems 147

Develop a training agenda for all staff and include it in your new ●●

staff induction programme.

Don’t look to modify the system until it is in place and working as ●●

initially specified.

Keep reviewing the timeline and act on any slippage.●●

Some companies will also look to continue running their existing system in 
parallel until the new system is fully operational, all the functionalities have 
been user tested and any issues have been addressed.

software as a service

Companies that have identified a need for a WMS but do not have the capital 
to spend on a stand-alone system are turning to alternatives.

Software as a service (SaaS) WMS is an internet-based application that is 
developed, hosted and maintained by a third-party software provider on 
secure servers. The vendor rents out the system to a number of different 
clients. Those clients in turn will choose the various modules within the 
software they require and pay for them as they use them.

The advantages are as follows:

lower cost of entry;●●

reduced start-up costs;●●

instant upgrades;●●

user-driven innovation;●●

ability to turn on and off as required, eg to run a temporary ●●

warehouse operation.

Such a system will be attractive to start-up companies and small and medium 
size enterprises (SMEs), although it could benefit larger companies who are 
looking for a temporary solution.

Potential disadvantages include the possibility of poor internet links  
between the companies and potential worries over data security.

As with most things in life, rental or leasing can work out more expensive 
than outright purchase, therefore calculating whole-life costs and closely 
examining the advantages and disadvantages are paramount before making 
these decisions. However, as a short-term fix they can be very advantageous.

Cloud computing

With cloud computing, your WMS vendor hosts the software application 
and hardware infrastructure for you. You access the WMS via a web browser 
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and gain the functional benefits of a new WMS without the upfront soft-
ware costs (www.highjump.com).

CaSe Study  LPT

LPT, the ground-breaking Liverpool-based fresh-produce terminal, has partnered with 
ATMS, its WMS provider, to help to bring the ATMS GlobalTrack service to market.

The ATMS STP WMS is a key part of LPT’s operation, helping to optimize the receipting, 
warehousing and despatching operations. LPT’s warehouse is a state-of-the-art, brand 
new, temperature-controlled facility with 5,000 locations, and caters for cross docking as 
well as added-value services. ATMS’s system supports and optimizes all of these processes, 
including dock, yard and vessel management.

‘LPT needed to go one step further to provide a level of service for its customers far 
ahead of anything in the market place,’ states Andy Rickard, operations director of LPT. 
‘One of the reasons we selected ATMS was because of their strategy of developing their 
WMS to become the core of a global tracking and supply chain visibility offering – in the 
form of GlobalTrack; we’re very pleased to be one of the first companies to work with them 
to prove the benefits of GlobalTrack in the real world.’

Stephen Cross, managing director of ATMS plc, says: ‘GlobalTrack is a hosted solution 
that provides improved control and visibility across the supply chain. It is designed to be 
exceptionally easy to use and exceptionally low cost; for instance, users can pay for system 
usage on a per transaction, pay as you go basis. It is fully multilingual and is supported by 
offices in UK, Dubai, Singapore, China and Manila.’

The system helps users improve the control of their import-tracking process. Order and 
fulfilment requirements can be logged onto the system. The system then allows producers 
and manufacturers, wherever they are in the world, to log their production and productivity 
against these orders and call-offs. A facility is then provided for remote labelling of cartons, 
pallets and unit-load devices. Labelling is carried out to the global GS1 standard, the barcode 
on each label is unique and identifies the carton, pallet or other item and its contents; the 
system records quality, traceability and other conformance information. Pack sizes, weights 
and dimensions can also be recorded. The system can then be used to generate and share 
packing lists, manifests and advanced shipping information. Information can also be 
provided to and from customs authorities, freight forwarders and logistics providers.

Pre-labelling and electronic advanced shipment notices help LPT receive stock 
accurately and swiftly. Any errors are alerted automatically.

The system not only assists the upstream operation but can be used downstream as 
well, from the point of despatch from LPT, through re-warehousing and cross-docking 
operations, to proof of delivery. GlobalTrack supports proof of delivery and has a remote 
warehouse control module that allows warehouses to be controlled with the use of hand-
held terminals communicating over mobile phone GPRS networks.

The system is designed for in-house and third-party use – for instance, the system is 
designed to allow clients of third-party logistics providers to view their own stock and their 
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own supply chain information – and only their own. Information visible across the web 
includes production information, receipt and despatch information, stock status, quality 
control status. Documentation can be downloaded remotely. Stock call-offs and other 
action requests can be entered remotely.

David Hughes, who heads up business development at ATMS, comments: ‘We are proud 
to be a strategic partner of LPT. They are a highly innovative operation with a superb 
management team, with the dedication and focus to deliver a first-class service from a 
first-class facility.’

James Woodward, managing director of LPT, comments: ‘LPT is in a unique position 
geographically to reduce customer costs whilst reducing their carbon footprint and now is 
in a unique position technologically to provide the highest levels of visibility, traceability 
and control.’

summary and conclusion

As can be seen from the case study, today’s information-technology systems 
are no longer purely involved in stock management. They also include dock, 
yard and labour management. They are ultra flexible, provide remote access 
and visibility of stock and tasks and can be operated on a pay as you go 
basis.

A WMS is essential in today’s fast-moving environment. Information is 
the key and real-time data is invaluable. The introduction of a WMS can 
improve speed, productivity and accuracy.

The key to a successful purchase and implementation is:

preparation and allocating sufficient time and resource to the project;●●

getting your processes right before introducing the system;●●

producing a base level so that the full benefits of the system can be ●●

compared;

getting the buy-in and involvement of senior management and ●●

warehouse staff;

choosing the most appropriate supplier;●●

ensuring that all staff are trained to an acceptable level.●●

However, to embark on a WMS project you need to be certain that you are 
going to achieve significant business benefits.

Warehouse efficiency is key to effectively managing a supply chain and  
achieving best-in-class performance. Technology can be an enabler in this 
respect.



“Giving a man space is like giving a dog a computer: the 
chances are he will not use it wisely. bette-Jane RaPHaeL

Introduction

In order to increase throughput and productivity within the warehouse,  
we need to reduce the amount of travel time and touch points whilst also 
maximizing space utilization.

The design of a warehouse requires attention to detail and the collection 
and compilation of large quantities of relevant data.

In this chapter we will look at the drivers involved in warehouse design, 
the alternatives available in terms of layout, and suggest potential areas for 
cost savings through relatively simple changes to existing configurations and 
practices.

We do not intend to show you how to fully design a warehouse in this 
section. However, we do want to give you an understanding of what we 
believe does and doesn’t work.

The Chartered Institute of Logistics and Transport has published on this 
subject and provides a step-by-step guide to warehouse design.

There are many consultants, materials-handling and racking companies 
who can assist you in calculating the most effective warehouse layout based 
on the available space, your requirements and your budget. There are also 
simulation software packages which enable you to ‘build’ the warehouse 
on a computer and simulate the operation to see which layout best fits (see 
Figure 9.1).

When (re)designing a warehouse there are a number of factors which 
need to be taken into account. These include the company’s likely growth 
over the next 5 to 10 years, the possible change in product profile, sales  
during this period and the likely sales channels.

09 Warehouse 
layout
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Figure 9.1  Warehouse 3D drawing (courtesy of ATMS)

data gathering

The item and order profiling already undertaken will provide you with a 
view of the existing requirements in terms of receipt and despatch areas, 
storage and picking operations and finally required areas for undertaking 
value-adding services and returns processes if applicable.

A survey by Cranfield University (Baker and Perotti 2008) indicated that 
52 per cent of the warehouse floor area is typically used for storage, 17 per 
cent for the pick/pack operation, 16 per cent for receiving and despatch,  
7 per cent for value-adding services and a further 7 per cent for areas such 
as battery charging, empty pallet storage and other uses. This of course will 
very much depend on the type of operation envisaged.

The main floor-space areas within the warehouse which need to be calcu-
lated are as follows:

receiving area;●●

reserve storage area;●●

carton-picking area;●●

item-pick area;●●

value-adding services area;●●

packing area;●●

despatch area;●●

cross-dock area;●●
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empty pallet and packaging storage area;●●

MHE charging areas;●●

warehouse offices;●●

restrooms.●●

The information collected is normally current or historical and therefore 
future volumes and changes in product characteristics need to be taken into 
account.

Furthermore, the use of averages can be misleading, and you need to  
decide on how you deal with peaks in the business.

An example of where the use of averages can be misleading is as follows. 
Within an order profile we have 100 orders with a single line item and 100 
orders with three line items. In total therefore we have 200 orders and 400 
lines. If we calculate the average we end up with two lines per order. However, 
none of the actual orders has two lines. In these circumstances we also need 
to determine the median and mode as well so that we can see the most 
popular line per order profile.

Very few operations have a level volume of storage and activity through-
out the year. For many companies there are a number of peaks and troughs.

The question is whether we plan for and accommodate peaks in business, 
whether we design for the average activity or somewhere in between. 
According to Frazelle (2002), if the duration of the peak period is short and 
the ratio of peak to average is high, then it is worth considering temporary 
storage and labour for this overspill. If the peaks are extended and the ratio 
of peak to average is much smaller, the warehouse and labour requirements 
should be sized at or near peak requirements.

The suggestion is that you size near to average if the ratio is more than 
1:5 and the peak lasts for less than half a year. You should size near the peak 
when the ratio is less than 1:2 and the peaks last longer.

You also need to take into account fluctuations between days of the week. 
Chapter 11 on resourcing examines this in more detail.

As mentioned, there are a number of software programs on the market 
that can calculate the amount of space required for specific operations, and 
storage equipment companies are more than happy to assist you in these 
calculations.

In the absence of sophisticated software or if you are looking for high-
level calculations at an early stage, there are some rule-of-thumb calculations 
that can assist you in ascertaining the amount of space required for certain 
operations and the number of pallets that can be stored in a specific area.

space calculations

These calculations are based on experience and are not intended to provide 
definitive answers to space requirements.
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Receipt and despatch areas
The following rule-of-thumb formula can be used to calculate the likely 
space requirement for staging vehicles on arrival and departure:

Space =
(number of loads   hours to unload)

Time of shift
 (n

×
× uumber of pallets  space per pallet)×

For example: if we receive 20 vehicles per day, 26 pallets per load with a 
pallet size of 1.2 metres by 1.0 metres and it takes 45 minutes per load to 
unload and 30 minutes per load to check and we operate an eight-hour 
shift:

Pallet floor space = {round up((20 × 1.25) ÷ 8) × (26 × (1.2 × 1))}  
 = 4 × 31.2 = 124.8 square metres

In addition to this space we need to add working and travel space around 
the pallets. This space will be determined by the type of forklift or pallet 
truck used to unload and load the vehicles. Potentially this can more than 
double the amount of space required in the despatch area depending on how 
much access to the pallet is required. For example, a full 360-degree access 
to the pallet, allowing 0.5 metres of travel corridor, requires an additional 
2.2 square metres of working space.

The ability to preload trailers will reduce the amount of space required at 
the despatch bay. The proviso here is that there are sufficient doors and/or 
yard space to accommodate the number of loaded trailers. The ability to 
double stack pallets will reduce the space required but will also limit the 
type of forklift truck utilized.

There may also be a requirement for a cross-dock area where goods  
having been received into the warehouse but not put away are to be des-
patched en bloc to a customer who has yet to collect the goods. This could 
take anywhere between a day and a month to despatch. Under these circum-
stances it may be prudent to use drive-in racking, for example to minimize 
product damage.

Storage space
Calculating the amount of storage space required and the storage medium 
depends on a large number of factors.

Each item needs to be evaluated and a table produced to record the dif-
ferent item properties and attribute potential storage media.

Having calculated the amount of items stored per product line and con-
verted these into pallet quantities, we are able to calculate the total number 
of pallets we need to store, by product line.

Once this has been calculated, produce a chart detailing the number of 
pallet locations required and the height requirement for each location.
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Depending on the nature of the product in terms of weight, crushability, 
etc, it is likely that the pallet heights will vary between products and some 
products may only require bin or tote storage as the quantities are so low.

The next decision is the type of storage medium to use. This can include 
block stacking, pallet racking, automated storage, shelf and bin locations or 
a combination of some or all.

Table 9.2 shows the characteristics of each individual stock item and the 
possible storage media envisaged.

As can be seen from Table 9.2, we have recorded as much information as 
possible regarding the storage and order profile of the products listed. This 
gives us the opportunity to decide on the most suitable storage and handling 
medium.

Having produced a rule-of-thumb formula for calculating dock space 
there is a formula to calculate the number of pallets that can be stored 
within a given cubic area when using standard adjustable pallet racking. 
This is as follows:

(Number of width modules × pallets in a module width) × (number of 
length modules × pallets in module length) × number of height modules

where:

Module width = width of aisle + 2 pallet lengths (short side) +  
  clearance between back-to-back pallets

Module length = width of upright + 3 × clearance + 2 pallets (long side)

Module height = height of pallet + clearance above pallet plus  
  racking beam height

For example, based on the following dimensions:

Aisle width: 3.0 metres

Pallet size: 1.20 metres × 1.00 metre

Width of upright: 0.12 metre

Clearance (sides): 0.10 metre

Clearance (height): 0.15 metre

Clearance back-to-back pallets: 0.10 metre

Racking beam height: 0.14 metre

Height of goods: 1.20 metres

Height of pallet: 0.15 metre

Warehouse height: 10 metres

Storage area length: 120 metres

Storage area width: 48 metres

Module width = 3.0 + 2 + 0.1 = 5.1 metres

Module length = 0.12 + 0.3 + 2.4 = 2.82 metres



table 9.1  Storage space calculation

Item  
code 

Total  
number of  

cartons 

Dimensions Cartons  
per  

pallet

Ti  
(cartons  

per layer) 

Hi  
(layers  
high) 

Pallet  
weight inc  

20 kg

Pallet height inc  
height of empty  

pallet (15 cm) 

Number  
of pallets 

Length  
cm

Width  
cm

Height  
cm

Weight  
kg

10356 21,600 20 25 40 8 72 24 3 596 135 300

10672 4,320 15 20 20 3 240 40 6 740 135 18

10779 240 25 40 20 15 48 12 4 740 95 5

30456 16 10 10 15 15 N/A N/A N/A N/A N/A <1

77021 800 10 15 10 0.75 800 80 10 620 115 1
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table 9.2  Storage method options

Item code Characteristics Pallets in  
store 

Fast/medium/ 
slow mover

Order  
quantity

Stackable Storage  
method

Handling  
method

Group

010356 Standard 300 Fast Full pallet No Drive through Cbt 1

010672 Standard 18 Medium Cartons No Wide aisle Reach & ppt 2.1

010779 Standard 5 Slow Cartons Yes Wide aisle Reach & ppt 2.2

030456 High value/small  
part

>1 Slow Units N/A Carousel Hand 4

077021 High value 1 Medium Units N/A Security cage  
shelving

Hand 5

Cbt: counter-balance forklift truck
ppt: powered pallet truck
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Module height = (1.2 + 0.15) + 0.15 + 0.14 = 1.64 metres

Number of width modules = 48 ÷ 5.1 = 9

Number of length modules = 120 ÷ 2.82 = 42

Number of height modules = 10 ÷ 1.64 = 6

Total pallet capacity = (9 × 2) × (42 × 2) × 6 = 9,072 pallets

Therefore in a cubic space of 120 metres by 48 metres by 10 metres we have 
a capacity to store 9,072 pallets based on an overall pallet dimension of  
1.2 metres by 1.0 metre by 1.35 metres and utilizing a reach truck working 
within an aisle width of 3 metres.

The number of pallets that can be stored in this particular area is deter-
mined, in the main, by the aisle width, type of racking and the size of pallet.

As mentioned earlier, this is a rule-of-thumb calculation and other factors 
need to be taken into account before committing to these figures.

The calculations take into account the aisles between the racking but do 
not take into account aisles and gangways at the front of the racking. They 
do not take into account potential pallet overhang, rear walkways and fire 
exits.

Other factors that need to be taken into account are:

Planned utilization within the warehouse. It is agreed that once ●●

storage utilization exceeds 85 per cent, productivity and safety 
decline. The operation will slow appreciably as put-away is delayed 
whilst space is being freed.

The presence and location of roof columns. Storage equipment ●●

manufacturers will take this into account when producing plans.

The presence and location of sprinklers (ceiling or in rack). The ●●

overhead pipes and sprinklers will limit the height both within the 
warehouse and within the racking itself.

Lift height of forklift truck. Different types of forklift truck will have ●●

different lifting-height capabilities.

Pallet orientation (short facing or long facing). How a pallet is stored ●●

within the racking has its own trade-off within the warehouse. 
Storing a pallet with the long face parallel to the aisle makes it  
easier for operators to pick, not having to stretch too far across  
the pallet. However, storing the pallet with the short side parallel  
to the aisle means greater flexibility (UK and euro pallets can be 
stored in the same bay) and more pallets can be stored in a length  
of racking.

Number of pallets per beam (three pallets between the uprights 
will increase the number of pallets stored by removing a number of 
uprights). This can save up to 4 per cent of space. However, the 
maximum weight per beam needs to be adhered to.

The requirement for walkways and access points to fire exits.●●
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Type of racking, for example:●●

Double-deep racking will reduce the number of aisles   –
required.

Narrow aisle storage requires less aisle width. –
Drive-in or satellite racking doesn’t operate with aisles. –

If the operation is planning to have pick faces on the floor, ie underneath the 
reserve storage racks, we need to take into account the total number of floor 
locations that will be set aside for carton-pick locations and shelf locations. 
We also need to be aware of part-pallet receipts and part-pallet locations if 
we have to pick from height.

aisle width

A crucial aspect of warehouse layout is aisle width. This is the distance  
between adjacent racks. To ensure safety we need to calculate the distance 
between the pallets once they have been put onto the racks.

The aisle width is determined by the turning circle of the forklift truck 
and the size of pallet being carried.

Figure 9.2 & 9.3  Aisle widths (courtesy of Carson Racking 
Systems Limited)

Exceptions to this are narrow aisle and turret trucks which operate in aisles 
which are based on the width of the truck itself whilst articulated forklift 
trucks calculate aisle width based on the distance diagonally across the  
pallet, ie from one corner to another when a pallet is being rotated in the 
aisle. The safety clearance of 100 mm either side (200 mm in total) of a 
typical pallet will need to be added to ensure fast pallet put-away and  
retrieval. The second dimension is the overall width of the truck chassis 
when travelling along the stacking aisle.
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Manufacturers of forklift trucks will provide recommendations on the 
minimum aisle width.

Deciding on the optimal aisle width is a critical part of an overall storage/
materials-handling strategy. Aisle width decisions need to achieve the best 
combination of productivity, space utilization, flexibility, safety and equip-
ment costs for the specific application (Piasecki 2002).

The decision will also require the user to decide whether speed or storage 
capacity is the main driver.

The advantages and disadvantages of each type of racking system will be 
discussed in greater detail in the next chapter.

other space

The amount of space set aside for packing, value-adding services and returns 
processing will depend on the level and type of activities envisaged within 
the operation, the number of staff and the type of equipment required.

An area that is regularly neglected when calculating space requirements 
in the warehouse is the area needed to store, recharge and change batteries 
or gas canisters for forklifts, a parking area for equipment when not in use, 
the area for storing empty pallets and packaging and an area for ancillary 
equipment such as stretch wrap machines, pallet inverters, etc.

Office and restroom space will be determined by the number of employees 
required within the warehouse.

Warehouse layout examples

The warehouse layout will very much depend on the size and shape of the 
building, access to it, type of equipment utilized and the operation envisaged. 
As discussed in the section on picking, there is no ‘silver bullet’ warehouse 
layout; however, certain operations lend themselves to specific layouts. For 
example, parcel and pallet sortation centres tend to favour the through-flow 
warehouse as depicted in Figure 9.5.

The most popular warehouse layout tends to be the U-flow shape.
Figure 9.4 shows how receiving and despatch are on the same side of the 

warehouse, thus ensuring high dock utilization and facilitating cross dock-
ing. The fastest-moving items are closest to the despatch bay, thus ensuring 
minimum travel and the opportunity to combine put-away and retrieval. In 
this example reserve storage is held above the actual carton-pick locations.

The design will be heavily influenced by the type of pick operations within 
the warehouse, with separate areas set aside for unit pick and value-adding 
services. This area could, for example, be housed on a mezzanine floor above 
the receiving and despatch bays.
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Figure 9.4  U-flow warehouse (courtesy of University of 
Huddersfield)
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Figure 9.5  Through-flow warehouse (courtesy of University of  
Huddersfield)
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If the warehouse operation has a high incidence of picking and value-adding 
activities then any low height areas within the warehouses should be set 
aside for these activities or, as previously mentioned, mezzanine floors con-
structed either on one or two levels depending on the requirement and the 
height and cube available.
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Other warehouse layouts include through flow where receiving and  
despatch doors are situated on opposite sides of the building, as seen in 
Figure 9.5.

Each layout has its advantages and disadvantages. The U-flow design 
enables greater utilization of the loading bays but can result in congestion if 
both areas are busy at the same time. It also makes security easier and access 
is via one side of the warehouse only. With a through-flow warehouse there 
are no issues with congestion but travel distances are increased and having 
doors on both sides of the warehouse requires increased security and access 
either via two separate external gates or a perimeter road around the outside 
of the warehouse.

Having access on more than one side of the warehouse will also restrict 
future expansion.

The increase in multimodal use will also have an impact on future ware-
house design with access required for trainload traffic within the warehouse 
or at least under a canopy at one end of the warehouse.

finding additional space

When facing a shortage of space within the warehouse there are a number 
of options available, namely:

expanding the warehouse;●●

renting additional space;●●

creating more space within the existing premises.●●

If the company is unwilling or cannot afford to rent external space and is 
unable to expand the existing warehouse or make significant structural 
changes there are ways of increasing the number of storage locations with-
out major upheavals.

A potential solution to increasing available space within a warehouse is 
to reduce inventory levels. Unfortunately, this tends to be beyond the remit 
of the warehouse manager. However, warehouse managers can identify slow 
and non-moving stock with a view to disposing of it in agreement with the 
sales and finance departments.

Although it may sound strange to suggest looking within the existing  
facility, there are options which might have been overlooked. Some potential 
options are as follows:

Consolidation of stock. Unless stock items have best-before codes or ●●

expiry dates it is worth checking how many part pallets there are of 
certain items and spending time consolidating them. This does 
require the use of labour but the trade-off is between the freeing up 
of additional space and this cost. The alternative is renting space at  
a third-party warehouse. Some warehouse systems allow the storage 
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of different products in the same location. This will require careful 
planning and additional training.

Reducing beam heights within the warehouse to accommodate ●●

smaller, full or part pallets. How many times have you entered a 
warehouse to see half metre high pallets in 2 metre high locations, 
not including pick locations, of course? Many warehouses prefer  
to have standard-height pallet locations as it is more pleasing on  
the eye. However, the potential for optimum space utilization is lost.

As the majority of warehouses operate with adjustable pallet racking ●●

the most cost-effective method of storage is to have variable height 
locations. These will accommodate 0.5 metre, 1 metre, 1.2 metre,  
1.5 metre and 2 metre pallet heights, for example.

Moving from fixed locations to random locations. In a warehouse ●●

with fixed locations the same product is always held in the same 
location, irrespective of quantity. With fixed locations if an item is 
out of stock you cannot use that location for anything else.

If there is sufficient space in the yard a temporary storage structure ●●

may be the answer or the use of sea containers or trailers. Security 
and the potential for water damage are areas that need to be 
considered before embarking on such a solution.

summary and conclusion

An efficient warehouse layout should reduce the amount of travel and  
labour touch points. It needs to avoid bottlenecks and cross traffic where 
feasible and ensure that movements take place in a logical sequence.

The whole cube of the building should be utilized and not just the floor 
space. The introduction of mezzanine floors and carousels provides excel-
lent cube utilization where floor space is at a premium. The trade-off here is 
cubic utilization versus slower retrieval times.

There are many opportunities to release additional space within the 
warehouse – we just need to look harder and ask more questions.



“The best handling solutions involve the least handling. 
Handling adds to the cost but not to the value of  
the product. LInde MateRIaLs HandLIng

Introduction
In this chapter we examine the different types of storage systems and manual 
handling equipment used in warehousing today. Although warehouses should 
all be about throughput, the transfer of manufacturing offshore in many 
countries has necessitated an increase in storage requirements.

Forklift trucks have also been around for over 90 years and we are now 
seeing significant technological advances with laser-guided trucks, hybrid 
trucks and high-lift, very narrow aisle (VNA) trucks.

storage equipment
There are many different forms of racking systems available on the market 
today. Each one performs a different role and its use will very much depend 
on the type of operation envisaged.

In terms of storage systems we come across another warehouse trade-off. 
The trade-off here is between speed, cost and capacity.

The greater the storage an operation requires, the greater the density of 
pallet storage needed. The potential option in these circumstances includes 
the introduction of drive-in, double-deep or narrow aisle racking.

The trade-off is the fact that these systems take longer to access and  
deposit pallets and require specific handling equipment or a different type  
of racking. Wide aisle adjustable pallet racking on the other hand takes up 
more floor space but products are easier and quicker to access.

10storage and 
handling 
equipment
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There are many different types of pallet racking configurations currently 
in use today. These include the following:

wide aisle adjustable pallet racking;●●

double-deep pallet racking;●●

narrow aisle racking;●●

very narrow aisle racking, AS/RS racking;●●

dynamic or pallet-flow racking;●●

push-back racking;●●

drive-in racking;●●

drive-through racking;●●

mobile racking;●●

cantilever racking;●●

shuttle racking.●●

There is of course no right answer to the type of storage medium that should 
be used. Put five consultants in a room with stock data, ask them to come up 
with the optimum storage medium and you are likely to get six different answers.

The type of storage will depend on the configuration of the building, the 
type of MHE currently in use and the budget available.

In a 2008 UK warehousing benchmarking study by Cranfield University 
the types of pallet storage systems utilized by the respondents to the ques-
tionnaire were as shown in Figure 10.1.

Figure 10.1  Pallet storage equipment used in UK warehouses 
(Baker and Perotti 2008)
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Interestingly, the most popular forms of storage recorded for this group of 
companies surveyed are floor storage and standard wide aisle racking.

Each storage medium has its advantages and disadvantages as shown below.

storage options

Block stacking
In circumstances where the warehouse height is reasonably low, where pro-
ducts and packaging are robust and budgets are tight, this type of storage  
is the most common method of storing large quantities of single SKU pro-
ducts. The goods are packed in unit loads, and stacked on the floor to their 
maximum safe height, which is governed by the weight and stability of the 
stack. This method is also used where products do not lend themselves easily 
to palletization and pallet racking is out of the question.

Typical products stored in this way include white goods such as washing 
machines and refrigerators, kegs and barrels, cans and bottles.

Other storage media include metal stillages used for storing automotive 
parts and pallet boxes, for example. Block stacking is a cheap way to store 
robust products where there are a large number of units per SKU.

There are a number of disadvantages associated with block stacking. 
These include:

Access. Sufficient space needs to be allocated for forklift trucks to ●●

access each stack. Also, in order to access the bottom pallet you need 
to move the pallets above.

Damage. The items at the bottom can be crushed by the weight of  ●●

the items above. Care needs to be taken with the number of unit 
loads stacked on top of each other. Items such as white goods have  
a maximum number indicated on the packaging.

Stock rotation. Unless product can be accessed at both ends of the stack, ●●

items can only be despatched on a LIFO (last in, first out) basis.

Space utilization. Utilization can be very poor if stock does not move ●●

quickly through the warehouse. Picking stock from either the front 
or the rear of the stack can lead to unusable storage areas being left; 
this is sometimes known as honeycombing. Cubic utilization also 
tends to be poor when block stacking items where the clear height of 
the warehouse is significantly higher than the stack itself.

The use of pallet collars and converters can reduce the potential 
damage to underlying pallets. The wooden, plastic or steel surrounds 
take the weight of the stacked pallets as opposed to the product itself. 
Those with drop-down front gates can enable some picking activities 
to take place. There is also no requirement to stretch wrap these 
pallets.
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Figure 10.2  Example of block stacking  
(courtesy of Howard Tenens)

As can be seen from Figure 10.2, the cube of the building is not used effi-
ciently and once a stack has been picked from, you cannot put anything in 
front of that stack until all the cartons have been removed.

Racked storage
The terms adjustable pallet racking (APR) and wide aisle racking (WAR) are 
seen as interchangeable. One point to note here is that APR is also used in 
narrow aisle construction. In this section we will discuss the advantages and 
disadvantages of the types of racking used in today’s warehouses.

Wide aisle pallet racking
This racking is present in the majority of warehouses worldwide. It is  
the most versatile of any racking without the need for any specialized  
handling equipment. The beam heights can be configured to any height as 
required.

The racking can also be configured to take pallets in either long side or short 
side configuration. One point to note here is that storing UK/industrial pallets 
(1200 × 1000), short side facing the aisle, means that euro pallets (1200 × 800) 
can also be stored in the same location without the use of decking.

Every pallet is accessible at any time and the racking is easy to install and, 
if necessary, move. Access is also quick and easy compared with most other 
types of racking.
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As the description suggests, the disadvantage is in the fact that wider 
aisles are required to allow the forklift trucks sufficient turning circle. The 
use of reach trucks in this area reduces the amount of aisle width required 
compared with counter-balance trucks.

The introduction of articulated forklift trucks has further reduced the 
requirement for wide aisles.

One point to note here is whether you require the option of having two 
trucks operating in the aisle at the same time. If this is the case, aisles will 
need to be at least the width of both trucks plus clearance.

Double-deep racking
Double-deep pallet racking, as the name implies, allows pallets to be stored 
two deep. The pallets are still accessible from the same aisle. This system 
does require specialist equipment in the form of extendable forks and will 
require slightly wider aisles. Speed of access is slower.

By reducing the number of access aisles and using the space saved to  
accommodate additional racking, a double-deep configuration provides a 
highly space-efficient storage system.

Figure 10.3  Double-deep racking (courtesy of Redirack)

Narrow aisle racking
Narrow aisle racking, as the name implies, utilizes APR and provides stor-
age for a greater concentration of pallets by reducing the aisle width to circa 
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1.6 metres. This type of racking configuration requires the use of narrow 
aisle or turret trucks to deposit and access pallets. These trucks are not  
required to turn in the aisles as their forks extend from the side. They are 
able to access pallets from both sides of the aisle.

The trucks are manoeuvred within the aisles via wire-guided systems or 
guide rails. Narrow aisle racking requires a very flat floor, especially if  
we are looking at heights in excess of 10 metres. During construction, com-
panies will use lasers to ensure the flatness of the floor.

The use of guide rails prevents the use of powered pallet trucks in this 
area to pick up and deposit pallets in the pick face as they are unable to  
access the pallets.

Narrowing the aisles too much restricts the speeds at which a forklift can 
travel between picking locations.

The use of articulated trucks in narrower aisle racking means that similar 
aisle widths can be achieved but without the need for wire-guided systems 
or guide rails and a perfectly flat floor.

Figure 10.4  Narrow aisle racking  
(courtesy of Constructor Group)



storage and Handling equipment 169

Drive-in/drive-through racking
Drive-in racking provides a safe and efficient equivalent to block stacking for 
loads that are too fragile or unstable to be stacked on top of each other. In place 
of the longitudinal beams which usually support the pallet and load on con-
ventional racking, each upright of drive-through racking has an L-shaped rail 
for the pallets to rest on, between which there is enough space for a forklift 
truck to drive into the racking. The rails are carried on brackets that slot into 
the uprights. The pallets have to be stronger than for normal racking because 
they have to support the weight of the load across the gap between the rails.

With drive-in racking there is no requirement for aisles, therefore floor 
space is fully utilized. Cubic space utilization will depend on the lifting 
height capability of the forklift truck.

Drive-in racking does not allow for first in, first out (FIFO); however, 
drive-through racking does enable you to extract pallets from the other end 
of the racking. This does reduce the amount of storage space available, how-
ever, and also adds to the honeycomb effect as discussed previously.

Drive-in/drive-through racking is a high-density storage medium suitable 
for large quantities of single SKUs.

Figure 10.5  Drive-in racking (courtesy of Howard Tenens)

Its disadvantages are the increased potential for damage, not only to the pro-
duct but also to the racking, and the low speed of put-away and retrieval.

This type of storage relies on full-pallet picks in the main as there is no 
scope for carton picking from the ground-floor locations.
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Pallet flow/live storage
Pallet-flow racking is driven by gravity. It is perfect for fast-moving product 
with FIFO stock rotation. Pallets are loaded at the upper end of sloping 
lanes, and move down by gravity, using heavy-duty skate wheels, when a 
pallet is removed from the pick face. One block of roller conveyor racking 
requires only two aisles: a loading face and a picking face, which means fast 
cycle times and high occupancy rates within your warehouse. Warehouse 
floor space utilization can be further maximized with fewer aisles by storing 
pallets back to back. Disadvantages are the potential reduction in cubic 
utilization and the fact that different products will require a different angle 
of incline based on the weight of the pallet.

Figure  10.6  Pallet-flow racking (courtesy of Constructor Group)

Push-back racking
Push-back systems work by placing pallet loads on a series of nesting carts 
fed forward by gravity on rigid structural steel rails. As a pallet is loaded from 
the front, it pushes the pallet behind it back one position. When unloading, 
the front pallet is removed and the rear pallets automatically come forward 
to the front picking position. This allows for easily accessible LIFO inven-
tory management.

Operators can store product from two to five pallets deep, with front-only 
loading from a single aisle. Push back offers more versatile storage than drive-
 in rack because each lane flows independently and vertical storage operates 
separately from the lanes below. Multiple pick facings for a variety of SKUs 
can be stored and retrieved without disturbing other product above or below 
in a single-lane or double-lane format (Unarcomaterialhandling.com).
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Figure 10.7  Push-back racking (courtesty of Redirack)

Mobile racking
Where floor space is very expensive, a warehouse can be made very compact 
if the units of racking are movable by being mounted on rollers. Only enough 

Figure 10.8  Mobile racking (courtesy of Constructor Group)
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space for one access aisle is then required, as the operator can ‘move’ the 
aisle merely by moving the units (by power, by hand wheel or by pushing) to 
create a way through to a particular bay. But here, of course, floor space is 
being saved at the expense of a slowing down in the load-retrieving operation.

Satellite or shuttle racking
A recent entrant into the pallet storage market is satellite racking. A satellite 
system is similar to drive-in racking. However, it is operated by placing  
shuttles at the front of the racking, utilizing counter-balance, reach or  
narrow aisle trucks, depending on the height of the racking. The shuttles are 
controlled remotely via a radio frequency (RF) battery-operated control  
system and special channel rails. There are no aisles and therefore the cube 
of the warehouse is well utilized, with the use of very long lanes. The storage 
system can store pallets within a system that can operate to lengths of  
40 metres.

The racking features guide/support rails which run the depth of the rack 
structure on which an automated shuttle travels. Pallets are loaded onto a 
shuttle at the front of the lane, which transports the pallet down to the other 
end. The built-in sensors on the shuttle detect the position of previous pallets 
and place the new load at a predetermined distance, before returning to the 
start face. The shuttle is easily moved between lanes by the forklift truck. 
Multiple shuttles can be controlled by one forklift truck.

Unlike drive-in racking, there is no necessity for the truck to enter the 
racking and therefore the potential for damage is minimized and the truck 
can carry on with other duties while the shuttle places the pallet in the correct 
location.

The system operates in first in, last out mode, allowing racking to be set 
up against a wall of a warehouse, thereby gaining space. It can also operate 
with FIFO, using a system that offers separate entrances and exits. This 
method allows for the loading to be done from one side with a forklift truck 
and the unloading on the opposite side with another. The system automates 
the placement of pallets in the storage lane, reducing loading and unloading 
cycle times.

Each level of racking is assigned to a specific product, unlike drive-in 
racking where every level has to contain the same product code.

Satellite racking can also utilize the space above the loading bays. As can 
be seen in Figure 10.9, the pallets are stored on a LIFO basis in this instance. 
This area can be used for marshalling loads prior to despatch.

This racking can also provide picking areas as they do not require a fork-
lift truck to enter the area.

Examples of shuttle racking and satellite racking are shown in Figures 
10.9 and 10.10.
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Figure 10.9 Shuttle racking above despatch bays (courtesy of Toyota)

Figure 10.10  Example of satellite racking (courtesy of Toyota)

very high bay warehouses

These consist essentially of massive blocks of racking, built as an integral 
structure to a high degree of precision, and often acting as a support for the 



Warehouse Management174

building’s roofing and wall cladding. Warehouse heights can range from 23 
metres up to 60 metres. Mast cranes built into the racking structure operate 
in aisles little wider than the unit load handled, under computer control, 
with the unit loads moving automatically into or out of the racking.

The costs are high, but so are space utilization and operating efficiency, 
and there is little doubt that more will be built to handle and provide quick 
access to goods where the range of products is wide and stock turnover is high.

Table 10.1 details each type of storage medium and compares it with its 
rivals, based on a number of parameters.

Figure 10.11 shows the number of euro pallets that can be stored in 
ground-floor locations within a given space in a warehouse based on the 
type of racking utilized.

Figure 10.11  Warehouse capacity graph: euro pallets  
(courtesy of Constructor Group)
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table 10.1  Warehouse storage performance index

Performance of  
racking system

APR Double deep Narrow aisle Drive-in/ 
drive-through

Live storage Push back Mobile Satellite

Use of floor space 50% 70% 60% 80% 80% 70% 80% 85%

Use of height 70% 70% 80% 70% 70% 70% 70% 80%

Speed of access  
and throughput

80% 60% 70% 50% 80% 70% 60% 70%

Access to  
individual pallets

100% 50% 100% 40% 40% 60% 90% 60%

Occupancy rates 90% 70% 90% 60% 80% 80% 90% 80%

Stock rotation 70% 50% 90% 60% 100% 60% 60% 90%

Ease of 
management  
and control

60% 60% 60% 60% 80% 60% 60% 60%

Specialist handling  
equipment required*

No Yes Yes No but  
restricted

No Possibly No Yes

Ease of relocation 100% 100% 100% 70% 70% 80% 80% 100%

System adjustability 100% 100% 80% 100% 40% 100% 100% 70%

* It is possible to utilize specialized equipment for other types of racking within a standard environment.
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Figure 10.12 shows the number of UK pallets that can be stored in ground-
floor locations within a given space in a warehouse based on the type of 
racking utilized.

Figure 10.12  Warehouse capacity graph: UK pallets  
(courtesy of Constructor Group)
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Table 10.2 compares the cost of different types of racking as at July 2010. 
We have not used actual prices as these fluctuate with the cost of steel. In 
this table we have used an index where the base cost is a standard wide aisle 
location for a euro pallet. In this example push-back racking is over seven 
times more expensive to supply and install than standard wide aisle racking.
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table 10.2  Rack cost comparison

Racking system UK pallet  
1200 × 1000 mm

Euro pallet  
1200 × 800 mm

Wide aisle pallet racking 130 100

Narrow aisle pallet racking* 130 105

Push-back racking (five deep) 790 755

Drive-in racking 300–445 N/A

Satellite racking** 265 250

Mobile pallet racking 680 670

Pallet live storage 1,580 1515

* excludes bottom beam or guidance rails
** excludes trolley
UK pallets are assumed to be 1,600 mm high × 1,000 kg
Euro pallets are assumed to be 1,600 mm high × 666 kg
Both charts and table courtesy of Constructor Group

The decision tree in Figure 10.13 enables you to decide on particular types 
of storage systems based on the volume of the stock, sales velocity and  
required access.

other storage media

Cantilever racking
Cantilever racking is an ideal solution for long or heavy items such as pipe 
storage, timber, carpet or furniture storage.

Mezzanine floors/raised storage areas

Where a warehouse has sufficient height it can be very cost effective to con-
struct a mezzanine floor. Typical areas include above the inbound and out-
bound loading bays. This space can be used to construct shelving for storage 
and can also be used to undertake value-adding services or can be used for 
long-term storage.



Figure 10.13  Two-dimensional decision tree (courtesy of Insight Holdings)
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Figure 10.14  Cantilever racking (courtesy of 512 Sheffield)

Summary
The choice of storage medium very much depends on the type of operation 
envisaged and whether storage or throughput is the driving factor.

The decision as to which storage medium to choose also has to take into 
account the type of MHE required to access the racking. The different types 
of equipment will be discussed in the next section.

Warehouse handling equipment
The challenges of a 24/7 operations culture, together with an ageing work-
force, demands for improved accuracy, shorter lead times and a reduction in 
cost, have galvanized manufacturers into producing handling systems that 
require minimal manual input and provide increased throughput levels.

This section reviews systems currently in use from the humble pallet jack 
through to robotic systems. It examines some of the enhancements that have 
taken place recently and provides comparisons between different types of 
handling equipment within the warehouse.
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The key principles of materials handling are as follows:

Continuous movement is most economic.●●

Economy is directly proportional to size of load.●●

Standardization reduces costs.●●

Mechanization improves efficiency.●●

Gravity is cheap.●●

Simplicity is the goal.●●

In choosing the correct equipment we are looking to:

lower unit materials handling costs;●●

reduce handling time;●●

conserve floor space;●●

prevent injuries to staff;●●

reduce energy consumption.●●

It is essential to consider all aspects of an operation in order to ensure that 
the most suitable equipment is specified and the best handling solution  
selected.

Important factors include:

the load and the means of transfer, eg type of pallet;●●

type of storage;●●

type of operation;●●

warehouse dimensions (height and travel distances);●●

overhead obstructions;●●

surfaces and gradients;●●

working area;●●

environment.●●

To be able to decide on how to equip our warehouses with the most efficient 
mechanical handling equipment we need to undertake the following:

Define the functions to be performed.●●

Understand the travel distance and speed relationship.●●

Understand the limits of the building and the structures within it.●●

Evaluate vendors, equipment alternatives and relative costs.●●

Horizontal movement
Examples of horizontal movement equipment include the following:

hand pallet trucks (HPTs), pallet jacks;●●

powered pallet trucks (PPTs);●●
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tractors/tugs;●●

automated guided vehicles (AGVs);●●

conveyors.●●

Hand pallet trucks
An HPT has a hydraulic pump to enable the operator to lift a pallet suffi-
ciently to be able to move it across the warehouse floor. It is a cost-effective 
piece of equipment to move pallets across short distances. It can also be used 
to manoeuvre pallets within the racking or on the back of a trailer.

Powered pallet trucks
These are battery operated and are used for loading, unloading, picking and 
pallet-transfer duties to and from the receiving and despatch areas. They can 
be supplied as pedestrian, stand-on or seated versions.

The choice of truck will depend on pallet throughput per hour and dis-
tances travelled within the warehouse.

Tow tractors/tugs
These are utilized where distances between points within the warehouse are 
long and there is a requirement to move a number of pallets at the same 
time. Pallets can be loaded onto trailers coupled to each other and towed to 
the required location.

Automated guided vehicles
The use of automated guided vehicles is growing in popularity as companies 
struggle with a shortage of skilled labour, high labour costs and 24/7 opera-
tional requirements. Couple this with a reduction in cost and AGVs become 
a feasible alternative to man and machine for moving pallets horizontally 
throughout the warehouse and for loading and unloading palletized vehicles.

These AGVs can be wire guided, magnetic or gyroscopic.
A recent innovation has been the laser-guided truck. Using special reflec-

tive surfaces placed throughout the facility, the automated laser-guided vehicle 
continuously checks its position and path as it is controlled by the WMS.

By combining voice picking with laser-guided trucks, productivity increases 
can be up to 80 per cent, with a typical ROI of two years.

There is no requirement for the picker to collect pallets or take completed 
picks to the despatch area. Once a pallet is full, it automatically travels to 
the transfer point at the end of the aisle. While this is happening, another 
AGV is already bringing a new, empty pallet from the store, so that the 
picker’s actual job – picking – is not interrupted. Automatic guided vehicles 
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carry the full pallets to a stretch wrapper, where it is wrapped in foil, ready 
for despatch. The system sends all the essential despatch information to an 
integrated printer, which then prints this data onto a label attached to the 
finished pallet.

Customers using this system are reporting not only a doubling of the pick 
rate to some 400 packages per hour, but also a 60 per cent lower error rate. 
Another of this solution’s advantages is that the picking pallet can always be 
adjusted to the ergonomically optimum loading height for the picker.

Additional advantages include ergonomic handling and the automated 
transport of picked pallets on to despatch. Each of these factors contributes 
to a quick return on investment.

The advantages of automated vehicles are as follows:

computer or hand controlled;●●

more durable than people;●●

long-distance and/or high-density traffic;●●

fitted with security sensors and guards;●●

limited potential for damage;●●

reliable;●●

travel via induction wire, infra red or ultrasonic;●●

do not cause bottlenecks.●●

The disadvantages are that they are initially expensive, fully reliant on the RF 
system within the warehouse and require a specially designed and obstruction-
free floor area.

Figure 10.15  Automated guided vehicle (courtesy of Dematic)
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Vertical and horizontal movement

In order to take advantage of the cubic capacity of a building, pallets or unit 
loads need to be lifted into position. Forklift trucks are differentiated by 
their lift-height capability, weight capacity and turning circle.

Pallet stacker
These trucks are used for moving pallets around the warehouse and when 
required can lift pallets up to 5 metres. They can be pedestrian, ride-on, 
stand-in or seated. There are, however, issues with picking up standard UK 
pallets because of the perimeter base of these pallets.

Figure 10.16  Pallet stacker (courtesy of Toyota)

Counter-balance forklift trucks (CBT)
CBTs are the most common trucks to be found in a warehouse. They are fast, 
flexible and versatile, but the major disadvantage is that in order to stack or 
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retrieve a pallet they must approach the face of the pallet at 90° square. 
Thus the turning circle of the truck determines the minimum aisle width.

They are powered by diesel, battery, LPG or CNG. They can operate inside 
and outside the warehouse.

CBTs can carry palletized goods to and from racks up to 7 metres high 
and require aisles of 3 metres or more in width. They have been the work-
horse of the warehouse for over 60 years because of their flexibility in being 
able to work both inside and outside the warehouse.

To increase storage capacity by making better use of the floor space avail-
able it is possible to reduce aisle widths by utilizing different types of trucks.

Reach trucks
These trucks are ideal for working within narrower aisles. Unlike the CBT 
they carry the load within the wheelbase. They are able to work in aisles of 
around 2.7 metres. They have a maximum lift height of up to 12 metres. 
They can operate in single and double-deep racking environments.

Man-up order pickers
These trucks are utilized where there are large numbers of product lines 
which cannot be accommodated solely in ground-floor locations. This  
requires picking from height. Operators are equipped with a harness and 
pick cartons from pallets or shelving within the racking. This can be a very 
slow process but unavoidable if there are thousands of SKUs and automa-
tion is not an option.

Narrow aisle or turret trucks
These trucks are designed to operate with little more aisle space than their 
own width. The normal width of a narrow aisle truck is approximately 1.6 
metres. Operating this type of truck can add approximately 33 per cent to 
storage capacity through the adoption of narrower aisles.

There are disadvantages, however:

The use of man-up VNA trucks requires large transfer gangways at ●●

both ends of each aisle to allow these trucks to switch aisles – unless, 
of course, you have the luxury of operating one truck per aisle.

Furthermore, there are safety issues associated with picking because ●●

reaching out from a fixed cab to pick a carton and place it on a pallet 
some distance away is not ergonomic or efficient.

A man-up VNA truck operator who is working 10 metres in the air ●●

will often struggle to notice another order picker working at ground 
level in the same aisle, thereby compromising order-picking efficiency 
and health and safety within sites where there is a high degree of 
low-level order picking. This can be overcome by insisting that no 
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truck is allowed in the aisle when picking is taking place, although 
this isn’t the most efficient use of resources.

 ● Man-down trucks can, to a degree, overcome the safety problem; 
however, these aren’t as efficient with no capability of picking  
cartons from height and retrieval, and put-away can take longer.

Articulated forklift trucks (Flexi, Bendi, Aisle Master)
The introduction of articulated trucks has overcome a number of issues, 
including the flexibility of being able to operate the same forklift truck inside 
and outside the warehouse. However, these trucks are akin to a well-known 
yeast extract product – you either love them or you hate them; there doesn’t 
appear to be any centre ground. Training can take longer than for an equiva-
lent truck and put-away and retrieval times will vary depending on the  
ability of the driver. In order to ensure productivity improvements, Narrow 
Aisle Flexi Limited suggest that aisle widths should be no less than two  
metres.

Figure 10.17  Articulated forklift truck (courtesy of Flexi)
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Until the articulated truck was introduced, companies had little alternative 
but to operate a two-truck system with a counter-balanced truck working 
outside and feeding a reach truck inside the warehouse. With the arrival of 
articulated trucks, users can eliminate this often costly and generally ineffi-
cient arrangement. Articulated trucks load and unload vehicles and deliver 
pallets directly to the racking in a single operation. By doing so, they in-
crease efficiency and productivity while abolishing double handling and the 
costs associated with running a larger truck fleet than is necessary.

The truck manufacturers argue that during a typical work cycle over a 
one-hour period a reach truck will move 25 pallets; over the same time and 
doing the same job, an articulated forklift can potentially move up to 35 
pallets, according to John Maguire of Narrow Aisle Flexi Limited.

CaSe Study  Narrow Aisle Flexi

The international automotive supplier Brose has been using Flexi Euro articulated trucks in 
their JIS factory supplying Mercedes in Sindelfingen since August 2008. These trucks are 
suitable for very narrow aisles and have created more space in their existing line side 
warehouse.

The products produced at the Brose factory are door systems for the Mercedes S, C and 
E ranges.

A further order for a new Mercedes range as well as the increasing production depth 
urged manager Jan Francke, who is responsible for the two Brose factories in Sindelfingen 
and Rastatt, to react early enough. An external canopy for the factory in Sindelfingen for 
storing empties had already been planned when head of logistics at the Sindelfingen 
factory, Dana Mühlenhof, came across the concept of the Flexi articulated forklift trucks.

Narrow Aisle Flexi had recently adapted its truck for the market in Germany. The main 
advantages of the British-designed Flexi Euro forklift trucks are that they can work in an 
aisle width of only two metres at a capacity of up to two tonnes. 

With two Flexis, Brose has replaced two standard forklifts whilst their tests showed 
they would have required at least three reach-type trucks due to the slow mast 
movements.

The reach truck had been dismissed because of its width and low productivity. ‘If we 
used conventional reach trucks we would have had to increase the distance between the 
pallets and consequently would have lost too much space,’ explains Dana Mühlenhof.

Since August 2008 Brose has been using two Flexi Euro trucks. In fact, the only 
disadvantage of these Flexi trucks is their comparatively lower speed compared with 
counter-balance forklifts. ‘Due to this we have calculated additional time of 5 per cent, 
which is in fact much better than the reach truck tested,’ says Jan Francke. This 5 per cent, 
however, has to be seen in relation to the longer distances which would have needed to be 
travelled, resulting from an expansion of the warehouse. ‘By using Flexi we could keep our 
optimized material flow in the factory,’ emphasized Mühlenhof.
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The Flexi Euro is unique in that it was developed especially for customers in Germany 
who need to handle the Euro Alliance pallet in a 2-metre aisle without the extra cost of 
guidance systems or special floors and conform to the aisle security standards DIN15185 
Part 2 required in Germany.

Thanks to the efficiency of the new Flexi Euro trucks, Brose could create a very compact 
storage layout at the factory in Sindelfingen. The remodelling of the storage racks was 
done simultaneously with the introduction of the new trucks. ‘Instead of an aisle width of  
4 metres we are now mainly working with a distance of only 2 metres,’ says Francke.

automated storage and retrieval systems 
(as/Rs)

This system utilizes fixed path cranes to collect pallets at the front of the 
racking system and transport them to empty locations within the racking. In 
order to improve productivity, the system collects a full pallet from the rack-
ing and deposits it at the front of the aisle prior to collecting another pallet. 
This dual-command system or task interleaving is very efficient. The crane 
can travel horizontally and vertically simultaneously, thus reducing travel 
time between pick up and put down.

The cranes will normally remain in one aisle. However, where storage 
requirements are relatively high and throughput relatively low, the cranes 
can be transferred from one aisle to another using transfer cars.

The racking can be one deep or potentially two deep, necessitating retract-
able forks. To fully automate the process, pallets are collected by AGVs and 
taken to the despatch area.

specialized equipment

Not all unit loads can be moved or picked up by standard pallet forks. There 
are a number of operations and products stored within a warehouse which 
require specialized handling equipment.

Examples of additional equipment are as follows:

extended forks: used for retrieval from double-deep racking;●●

crane attachment: used for picking up heavy bags, etc;●●

boom attachment: used for picking up loads with a central coil,  ●●

eg tyres, carpets;

drum grip and clamps: used for moving drums and barrels;●●

load clamps: used for moving or tilting items;●●



Warehouse Management188

table 10.3  Comparison chart for MHE (courtesy of Toyota)

Product type Lift height Aisle 
width  
(mm)

Lift  
capacity in  

kg from

To Cost  
from (£)

To (£)

Hand pallet,  
truck,  
pallet jack

N/A 1,800 2,300 3,000 300 1,000

Powered  
pallet truck

N/A 2,800 1,200 3,000 2,800 16,000

Powered  
pallet stacker

1,350– 
6,300 mm

2,200–
3,000

1,000 1,600 5,000 18,000

Reach truck 4,500– 
12,500 mm

2,650–
3,150

1,400 2,500 15,000 30,000

Counter-
balance truck

3,000– 
6,500 mm

3,000–
7,000

1,300 5,000 12,000 70,000

Low-level 
order picker

N/A 1,636 1,800 2,500 7,000 12,000

Medium-level  
order picker

2,000– 
4,700 mm

1,590 1,000 1,200 10,000 18,000

High-level 
order picker

4,700– 
9,500 mm

1,664 1,000 1,200 19,000 32,000

Combination  
truck

14,800 mm 1,600–
2,300

1,000 1,500 40,000 80,000

Articulated  
forklift truck

Up to  
12 m

1,600–
2,100

1,000 2,000 29,000 40,000

Prices at July 2010

carton clamps: used for lifting or moving large boxes or white goods;●●

rotating paper roll clamps: used for moving and lifting paper reels;●●

double pallet handlers: ability to move two pallets at the same time;●●

slip sheet attachments: load push/pull mechanism for moving product ●●

from a slip sheet onto a pallet.

Table 10.3 provides data to enable the reader to compare the different 
pallet movement trucks.

The aisle width quoted is the minimum requirement. Any operation 
which has more than one truck operating in an aisle at the same time will 
require wider access.
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Recent technical advances

Forklift truck manufacturers are continually looking to introduce new tech-
nology to enhance the capabilities of their forklift trucks.

Jungheinrich recently introduced a new automated pallet scanning and 
identification solution that is an integral part of the forklift truck and brings 
considerable time and efficiency advantages to the supply chain.

The new fork-based scanning process not only results in significant time 
savings compared with manual scanning, but reduces the forklift driver’s 
workload and ensures low picking error rates.

In 2010 Jungheinrich launched two new order pickers that are equipped 
with state-of-the-art RFID technology that enables a WMS to automatically 
guide the forklift to the right location in the right aisle at all times. Tests 
have shown that this feature can potentially boost productivity within the 
warehouse by some 25 per cent.

The trucks are also able to recognize any errors during the pick, either in 
terms of product or quantity.

With pressure from the environmental sector and a need to reduce energy 
consumption within the warehouse, manufacturers are also looking to alter-
native energy sources. These include the introduction of hybrid vehicles  
and fuel cells which are used to power lift trucks in high-throughput ware-
house applications. Hydrogen fuel cells can offer higher productivity in electric 
lift trucks because they can be rapidly refuelled by operators, eliminating  
the need to change, store and maintain batteries. Plus, fuel cells produce 
constant voltage, which means there is no battery drop toward the end  
of a shift.

Figure 10.18  Toyota hybrid truck (courtesy of Toyota)

A number of trucks are also able to return charge to their batteries through 
regenerative lifting and braking.



Warehouse Management190

CaSe Study  Maspex Wadowice, Poland

Maspex Wadowice Group is amongst the leading Polish companies in the food industry, 
being the market leader in the production of juices, nectars and soft drinks in Poland, Czech 
Republic and Slovakia, and a main player in Hungary, Bulgaria and Romania.

Their challenge was to amalgamate operations from different regions in Poland, 
requiring a warehouse with large storage and handling capabilities, mixed pallet picking 
and assembly, full traceability and error-free inventory and deliveries.

Amongst many options evaluated, a highly automated solution proposed by System 
Logistics was selected, as it fulfilled all the requirements and achieves a reasonable 
payback of the investment.

A storage capacity of 54,000 pallets has been obtained within an area of nearly 9,000 
square metres, installing a self-cladding rack, 35 metres high, within which operate 15 
stacker cranes, each one of them able to handle two pallets at a time. In front of the rack is 
a four-floor building. The shipment area is on the ground floor, adjacent to the receiving 
area, and is designed to load over 10 trailers every single hour.

The first floor is connected by a pallet conveyor to the factory located on the other side 
of a public road. Situated on both the first and second floors are the case-picking activities, 
based on the goods-to-man principle, producing double the productivity of staff through the 
use of ergonomically designed workstations.

Layer-picking activity is carried out on the third floor, by means of two automated robots 
which are able to fulfil more than 60 per cent of the total picking volume. To cope with the 
high flow of pallets required, the handling system on each floor uses the system vehicle 
loop (SVL) monorail steering shuttle technology. The result is therefore a particularly 
compact installation.

Data

warehouse dimensions: 140 metres × 66 metres × 35 metres;

54,000 pallet capacity;

15 stacker cranes with telescopic forks;

4 SVL loops;

41 SVL shuttles;

2 layer pickers.

Productivity

125,000 cases per day;

340 pallets shipped per hour.
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Figure 10.19  Highly automated solutions  
(courtesy of System Logistics)

summary and conclusion

The choice of equipment very much depends on the product characteristics, 
the warehouse dimensions and environment, the required velocity of the 
product through the warehouse and the available budget.

Technology within MHE is fast moving and although the counter-balance 
truck remains popular even after all these years it is also being adapted to 
keep up with these advances.

The majority of mechanical handling and storage equipment manufac-
turers have sophisticated systems which are able to assist companies with 
their decision as to what type of racking and MHE will efficiently suit their 
operation. This service is normally free and although a potential sale is the 
goal, so is a satisfied customer.
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“
david CairnS and gwynne riChardS

The devil is in the detail. anonyMous

Introduction

Having examined both people and equipment within the warehouse, we 
now turn our attention to how much of these resources we require to operate 
efficiently.

There are two categories of resources:

resources that are driven by processing activities;●●

resources whose levels are determined by other factors.●●

Processing activities

Processing activities will generally involve handling product and will gener-
ate ‘multiples’ of resource, for example receiving product into a warehouse. 
By contrast, a good example of a resource whose level is determined by 
other factors is site security, where manning is likely to be determined by 
warehouse operating hours.

There is no absolute definition as to how to categorize resources, but a 
good guideline for processing resources is one where a small change in activity 
level will change the level of resources employed.

For example, the activity of put-away (of pallets to racked storage) illus-
trates a processing activity: the units measured are pallets over a set time 
period, the work rate (productivity) is the time taken to identify and collect 
a pallet, transport it and lift it into its storage slot, confirm the put-away (in 
this case a barcode scan is assumed) and return to the start location for the 
next put-away. See Figure 11.1.

11Resourcing a 
warehouse
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Figure 11.1  Put-away time illustration
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The time for this single put-away cycle can be expressed as pallets per hour 
or as minutes per pallet and the division of the productivity rate into the 
activity level generates a number of hours for the task in the given time  
period. See Table 11.1.

table 11.1  Task breakdown

Activity  
description:  
put-away

Daily volume  
(average)

Productivity  
standard  
(units  
per hour)

Hours  
required

MHE  
type

Other  
equipment

Activity  
(units)

Unit of  
measure

Collect pallets,  
put away in  
wide aisle  
racking 

198 Pallets 24 8.25 Reach  
truck

Collect pallets,  
put away in  
drive-in  
racking

300 Pallets 16 18.75 Reach  
truck

Collect pallets,  
put away  
in pick  
locations

2 Pallets 5 0.4 Reach  
truck

In the example in Table 11.1 there are three potential types of put-away in 
this warehouse:

into high-density storage (in this example drive-in racking);●●

into standard wide aisle reserve slots;●●

into pick slots (ground-level wide aisle racking).●●
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Each has a different productivity standard to reflect the different nature of 
the task. To calculate the time for put-away into drive-in racking slots, the 
calculation of the workload for the day is:

300 pallets ÷ 16 pallets per hour = 18.75 hours

This activity utilizes an operative and a reach truck and therefore generates:

18.75 worked operative hours;

18.75 used reach truck hours.

For this example it is assumed that reach trucks have a truck-mounted  
terminal and barcode scanner. If the operative uses voice technology, 18.75 
hours of voice terminal use will also be generated.

When constructing a resource model there needs to be a balance between 
creating task lines for every element of work and recognizing where elements 
are interdependent and should be considered collectively. This process is  
different from work study as it is driven by different considerations. For 
example, in the illustration above there is an element of direct put-away to 
pick face. This is intended for product which, when received, goes direct to 
the pick face for replenishment.

In this process it is assumed that the reach truck driver will include this 
process element in his daily work. Alternatively the driver could deliver the 
pallet to the front of the aisle and a second operative could be employed to 
replenish the pick face. This is illustrated in Table 11.2.

table 11.2  Task breakdown, version 2

Activity  

description:  

put-away

Daily volume  

(average)

Productivity  

standard  

(units  

per hour)

Hours  

required

MHE  

type

Other  

equipment

Activity  
(units)

Unit of  
measure

Collect pallets,  
put away in  
wide aisle  
racking 

198 Pallets 24 8.25 Reach  
truck

Collect pallets,  
put away in  
drive-in racking

300 Pallets 16 18.75 Reach  
truck

Collect pallets,  
deliver to aisle

2 Pallets 30 0.07 Reach  
truck

Replenish  
pick face

80 Cartons 240 0.33 Powered  
pallet  
truck

Hand-held  
barcode  
scanner
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Note that in this example a second unit of measure has been added and  
we have included two other pieces of equipment (powered pallet truck and 
hand-held barcode scanner).

A key element in the resource budget is the productivity rate. There are 
many ways to set productivity rates. Quantitative benchmarks can provide 
useful comparisons; however, no two warehouses are identical.

Productivity rates are driven by multiple factors and where significant 
change or a new warehouse is being considered it may be difficult to estab-
lish productivity rates accurately. The following three options are regularly 
employed to establish budget productivity rates:

synthesis: composite construction of productivity rates for an activity ●●

from components of each work element;

work study: preferably using an approved work study engineer and ●●

work measurement techniques;

historical comparison: identification of productivity levels in existing ●●

operations and factoring in change elements.

The last option is probably the most accessible. It relates to an existing work 
profile and has a number of the inherent characteristics that drive productivity 
(hit rates, order composition, etc). If a key driver for a new warehouse is 
productivity improvement, then understanding and building from the exist-
ing process can help identify improvements.

Points to bear in mind are the size of the new warehouse and the likely 
increase in travel time. If the new warehouse is significantly larger, perform-
ances may reduce as a result of longer travel distances within the warehouse. 
A change of equipment will also have an effect on productivities.

Comparison with available productivity benchmarks are useful, as is  
supplier data for envisaged equipment. When options have been reduced to 
a shortlist it is appropriate to invest time and cost by reviewing, in detail, 
these productivity rates to confirm assumptions and further refine and sub-
sequently build confidence in the rates.

Techniques such as simulation may also be appropriate at this stage, and 
may be particularly relevant where congestion is a factor in driving change.

When constructing a resource budget the primary aim is to produce out-
put that can be used to set resource levels and feed into the financial budget 
to forecast costs. However, it is also important to consider other applica-
tions for the budget, which include providing a basis for managing the  
ongoing operation and to assist in activity costing, or in the case of some 
operations, constructing charging mechanisms.

There is a stage at which the effort needed to develop and interpret  
detailed budget information does not justify the end result; for basic ware-
housing operations a rule of thumb would be that when more than 80 per 
cent of total time can be calculated by quantifiable activities then the effort 
required to further develop the model is unlikely to be justifiable.
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Where the budget generates data for costing or charging purposes a 
higher percentage may be required.

In basic warehouse operations there are a number of core processes:  
receiving, put-away, retrieval, picking, replenishment and despatch. In most 
warehouses these will account for over 80 per cent of the handling (touch 
points), and most use of mechanical handling equipment.

In a standard manual warehouse where the majority of goods are picked 
as cases, the largest component in the resource budget is likely to be case pick-
ing, which will often account for more than 50 per cent of direct man hours.

A fundamental characteristic of most businesses is that demand varies  
at different times. There is a need to model such variations in demand to 
understand how the resource requirements will change.

The process begins with producing either an averaged figure (say average 
day/week) or a typical day/week of activity – the difference being that a 
typical day may be representative of what happens on most days of the year, 
but may not be the average; this is appropriate where there is a prolonged 
or pronounced peak as found with seasonal products.

Profiles generated during previous data gathering or from existing trading 
patterns should provide a good indication. In many operations there are pre-
dictable changes in operating profiles at peak periods – there may be larger 
order sizes and a tradition of a longer working day/week; in these circum-
stances it may be appropriate to model ‘peak’ activity alongside ‘average’.

The example below is based on using two profiles – one for average and 
one for peak. For illustration purposes the example represents a warehouse 
receiving palletized product on side-loaded vehicles and loose-loaded pro-
duct in containers.

Despatches are palletized on tailgate-loaded vehicles and in addition to core 
receiving, storage, order picking and despatch activities, the warehouse has 
two additional sub-operations – a value-add zone for additional activities 
such as promotional packing, relabelling for export markets, etc, and a unit 
pick-and-pack operation for internet shopping orders (despatched through 
carrier networks).

In the model these are referred to as Value Add 1 and Value Add 2, with 
some essential differences in both modelling and function. Value Add 1  
essentially takes from stock, converts product and returns it to stock for 
subsequent distribution. Value Add 2 represents a stand-alone business  
segment where product is effectively handed over to this new operation as a 
specific pick.

Table 11.3 details all the main activities within the warehouse, produc-
tivities and volumes for an average and a peak period.

There is an important need to establish the relationship between the data 
used in modelling and the total volume (measure of activity) that the budget 
covers. The usual period for a budget is one year, and a simple average day 
– in which the volume attributed to the day multiplied by the number of 
working days equals the annual total – can provide a starting point.
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table 11.3  Example of resource model

Activity
(Units)

unit of
measure

Activity
(Units)

unit of
measure

Goods Receiving
Prep (Veh ID,etc)/Process Documentation-Trailers
Open Vehicle (Trailer-tailgate offload only)
Offload Pallets (side offload, place in receipt bay)
Inspect Pallets (inc Count, Label scan)
Remedial work – repalletization (replace pallet)
Remedial work – repalletization (stack cases)
Prep (Veh ID,etc)/Process Documentation-Containers
Open Vehicle (Container)
Provide pallets for palletization of cases
Offload Cases (from container) & palletize
Label & Inspect Pallets (inc Count, Label scan)
Receive Goods at external storage location

16

400.0
400.0
3.0

240.0
4.0
4.0

100.0
8,000.0
100.0

vehicles
vehicles
pallets
pallets
pallets
cases

vehicles
vehicles
pallets
cases
pallets

12.0
40
24
60
60
240
10.0
30
160
275
48

1.3
0.0
16.7
6.7
0.1
1.0
0.4
0.1
0.6
29.1
2.1

–
–
B
–
C
–
–
–
E
A
–

B2

–
–
–
H
–
–
–
–
–
–
H

–
–
B
–
C
–
–
–
E
A
–

B2

–
–
–
H
–
–
–
–
–
–
H

18.4

460.0
460.0
3.5

276.0
4.6
4.6

115.0
9,200.0
115.0
50.0

vehicles
vehicles
pallets
pallets
pallets
cases

vehicles
vehicles
pallets
cases
pallets
pallets

12.0
40
24
60
60
240
10.0
30
160
275
48

1.5
0.0
16.7
7.7
0.1
1.2
0.5
0.2
0.7
33.5
2.4

Put Away
Collect Pallets/Put Away in WA Reserve Slots
Collect Pallets/Put Away in DriveIn Slots
Collect Pallets/Put Away in WA Pick Slots

198.1
300.0
1.9

pallets
pallets
pallets

20.0
16.0
18.0

9.9
18.8
0.1

E
E
E

–
–

229.6
345.0
345.0

pallets
pallets
pallets

20.0
16.0
18.0

11.5
21.6
19.2

E
E
A

Retrieve
Extract Pallets from DriveIn for FP despatch
Extract Pallets from WA Reserve for FP despatch
Extract Pallets from DI, Replenish WA pick slot
Extract Pallets (from WA), Replenish Pick Slot

85.5
4.5

214.5
193.6

pallets
pallets
pallets
pallets

16.0
20.0
15.0
18.0

5.3
0.2
14.3
10.8

E
E
E
E

114.0
6.0

231.0
223.6

pallets
pallets
pallets
pallets

16.0
20.0
15.0
18.0

7.1
0.3
15.4
12.4

A
E
A
E

Value-Add Operations (1 – Case product)
Extract pallets from DI, transfer to VA area (mezz)
Receive Packaging Material to area (@1 lift /job)
Unpack singles from cases to workstations
VA Process (Bundling) [**aggregate for budget]
VA Process (Labelling) [**aggregate for budget]
Pack product to cases, build to pallet quantities
Remove waste packaging to recycle area
Return pallets from VA area to storage (DriveIn)
VA area Indirect work

12
1

14,400
7,200
7,200
14,400

1
12

12.5%

pallets
(pallet)
units
units
units
units

(pallet)
pallets

%(VA dir)

15
15
600

1,200
900
480
12
15
n/a

0.8
0.1
24.0
6.0
8.0
30.0
0.1
0.8
8.7

E
E

E

H H

1.5
1

1,800
0

1,800
1,800

1
1.5

12.5%

pallets
(pallet)
units
units
units
units

(pallet)
pallets

%(VA dir)

15
15
600

1,200
900
480
12
15
n/a

0.1
0.1
3.0
0.0
2.0
3.8
0.1
0.1
1.1

E
E

E

Case Picking
Acquire Pick Assignment, Collect (MT) Pallet
Select Cases sequentially, place on order pallet
Deposit Picked Pallet in Marshalling Area

494.0
32,800
494.0

pallets
cases
pallets

D
D
D

V
D
D
D

V
529.1
36,400
529.1

pallets
cases
pallets

Marshalling (Despatch)
Consolidate picked pallets for despatch
Detail Check (proportion of picked pallets)
Stretch-wrap despatch pallet (picked pallets)

410
13.6
494.0

cases
pallets
pallets

180
1.7
54.5

2.3
8.2
9.1

C

C

H
H
W

364
10.6
529.1

cases
pallets
pallets

180
1.7
54.5

2.0
6.3
9.7

C

C

H
H
W

Goods Outloading (Despatch)
Load Pallets (to despatch vehicles)
Transfer Pallets to Singles Pick’n’Pack area (mezzanine)
Seal Vehicle, Issue Documentation

583.5
0.50
34.4

pallets
pallets

vehicles

50
20
10

11.7
0.0
3.4

C
E

H 647.6
1.5
36.1

pallets
pallets

vehicles

50
20.0
10

13.0
0.1
3.6

C
E

H

Value-Add Operations (2-Unit Pick & Despatch)
Receive Mixed Pallet of cases from main operation
Receive Packaging Materials(Cartons, bags, filler)
Case putaway to shelf slots
Unit pick (from cases), transfer to packing bench
Pack into shipping media, add docs & carrier label
Seal packs, scan for despatch, place on ship pallet
Transfer ship pallets to despatch (for collection)
Despatch via carrier (including package check)
Returns- receive, examine, action
Indirect Work Hours (% of Direct Hours)

0.50 
0.50 
40
600
451
451
2

451
60

10%

pallets
pallets
cases
units

orders
packs
pallets
packs
units

%(VA dir)

15
15
100
220
75
150
18
600
50
n/a

0.0
0.0
0.4
2.7
6.0
3.0
0.1
0.8
1.2
1.4

E
E
A

E

1.50
1.50
120

1,800
1,440
1,440

6
1,440
180
10%

 pallets
pallets
cases
units

orders
packs
pallets
packs
units

%(VA dir)

15
15
100
220
75
150
18
600
50
n/a

0.1
0.1
1.2
8.2
19.2
9.6
0.3
2.4
3.6
4.5

E
E
A

E

 

Other Work
Hygiene (Planned Cleaning)
Indirect Work Hours (% of Main WH Direct Hours)
– General Housekeeping
– Recouperation, Damages, (Case) Returns processing
– Physical Stock Checks, Remedial Activity
– Handling of Pallets, consumables, etc
– Other unquantified work

   2 person
7.5 % 

2.2 person
7.5 % 

n/a
n/a

14.334
26.3

F n/a
n/a

15.767
30.5

F

 
 
 
 

TOTAL 485.7 512.7

                   Incl below
165

                    Incl above

                   Incl below
165

                    Incl above
198.8 220.6

Activity Description

Daily Volume
(Average)

Peak Daily
Volume

Incl above
Incl above
Incl above
Incl above
Incl above

Incl above
Incl above
Incl above
Incl above
Incl above

Productivity
Standard
(Units/hr)

Hours
Required

M
HE

 ty
pe

Ot
he

r E
qu

ip Productivity
Standard
(Units/hr)

Hours
Required

M
HE

 ty
pe

Ot
he

r E
qu

ip
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table 11.3   Continued

Activity
(Units)

unit of
measure

Activity
(Units)

unit of
measure

Activity Description

Daily Volume
(Average)

Peak Daily
VolumeProductivity

Standard
(Units/hr)

Hours
Required

M
HE

 ty
pe

Ot
he

r E
qu

ip Productivity
Standard
(Units/hr)

Hours
Required

M
HE

 ty
pe

Ot
he

r E
qu

ip

SUMMARY BY ACTIVITY
Goods Receiving
Put Away (to stock)
Retrieve (from stock) – FP despatch
Retrieve (from Stock) – Case Picking
Case Picking
Despatch – Marshalling Case Picked Product
Despatch – Outloading Pallets
Other Activities (Main Warehouse)

58.0
28.8
5.6
25.1
198.8
19.5
15.1
40.6

64.3
52.2
7.4
27.8
220.6
18.1
16.6
46.3

SUB TOTAL – Main Warehouse 391.5 453.3

Value-Add Ops 1 (Case product)
Value-Add Ops 2 (Unit Pick’n’Pack – e-shop)

78.5
15.7

10.2
49.2

TOTAL – All Operations 485.7 512.7

EQUIPMENT SUMMARY
Machine Type A: Hand Pallet Truck
Machine Type B: Counterbalances
Machine Type C: Powered Pallet Trucks
Machine Type D: Order Picker Truck(LLOP)
Machine Type E: Reach Truck
Machine Type F: Floor Scrubber
Other Equipment Type H: Hand Held Terminal
Other Equipment Type V: Voice Terminal
Other Equipment Type W: Pallet Wrapper

29.5
16.7
23.1
198.8
61.9
14.3
60.8
198.8
9.1

34.7
16.7
24.7
220.6
89.0
15.8
35.1
220.6
9.7

The key to developing an effective budget lies in understanding when  
specific warehousing activities are likely to occur. There are three main 
sources of variance in demands on a warehouse:

Seasonal variations through the course of a year. These range from ●●

clearly recognized seasonal demands, such as barbecues in summer, 
to variations influenced by general purchasing behaviour.

Variations during the course of a week. These are typically influenced ●●

by sales patterns of customers and associated buying processes; for 
example, there may be a surge in orders following sales at the 
weekend or, by contrast, a push to meet projected sales through 
promotions.

Variations during the course of a day. This is most obvious when ●●

considering order placement on the warehouse. Many service 
businesses will seek to place orders up to close of normal trading for 
next-day delivery – in these instances the warehouse is unlikely to see 
complete scheduled orders until late afternoon for despatch by the 
beginning of the next working day.

The modelling addresses these variations in a number of ways. First, the  
difference between average and peak provides for a variation in activity 
levels at different periods of the year. However, it is unlikely that two levels 
of activity will reflect variations throughout the year and therefore two other 
activity levels are considered – these are a ‘low’ period, in which intake and 
despatch are both less than the average, and a ‘high’ period, representing the 
build towards peak but not at full peak. These levels are extrapolated (in the 
resource model) from the average and peak daily levels, which maintains 
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some of the different profiles in the data, for example different proportion 
of full-pallet (high quantity) despatch.

In this model the opportunity is also taken to reflect different levels of 
intake and despatch activity between the periods, so the ‘low’ period sees  
a bigger decrease in despatch than intake, signifying a stock build – the  
opposite applies in ‘high/peak’; and ‘peak’ already displays similar profile 
changes in the value-add operations. The net result is that resource require-
ments more closely reflect the changing demands of the business and better 
decisions can be made about resource levels.

It is worth noting that peaks and troughs bring their own changes to the 
resources in the business. As can be seen in the example, there are times 
when additional resources are required and decisions need to be made on 
how to meet these needs, eg overtime, equipment hire, etc. There will also be 
occasions when there may be insufficient work to occupy core resources in 
the operation.

In the example, four levels of activity are defined: low, average, high and 
peak. ‘Average’ applies for 24 weeks, the largest proportion of the year, while 
‘low’ applies for 18 weeks, some of which include holiday periods with 
short weeks, ie including Bank Holidays. The busier periods are classified by 
‘high’ and ‘peak’, each accounting for five weeks. In these busier periods the 
business has traditionally extended the working week from five to six days 
and this is reflected in the budget process. It is important to cross check the 
inputs to these processes to ensure that the total budget activity when 
summed (by week) across the budget period equals the anticipated total 
activity (annual). For this example the total working days for the year in the 
operation are 265: five public holidays are not worked, while 10 weeks have 
a sixth day.

The second category is daily activity variance. In many businesses, pro-
files will emerge that show different levels of activity on different days of the 
week, with businesses serving fast-moving retail outlets likely to exhibit  
demand patterns that will reflect purchasing behaviour – although the effect 
may vary if a business is replenishing sales made or pre-empting sales to be 
made, with busiest days (for a warehouse) likely to occur after or before the 
busiest sales day, depending on method of supply.

In practice the receipt of goods is likely to follow a different profile from 
that of despatch in a stock-holding operation, so it is usually recommended 
to determine different daily profiles for different aspects of the warehouse 
operation. In the example, the main warehouse operations are split into  
palletized receipt, loose receipt, despatch and other activities.

This split illustrates the type of circumstance in which palletized receipt 
may be determined by production running times, while loose receipt reflects 
shipping and container transfer, which can be determined by other factors. 
Figure 11.2 shows a graphic representation of these categories. By way of 
illustration, Table 11.4 shows the daily activity levels for the two value-add 
operations in the warehouse. In both areas it is possible that some activities 
may not be extended (to a sixth day) at peak.
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Figure 11.2  Daily activity profile

25%

20%

15%

10%

5%

0%

Intake – Plts Intake – Loose Despatch Other

AveAve PeakPeakAve PeakAve Peak

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6

table 11.4  Value-adding service volumes by day

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6

Value Add 1 Ave 22% 20% 21% 19% 18%

Peak 22% 20% 21% 19% 18% 0%

Value Add 2 Ave 19% 23% 19% 25% 14%

Peak 22% 15% 17% 15% 18% 13%

The variance factors are then applied to the core resource model. At this 
point the main purpose is to gain an idea of overall requirements and extract 
a base from which to make judgements on setting resource levels. In this 
example, ‘low’ is scaled from ‘average’, and ‘high’ is scaled from ‘peak’; this 
reflects the variance in business profiles reflected in activities.

In practice it is possible to vary profiles further, and indeed vary produc-
tivity rates for different periods. For example, there may be periods of the 
year when case sizes vary and it is legitimate to amend the picking rate to 
reflect this. Productivity differences can also occur during different shifts: 
night and day, for example. In practice this will increase the complexity of 
any resource or budget model, and care should be taken to ensure the result-
ing model(s) allows for all aspects of their use to take place subsequently,  
eg KPI measurement and comparison.

Table 11.5 shows the application of period variations and daily varia-
tions to the main warehouse elements of the model. Note that the table only 
shows complete daily details for the average and peak periods.



table 11.5  Period and daily variations

Low High
Day 3 Day 1 Day 2 Day 3 Day 4 Day 5 Day 3 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6

Goods In 56.7 49.0 61.3 61.0 61.0 58.0 69.3 61.7 78.3 76.1 76.1 72.2 21.1

Put Away 28.1 25.3 29.3 30.2 30.2 28.8 53.1 50.1 58.9 58.3 58.3 55.1 32.6
Retrieve (FP Desp.) 4.4 5.3 5.8 5.0 6.1 5.6 7.5 6.7 7.6 7.8 8.2 7.6 6.7
Retrieve (Case Pick) 19.8 23.8 26.3 22.6 27.6 25.1 28.2 25.0 28.5 29.0 30.7 28.5 25.0
Case Pick 157.4 188.8 208.7 178.9 218.7 198.8 223.7 198.5 226.3 230.3 243.5 226.3 198.5
Marshalling 15.4 18.5 20.5 17.5 21.4 19.5 18.3 16.3 18.5 18.9 19.9 18.5 16.3
Despatch 12.0 14.4 15.9 13.6 16.6 15.1 16.9 15.0 17.1 17.4 18.4 17.1 15.0
Other

FP Desp. = full pallet despatch

37.5 40.6 40.6 40.6 40.6 40.6 47.0 50.0 50.0 50.0 50.0 50.0 27.8

331.4 365.8 408.5 369.4 422.2 391.5 464.1 423.3 485.3 487.7 505.1 475.54 343.0

ave/day 350.6 422.5
week 1752.8 2534.81957.4 2719.8

453.3

PeakAverage

391.5

 

204
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The table illustrates the varying requirement for resource through the course 
of the year. For the main warehousing operations the average daily require-
ment is 391.5 hours (direct labour), varying between 365.8 and 422.2  
during the week; at peak the average daily figure rises to 453.3 hours, with 
a peak daily requirement of 505.1 hours. This implies peak days are around 
18 per cent busier than average. However, the weekly requirement rises from 
1957.4 hours to 2719.8 hours – reflecting a much larger increase (approxi-
mately 40 per cent, over twice the daily level) on a weekly basis. ‘High’ period 
reflects a step change up towards ‘peak’, while ‘low’ identifies a significant 
period when requirements are below average by the equivalent of six full-
time operatives.

Similar tables can be extracted for individual elements of the operation, 
eg the value-add operations, and for equipment requirements.

In essence the model reflects a key concept in resource planning, that is, 
the demand for resources will vary with time. The final step that is intro-
duced is to look at the process of determining the actual levels of resource 
required. This example is characterized by daily despatches, with picking 
and despatch focused on afternoons and evenings.

In this operation it is common to find that intake is biased to mornings to 
allow clear use of loading areas for despatch later in the day. The total work-
load justifies a two-shift operation and while flexibility of labour allows 
manpower to switch tasks, some equipment is specific in its use. In the  
example there are 198.8 hours on an average day (218.7 hours on busiest 
day) on picking activity.

This activity, which requires low-level order picking trucks, does not occur 
evenly throughout the warehouse day. The activity takes place primarily on 
the late shift – with 80 per cent of activity occurring during this shift.

The modelling needs to reflect this, as the use of averages will lead to a 
shortfall in equipment. Modelling options include setting the daily operating 
hours for each type of equipment – or, as in the example shown, allocating 
a proportion of each task to time windows in the working day.

Here tasks are allocated by shift, but for some operations it may be  
appropriate to split activity into shorter time windows, for example six  
four-hour windows in a continuous operation. As the critical requirement is 
likely to occur on the busiest day, it is usual to use this requirement to deter-
mine equipment needs. In the example, the busiest day is Day 4, in both 
average and peak weeks, but it should be noted that for some equipment the 
day may vary.

In this element of modelling, hours are spread between shifts and require-
ments developed for numbers required per shift. This approach also high-
lights manning requirements during the course of the day.

In Table 11.6, hours are allocated to working shifts on the basis of  
expected timing of work. The equipment required is calculated by taking  
the maximum requirement in one shift, dividing by the number of worked 
hours in a shift (after allowing for break time for operatives) and round-
ing up. This model has now generated estimates for total requirements  



table 11.6  Allocation of hours

Early Shift Late Shift Night Shift Early Shift Late Shift Night Shift

Goods In 48.8 12.2 0.0 62.9 13.2 0.0
Put Away 16.6 13.6 0.0 32.0 26.2 0.0
Retrieve (FP Desp.) 1.2 4.9 0.0 1.6 6.6 0.0
Retrieve (Case Pick) 5.5 22.1 0.0 6.1 24.6 0.0
Case Pick 43.7 174.9 0.0 48.7 194.8 0.0
Marshalling 4.3 17.1 0.0 4.0 16.0 0.0
Despatch 3.3 13.3 0.0 3.7 14.7 0.0
Other 20.3 20.3 0.0 25.0 25.0 0.0

143.8 278.4 0.0 184.1 321.0 0.0 Ave Peak
Value Add 1 48.5 26.1 0.0 7.6 4.1 0.0
Value Add 2 14.7 4.9 0.0 33.2 11.1 0.0

207.0 309.4 0.0 224.9 336.1 0.0

Machine Type A: Hand Pallet Trucks 30.9 0.1 0.0 43.0 0.3 0.0 5.0 6.0
Machine Type B: Counterbalances 9.6 7.9 0.0 9.9 8.1 0.0 2.0 2.0
Machine Type C: Powered Pallet Trucks 5.1 20.3 0.0 5.5 21.8 0.0 3.0 4.0
Machine Type D: Order Picker (LLOP) 43.7 174.9 0.0 48.7 194.8 0.0 25.0 28.0
Machine Type E: Reach Truck 25.2 41.2 0.0 41.3 57.6 0.0 6.0 9.0
Machine Type F: Floor Scrubber 7.2 7.2 0.0 8.5 8.5 0.0 1.0 2.0
Other Equip Type H: Hand Held Terminal 29.4 32.6 0.0 15.1 24.1 0.0 5.0 4.0
Other Equip Type V: Voice Terminal 43.7 174.9 0.0 48.7 194.8 0.0 25.0 28.0
Other Equip Type W: Pallet Wrapper 2.0 8.0 0.0 2.1 8.6 0.0 2.0 2.0

Intake – Plts 55% 45% 0% 55% 45% 0%
Intake – Loose 100% 0% 0% 100% 0% 0%
Despatch 20% 80% 0% 20% 80% 0%
Value Add 1 65% 35% 0% 65% 35% 0%
Value Add 2 75% 25% 0% 75% 25% 0%
Other 50% 50% 0% 50% 50% 0%A

ct
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y 
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y 
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t

Operational
Equipment

Average/Day 4 Peak/Day 4
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and the maximum requirement for operational resources during the budget  
period.

However, these are quantities for actual working resources and do not 
include factors such as lack of availability whether planned or unplanned.

The remaining stage determines down time and the balance of fixed  
and flexible resource for the budget year. In the example an extra day is 
added at peak periods, which effectively adds 20 per cent availability to 
equipment, but not necessarily to labour where weekly worked hours will 
be a constraint.

For bespoke or very specific MHE and plant it should be borne in mind 
that some types may not be readily available for short-term hire and the 
operation may need to resource such equipment for peak demand.

When calculating the base and supplementary levels of each type of  
resource there are no definitive rules. However, modelling techniques can be 
used to compare alternative scenarios. In our example this is achieved by 
manual input of different core levels of resource. Some value will need to be 
attached to repair and maintenance levels of equipment, to absence levels, 
premium time costs and temporary labour costs. For established operations 
some of this factoring may be included in the financial budget.

A contingency may also be factored in for unforeseen circumstances  
arising during day-to-day operations. This process can be complicated where 
complex working patterns are forecast, or if a variable workday length is 
proposed. In the example in Table 11.7 it is assumed there is basic five-day 
working during average periods, five days from six during peak periods.

In Table 11.7, the hours required per day (in this table for touch labour) 
are taken as previously calculated. For the main warehouse (excluding  
value-add operations) the first step is to estimate the number of FTEs (full 
time equivalents) required for each day – this is a simple division of hours 
required by work time available per operative (shift excluding breaks).

An optional contingency has been added in this model, before applying a 
factor for non-availability of labour. In this model the factor represents the 
ratio of expected attended working days to paid days – this is the holiday, 
sickness and training factor, and essentially converts the number of opera-
tives required to work into number of operatives to be employed.

As indicated previously, the demand for resource is variable, and this is 
reflected in the projected employees (Heads – main warehouse). The lower 
block of the table allows for generation of resources, including temporary 
and overtime, from the core requirements of the operation. The version 
shown here allows for three components: core resource (base level), over-
time, and temporary resource. Manual input of the number of permanent 
employees is used to generate hours available at base rate; any further hours 
required are filled from overtime (up to a predetermined maximum) and 
then by temporary labour.

In most operations it is likely that there will be some idle or unused time 
in the quietest periods. This is estimated in the output lines. In practice,  
particularly for long-established operations, such idle time may effectively 



table 11.7  Labour hours calculations

Day
1

Day
2

Day
3

Day
4

Day
5

Day
1

Day
2

Day
3

Day
4

Day
5

Day
1

Day
2

Day
3

Day
4

Day
5

Day
6

Day
1

Day
2

Day
3

Day
4

Day
5

Day
6

327 377 331 366 351 366 408 369 422 391 411 450 464 480 441 288 423 485 488 505 475 343
FTE required (for day workload)
Daily Workload (Hrs – Main Warehouse)

45.7 52.7 46.2 51.1 48.9 51.0 57.0 51.5 58.9 54.6 57.3 62.8 64.8 67.0 61.6 40.2 59.1 67.7 68.0 70.5 66.3 47.9
FTE required (inc Contingency) 46.6 53.7 47.2 52.1 49.9 52.1 58.1 52.6 60.1 55.7 58.5 64.1 66.0 68.4 62.8 41.0 60.2 69.1 69.4 71.9 67.7 48.8
Heads (main w/h) 54.1 62.4 54.8 60.5 57.9 60.5 67.5 61.1 69.8 64.7 67.9 74.4 76.7 79.4 72.9 47.6 70.0 80.2 80.6 83.5 78.6 56.7
VA1 Workload (Hrs) 76 69 73 66 62 86 78 82 75 71 13 12 12 11 10 0 14 12 13 12 11 0
FTE required (VA1) 10.6 9.6 10.1 9.2 8.7 12.0 10.9 11.5 10.4 9.9 1.8 1.6 1.7 1.5 1.4 0.0 1.9 1.7 1.8 1.6 1.5 0.0
VA2 Workload (Hrs) 13 16 13 17 10 15 18 15 20 11 61 42 47 42 50 36 65 44 50 44 53 38
FTE required (VA2) 1.8 2.2 1.8 2.4 1.4 2.1 2.5 2.1 2.7 1.5 8.5 5.8 6.6 5.8 7.0 5.0 9.1 6.2 7.0 6.2 7.4 5.4
Heads  (VA2) 2.1 2.6 2.1 2.8 1.6 2.4 2.9 2.4 3.2 1.8 9.9 6.7 7.6 6.7 8.1 5.8 10.5 7.2 8.1 7.2 8.6 6.2

# permanent employees 58 104,802 REQD HOURS
Max Overtime 20%

Idle Time 31 0 27 0 00 0 0 0 00 0 0 10 0 0 0 0 0 0
Overtime 0 19 0 8 51 11 64 34 60 60 60 60 60 0 60 60 60 60 60 45
Temp Hours 0 0 0

0
8
0

7
0
0 0 0 0 0 0 53 92 106 122 83 0 65 127 130 147 118 0

Base Hours 358 358 358 358 358 358 358 358 358 358 298 298 298 298 298 298 298 298 298 298 298 298
Paid Base 416 416 416 416 416 416 416 416 416 416 346 346 346 346 346 346 346 346 346 346 346 346

paid base paid base paid base paid base 3,067 BASE HOURS
weeks 18 weeks 24 weeks 5 weeks 1,215 IDLE HOURS
base hours base hours base hours base hours 108,078 PAID BASE HOURS
Idle hours Idle hours Idle hours Idle hours 7,728 O/T HOURS
Paid Hours Paid Hours Paid Hours Paid Hours 5,222 TEMP HOURS
Overtime Overtime Overtime Overtime 126,981 Weighted Hours
Temp Hours Temp Hours Temp Hours Temp Hours

0

Peak

Per Period (contribution to
annual budget)

8,949
52

10,392
1,491
2,286

5
8,949

Low Average

1,163
42,954

0
49,882

0

32,216

Per Day
(Main

Warehouse)

Per week

High

10,392
1,715

2,078 2,078 2,078 2,078

4,024
37,412

498
2,9350
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appear as a reduced productivity standard, ie the productivity standard has 
become a measure of work per attended hour. In our example the contribu-
tion from each activity period is produced and a summary provided of key 
data for the budget.

To assist in judging an appropriate resource level, weighted hours for the 
full budget are calculated. This is done by considering likely cost, and weights 
overtime and temporary hours as a factor of a paid base hour. The calcula-
tion includes time paid for absence as this will be a factor in the financial 
budget. Figure 11.3 illustrates different levels of permanent resource.

Figure 11.3  Weighted hours
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The graph illustrates that a higher number of permanent staff will carry a 
penalty of higher idle hours, while as numbers are reduced there will be a 
stage at which higher costs for overtime and temporary staff will push total 
cost up. The optimal number in this example is 57 permanent staff members.

It may not be necessary or appropriate to use such techniques for all  
resource types, and the two value-add operations illustrate this.

The first operation is for additional work such as bundling and relabel-
ling and essentially will be a series of individual jobs. In this sense the budget 
resource model provides a broad estimate but in practice each job will be an 
individual cost (or price) and there is likely to be more inherent variability.

In this circumstance it may be more appropriate to have a small core of 
staff – say two – and use temporary labour as required for individual  
jobs. For Value Add 2 there is more consistency in work content, but as this 
is a more volatile business stream then it may be appropriate to consider  
part-time employees whose hours can be increased at peak periods and sup-
plemented by temporary resource.
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other factors

Other resource requirements are not driven by processing activity. These 
include resources that are determined by time cycles. Examples are clerical, 
administrative and managerial staff, the equipment they use (system terminals, 
etc) and indirect activities for the operation as a whole, such as canteen staff 
and security. For these resources there may be choices between direct provi-
sion and bought-in services. The touch-labour modelling will give a forecast 
of activity in terms of volume and numbers employed along with timings, 
from which judgements of levels of such resources can be made.

For example, an operations office will require manning while the opera-
tion is active, but numbers of personnel may vary according to type of activity. 
Factors such as the number of orders, type of paperwork (eg import/export 
documentation) will influence choice, and a key element will be the nature 
of the IT systems employed and the levels of manual intervention envisaged.

A voice picking operation should require less intervention than a paper-
based operation. It is also necessary to consider which functions are the  
responsibility of the warehouse. Security could be within the warehouse 
remit on a stand-alone site, but excluded if the warehouse is co-located with 
production or other company functions.

The scale of an operation will drive the management structure along with 
functional responsibility. Reference to historical arrangements can provide a 
good starting point as approaches vary significantly between organizations. 
This is particularly the case for first line management, where responsibilities 
can be incorporated as working supervisors or shared with team leaders.

In these cases some adjustments to the hours required for processing  
activity may therefore be required – in the example it is quite likely that this 
will apply in both value-add operations.

Resource modelling will also generate projected usage data that can be 
used to assist in the procurement process for new MHE, where lease/rental 
costs vary with use. Daily hours of use for equipment will help determine 
whether spare batteries are required for multiple shift usage.

Suppliers can also help advise on availability and cost of equipment hire 
during peak periods – in some instances this element can be incorporated 
into lease/long-term rental arrangements for the main fleet.
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summary and conclusion

Having built up the resource model, you are able to transfer this data into a 
financial budget and will be able to monitor the actual resource require-
ments and costs against those budgeted.

Productivity standards can also be compared with actual achievement 
and the resource model adjusted accordingly.

Finally, the model can assist you in estimating prices for goods and services 
as the model can be adapted to calculate not only the resource for the whole 
warehouse but specific operations or clients within it.



“Every dollar of cost (or expense) that is cut falls directly  
to the bottom line. This makes sense because it is 
true. anonyMous

Introduction

The cost of operating a warehouse can average between 1 and 5 per cent of 
total sales depending on the type of company and the value of its goods. For 
example, a pallet of laptops will take up the same amount of space and the 
same amount of handling as a pallet of baked beans, yet the value of goods 
will be significantly different. Hence the variation in the percentage cost of 
sales. Warehousing also makes up around 22 per cent of a company’s total 
logistics costs with inventory carrying costs at a further 23 per cent.

As a result, warehouse managers require a comprehensive knowledge of 
all costs and cost drivers within the warehouse as they are under significant 
pressure to reduce costs yet continue to produce optimum customer service 
with the added pressure of reducing inventory.

Managers are also expected to contribute data to the company budget 
and continually reassess the resource and cost budget in line with the actual 
operation.

This chapter looks at the typical costs within a warehouse and aims to 
assist managers in understanding these costs, enabling them to produce 
budgets, calculate return on investment for particular projects and use the 
information for decision making, evaluating performance, activity costing 
and, in the case of third-party logistics service providers, charging.

The chapter also compares traditional costing models with activity-based 
costing.

The chapter goes on to discuss the advantages and disadvantages of cost-
ing models such as open book, closed book and cost plus.

12 Warehouse  
costs
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types of costs

The costs typically associated with a warehouse operation are shown below:

Space costs:

rent/ leasing costs on building/ land and building   –
depreciation (depending on how the building has been acquired);

insurance; –
rates; –
utility costs; –
fixtures and fittings depreciation; –
racking depreciation; –
refrigeration plant depreciation; –
repairs and maintenance; –
cleaning, security, other building equipment depreciation; –
waste disposal. –

Direct labour costs (fixed): warehouse operators:

wages including on-costs; –
personnel insurance; –
safety wear (PPE); –
welfare; –
training. –

Indirect labour costs (fixed): warehouse management including 
supervisors and administrators:

wages including on-costs; –
insurance; –
safety wear (PPE); –
welfare; –
training. –

Labour costs (variable):

overtime, bonuses. –
Equipment costs (fixed):

depreciation/lease costs/rental costs. –
Equipment costs (variable):

running costs, eg fuel, tyres, lubricants; –
packaging, pallets, stretch wrap. –
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Overhead costs (management, finance, human resources, IT and 
administration):

salaries and on-costs plus benefits in kind such as mobile phones,  –
accommodation, etc;

company cars and running costs; –
office equipment and furniture depreciation/lease/rental costs; –
information technology costs (hardware and software). –

Overhead costs (sales and marketing):

salaries and on-costs plus benefits in kind such as mobile phones,  –
accommodation, etc;

company cars and running costs; –
marketing spend, eg advertising, exhibitions, brochures, etc. –

Miscellaneous costs:

communication costs; –
postage; –
bank charges and interest payments; –
funding costs/cost of finance; –
insurance; –
legal and professional fees. –

As well as wages and salaries, total labour costs include employer’s social 
contributions (including national insurance contributions and pensions, paid 
on behalf of the employee) and other non-wage costs including sickness, 
maternity and paternity costs, vocational training costs and recruitment 
costs plus any benefits in kind which might apply.

As can be seen in Figure 12.1, the costs can be built up to produce a total 
warehouse cost. Third-party logistics companies can add an element of 
profit in order to produce a costing model to charge clients. This model can 
be used in conjunction with the resource model in Chapter 11 to calculate 
activity rates such as handling costs per pallet and/or per case picked and 
cost per pallet stored.

Return on investment (RoI)
This is a measure used to evaluate the efficiency of an investment or to  
compare a number of different investments. ROI is important to calculate 
because if an investment doesn’t have a positive ROI or if there are other 
opportunities with a higher ROI, then the investment should not be made.

The calculation of ROI percentage is as follows:

(Gain from investment (or savings) – cost of investment) ÷  
cost of investment × 100



Figure 12.1  Simple warehouse cost tree
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A similar calculation is the payback period. This basically measures how 
long an investment takes to pay for itself. It does have drawbacks, however, 
as it does not properly take into account finance cost and opportunity cost, 
the latter being what must be given up (the next best alternative) as a result 
of the decision.

During a recent voice picking trial a client calculated that their ROI, by 
replacing barcode scan picking, was approximately 25.4 per cent in the first 
year with a payback period of nine and a half months.

The figures were as follows:

pick productivity savings: £52,800

increased accuracy: £33,600

total savings: £86,400

investment in voice: £68,900

therefore (£86,400 – £68,900) ÷ £68,900 × 100 = 25.4 per cent

payback period = £68,900 ÷ £86,400 × 12 months = 9.6 months.

This isn’t a totally accurate picture as no account is taken of extra training 
costs, effect on the business during the early stages of implementation, etc.

However, this does give the company a reasonably accurate picture of the 
potential ROI for other similar investments.

traditional versus activity-based costing 
systems

According to Themido et al (2000), companies in the past could keep unpro-
fitable products and customers because the winners would more than com-
pensate for the losers. In today’s economy the margin for error is much 
smaller and pressures are increasing on companies to improve their bottom-
line performance.

The knowledge of the real cost of a product or service and the cost to 
serve specific channels and customers is very important to a company in 
today’s competitive market.

Christopher (1998) states that logistics costing systems ‘should be capable 
of not only identifying the costs that result from providing customer services 
in the marketplace but also enabling separate cost and revenue analyses to 
be made by customer type and by market segment or distribution channel’.

Managers therefore need to be able to calculate the cost to serve for each 
customer and where possible the warehousing cost for each product.

From experience, smaller customers tend to be high maintenance. The 80/20 
rule can apply in these situations. The 80 per cent of customers generating 
20 per cent of the revenue tend to be the more demanding.

When I joined a third-party logistics shared-user operation I found that 
we had 29 clients in total. The total revenue generated from 20 of the  
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customers came to less than 10 per cent of total sales. At the time we didn’t 
have the systems in place to calculate the profitability of each customer,  
but having evaluated each one in terms of future potential we decided to 
terminate the agreements of 19 of the customers and as a result we ended  
up with an increased profit margin.

In this section we will look at two types of costing system which are  
relevant to warehouse operations. These are the traditional costing method 
and activity-based costing.

Traditional costing methods
Traditional costing models tend to allocate overhead costs arbitrarily.  
Table 12.1 shows a typical warehouse cost structure.

table 12.1  Warehouse cost structure

Space cost £1,677,000

Space as percentage of total warehouse cost 54%

Labour cost £1,200,000

Labour as percentage of total warehouse cost 39%

Equipment cost £215,000

Equipment as percentage of total warehouse cost 7%

Total direct cost £3,092,000

Overhead cost £742,000

Total cost £3,834,000

Overhead as percentage of cost 24%

In terms of storage, let us assume that our warehouse has 10,000 × 1.5 
metre high pallet locations. From a cost point of view each location costs 
£167.70 per annum. In order to allocate the overhead cost we need to add 
a further 24 per cent to this figure, which comes to a total cost of £207.95.

In terms of labour, if we assume total labour hours within the warehouse 
each year of 100,000 hours our labour cost is £10.00 per hour. By adding 
the overhead our cost comes to £12.40.

Taking this one step further, if we look at Customer A, who uses a large 
number of warehouse labour hours and space yet his pull on management 
time, for example, is low, he is penalized for the way the overhead costs have 
been allocated. See Table 12.2.

We will look at how shared-user warehouses can calculate storage and 
labour charges later in this chapter.
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table 12.2  Overhead contribution

Number of  
pallet  

locations

Number  
of labour  

hours

Total  
overhead  

contribution %

Pull on  
management  

time %

Customer A 2,000 20,000 17.3% 5%

Customer B 200 200 1.15% 10%

With the proliferation of products and service complexity, a single overhead 
rate is no longer sufficient.

In most cases overhead does not reduce as labour or equipment reduces. 
Therefore as volumes reduce, overhead as a percentage of direct costs actually 
increases.

Overhead rates are also based on predicted volumes or utilization and 
therefore as utilization reduces the percentage allocation of overhead needs 
to increase.

For example, going back to our shared-user warehouse and Customer A, 
if he decides to reduce his stockholding and it is not replaced by another 
client, the charge per location needs to be increased. Based on a reduction of 
500 pallets, his overhead contribution reduces by 2.7 per cent (£20,125), yet 
the overhead cost to the company is unlikely to reduce in the short term.

As can be seen, therefore, traditional costing methods have a number of 
weaknesses – which is why many companies are turning to other methods 
of costing. Activity-based costing is one of these methods.

Activity-based costing
According to Griful-Miquela (2001), ‘Activity-based costing systems are  
designed so that any costs that cannot be attributed directly to a product  
(or service) flow into the activities that make them necessary. The cost of 
each activity then flows to the product(s) (or service) that make the activity 
necessary based on their respective consumption of that activity.’

Activity-based costing looks to allocate indirect costs to processes in a 
way that accurately reflects how the costs are actually incurred. This is in 
contrast to traditional costing methods.

When looking to introduce an ABC model, you need to have a compre-
hensive knowledge of the company, its operations and the roles of each of 
the staff members. This is normally carried out by observing the operation 
for a period of time and recording how long it takes for each activity.

A good guideline for selecting the cost drivers that most accurately reflect 
the cost of performing an activity is to ask the people who do that work 
what would increase or decrease the time and effort required to do their job. 
Table 12.3 provides an example.
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table 12.3  Main warehouse activities and cost drivers 
(adapted from Griful-Miquela 2001)

Activities Cost drivers

Order receipt Order volume and order source (EDI,  
fax, phone or post)

Unload incoming goods Quantity and unit load (pallets or cartons)

Palletize Quantity of cartons

Check incoming goods Quantity and quality of supplier  
(including returns)

Put away incoming goods Quantity, cubic volume

Picking Number of visits to pick location,  
number of lines, number of units

Packaging and labelling Number of orders picked

Replenishment Unit load quantity

Load outgoing goods Unit load quantity

Once all the operational and overhead costs have been calculated and each 
customer’s pull on the services has been documented, companies can calcu-
late the profitability of each client and see how they affect the cost structure 
of the business.

The overheads should be allocated by the percentage of management 
time dedicated to each activity and customer.

This analysis of overheads is likely to be the most complicated to perform. 
This is the main difference between ABC and traditional methods, where  
in the latter overheads are allocated across all activities as a percentage of 
cost. With ABC it is necessary to carry out in-depth studies over a period of 
time in order to find out the relationship between overheads, services and 
customers.

Once all of the activities have been evaluated and costs allocated to cus-
tomers there is likely to be some unused capacity.

For example, a warehouse with a total capacity for storage of 10,000 
pallets is not going to be 100 per cent occupied. Similarly, not all of the 
MHE and labour hours will be allocated to individual customers in totality.

It is therefore very useful to produce a table indicating the degree of  
utilization for all those areas.

These costs either need to be managed out of the operation through a 
reduction in labour and equipment, for example, or taken into account 
when initially quoting the customer or allocating to a particular product,  
or accepted in the short term as an inevitable cost and work towards  
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increasing utilization or throughput to allocate these costs to a new product 
or client.

If all the costs incurred are allocated against individual customers this 
will increase the charges to those customers, which could result in lower 
sales and a further reduction in capacity utilization.

According to Griful-Miquela (2001), whenever unused capacity appears, 
it is necessary to analyse the reasons leading to this situation. Depending on 
the reasons, the actions to be undertaken may differ. For example, the degree 
of unused capacity can be an indicator of how the employees are allocated 
among the different activities. It is possible to reallocate some of them with 
this information. For example, the in-handling team may have additional 
capacity and could therefore be allocated to replenishment or picking tasks. 
It is very important to analyse when a constraint appears. This might indi-
cate the need for a new investment in the short term or risk being unable to 
cope with future requirements if no action is taken.

As previously discussed, a warehouse cannot operate efficiently if it is 
100 per cent occupied, therefore there have to be some empty pallet loca-
tions. Similarly with labour, we have to take into account breaks during the 
working day.

Table 12.4 shows an example of an ABC model. We have calculated the 
number of pallet spaces occupied and number of labour and MHE hours 
allocated to each customer. We have also allocated the management time  
in hours per customer and allocated other overhead costs such as postage, 
legal expenses, insurance, etc on a percentage basis.

The above hours can be further broken down into the individual activities 
within the warehouse and the costs allocated by customer. These costs can 
then be compared to the actual charges levied to the customer and any 
shortfall examined.

Having calculated all of the above, we are also able to see the amount of 
unused capacity within the warehouse.

The disadvantages of using ABC include the amount of work involved 
and difficulty in collecting accurate data. Implementation can take time and 
there needs to be a cost–benefit analysis in terms of the time taken and the 
benefits accrued.

Charging for shared-user warehouse 
services

A shared-user warehouse is one in which a third-party logistics provider 
stores on behalf of a number of different customers. They may be related in 
some way as suppliers to a particular retailer, for example, or competitors 
who have decided to come together to share resource and save on outbound 
distribution costs.



table 12.4  Example ABC model

Space: number  
of pallets

Labour: number  
of hours

MHE: number  
of hours

Administration:  
hours

Overhead A:  
management hours

Overhead B:  
other costs

Total capacity 10,000 pallets 100,000 hours 30,000 hours 10,000 hours 20,000 hours 100%

Customer A 3,000 20,000 5,000 1,000 5,000 25%

Customer B 2,500 12,000 3,000 2,000 1,500 15%

Customer C 1,400 25,000 8,000 2,000 1,500 25%

Customer D 900 18,000 4,500 2,500 5,000 15%

Operational leeway/ 
unproductive hours

1,500 20,000 5,000 2,000 4,000 0

Unused capacity 700 5,000 4,500 500 3,000 20%
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Examples of the latter include bicycle manufacturers in the Netherlands 
who saw the storage and handling of their products being specialized and 
potentially costly. Another example is that of storing tyres in the UK. Norbert 
Dentressangle currently operates a warehouse which stores and distributes 
tyres on behalf of Dunlop, Goodyear and Continental. See the case study in 
Chapter 1.

These companies have recognized that their competitive advantage is not 
in the storage and distribution of tyres but in the tyre itself and the supply 
chain leading up to the final inventory-holding location. The majority of 
tyre companies offer a next-day delivery service and therefore the ability to 
pick, pack and despatch quickly does not give competitive advantage in 
their case.

Other warehouses can have very diverse clients. When operating a third-
party warehouse in the 1990s we had three toy companies, a book publisher, 
a drinks manufacturer, two white goods manufacturers, a software company, 
a kitchen utensils manufacturer, a petfood manufacturer and a photographic 
film manufacturer.

Products ranged from bulk block-stacked cans and bottles of beer, bulk 
block-stacked washing machines, pallets of cartons containing toys, kitchen 
utensils, cans of petfood and books and shelves of software titles.

So how do you charge these clients for the storage, handling and despatch 
of their products?

Shared-user warehouse customers are normally charged on an activity 
basis. Typical methods of charging are as follows.

Storage charges
Storage charge examples:

rate per pallet per week;●●

rate per square foot per week;●●

rate per shelf location per week;●●

fixed rental cost per week/month.●●

In the first three examples the rate is based on the unit of measure (UoM). 
This can cover clients who are storing pallets or items such as white goods 
which can be bulk block stacked, clients who require racked pallet storage 
or those who require smaller locations such as shelving or a combination of 
all three.

Calculating the total number of pallets to be charged per week can be 
done in a number of ways:

the highest number of pallets in store during the week;1 

the average number of pallets in stock per week;2 

opening stock plus intake.3 
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table 12.5  Pallet storage charge calculations

Number of  

pallets/days

Monday Tuesday Wednesday Thursday Friday Saturday Sunday

Number  
of pallets

100 175 200 190 70 70 70

Intake 100 100 50 10 20 20 0

Despatches 25 75 60 130 20 20 0

In scenario 1 the charge will be for 200 pallets, this being the highest number 
in stock that week.

In scenario 2 the charge will be for 125 pallets, this being the average 
over the week.

In scenario 3 the charge will be for 400 pallets.
Most companies will look for a minimum charge. In this example the 

minimum charge is likely to be for 100 pallets.
In the case of a fixed rental cost per week or month, the client pays a fixed 

rate each week or month based on a previously agreed area or number of 
UoMs. For example, a client may require an area of 1,000 square feet in 
which to store product and carry out some value-adding services.

If the client does not use the whole space they will still be charged the full 
rate. From the client’s point of view they are able to budget accurately each 
month. If the client exceeds the amount of space agreed they will pay an  
additional charge.

Handling charges
These are commonly known as RH&D charges, or receipt, handling and 
despatch. These are normally charged on a rate per pallet in-handled. 
Companies have to be careful here as this only covers full pallets handled in 
and handled out. If items are despatched as cartons an in-handling charge 
per pallet is normally used together with a rate per case despatched.

The costs are based on the amount of time calculated to undertake each 
movement plus the cost of the mechanical handling equipment utilized.

A typical example is shown in Table 12.6.

Value-added services
These would normally be charged on an hourly basis until a cost per unit 
can be calculated taking into account the productivity, eg number of units 
labelled per hour. In this case you will also need to take into account the  
cost of the labels and allocate space and equipment costs to the charge.  
You need to factor in the cost of picking the products from their locations  
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table 12.6  In-handling cost per pallet

Activity Labour  
time

Labour  
charge  

per hour

Total 
labour  
cost

Equipment  
cost  

per hour

Total  
equipment  

cost

Total  
cost

Unload 13.6  
metre trailer  
(26 pallets)

0.5 hours £17.00 £8.50 £10.00 £5.00 £13.50

Take to  
racking

0.5 hours £17.00 £8.50 £10.00 £5.00 £13.50

Put away  
in racking

1 hour £17.00 £17.00 £18.00 £18.00 £35.00

Total cost £62.00

Cost per  
pallet  
in-handled

£2.39

together with any ancillary items and the transfer to and from the value-
added services area.

Logistics charging methods

In both internally and externally operated warehouses, costs need to be  
presented to customers – whether these are external customers or internal 
customers who have a cost attributed to their products.

As noted earlier, many businesses look at warehousing costs as a percent-
age of sales or production cost. In some instances costs are applied on this  
basis. More often, though, costs are presented to the customer as an internal 
or external charge supported, to different degrees, by invoices and cost  
justifications.

The principles discussed earlier in this chapter identify the basis of justify-
ing costs and charges for services supplied. In the case of third-party supply 
this will be in the form of invoices. The following sections describe how to 
construct those invoices or cost allocations.

Open book
An open-book contract is based on total transparency between supplier and 
customer. The client is able to see exactly what costs the third party is incur-
ring and is able to discuss these costs and potential cost-reduction strategies.
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It is common in these types of contract to agree a management fee that  
is determined by performance. A base fee will be agreed together with set 
targets. If the targets are achieved, the management fee will be increased; if 
the third party falls short due to poor performance, they will forfeit some of 
their management fee.

This type of charging allows the client to become involved in the process 
and identify areas where its own performance can have an effect on the 
overall cost. Within an internal process the product owner can identify what 
factors determine cost to their product.

Cost-plus contracts
These contracts are similar to open book; however, in most cases the ‘plus’ 
element is based on a percentage increase on cost. This can lead to the  
perverse situation where the higher the costs incurred on the contract, the 
higher the profit earned by the third party.

Cost-plus arrangements historically evolved to counter fears that fixed 
and variable rates masked true costs and allowed third-party providers to 
extract high profits. Cost plus took the first step towards identifying cost 
and setting (at the time) a ‘reasonable’ profit.

In these types of contract there need to be stringent targets and a commit-
ment to reduce overall costs. A gain-share agreement where both parties 
‘win’ when costs are reduced is a potential method of ensuring focus on cost 
reduction.

Closed-book contracts
In these types of contract, charges are based on the activities carried out by the 
third party. The charges will include an element for overhead contribution 
and profit margin.

As volumes increase, so will the total revenue earned by the third party. 
Conversely, as volumes reduce so will the third party provider’s revenue.

With closed-book contracts customers get fixed, index-linked prices for 
given volumes and are unable to see the actual third-party costs. Third parties 
will look to cushion some of the fluctuations in volume by imposing mini-
mum storage and throughput levels.

This type of charging has its advantages and disadvantages. The main 
advantage is that costs are closely related to sales in terms of order through-
put. Storage costs are based on the number of items stored and therefore can 
highlight when stock levels are higher than expected.

The main disadvantage is that it is more difficult to budget as costs will 
vary month by month depending on activities within the warehouse.

Secondly, rate reviews tend to occur annually and therefore do not reflect 
performance improvement as it occurs.
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Hybrid

There are a number of different charging systems which can take elements 
of the above and combine them – for example, charges for fixed items such 
as property rental and IT assets may be paid for on an open-book basis 
while item throughput can be charged for on an activity basis.

summary and conclusion

Warehouse managers require a comprehensive understanding of the costs 
that relate to their warehouse operation. This is not only to contribute to  
the company budget but also to enable the company to allocate costs to 
products or, in a third-party relationship, to charge for the services provided.
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“What you do not measure, you cannot control. toM PeteRs

Introduction

In today’s economy it has been said that the customer is no longer king but 
dictator. With the proliferation of websites reviewing products and services 
it has become even more important to match or even exceed customer expec-
tations in terms of quality and the service provided.

One example of poor service can far outweigh all of the times where  
deliveries were made on time and complete.

No longer can companies take an order and quote a 28-day delivery  
service; in most cases delivery is expected next day and in some cases even 
on the same day.

The next point to note is that it is far cheaper to keep an existing  
customer than find a new customer. Therefore satisfying your current  
customer base is paramount. Well-established research by Reichheld and 
Teal (2001) found that, for many companies, an increase of 5 per cent in 
customer retention can increase profits by 25 to 95 per cent. The same study 
found that it costs six to seven times more to gain a new customer than to 
keep an existing one.

From a warehouse perspective this means that you have to ensure accuracy, 
quality, timeliness and cost effectiveness within the processes you control. 
By doing this, you are contributing to a high-performance operation and as 
a result, contributing to customer satisfaction and retention.

As discussed previously, the warehouse operation is crucial in ensuring 
that the customer gets the right product at the right time and in the right 
condition.

This chapter looks at why we need to measure, what we need to measure 
and how we can use this information to improve our overall service to our 
customers.

13Performance 
management
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Why do we need to measure?

There are a number of reasons why we need to measure performance and 
productivity within the warehouse. We measure because we need to:

ensure customer satisfaction;●●

ensure that there is a culture of continuous improvement within the ●●

operation;

discover potential issues before they become major problems;●●

train staff in the right areas.●●

Unless we measure our performance against our customers’ expectations 
and continually improve on that performance, we are not only in danger of 
losing our customers but we will also incur additional costs.

For example, an incorrect item sent will incur the following:

additional labour cost to pick and pack the correct item;●●

additional labour cost to receipt the incorrect item, check and put away;●●

potential write-off of the item, if it is unsuitable for resale;●●

additional transport costs to collect the wrong item and deliver the ●●

correct one;

customer service and sales time to deal with complaints and process ●●

the correct order;

delayed payment until the correct item is received.●●

What should we be measuring?

According to Ackerman (2003), we should be measuring four areas within 
the warehouse:

reliability;●●

flexibility;●●

cost;●●

asset utilization.●●

Reliability includes on-time delivery, fill rates and accuracy. Order cycle time 
is probably the best measure of flexibility as it covers all aspects of the  
customer order process: how we handle the order initially, whether we have 
the stock available, how quickly we can process the order through the ware-
house and, finally, how quickly we can deliver to the customer.

Cost measurements include cost as a percentage of sales and productivity 
against labour hours. Asset utilization will include efficient use of ware-
house space, MHE and storage equipment.
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Warehouse utilization is normally measured in the amount of floor space 
utilized. However, it is more realistic to measure the cubic utilization of  
the building. Other companies will look at the number of pallet locations 
utilized against the total number of locations available.

Frazelle (2002) suggests that as occupancy rates exceed 86 per cent utiliza-
tion, productivity and safety decline exponentially with each percentage 
point increase in occupancy. He goes on to say that warehouses managed in 
real time might be able to operate at 90 per cent occupancy, although this is 
wholly dependent on the accuracy of the system and the experience of the 
warehouse team.

Third-party logistics companies will look to increase space utilization to 
the maximum as this is a revenue stream for them. However, productivity 
reduces significantly when space is at a premium. The coordination of pallets 
out and pallets in (in that order) is paramount, otherwise major bottlenecks 
appear.

In order to ensure that you provide your customers with the service they 
require, you need to understand your customers’ requirements both as a 
whole and individually and, secondly, the limitations you have within your 
company and operation.

Performance is a broad term that covers both overall economic and opera-
tional aspects. Slack et al (2001) offer the following description of high-
performance operations that most companies strive to accomplish:

High-quality operations don’t waste time or effort having to redo things, ●●

nor are their internal customers inconvenienced by flawed service.

Fast operations ensure a quick turnaround of orders.●●

Dependable operations can be relied on to deliver exactly as planned. ●●

This eliminates wasteful disruption and allows the other micro 
operations to operate efficiently.

Flexible operations adapt to changing circumstances quickly and ●●

without disrupting the rest of the operation.

Low-cost operations lead to higher profits as well as allowing the ●●

company to sell their products at a competitive price.

One of the main things to understand is that in terms of performance measures, 
you need to:

monitor performance against the criteria that are important to your ●●

customers;

monitor performance against the criteria that are important to you ●●

(costs).

As can be seen in Figure 13.1, different players have different ideas as to 
what is important in terms of performance measurement. The figure depicts 
which key performance indicators (KPIs) are important to a retailer and 
which are important to their third-party logistics service provider.
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Figure 13.1  Retailer and third-party KPIs  
(courtesy of Steve Whyman)
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The best measures therefore are those that are aligned to and governed by 
customer expectations. However, they also need to be aligned to your com-
pany’s resources.

According to Rushton, Croucher and Baker (2010), there is a need to  
balance the level of customer service with the cost of providing that service. 
They go on to say that the cost of providing a given service is markedly 
higher the nearer it reaches the ‘perfect service’, that is, 100 per cent.

For example, 100 per cent next day, on time, in full may only be achieved 
by having sufficient inventory to satisfy every customer’s needs, and every 
order that leaves the building would need to be double or triple checked for 
accuracy.

They say that the cost of an increase in service from 95 per cent to 100 
per cent will be far greater than between 70 and 80 per cent, as can be seen 
in Figure 13.2. This may be anathema to certain companies and cultures 
where service is overriding and paramount; however, you have to be realistic 
and accept that 100 per cent on time in full every time is desirable but not 
always achievable.

Productivity is part of the overall performance umbrella: productivity 
output such as goods and services produced in relation to inputs that include 
labour, finance, material and other resources.
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Figure 13.2  Cost of service improvement  
(courtesy of Rushton, Croucher and Baker 2010)
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Warehouse managers have a number of inputs and resources under their 
control including labour and MHE. The key to running an efficient ware-
house is to make best use of these inputs.

The essence of productivity measurement is the recording and analysis of 
the time it takes to perform each handling movement within the warehouse. 
This seems a daunting task. However, if you are to continually improve the 
operation you need to be able to measure it accurately. Not only do you 
need to measure each activity but also measure it at different times of the 
day and with it being undertaken by different people.

The task, of course, is much easier if you are using technology such as 
voice or radio data terminals, where the system can log start and finish 
times. As previously discussed, this technology can record all the movements 
and tasks performed by operators in the warehouse, providing reports that 
the warehouse manager can use to assess and improve performance.

The example in Table 13.1 shows a typical manual record of work.
When measuring these activities you also need to take into account the  

following:

preparation time (collecting, equipment, pallet, paperwork);●●

human factors (skills, motivation, fatigue);●●
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table 13.1  Manual record of work

Name: D Morgan
Shift No. 1
Area: zone 1
Day: Monday

Task 
description

Start  
time

Finish  
time

Volume Lines  
per order

Equipment Measure

Pick order  
123456

08.45 09.03 50 cases 5 PPT 167 cases  
per hour

Pick order  
123498

09.05 09.30 80 cases 6 PPT 192 cases  
per hour

Stretch  
wrap pallets 

09.31 10.07 24 pallets S/W  
machine

40 pallets  
per hour

Load trailer  
ab072

10.08 10.38 24 pallets PPT 48 pallets  
per hour

mechanical factors (battery changing, attachment changes, ●●

refuelling);

operational factors (location system, product placement, congestion).●●

These can be a significant percentage of the time taken to undertake the task.
If you are a third-party operator you need to know how long it takes you 

to undertake the different tasks associated with the warehouse in order to 
quote and charge your customers accordingly. Chapter 12 looks at third-
party warehousing and how to cost each activity.

The crucial factor in any form of productivity or performance measure-
ment is to ensure the cooperation of staff.

The staff need to know how the measures are derived and why they are 
important. They must be made aware of the reasons behind the measure-
ments, what the information will be used for and that they will also become 
beneficiaries of an improved operation.

Finally, you need to decide whether the measures are individual or taken 
on a group basis.

To put Tom Peters’ remark, quoted at the head of this chapter, another 
way: you can’t manage what you can’t measure.

There are many areas within the warehouse where performance is key to 
the company’s well-being.

As mentioned previously, getting the right product to the right customer 
in the correct quantity and condition, on time and at a competitive price are 
key to retaining that customer.
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How to choose the right performance 
measures

Each company will have different priorities, a different customer base and a 
different method of operation. In order to choose the most appropriate 
measure you need to undertake the following:

Understand your business and the strategy.●●

Decide on the objectives.●●

Understand which KPIs are likely to assist in meeting the objectives.●●

Align the KPIs to others within the company.●●

Ensure that everyone works towards achieving the targets – nominate ●●

KPI owners.

If targets aren’t achieved, analyse the reasons why and introduce ●●

processes to enable achievement.

If the target isn’t realistic, replace it.●●

Vitasek (2004) developed a process that helps to establish department metrics 
that support the overall corporate objectives and links accountability to 
achieve goals where the work gets done. It also creates an environment 
where employees use their metrics to drive positive change in the business.

For example, if the company goal is to reduce order lead time and improve 
accuracy the targets shown in Table 13.2 can be set for specific departments.

table 13.2  Department metrics (courtesy of Vitasek 2010)

Department Target

Receiving Reduce dock to stock time

Customer service Reduce order process time

Picking Improve pick accuracy
Increase pick productivity

The first task in any performance measurement system is to understand the 
vision of the company and how your department can assist in achieving the 
company’s goals.

Too often department heads will produce key performance measures 
which they are comfortable with and which are easily achievable but are not 
aligned to the company’s vision and are rarely of interest to senior managers. 
Departments end up with too many measures which detract from the day-
to-day running of the operation.
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The measures you choose need to be SMART. That is, they need to be:

Specific. Objectives should specify what they want to achieve.

Measurable. Can you measure whether you are meeting the targets  
or not?

Achievable. Are the targets you set achievable and attainable?

Realistic. Can you realistically achieve the targets with the resources 
you have?

Timely. Are the timescales realistic and how often do you measure?

You need to ensure that the data collected is accurate.
Moseley (2004) and Vitasek (2004) suggest that when introducing key 

performance indicators you should:

use terminology that your staff understand and is meaningful to them;●●

understand what your staff need to do to improve service or reduce ●●

costs as identified by the KPIs;

try to use common industry KPIs so that you can benchmark your ●●

own operation against your peers;

review the data regularly and look for specific trends;●●

not overreact to a particular data point;●●

only introduce measures you know you can implement and measure;●●

only introduce cost-effective metrics, ie ensure that it doesn’t cost you ●●

more to manage than the likely savings you make;

only introduce measures you know you can change;●●

not measure what you won’t or can’t change;●●

be seen to be using the data; there is nothing more frustrating than ●●

collecting data which isn’t used.

traditional productivity measures

There are many traditional productivity measures in use in today’s warehouses.
The first of these group measures are based on labour, space and equipment 

utilization:

Labour hours utilization
This measurement looks at the utilization of labour hours within the 

warehouse based on the total number of labour hours available to 
work over a particular shift, day or even week. These hours should 
not include breaks.

The calculation is:

(Labour hours used × 100) ÷ labour hours available
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Warehouse area utilization
This can be measured in a number of different ways. We can look at 

floor space utilization but more realistically we should measure the 
cubic capacity of the warehouse.

Alternatively we can measure the number of pallet locations 
utilized against the total possible locations.

The calculation is:

(Space used × 100) ÷ space available

For example, space utilization = 8,600 pallet spaces occupied ÷ 
10,000 pallet spaces available = 86 per cent utilization.

If your warehouse has a number of different sections with racking 
in some areas and floor storage in others then a number of 
calculations will be required.

Note that you need to measure the space that can be specifically 
used for storage. Areas used for goods in, despatch, value-adding 
services, etc should not be included in your calculations.

Although improving space utilization is an important goal for any 
warehouse, the key to improving overall warehouse productivity, that 
is space and labour, is to find the best compromise between storage 
utilization and handling efficiency.

MHE utilization
The calculation is:

(MHE hours used × 100) ÷ MHE hours available

The next group of measures looks at cost performance.
In financial terms, measures include cost as a percentage of sales and cost 

per order despatched.
These are calculated as follows:

Cost as a percentage of sales
The calculation is:

(Total warehousing cost × 100) ÷ total sales revenue

Cost per order despatched
The calculation is:

Total warehouse cost ÷ total number of orders shipped

The above performance cost measures need to be handled with care. Cheaper 
products despatched from the warehouse can result in a higher cost per 
order, which is not a reflection of increased costs in the warehouse but a 
strategic decision made by the company.
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The third group is based on productivity measures:

Units picked per hour
The calculation is:

Units picked ÷ total hours available

The unit in this example can be an individual item, a carton or a pallet.

Dock-to-stock time
This is the time taken from arrival of vehicle on the receiving bay to 

visibility of stock on the system

The final group is based on customer service measures:

Order accuracy
The calculation is:

(Orders picked and despatched accurately × 100) ÷ total orders received

On-time shipments
The calculation is:

Orders delivered as per customers’ requests ÷ total orders received

In terms of performance measures, the 10 metrics most commonly used in 
distribution centres, according to a recent survey in the United States by 
WERC (2009), are as follows:

order-picking accuracy (correct number of lines and units delivered);●●

on-time shipments (orders delivered as per customers’ requests);●●

average warehouse capacity used;●●

order fill rate (orders filled completely on first shipment);●●

annual workforce turnover (number of leavers during the year);●●

fill rate by line (lines picked, packed and shipped perfectly);●●

on-time ready to ship (timely order pick within the warehouse);●●

peak warehouse capacity used;●●

dock-to-stock cycle time in hours (time from stock arrival to ●●

available to pick);

percentage of supplier orders received with correct documents.●●

Of those surveyed, 85 per cent said they used the first two measures in their 
warehouses.

new performance metrics

One of the most common measures in the UK today is OTIF (on time and in 
full), which is a combination of the top two metrics in WERC’s recent survey.
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This metric has been joined by the perfect order metric as the most popular 
customer service metric. This not only requires on time in full delivery but 
also the item has to be damage free, have the correct documentation and 
label and finally an accurate invoice.

In the following example all four metrics are measured individually and 
then multiplied to produce the perfect order percentage:

On-time delivery = 97%

In full delivery = 98.5%

Damage free = 99.5%

Accurate documentation, labelling and invoicing = 98%

Therefore the perfect order metric is 97% × 98.5% × 99.5% × 98% = 93.2%.
In terms of OTIF, however, we get a result of 95.5% (97% × 98.5%).
Other metrics used to manage warehouse operations include the following:

overtime as a percentage of labour hours;●●

days worked without a lost-time accident.●●

Inventory measures
A warehouse manager is tasked with accounting for and measuring inventory 
but has limited influence on the level of inventory held in the warehouse. 
However, you may be asked to produce the following metrics.

Stock cover in days
This can be calculated by dividing the current level of stock by the total  
annual sales and multiplying by 365. This can be done using the actual 
number of units in stock or the value of the stock. This tells us how many 
days’ cover we have of stock.

For example, in Table 13.3 we can see that product code 99172100 has 
two and a half years’ worth of stock in the warehouse. On the other hand 
product code 90152100 only has five days’ stock in the warehouse.

Stock turn
This can be calculated by dividing the total number of units sold by the aver-
age number of units in stock.

For example, in Table 13.3 product 90132100 has a stock turn of eight, 
which is reasonable, whereas product code 99172100 has a stock turn of 
0.4, which means that the stock turns over less than once per annum.

These calculations can be used to determine stock ordering policy and 
also whether some stock should be returned to the manufacturer, disposed 
of, or a sales campaign organized.
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The days’ stock figure should be aligned with the supplier lead time, the 
criticality of the item and the availability of the item from other sources.

As with many aspects of logistics, a balance needs to be reached between 
ensuring the maximum possible service and a minimum stockholding.

Stock/inventory accuracy
Another example of inventory measures includes stock accuracy. Whether 
stock is counted once, twice a year or daily by cycle counting or perpetual 
inventory, stock accuracy is an important measure. The more accurate  
the stock the more likely you are to fulfil orders correctly and increase  
efficiency.

Measures include the following:

Location stock accuracy percentage =  
 (number of correct locations ÷ number of locations counted) × 100

Stock line accuracy =  
 (number of correct lines counted ÷ total no. of lines counted) × 100

Stock unit accuracy =  
 (actual quantity by SKU ÷ expected quantity by SKU) × 100

Many companies compare the value of goods in the warehouse to book 
stock as a measure of stock accuracy.

Reporting a 100 per cent accurate stock count because the stock value is 
as expected and therefore ‘correct’ can hide a number of sins.

Surplus obsolete stock in the warehouse amounting to £10,000 with a 
corresponding shortfall of £10,000 worth of popular items, although poten-
tially acceptable from a finance department viewpoint, can significantly affect 
the warehouse operation.

table 13.3  Stock cover calculations

Product code Number of  
units in stock 

Annual sales  
in units

Stock cover  
(days)

90132100 500 4,000 46

90133100 1,400 3,250 157

90133200 1,000 800 456

90152100 30 2,000 5

90153100 40 50 292

90153200 80 500 58

99172100 1,000 400 913

99173100 16 800 7
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Accuracy by line and by location is therefore paramount for an efficient 
warehouse.

Damaged inventory
This measures the amount of damage caused within the warehouse. It can 
be measured by dividing the total number of damaged items by the total 
number of items processed through the warehouse. It can also be measured 
in monetary terms:

Damaged items percentage =  
 items found damaged ÷ items despatched per month

Hard and soft measures

The above forms of measurement are referred to as hard measures. By this 
we mean they are relatively easy to measure, being quantifiable and less 
ambiguous.

Having been appointed customer services manager for a third-party 
warehouse operator, I was constantly being told by our customers how  
poor our service was. I decided to introduce performance measures into the 
operation to enable us to either refute the customer claims or improve the 
service in the areas where we were failing.

We looked at which measures were important to our customers.
Once the measures were in place we were able to prove to our customers 

that our service was in line with the Service Level Agreements and reasonably 
in line with their expectations. The problem in the past was that customers 
only remembered the times when service was below standard. Once the 
measures were in place this changed the customers’ perceptions immediately.

Staff were tasked with producing key performance indicators for the 
areas which were important to our customers. These were discussed at 
monthly review meetings and any shortfall in service was examined in detail. 
This approach took the adversarial approach from the meetings and both 
the good and bad performances were discussed and evaluated.

In contrast soft measurements are those which deal with intangible  
attributes.

A typical example is customer satisfaction with the accuracy of delivery. 
Soft measures are good at measuring perceived changes and will often pro-
vide a more complete picture of success compared with narrowly focused 
hard measures.

Soft measures are difficult, but not impossible, to define and measure. For 
example, a survey via a questionnaire can be used to assess several aspects 
of user satisfaction, for example on a scale of 1 to 10. The survey can be 
repeated at appropriate intervals to examine changes in perceived service.
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Surveys can be used to improve service quality by asking customers to 
score service quality for the provider against a company thought to be excel-
lent in its market.

Research by Landrum et al (2009) has shown reliability and responsive-
ness to be the most important contributing factors to service quality. 
Reliability factors include the following:

providing services as promised;●●

dependability in handling customers’ service problems;●●

performing services right the first time;●●

providing services at the promised time;●●

maintaining error-free records.●●

As can be seen, these measures relate very closely to the perfect order metric.

Integrated performance models

Integrated performance models are a mix of actual performance data and 
customer perception. The data is compiled from actual performance reports 
and from questionnaires sent to customers on a regular basis.

As can be seen from Table 13.4, each category is given a target rating and 
a weight of importance. This produces a target score by multiplying the two 
together.

An actual rating is also given based on the results of the survey and the 
actual performance, which in turn produces an actual score.

Areas which are underperforming against target are highlighted using the 
red, amber and green (RAG) model. The red areas are the ones which will 
require attention.

As can be seen from the table, perfect order completion is given a target 
rating of 5 out of 5, with the highest weighting of 50, giving a target score 
of 250.

The categories are chosen to reflect the vision of the company and need 
to be SMART.

In any form of performance measurement you need to ensure that your 
measures are aligned with your customers’ requirements and expectations. 
For example, 100 per cent despatch of what’s available from the warehouse 
is not always the same as the quantities ordered by the customer.

Secondly, 24-hour despatch from order receipt at the warehouse may not 
be 24 hours from the placement of the order. The order could have been 
delayed in customer services.
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table 13.4  Integrated performance model (adapted from and 
printed with permission of Tompkins Associates 1998)

Category Target  
rating

Weight Target  
score

Rating Actual  
score

Perfect order completion 5 50 250 1 2 3  4 5 150 (R)

Inventory accuracy 5 40 200 1 2 3 4 5 200 (G)

Housekeeping/safety 5 40 200 1 2 3 4  5 160 (A)

Labour productivity 5 30 150 1 2 3 4  5 120 (A)

Space utilization 4 30 120 1 2 3  4 5 90 (A)

Labour utilization 4 30 120 1 2 3  4 5 90 (A)

Damaged items 5 30 150 1 2 3  4 5 90 (A)

Warehouse layout 4 20 80 1 2 3 4 5 100 (G)

Equipment utilization 4 10 40 1 2 3 4 5 50 (G)

Staff training 5 10 50 1 2 3 4 5 50 (G)

Environmental 4 10 40 1 2  3 4 5 20 (R)

TOTAL 300 1400 1120 (R)

Performance index 80%

benchmarking

This section looks at benchmarking and how it can assist you in your  
operation.

Benchmarking has been around since the early 19th century; however, it 
came to the fore in the 1980s when it was championed by Xerox Corporation.

It is a process of comparing performance with operations of other companies, 
or operations within the same company, identifying high-performance or 
best-in-class operations and learning what it is they do that allows them to 
achieve that high level of performance.

Why should we benchmark?
Benchmarking enables us to:

understand our own performance;●●

identify any shortcomings;●●

discover what others are doing better;●●
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identify performance targets that can be demonstrated to be ●●

achievable;

accelerate and manage change;●●

improve processes;●●

understand what is best practice.●●

A word of caution. Benchmarking may point to best current practice but not 
to best possible practice. ‘As good as’ is not ‘better than’. It is not a substitute 
for creativity and innovation.

Benchmarking can be undertaken both internally and externally. There 
are a number of supply chain and logistics related benchmarking clubs. 
These include the Chartered Institute of Logistics and Transport’s Logmark, 
Asia’s Benchmarking Success, The Best Practice Club and the United States’ 
WERC, CSCR and DLMB Consortium.

In terms of external benchmarking you need to choose your partners 
carefully. To this end there are also industry-specific benchmarking surveys 
such as those produced by the Institute of Grocery Distribution for retailers.

As in performance measurement, there are pitfalls to avoid. Benchmarking 
should not be considered until you have an intimate knowledge of your own 
processes. Secondly, do not select processes to benchmark which don’t have 
sufficient potential for improvement.

The principles of benchmarking are as follows:

collaboration;●●

confidentiality;●●

value;●●

flexibility;●●

honesty;●●

openness;●●

reputation.●●

There is always likely to be a reluctance to share information with competitors. 
However, in order to produce meaningful results, honesty and openness are 
paramount.

One potential method of ensuring confidentiality and anonymity is to 
utilize a third party such as a benchmarking group, a consultancy or a  
university.

The example in Table 13.5 is from Cadbury, who benchmark each of 
their distribution centres A, B and C. The centres all work towards the same 
targets and the results are brought together on the same chart as can be seen 
in Table 13.5 below.

There are nine major areas made up from 33 individual measures. 
Cadbury uses the RAG model to signify areas which require attention.

Utilizing this benchmarking tool, the Cadbury team is able to compare its 
own in-house operation with that of their third-party logistics providers.
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table 13.5  Cadbury benchmarking model

SITE A B C Comments

Stock Control

Total Stock Loss £k

S404 Compliance %

Pallet standards –  
% rework

%

Financials

Cost vs Forecast £k

Total cost  
per case handled

£

Total cost  
per pallet handled

£

Energy Costs £k

Service

Post Goods Issued  
OTIF %

%

% RCA Failures P – k

Volume

Throughput Cases CS – k

Throughput Pallets P – k

Pallets per Hour p – Kph

Warehouse Capacity P – k

Health &  
Safety

Lost Time Incident  
Frequency Rate

Val

No. of Lost Time  
Accidents

Val

No. of Reportable  
Accidents

Val

No. of Accidents Val

Environment

kWh/Throughput  
Pallets

Kwh

Electricity Usage Kwh

Landfill waste %  
throughput pallets

%



Warehouse Management246

SITE A B C Comments

People

Basic Training Hours –  
conformance to plan

Hrs

Development Training  
Hours – conf to plan

Hrs

Staff turnover % %

Attended Hours Hrs

Efficiency

Unloading (pallets  
per hour)

pph

Loading (pallets  
per hour)

pph

VNA moves  
per hour

mph

Case Pick  
(cases per hour)

cph

% of hours spent  
on other activities

%

Total Cases  
(throughput)  
per hour

cph

MHE

MHE Planned  
Downtime

hrs

MHE Unplanned  
Downtime

hrs

Non Contract  
Maintenance Costs

£k

table 13.5   Continued

balanced scorecard

The balanced scorecard, developed by Kaplan and Norton (1996), is another 
method of recording performance.

The scorecard looks at a number of dimensions which include finance,  
customer satisfaction, internal processes and staff development and innovation.



Performance Management 247

Figure 13.3  The balanced scorecard  
(adapted from Kaplan and Norton 1996)

Internal
business processes

To satisfy our shareholders
and customers what
business processes
must we excel at?

Customer

To achieve our vision
how should we appear

to our customer?

Learning
and growth

To achieve our vision how
will we sustain our
ability to change

and improve?

Financial

To succeed financially
how should we appear
to our shareholders?

Vision and
strategy

 

Each measure will have objectives and targets which are measured against 
actual performance.

Introducing a balanced scorecard approach should result in better pro-
cesses, a motivated team of people, increased customer satisfaction and  
improved communication.

As can be seen from the Cadbury example, the warehouse operation will 
contribute to the overall company scorecard. The Cadbury scorecard has 
specific sections on customer service, finance, training and processes, all of 
which can be integrated with other departments operating within the company.

The performance metrics shown in Table 13.6 were elicited from WERC 
members and readers of DC Velocity in 2009. We have chosen our top  
12 metrics with a cross section across accuracy, utilization, productivity and 
inventory measures.
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table 13.6  WERC performance metrics (2009)  
(courtesy of WERC, Karl Manrodt and Kate Vitasek)

Customer  
metric

Lowest 20%  
of responses

Typical Top 20% of  
responses

Median

Perfect order  
index

< 83% ≥ 92.2%  
and < 96%

≥ 98.7% 94.9%

Order-picking  
accuracy 

< 98% ≥ 99% and  
< 99.5%

≥ 99.9% 99%

On-time ready  
to ship

< 95% ≥ 99% and  
< 99.5%

> 99.9% 99%

Average  
warehouse  
capacity used 

< 70% ≥ 70% and  
< 80%

> 90% 82%

Annual workforce  
turnover

> 25% ≥ 7.5% and  
< 12%

< 3.2% 10%

Labour productive  
hours to total  
hours

< 77.4% ≥ 82% and  
< 87.4%

≥ 95% 85%

Dock-to-stock  
cycle time in  
hours

> 24 hours ≥ 3 and  
< 18

< 3 hours 8 hours

Lines picked and  
shipped per hour

< 14 lines  
per hour

≥ 28.9 and  
< 51.2

≥ 116 lines  
per hour

42.1 lines  
per hour

Pallets picked  
and shipped  
per hour

< 6 pallets  
per hour

≥ 14 and  
< 23.8

≥ 39 pallets  
per hour

16 pallets  
per hour

Inventory  
shrinkage as %  
of total inventory

> 2% ≥ 0.26%  
and < 1%

< 0.02% 0.83%

Inventory count  
accuracy by  
location

< 95% ≥ 97.7%  
and < 99%

≥ 99.8% 98.2%

Days on hand,  
finished goods  
inventory

> 60 days ≥ 28 and  
< 40

< 14 days 30 days

< Less than
> Greater than
≥ Greater than or equal to
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summary and conclusion

Measuring performance is key to running an efficient operation. However, 
the measures need to be SMART and aligned to the company’s strategic vision.

One important point to note is that traditional KPIs report on the status 
of an operation or step in a process at a particular point in time. They are 
useful in comparing performance over time, but situations change rapidly 
and targets and measures need to change in unison with the changing  
environment.

There are a large number of performance measures related to warehouse 
operations. However, you should only measure those areas which are  
important to your customers and to your company. Don’t measure just for 
the sake of it.

Being able to collect data is fine, but it’s what happens as a result of  
collecting and analysing the data that is important.



“Coming together is the beginning. Keeping together  
is progress. Working together is success.

HenRy foRd (1863–1947)

Introduction

Outsourcing is about taking something that isn’t your organization’s core 
competence and getting a specialist to run it more efficiently. The essence is 
to try to take advantage of a specialist provider’s knowledge and economies 
of scale to improve performance and achieve the service you need, usually at 
a lower cost.

A survey by Baker and Perotti in 2008 showed that of the companies who 
responded to their questionnaire, 36 per cent outsourced their warehous-
ing to third parties. The warehousing was operated on either a dedicated  
or shared-use basis. A survey by the Chartered Institute of Logistics and 
Transport (CILT) in 2009 recorded that only 26 per cent of their respon-
dents outsourced all of their warehousing.

There are a number of reasons for this. In the past warehouses were an 
extension of a manufacturing facility, the land was usually owned by the 
company and was therefore inevitably operated in house.

With the reduction of manufacturing in many Western economies and 
production moving to the Far East, many warehouses are no longer required 
to store raw materials and work in progress alongside finished products. 
Today finished goods are stored in warehouses operated by the owners of 
the goods, by wholesalers, distributors or agents, in dedicated warehouses 
operated by third-party contractors, or in shared-user warehouses operated 
by third-party contractors.

Successful outsourcing ensures that having outsourced the process it  
remains seamlessly integrated with the rest of the business and furthermore 
improves performance.

In this chapter we discuss under what circumstances warehousing should 
be outsourced and examine the role of third-party operators in warehousing.

14 outsourcing
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Figure 14.1  The outsourcing decision (McIvor 2000)

Stage 1:
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the outsourcing decision

The model by McIvor (2000), shown in Figure 14.1, provides a process 
companies should adopt when deciding whether to outsource.

McIvor suggests that the main areas which need to be assessed are 
whether the activity is core to the business, whether there are political con-
siderations, whether potential cost savings are significant enough to make 
outsourcing viable and, finally, whether there are capable and compatible 
partners in the market.

Vitasek (2010) goes on to say that companies which value the warehous-
ing operation and have specific expertise internally should keep this operation 
in house. To those companies which lack the expertise and where the opera-
tion is not seen as core to the business, outsourcing is a distinct option.

Figure 14.2  Outsourcing decision matrix (Vitasek 2010)
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The reasons for outsourcing are many and varied. Reasons given for out-
sourcing in surveys by the CILT in 2008 and 2009 are shown in Table 14.1.

As can be seen, there has been a shift from cost being the major factor for 
outsourcing to access to greater expertise. The top four reasons remain the 
same, although in a slightly different order.

The need to reduce capital expenditure has entered the table in fifth place, 
which is indicative of the current economic climate.

Any outsourcing decision needs to be based on the following:

the suitability of the activity outsource;●●

the profile and culture of the potential supplier;●●

impact of outsourcing on the remaining business;●●

all costs and risks.●●

Before we look at the reasons for outsourcing in more depth, we need to con-
sider the scale of the warehouse operation which is likely to be outsourced.
In the majority of cases where the scale of the warehouse does not warrant  
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table 14.1  Reasons for outsourcing (CILT UK surveys)

Advantage Position  
2009

Position  
2008

% of responses  
2009

% of responses  
2008

Cost reduction 2 1 15.3% 21.5%

Access to greater  
expertise

1 2 16.8% 16.9%

Concentration on  
core competences

4 3 8.4% 15.4%

Flexibility 3 4 11.6% 12.3%

Less risk 7 5 3.7% 4.6%

Less capital  
expenditure

5 – 7.9% <3%

Variable costs 6 – 5.3% <3%

Consolidation – 8 <3% 3.1%

More professional – 9 <3% 3.1%

Effective resource  
management

8 10 3.2% 3.1%

Improved service 8 – 3.2% <3%

Access to new  
technology

8 – 3.2% <3%

Others (one-stop  
shop, purchasing  
power)

<20% 20%

a dedicated operation and where the warehouse is not adjacent to a manu-
facturing facility, companies should seriously consider using a shared-user or 
public warehouse.

This enables companies to share resources and assets, increase resource 
capability without increasing the workforce and benefit from continuing 
advances in technology within the industry.

We will now look at the main reasons cited for outsourcing warehousing 
operations in a bit more depth.
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Core activity/core competence

There is some confusion over these phrases in relation to warehouse opera-
tions. Warehousing in the majority of companies is regarded as core to the 
business. However, it may not be a core competence and therefore becomes 
a likely candidate for outsourcing.

As discussed previously, warehouses play a major role in providing the 
ultimate customer service by delivering the right product to the right place 
at the right time in excellent condition, at an acceptable cost. Thus ware-
housing can be regarded as a core activity.

However, if we accept the view that core competencies differentiate one 
company from another and are the source of competitive advantage, then 
warehousing in its basic form is not a core competence. Logistics operations 
can be easily imitated and the majority of companies and third parties  
provide similar levels of service.

According to Prahalad and Hamel (1990), ‘core competencies are the 
source of competitive advantage’. They suggest three tests which are useful 
for identifying a core competence:

It provides access to a wide variety of markets.●●

It contributes significantly to the end-product benefits.●●

It is difficult for competitors to imitate.●●

Gutierrez (2003) states that ‘a core competency is fundamental knowledge, 
ability, or expertise in a specific subject area or skill set’. This suggests  
more of a concentration on people skills, and therefore whether a company 
sees logi stics as a core competence may be dependent on the calibre of staff 
employed.

Companies may not have the management expertise and skills to operate 
effectively and therefore outsourcing is a strong option. There may also be 
situations where the warehouse operation takes more management time 
than other areas which detract from the main activity of production, for 
example. This can be another reason for outsourcing.

It is up to the company to decide whether it should buy in this expertise 
to strengthen its management team, train existing staff or outsource.

Improvement in customer service

According to a survey by Aberdeen Group (2008), the best-in-class  
companies interviewed experienced improved customer service through  
outsourcing.

Other surveys by Eye for Transport (2010) suggest that over 80 per cent 
of companies who have outsourced their logistics operations are pleased 
with the service they are receiving.



outsourcing 255

However, there is a continuous stream of companies who move between 
third-party providers. This can be as a result of dissatisfaction or a quest for 
further cost reductions.

Cost reduction

According to the Aberdeen Report (2008), only 20 per cent of best-in-class 
companies achieved a cost reduction through outsourcing, with an average 
reduction of 0.3 per cent, whilst others saw a neutral to negative position  
on costs.

Greater cost savings can be achieved when moving from a dedicated  
facility to a shared-use operation where costs are incurred based on volume 
and fluctuate in line with sales.

Labour relations

In the early 1980s many companies outsourced their warehousing opera-
tions to overcome labour relations issues and spiralling wage costs.

Those companies that did outsource for these reasons didn’t always see 
an improvement as legislation meant that workforces had to be transferred 
under pretty much the same terms and conditions. Cost reduction and  
productivity improvements had to come from better practices, increased 
morale and improved working conditions.

financial strategy

When companies decide to concentrate on improving their return on assets 
employed, one way of achieving this is to divest themselves of their ware-
houses and capital equipment. This can be achieved by moving to an existing 
third-party warehouse, contracting with a third party to build a warehouse 
for your operation, or getting the third party to buy your existing ware-
house. In this situation, if the warehouse is not currently fully occupied, the 
third party can ‘sell’ the surplus space to other potential clients.

In the UK, retailers outsourced their warehouse operations but held on to 
the real estate and the capital equipment, which has enabled some of them 
to in-source recently without significant upheaval.

Companies also entered into back-to-back contracts on key assets employed in 
the service provision. Assets were either contracted from third-party suppliers 
in line with the period of the contract or an agreement was made to transfer the 
assets to the customer at the end of the contract. This not only secured any 
specialist equipment for the customer but also ensured that the third party was 
not left with equipment they couldn’t utilize at the end of the contract.
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Under these circumstances third parties were able to base their contractual 
costs on the expected life of the asset, not the length of the contract period.

flexibility

An Easter egg manufacturer I consulted for recently saw their finished goods 
stock move from 500 pallets to 10,000 pallets at peak. The difficulty in these 
circumstances is to decide on the capacity of the warehouse. The decision 
was taken to outsource the majority of the storage requirement, freeing up 
space for further manufacturing and putting the onus on the third party to 
find other clients to dovetail with the storage availability.

Changing markets can also have an effect on whether to remain in house 
or outsource. I’m sure that most electrical goods, computer and mobile 
phone manufacturers wished they had crystal balls 10 to 20 years ago to 
enable them to predict the significant reduction in the size of their products 
over time and as a result the size of the warehouse operation.

Role of third-party contractors

Third-party contractors can operate dedicated and shared-user warehousing 
on behalf of their clients.

Dedicated warehouses are where a company has decided to either relin-
quish its own warehouse operation to a third party, with the contractor 
taking over the building, staff and equipment or it may be a totally new 
operation where the client has decided to outsource rather than operate the 
warehouse itself. This could be a new build or the use of an existing building.

In shared-user warehousing, a third-party logistics company will acquire 
a warehouse and utilize it to provide services on behalf of a number of  
different clients who manufacture wide-ranging products.

The warehouses can also operate as fulfilment centres where a number of 
different e-commerce or mail order clients are housed in the same building 
and are provided with similar services.

Other shared-user warehouses may operate on behalf of companies that 
produce the same type of products. Although in competition, the manufac-
turers see the synergy advantages of their products being stored in the same 
warehouse and delivered through the same distribution channels.

Staff are experienced in handling the product and the cost of deliveries to 
retail outlets can be shared amongst the manufacturers.

A variation of this is the retail consolidation warehouse where a retailer’s 
suppliers store and cross dock product destined for the retailer’s DC or even 
direct to store. These centres can either be operated in house or by third-
party companies.
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Preparing to outsource

Having decided to outsource, there are a number of things you need to do 
before you contact any third- or fourth-party logistics providers:

Ensure you current processes are as efficient as possible: you should ●●

never outsource a problem; it only gets worse.

Understand your current cost structure.●●

Benchmark the operation against your peers both internally and ●●

externally.

Determine your future strategy.●●

Understand the third-party market – which third parties are ●●

operating in your market sector?

Collect the relevant data.●●

Although very tempting, outsourcing a problem is not a good idea. You need 
to ensure that all your processes are working efficiently prior to issuing an 
invitation to tender. If you do not have the resource internally then utilizing 
consultants is an option.

With regard to the total cost of your current operation you need to  
understand this before you elicit responses from potential partners. How are 
you going to compare costs and evaluate the viability of outsourcing if you 
do not know your own costs? You will need to involve a number of depart-
ments in this exercise if you are going to understand the full cost of your 
logistics operation.

Furthermore, you need to know what additional costs you will incur  
having outsourced. For example: do you intend to employ a contract man-
ager; what will be the effect on the finance department regarding the check-
ing of invoices; what will be the cost of systems integration with the third 
party? All these costs need to be taken into account.

By benchmarking your existing operation either internally or with some 
of your competitors you will get a better understanding of where you should 
be in terms of cost and performance. You can use these figures to assess the 
third-party bids.

One point of caution with regard to benchmarking in this situation is 
that you should not use the tender process to benchmark your operation 
unless you explain fully to the third parties what you are doing.

It costs third parties a great deal of money to put a comprehensive bid 
together and if they come to realize you have no intention of outsourcing 
they will be very reluctant to put in the same amount of work the next time 
you approach them with a genuine request.

If you keep up to date with the trade press, you will know about most of 
the third parties within the market; however, it is also prudent to take advice 
from other colleagues, companies or logistics consultants as to which third 
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parties are likely to provide the right service for you. It is better to target a 
small number of third parties rather than use a scattergun approach.

Our advice is to approach as few companies as possible to enable you  
to spend as much time as possible evaluating the responses. Time is valu-
able and inviting scores of companies wastes not only your time but also 
theirs.

Issuing an RFI (request for information) can assist you in shortlisting 
suitable candidates by asking a few pertinent questions. These could include:

experience in and understanding of your particular market sector;●●

availability of resources;●●

suitable range of services;●●

ability to comply with timescales;●●

financial stability;●●

geographic coverage;●●

contract renewal success rates;●●

culture.●●

In order to receive accurate quotations from the third parties you need to 
provide them with comprehensive data. This will also enable you to com-
pare the total cost of operation and weigh up the benefits of outsourcing.

If you have decided to go out to tender and have chosen a number of 
third parties to respond you need to follow this simple advice; otherwise you 
are unlikely to get the most competitive and comprehensive quotation:

Provide as much data as possible.1 

Don’t be too prescriptive; allow scope for ‘blue sky’ thinking.2 

Allow the third parties to visit the existing operation.3 

Share the questions and answers amongst all participants.4 

Allow sufficient time for the third parties to respond.5 

Ensure your key staff are available during the tender process.6 

Ask for an estimate of start-up costs.7 

Ensure that all responses include the third-party assumptions.8 

Request a timetable for implementation.9 

Choosing the right partner

Bititci et al (2008) suggest that the following have to be taken into account 
when choosing the right partner:

Strategic synergy: the potential fit of the business model and strategic ●●

priorities of the partner organization are aligned with your own.
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Operational synergy: the potential fit of the relevant business ●●

processes of the partner organization are aligned with your own.

Commercial synergy: the nature of the commercial, risk management ●●

and service level agreements between both companies are aligned.

Cultural synergy: the cultural fit between the two organizations at ●●

strategic and operational level is strong.

A decision table will assist you greatly in deciding on the most suitable third 
party. Having decided on your criteria, weigh their importance and score 
each company against them. Criteria will vary from company to company, 
as will the weighting for each criterion. Table 14.2 shows an example.

table 14.2  Outsourcing decision matrix (adapted from and 
used with permission of Tompkins Associates 1998)

Category Target  
rating

Weight Target  
score

Rating  
3PL (A)

Actual  
score

Range of services 5 40 200 1 2 3  4 5 120

Market experience 4 30 120 1 2 3 4  5 120

Quality of  
management

5 30 150 1 2 3 4 5 150

Health and  
safety record

5 30 150 1 2 3 4 5 150

Total cost 4 30 120 1 2 3 4 5 150

Strategy 4 20 80 1 2 3  4 5 60

Information  
technology

5 20 100 1 2 3 4 5 100

Financial stability 5 10 50 1 2 3  4 5 30

Reputation 5 10 50 1 2 3 4 5 50

Shared-user/public  
warehouses 

5 10 50 1 2 3 4 5 50

Global coverage 5 10 50 1 2 3 4  5 40

TOTAL 1120 1020

Measurement  
index 

91.1  
per cent 
fit
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Cottrill and Gary (2005–6) suggest that other, somewhat softer issues should 
also be taken into account when choosing a long-term partner, such as the 
following:

Creativity and ability to innovate:●●

A supplier with a culture of creativity and innovation is normally  –
a good problem solver, which can translate into cost-saving 
operations.

Customers look to the third party to be leading edge and challenge  –
ways of working.

Providers feel that they are not listened to and are boxed into a  –
master–slave relationship.

Need openness about what the relationship is – partnership or  –
supplier?

Openness and information sharing are key – you cannot innovate  –
in a vacuum.

Ability to communicate and collaborate. Rapid response and being ●●

able to adapt quickly to market changes are critical in today’s supply 
chain. Communication is at the heart of this.

Trustworthiness. A difficult area to measure. However, you can  ●●

start by looking at factors such as other customers’ experiences and 
the supplier’s openness about its past performance and financial 
footing.

Flexibility and operational agility. For example, can the supplier cope ●●

with a threefold increase in sales and how will he react to a sudden 
drop in sales? Can he react quickly to a major problem such as a 
product recall or a need to rebox or relabel product? How good are 
they at ‘workarounds’?

Cultural fit. Organizations with similar cultures tend to be more ●●

successful. Vitasek (2010) has produced a grid which shows three 
characteristics which are relatively easy to measure:

Do the companies have a culture of continuous improvement? –
What are their people management styles? –
How much emphasis do they place on cross-company   –
training?

Once you’ve ranked suppliers on all of these soft measures you can put  
them together with the hard metrics and build up a matrix of criteria that 
compares the performance of each company.

Having decided on a shortlist of companies based on the above criteria, 
the next step is to visit their operations – your choice, not theirs – meet with 
their operations management and talk to their staff and where possible their 
customers.
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You will of course need to respect the sensitivity of certain sites if they are 
operated on behalf of a competitor, and expect not to be allowed access.

Sales staff are great at selling a concept; however, it will be the operations 
staff who will implement and run the contract, therefore it is imperative that 
you meet with them and also have a say in the appointment of the contract 
manager.

the transition

One important area which might be neglected once a contract has been 
signed is the transfer of staff and the potential change in culture.

The management of change is an important part of the process and needs 
to be handled effectively. The third party will have expertise in this area, 
having taken over a number of contracts in its time. Both companies need to 
work together to ensure a smooth transition.

Managing a third-party relationship

As mentioned earlier, an outsourced contract is very much like a personal 
relationship. During the early stages there is a great deal of communication 
and agreement on many things. As the relationship matures, conversation 
falters and new ideas become fewer. It is only with the threat of another 
potential relationship that partners begin to talk in earnest again and  
they try to come up with new ideas. Figure 14.3 shows the stages which 
many outsourced relationships go through, from both a user and provider 
perspective.

During a CILT UK seminar on insourcing versus outsourcing in 2009, Ian 
Stansfield of Asda Walmart said in response to a question about relation-
ships: ‘Relationships matter... but you can’t take me to the races! We need to 
learn... we need inspiration and innovation... show me. Don’t sell me what 
you want, show me what I need. Earn your keep.’

Here the third party is seen as the expert and is expected to innovate, 
fully understand the client’s needs and use the management fee to not only 
ensure the best service but introduce a culture of continuous improvement.

Why contracts fail

An Eye for Transport survey found the factors shown in Figure 14.4 as  
reasons why outsourced relationships fail.

In terms of improving relations, the survey suggested the following  
improvements needed to be made:



Figure 14.3  Outsourced relationships (courtesy of Steve Whyman)
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• Despite long
relationship and solid
operational delivery
customer goes to tender

• Detailed knowledge of
the operation means
our tender more
realistic – but seen as
expensive
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Figure 14.4  Why outsourced relationships fail (courtesy of Eye 
for Transport)
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Communications were cited by 67 per cent of companies surveyed as ●●

an opportunity for improvement on both sides.

It was felt by 63 per cent that improved requirements and procedure ●●

definition would help.

Arms-length management of outsourcing will foster silo behaviour, therefore 
relationships need to be forged at all levels within the organizations.

Outsourcing does not mean that you can walk away from responsibility 
for the outsourced task. The success of the outsourced relationship will  
depend on how well the companies work together to ensure that the initial 
goals are achieved.

Outsourcing in logistics is normally based on a transactional relationship 
and as a result can be very adversarial. In conventional outsourcing the  
client looks to reduce costs and improve service levels while the third party 
is looking to increase the size of the contract and maximize profits. Cost to 
the company which outsources is revenue to the service provider.

the future of outsourcing

Kate Vitasek (2010) suggests that cost reduction, service improvement and 
overall profits can be increased through greater collaboration. Her premise 
is that you need to ‘create a business model where both the company that 
outsources and the service provider are able to maximize their profits. Doing 
this means creating a culture where both parties work together to make the 
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end-to-end process efficient, regardless of which party is performing activities. 
This means creating an approach where service providers are rewarded for 
reducing their revenue.’

Many cost-plus relationships are the antithesis of this approach where 
any increase in cost results in an increase in profits for the service provider 
unless there are suitable targets and rewards and margin reduction for poor 
performance.

Figure 14.5  Performance pyramid (Vitasek 2010)

Vitasek goes on to say that the relationships and negotiations have to move 
away from a culture of ‘What’s in it for me?’ to one of ‘What’s in it for  
we?’

This follows the lines of Nash’s Game Theory and the premise of a game 
show in the UK in which, at the end of each show two contestants are  
left with a pot of money. They have to individually decide to take the money 
or split the pot with the other contestant. If both decide to split they share 
the pot; however, if one decides to take the money and the other to split, the 
former gets the money. If they both decide to take the money they both 
lose.

In these circumstances collaboration results in a win–win situation.
This suggests a move away from transactional payments to suppliers 

being paid for innovation.
The premise is that by being innovative, saving the client money whilst 

improving service levels, the provider will increase the client’s confidence in 
them and as a result is likely to gain more work, thus increasing revenue and 
margin.
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Figure 14.6  From confrontation to collaboration  
(Vitasek 2010)

The five rules of vested outsourcing are:

Focus on outcomes, not transactions.●●

Focus on the What, not the How.●●

Agree on clearly defined and measurable outcomes.●●

Optimize pricing model incentives for cost/service trade-offs.●●

Governance structure provides insight, not merely oversight.●●

In order to make an outsourcing partnership work, you need to adhere to 
the following rules:

Define why you are outsourcing and what success looks like.●●

Define the value you want to create from outsourcing and test for ●●

realism.

Tailor the selection process and understand the benefit/cost of ●●

exam-based tendering if you want a partner.

Align the commercial structures and performance metrics to drive the ●●

right behaviours.

Invest in the relationship and openly share information.●●

Outsource for the right reasons, with total buy-in from your ●●

business.

Make it work for both companies.●●

Develop a partnership.●●

Help your partner understand your business.●●

Get the right people in key roles.●●

According to Craig Mulholland (2009) from Norbert Dentressangle: ‘You 
need to understand that third parties work to provide excellent service to 
delight their customers, but are commercial organizations that need to make 
a profit. They exist because they are needed. Removing this cynical barrier 
leaves everyone free to focus on solutions.’
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summary and conclusion

Outsourcing will appeal to some but not to others. Care needs to be  
taken on the decision as to whether to outsource or not and on the choice of 
partner.

Outsourcing is all about creating a relationship and hoping it doesn’t end 
in disaster. The steps can be akin to a personal relationship:

dating: forever talking prior to the contract award;●●

engagement: looking forward to a life together after the contract ●●

award;

marriage; contract award and early successes;●●

the in-laws: parent company interventions;●●

familiarity: you don’t talk any more!●●

divorce: loss of contract.●●
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“
gwynne riChardS and tim Culpin

Health and safety is a fundamental part of business. Boards 
need someone with passion and energy to ensure it stays at 
the core of the organisation. HeaLtH and safety exeCutIve

Introduction

During a discussion on LinkedIn, managers were asked which areas in the 
warehouse were high on their priority list. Safety was the most popular  
answer. This chapter looks to inform managers of the potential hazards 
found within the warehouse and how they can make the area as safe as  
possible for their staff. Accidents will happen; however, there are processes 
which can reduce the possibility significantly.

This can also be a high-cost area, not only in providing a safe environ-
ment but also the cost of not providing a safe and secure place of work.

Warehousing and storage cover a whole range of activities all of which 
have their own hazards and risks. Employers need to ensure effective health 
and safety management, looking at the risks involved in the workplace and 
then putting in place effective control measures to properly manage health 
and safety.

In 2007–8 the storage, warehousing and road haulage industries in the 
UK reported over 10,000 work-related accidents to the Health and Safety 
Executive (HSE) and local authorities. Over 1,700 of these accidents were 
classified as major injuries such as fractures and amputations. Therefore the 
need for effective health and safety management in this industry has never 
been higher.

In the United States the fatal injury rate for the warehousing sector is 
higher than the national average. Many of these are forklift truck related, 
with over 100 employees killed across all industries (US Occupational Safety 
and Health Administration, or OSHA).

15Health and  
safety
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The main causes of major injuries in the warehouse, according to the 
HSE, are shown in Figure 15.1.

Figure 15.1  Main causes of injuries in the warehouse  
(www.Hse.gov.uk)
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OSHA also cite the following:

unsafe use of forklifts;●●

improper stacking of products;●●

failure to use proper personal protective equipment (PPE);●●

failure to follow proper lockout/tagout procedures, ie prevent ●●

equipment from being accidentally energized;

inadequate fire safety provisions;●●

repetitive motion injuries.●●

Depending on the workplace and specific work types, there may be other 
risks on site that need to be considered as well as those set out above. 
Warehousing is a very complex industry that exposes workers to a whole 
variety of risks, and therefore employers must ensure that health and safety 
are treated with the utmost importance at management level.

A health and safety policy is a stepping stone to ensuring health and safety 
in the workplace, and in the UK if a business has more than five employees 
(this includes directors) there must be a written policy in place. This policy 
should be brought to the attention of all of its employees.
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Although it is not a legal requirement for companies who employ less 
than five staff, a written policy can improve health and safety within the 
business.

The Health and Safety at Work Act in the UK places responsibility for 
health and safety into three categories:

employer responsibilities:●●

provision of a health and safety statement policy; –
provision of safety equipment; –
commitment to train staff. –

employee responsibilities:●●

obligation to cooperate with their employer; –
obligation to undertake training, report issues and not to misuse  –
equipment.

manufacturers’ responsibilities:●●

ensure product is safe to use and fit for purpose. –

Risk assessments

In today’s atmosphere of increased litigation there is added pressure on 
managers to ensure the safety of their employees. Managers have to take 
appropriate steps to identify potential areas where accidents can occur and 
take steps to avoid them.

Note that a hazard is anything that may cause harm, such as chemicals, 
working from height, broken pallets, etc. The risk is the chance, high or low, 
that somebody could be harmed by these and other hazards, together with 
an indication of how serious the harm could be.

A risk assessment is an important step in protecting your workforce and 
your business as well as complying with the law. It helps you to focus on the 
risks that really matter in your workplace, ie the ones with the potential to 
cause harm. For most, that means simple, cheap and effective measures to 
ensure that the workforce is fully protected.

The law does not expect you to eliminate all risk but you are required to 
protect staff and visitors as far as is reasonably practicable. According to the 
HSE, this means that you ‘have to take action on the health and safety risks 
in the warehouse except where the cost (in terms of time and effort as well as 
money) of doing so is “grossly disproportionate” to the reduction in the risk’.

A risk assessment is simply a careful examination of what can cause harm 
to people so that you can weigh up whether you have taken enough precau-
tions or should do more to prevent harm. Staff and others have a right to be 
protected from harm caused by a failure to take reasonable control measures. 
You are legally required to assess the risks in your workplace, so you must 
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put plans in place to control risks. However, don’t overcomplicate the process. 
Most risks are easily identifiable and the necessary control measures are 
easy to implement.

You also need to decide whether you have the necessary experience in 
house to undertake the risk assessment or whether you need to employ an 
external health and safety expert.

A risk assessment can be broken down into five stages:

Step 1: Identify the hazards.

Step 2: Decide who might be harmed and how.

Step 3: Evaluate the risks and decide on precautions.

Step 4: Record and communicate your findings and implement them.

Step 5: Review your risk assessment regularly and update if necessary.

Identify the hazards
Walk around the warehouse, internally and externally, and look at what 
could reasonably be expected to cause harm.

Ask your colleagues and staff if they are aware of any potential hazards.
Check the manufacturers’ instructions or data sheets for chemicals and 

equipment as they can be very helpful in spelling out the hazards and putting 
them in their true perspective. Check back on your accident records (ensure 
that near misses are also recorded). See Figure 15.2.

Assess potential long-term affects to health, eg high levels of noise or 
exposure to harmful substances.

The accident pyramid shows that for every 600 near misses there are 10 
serious injuries and for every 10 serious injuries there can be one fatality. 
Thus every near miss needs to be recorded, investigated, actioned, staff 
trained and the situation reviewed regularly.

Figure 15.2  The accident pyramid (adapted from Bird and 
Germain 1996)

600 near misses

1 fatal accident

10 serious injuries

30 property
accidents

Record, investigate, action, train, review
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Decide who might be harmed and how
For each hazard you need to be clear about who might be harmed; it will 
help you to identify the best way of managing the risk. That doesn’t mean 
listing everyone by name, but rather identifying groups of people (eg in-
handling team, visitors).

Remember:

Some workers have particular requirements, eg new staff and people ●●

with disabilities may be at particular risk.

Include cleaners, visitors, contractors, maintenance workers, etc who ●●

may not be in the workplace all the time.

In each case, identify how they might be harmed, ie what type of injury or 
ill health might occur. For example, ‘Staff stacking shelves may suffer back 
injury from repeated lifting of boxes.’

Evaluate the risks and decide on precautions
Discuss your findings with the company’s safety representative.

Having identified the hazards, you then have to decide what to do about 
them. The law requires you to do everything ‘reasonably practicable’ to pro-
tect people from harm. You can work this out for yourself, but the easiest 
way is to compare what you are doing with good practice.

First, look at what you’re already doing. Think about what controls you 
have in place and how the work is organized. Compare this with good practice 
and see if there’s more you should be doing to bring yourself up to standard. 
In asking yourself this, consider:

Can I get rid of the hazard altogether?●●

If not, how can I control the risks so that harm is unlikely?●●

When controlling risks, apply the following principles, if possible in ●●

this order:

Try a less risky option (eg switch to using a less hazardous  –
chemical).

Prevent access to the hazard (eg by using guards). –
Organize work to reduce exposure to the hazard (eg put barriers  –
between pedestrians and traffic).

Issue personal protective equipment (eg clothing, footwear, goggles). –
Provide welfare facilities (eg first aid and washing facilities for  –
removal of contamination).

Improving health and safety need not cost a great deal. For instance, placing 
a mirror on a dangerous blind corner to help prevent vehicle accidents is a 
low-cost precaution, considering the risks. Failure to take simple precautions 
can cost you a lot more if an accident does happen.
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Involve staff, so that you can be sure that what you propose to do will 
work in practice and won’t introduce any new hazards.

Implement your findings and record and  
communicate them
Putting the results of your risk assessment into practice will make a differ-
ence when looking after people and your business.

Recording the results of your risk assessment and sharing them with your 
staff encourage you to do this. If you have fewer than five employees you do 
not have to write anything down, though it is useful so that you can review 
it at a later date if, for example, something changes.

When recording your results, keep it simple: for example ‘Tripping over 
rubbish: bins provided, staff instructed, daily housekeeping checks’, or 
‘Broken pallets in racking: products repalletized, daily housekeeping check’.

The HSE does not expect a risk assessment to be perfect, but it must be 
suitable and sufficient. You need to be able to show that:

a proper check was made;●●

you asked who might be affected;●●

you dealt with all the obvious significant hazards, taking into account ●●

the number of people who could be involved;

the precautions are reasonable, and the remaining risk is low;●●

you involved your staff or their representatives in the process.●●

If, like many businesses, you find that there are quite a lot of improvements 
that you could make, big and small, don’t try to do everything at once. 
Make a plan of action to deal with the most important things first. Health 
and Safety inspectors acknowledge the efforts of businesses that are clearly 
trying to make improvements.

A good plan of action often includes a mixture of different things such 
as:

a few cheap or easy improvements that can be done quickly, perhaps ●●

as a temporary solution until more reliable controls are in place;

long-term solutions to those risks most likely to cause accidents or ill ●●

health;

long-term solutions to those risks with the worst potential ●●

consequences;

arrangements for training employees on the main risks that remain ●●

and how they are to be controlled;

regular checks to make sure that the control measures stay in place;●●

clear responsibilities – who will lead on what action and by when.●●
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Remember, prioritize and tackle the most important things first. As you 
complete each action, tick it off your plan.

Review your assessment regularly and  
update if necessary
Few workplaces stay the same. Sooner or later, you will bring in new equip-
ment, substances and procedures that could lead to new hazards. It makes 
sense, therefore, to review what you are doing on an ongoing basis. Every 
three months or after a significant incident, formally review where you are, 
to make sure you are still improving or at least not sliding back.

Look at your risk assessment again. Have there been any changes? Are 
there improvements you still need to make? Have your workers spotted a 
problem? Have you learnt anything from accidents or near misses? Make 
sure your risk assessment stays up to date.

When you are running a business it’s all too easy to forget about review-
ing your risk assessment – until something has gone wrong and it’s too late. 
Set a review date for the risk assessment. Write it down and note it in your 
diary as a regular event.

During the year, if there is a significant change, don’t wait: check your 
risk assessment and, where necessary, amend it. If possible, it is best to think 
about the risk assessment when you’re planning your change – that way you 
leave yourself more flexibility.

Layout and design

As part of a health and safety regime, steps must be taken to protect the 
welfare of employees and visitors, and therefore a safe and healthy environ-
ment must be ensured with proper welfare facilities being made available.

In terms of ensuring a safe environment, a warehouse should be designed 
and laid out to allow people to move around it safely. A well-thought-out 
design and layout of a warehouse will help to reduce accidents, particularly 
those involving vehicles and slips/trips. Points to consider when thinking 
about design and layout include:

storage areas, aisles and gangways;●●

pedestrian traffic routes;●●

stairs and ramps;●●

emergency escape routes.●●

Included in this should be the regular inspection and maintenance of equip-
ment within the warehouse.

Racking tends to be the largest structure within the warehouse and at 
times the most neglected in terms of inspection. The following racking 
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checklist can be drawn up as an inspection sheet, and should be introduced 
and checked regularly:

Is the equipment on sound, level flooring?●●

Is it still installed correctly?●●

Are double-sided runs connected properly?●●

Are the aisles wide enough?●●

Are the beam connector locks securely fastened?●●

Are the racks aligned properly?●●

Are the correct pallets being used?●●

Are the pallets in good condition?●●

Is there any visible damage?●●

When was it last inspected?●●

Are there signs on the end detailing weight capacities?●●

Are staff trained properly?●●

Are there any receptacles for rubbish, eg shrink wrap, packaging, ●●

broken bits of pallet?

A significant hazard within any warehouse is where improperly stored goods 
can fall and injure staff. Carrying out these checks regularly should mini-
mize these occurrences.

fire safety

Employers need to have an emergency plan that describes what is expected 
of employees in the event of an emergency including:

provisions for emergency exit locations and evacuation  ●●

procedures;

procedures for accounting for all employees and visitors;●●

location and use of fire extinguishers and other emergency ●●

equipment.

A fire risk assessment must be undertaken to ensure that fire safety pro-
cedures, fire prevention measures and fire precautions are all in place and 
correct. The five stages of fire risk assessment are:

Step 1: Identify fire hazards.

Step 2: Identify people at risk.

Step 3: Evaluate, remove, reduce and protect from risk.

Step 4: Record, plan, inform, instruct and train.

Step 5: Review and revise risk assessments as necessary.
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slips and trips
Within the storage and warehousing industry, slips and trips are a very serious 
problem. They are responsible for one-third of major injuries and a fifth of 
over-three-days absence injuries. Therefore a working environment must be 
created where they are much less likely to happen.

To prevent trips, floors must be kept clear and uneven surfaces must be 
dealt with. If floors and traffic routes are kept free from obstructions that 
may present a hazard, particularly near stairs, on emergency routes or in/
near doorways, the risk of trips should be reduced. The workplace must be 
regularly inspected to ensure that flooring remains adequate and repairs are 
undertaken wherever necessary. Any spillages must be cleaned up immediately.

Manual handling
In warehousing, manual handling can often cause work-related problems, 
including back pain and neck pain. If there is a risk from a manual handling 
task, a risk assessment must be undertaken and the potential risk should be 
avoided. If this risk cannot be avoided, the risk of injury occurring must be 
minimized as far as possible. When considering a manual handling opera-
tion, the following must be taken into account:

the task;●●

the load;●●

the working environment;●●

individual capacity.●●

Wherever possible, you should try to use mechanical handling devices such 
as lift trucks, pallet trucks, trolleys or scissors lifts. Mechanical handling 
devices should help to avoid or reduce manual handling operations.

All employees should be trained in safe manual handling techniques, 
training should be specific to the tasks that they undertake and all such 
training should be recorded. Operators should also be encouraged to get a 
co-worker to assist if a product is too heavy.

Shelves and bins should also be repositioned to reduce lifts from shoulder 
and floor height.

Finally, ensure that overhead lighting is adequate for the task in hand.

Working at height
Working at height can be a particular risk in the warehousing and storage 
industry, and any working at height must be properly planned, supervised 
and carried out in as safe a manner as possible. Generally, it is advisable that 
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all work at height should be avoided; however, if this is impossible, equip-
ment must be provided to allow such work to be carried out in as safe a way 
as possible. Any equipment that is provided to allow working at height must 
be inspected regularly to ensure that it remains safe and is being used in the 
correct manner.

vehicles

A common cause of accidents in the loading bay is from vehicle creep, where 
a lorry either drifts slightly away from the loading dock or, in the worst-case 
scenario, the driver moves off before warehouse operatives have actually 
finished loading or unloading the vehicle. This is known as a ‘drive-away’ 
and can have serious, indeed fatal, consequences.

From a safety aspect there needs to be assurance that the vehicle cannot 
be driven away whilst it is in the process of being unloaded. This can be 
done in a number of ways:

The vehicle keys can be held on the loading bay and handed back to ●●

the driver when the unloading operation has been completed.

The vehicle/trailer can be immobilized in some way either by using ●●

wheel locks, clamps, chocks or trailer safety interlocks which fit to 
the air hose coupling and interlock with the warehouse bay door.

A system of lights can be introduced on the loading bay indicating ●●

when it is safe for a driver to pull away from the bay.

A combination of the above is likely to be the most effective safety system. 
Ruth Waring of Labyrinth Logistics Consulting adds a note of warning: 
‘Foreign drivers with left-hand-drive vehicles operating in the UK can easily 
get confused by traffic light systems on bay doors, as they may be looking at 
the wrong set of lights and still pull away whilst loading is ongoing.’

Another thing to watch out for is drivers who deliberately carry a spare 
set of keys so they can listen to the radio or have the heater on while they 
are waiting. Placing a high ‘Stop’ sign right in front of the cab (this can be 
moved by a forklift truck if pallet mounted) makes it much harder for the 
driver to misinterpret any signals from the loaders and simply drive off.

Drive-away can also happen when the trailer is being loaded /unloaded 
from the side by forklift truck, where the driver thinks the loading has  
finished and drives off. If the forks are in a pallet at the time, the forklift 
truck can tip over 90 degrees, which has also led to fatalities.

Vehicle creep isn’t the only hazard in the loading bay, according to John 
Meale (2010) from Thorworld. ‘Most trailers are not equipped with internal 
lighting, so it’s a good idea to fit dock lights to improve visibility. Otherwise, 
operatives entering the vehicle from a brightly lit warehouse can struggle  
to adjust to the change in conditions and may not see potential hazards, 
causing injury to themselves or potentially damaging goods.’
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Loading bays should also be fitted with safety guards to ensure that staff 
and trucks cannot fall from the dock when not in use.

With regard to the driver, there are a number of issues. First there is the 
decision whether the driver should assist in the offloading of the vehicle or 
at least supervise the offloading to ensure damage isn’t caused to the pro-
duct during this process. The driver will have to comply with the Health and 
Safety policy of the warehouse.

With the increase in imported goods and cross-border movements, the 
production of driver guidelines in different languages will assist in the com-
munication process between drivers and the receiving team. Issuing picture 
guidance is also a good idea.

Moving vehicles need to be carefully managed to control and reduce the 
likelihood of accidents. The following points must be considered in relation 
to vehicles in and around the warehouse:

managing deliveries and visitors;●●

pedestrian safety: pedestrians and vehicles have to be able to circulate ●●

safely;

traffic route: designed to minimize the need for reversing, avoiding ●●

sharp bends and blind corners;

reversing vehicles: designed to reduce the risks from reversing ●●

vehicles wherever possible, for example a one-way system;

coupling and uncoupling: ensure this is done safely;●●

road safety: ensure that there is a safe work system in place to ensure ●●

the loading and unloading of vehicles safely;

forklift trucks.●●

forklift trucks

According to the HSE, who analysed workplace vehicle accidents over a 10-
year period, there are around 2,000 forklift accidents each year in the UK, a 
figure that seems to remain fairly consistent.

In accidents involving forklift trucks, 87 per cent were attributed to  
counter-balance trucks. The highest number of accidents (48 per cent)  
occur when stacking/retrieving goods, and the greatest cause of accidents is 
being struck by a moving vehicle.

As many accidents occur when operating or when in the vicinity of  
forklift trucks, we have listed the following guidelines from the US National 
Institute for Occupational Safety and Health (NIOSH).

NIOSH recommends that employers and workers comply with OSHA 
regulations and consensus standards, maintain equipment and take the  
following measures to prevent injury when operating or working near  
forklifts.
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The key areas are as follows:

Make sure that workers do not operate a forklift unless they have ●●

been trained and licensed.

Develop, implement and enforce a comprehensive written safety ●●

programme that includes worker training, operator licensing and  
a timetable for reviewing and revising the programme.

Establish a vehicle inspection and maintenance programme.●●

Retro fit forklifts with an operator restraint system if possible.●●

Ensure that operators use only an approved lifting cage and adhere ●●

to general safety practices for elevating personnel with a forklift. 
Also, secure the platform to the lifting carriage or forks.

Provide means for personnel on the platform to shut off power to  ●●

the truck whenever the truck is equipped with vertical only or 
vertical and horizontal controls for lifting personnel.

Separate forklift traffic and other workers where possible.●●

Limit some aisles to workers on foot only or forklifts only.●●

Restrict the use of forklifts near time clocks, break rooms, cafeterias ●●

and main exits, particularly when the flow of workers on foot is at  
a peak (such as at the end of a shift or during breaks).

Install physical barriers where practical to ensure that workstations ●●

are isolated from aisles travelled by forklifts.

Evaluate intersections and other blind corners to determine whether ●●

overhead dome mirrors could improve the visibility of forklift 
operators or workers on foot.

Make every effort to alert workers when a forklift is nearby. Use ●●

horns, audible reversing alarms and flashing lights to warn workers 
and other forklift operators in the area. Flashing lights are especially 
important in areas where the ambient noise level is high.

Ensure that workplace safety inspections are routinely conducted by ●●

a person who can identify hazards and conditions that are dangerous 
to workers. Hazards include obstructions in the aisle, blind corners 
and intersections and forklifts that come too close to workers on 
foot. The person who conducts the inspections should have the 
authority to implement prompt corrective measures.

Do not store bins, racks or other materials at corners, intersections  ●●

or other locations that obstruct the view of operators or workers at 
workstations.

Enforce safe driving practices such as obeying speed limits, stopping ●●

at stop signs and slowing down and blowing the horn at 
intersections.

Repair and maintain cracks, crumbling edges and other defects on ●●

loading docks, aisles and other operating surfaces.



Health and safety 281

Warehouse equipment legislation
There are two major parts of legislation within the UK which relate directly 
to the operation of warehouse equipment: Provision and Use of Work 
Equipment Regulations, 1998 (PUWER 1998), and The Lifting Operations 
and Lifting Equipment Regulations 1998 (LOLER).

All mechanical handling and lifting equipment is classed as ‘work equip-
ment’ and subject to PUWER. These regulations require:

the inspection and maintenance of equipment;●●

the provision of information, instruction and training;●●

the marking of controls;●●

that mobile work equipment for carrying persons is suitable;●●

protection from rolling over;●●

facilities to prevent unauthorized operation;●●

the provision of lighting equipment where necessary;●●

the provision, where necessary, of devices to improve vision.●●

Finally, with regard to lifting equipment used within the warehouse, LOLER 
states that lifting equipment needs to be inspected and thoroughly examined:

after installation and before first use;●●

if lifting people or is a lifting attachment – every six months;●●

at least every 12 months for all other equipment;●●

each time the equipment has been involved in an accident.●●

Note that inspection has to be made by someone who is competent, suffi-
ciently independent and impartial to make objective decisions. Serious  
defects should be reported to the HSE and the item taken out of service.

first aid
You should consider and plan for any accidents or emergency that could 
occur in which an employee or a member of the public is exposed to danger. 
It is recommended that procedures are in place to deal with emergencies 
such as serious injuries, spills or fire.

There must be some provision for first aid and the Health and Safety 
(First Aid) Regulations 1981 set out first aid requirements for the work-
place. Assessments of first aid needs should be carried out to ensure that 
there are adequate and appropriate equipment and facilities in giving first 
aid to employees (including a first aid box and first aid room, depending on 
the size of the warehouse).

Businesses should have an ‘appointed person’ where necessary to take 
charge in the event of an emergency. This person does not need to be a 
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qualified first aider, but should take charge of the first aid arrangements, 
whether this means just looking after a first aid box and calling the emer-
gency services, or something more. However, qualified first aiders should be 
considered. Whether these are needed and the number required depends on 
the nature of the warehouse, number of employees and the location of the 
site.

First aid training must be available to any first aiders and they must be 
retrained before the expiration of each three-year certificate in first aid at 
work. In terms of how many qualified first aiders are required, an example 
would be that a medium-risk warehouse with fewer than 20 employees only 
requires at least one appointed person. However, as a general rule there 
must be at least one qualified first aider for every 50 people employed.

summary and conclusion

Health and safety at work has become a major concern of warehouse man-
agers. The casualty rates remain high and the increase in litigation as a result 
of injuries sustained in the warehouse has put added pressure on warehouse 
managers.

Managers need to be vigilant and undertake regular risk assessments. 
They need to ensure that their staff are working to the correct procedures 
and that equipment is maintained to the highest standards.

According to the HSE, addressing health and safety should not be seen as 
a regulatory burden. It offers significant opportunities. Benefits can include:

reduced costs and reduced risks: employee absence and turnover ●●

rates are lower, accidents are fewer, the threat of legal action is 
lessened;

improved standing among suppliers and partners;●●

a better reputation for corporate responsibility among investors, ●●

customers and communities;

increased productivity: employees are healthier, happier and better ●●

motivated.

There are many excellent publications by the HSE in the UK and OSHA in 
the United States which provide guidance on health and safety within the 
warehouse. Details are given at the end of this book.

Please note: Individual managers can be prosecuted under the HS  
legislation.
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Triple bottom line: people, planet and profit. JoHn eLkIngton

Introduction

In recent years, environmental and waste issues have affected us all, both at 
home and at work.

Recycling has become an everyday occurrence and carbon footprints are 
being left, but not without trace. These issues have also become ingrained 
into corporate social responsibility, but what does this mean for the ware-
housing sector?

In 2010, according to the Carbon Trust Partnership (CTP), it was esti-
mated that the warehousing industry in the UK represented approximately 
3 per cent of the UK’s CO2 emissions.

Overall it is estimated that buildings make up approximately 13 per cent 
of the freight sector’s carbon emissions (World Economic Forum 2009).

Keith Horgan of the CTP commented that ‘there are substantial opportu-
nities within the warehousing industry to save energy, costs and reduce carbon 
by the simple implementation of existing, low-energy technology’. He said, 
‘We are not talking about high-tech solutions but pragmatic and cost-effective 
actions. For example, lighting and heating are the core areas for energy- and 
carbon-saving focus. The UK warehousing industry could save in excess of 
£150 million in energy costs and 1.5 million tonnes of carbon by making 
simple changes’ (United Kingdom Warehousing Association, or UKWA 2010).

According to a recent market report by Eye for Transport (North  
American 3PL Market Report, 2010), 96 per cent of third parties, 100 per cent 
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of manufacturers/retailers and 91 per cent of solution providers see sustain-
ability initiatives as a priority. Companies feel that customer pressure and con-
fidence, company image and differentiation together with regulatory compliance 
are the main driving forces for the introduction of sustainability measures.

In this chapter we look at how operations within the warehouse affect 
the environment and how the warehouse can play its part in reducing carbon 
emissions.

Legislation

Emerging legislation will have an impact on many organizations and will 
increasingly require new approaches to the management and reduction of 
energy and carbon emissions. These include:

Carbon Reduction Commitment Energy Efficiency Scheme (CRC).  ●●

A penalty/incentive scheme that puts organizations into a league 
table according to their energy efficiency and in addition introduces 
mandatory carbon trading. It applies to businesses that spend over 
£500,000 per year on their electricity consumption.

Tighter building regulations in 2010 will affect new and ●●

refurbishment building projects, demanding improved energy 
efficiency.

Building regulations from 2019 will require all new buildings to  ●●

be carbon neutral.

A range of European and UK targets to reduce emissions has  ●●

been declared, including The European Union’s 20–20–20 and The 
Climate Change Act (2008), which commits the UK to a reduction  
of 34 per cent of UK CO2 emissions by 2020 and a reduction of  
80 per cent by 2050.

Additionally, increasing numbers of customers are requiring their suppliers 
to demonstrate improvements in their green credentials in order to meet 
their own environmental targets. To meet this challenge the warehouse  
sector will need to adopt new approaches to managing and reducing carbon 
emissions from their buildings.

Warehouse energy usage

Figure 16.1 shows the energy usage within an average-sized warehouse of 
circa 15,000 square metres.

As can be seen, one of the main areas of energy use in the warehouse is 
heating and lighting, with research showing that the sector could potentially 
achieve a 16 per cent reduction in emissions in these areas.
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Figure 16.1  Warehouse energy usage  
(courtesy of UKWA 2010 and the CTP)
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Table 16.1 outlines the key areas and low-capital-cost actions to reduce 
energy consumption and carbon dioxide emissions within warehouses. 
These opportunities were observed during a series of energy audits of UKWA 
members’ sites under an initiative between the Carbon Trust and UKWA.

In order to realize these savings a number of things need to happen. These 
include:

undertaking a lighting survey to assess which lights are controlled by ●●

which switches;

labelling the switches so that people know which switch controls ●●

which lighting;

advising shift supervisors and/or team members that they need to ●●

turn these lights off when the area is unoccupied or when the area is 
sufficiently naturally lit;

purchasing a lux meter so that staff members can recognize what is ●●

the minimum level of lighting that is required;

installing suitable controls and luminaires;●●

cleaning or replacing roof lights;●●

cleaning or replacing glass roof panels;●●

ensuring heating and air conditioning systems are working ●●

effectively; if not, replace;

installation of comprehensive insulation;●●

the efficient use of daylight when constructing new buildings.●●
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table 16.1  Potential warehouse energy savings

Key carbon  
reduction areas

Typical savings based on  
10 fittings unless stated otherwise

£ CO2 tonnes Based upon

Turn lights off in warehouse  
when an area is unoccupied

£700 4.26 50% reduction  
in lighting

Turn lights off in warehouse  
when daylight is sufficient

£300 4.92 18% reduction  
in lighting

Replace 250W and 400W sodium  
or 400W metal halide lights

£550 3

Install lighting controls £70 0.4 T8 having  
controls added

Clean or replace roof lights £300 4.92 18% reduction  
in lighting

Turn off external lights used for  
loading/unloading when  
daylight is sufficient

£420 2.5 50% reduction 
in lighting over  
12 months

Control space heating  
systems efficiently

10–15%  
saving

10–15%  
saving

Ensure efficient control  
of air conditioning

£120 
based on  
one unit

0.72

Ensure hot water supply is  
sized in relation to site occupancy

10% of 
site  
fossil fuel

10% of site  
fossil fuel

Energy savings base consumption is based on 10 hours per day, five days per week

At the time of writing, zero per cent business loans of £3,000 to £500,000 
are available from the CTP to help certain organizations finance and invest 
in energy-saving projects.

The use of smart meters, which record the amount of electricity con-
sumed and when it was consumed, will assist companies in identifying where 
consumption is greater than expected.
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CaSe Study  Chalmor’s LifeSaver scheme (see Figure 16.2)

Chalmor’s LifeSaver ‘pay as you save’ scheme has enabled leading self-adhesive materials 
manufacturer Ritrama to upgrade lighting and controls at its production centre in Eccles 
with no capital outlay. Instead, the lighting installation is being funded through quarterly 
payments, which are less than the money saved each quarter from reduced energy 
consumption.

‘The LifeSaver scheme has enabled us to greatly improve the quality and responsiveness 
of our lighting, reduce our carbon footprint and save money at the same time,’ explained 
Ritrama UK’s managing director Mark Evans. ‘Furthermore, there hasn’t been any capital 
outlay, so the whole scheme makes perfect commercial sense.’

The work was carried out in an existing facility, part of which has recently been 
reorganized to create a self-contained finishing centre. The existing high-pressure sodium 
lighting was no longer meeting the needs of the space, so a total of 650 sodium fittings were 
replaced with 420 Chalmor Brilliance high-output long-life fittings. This enabled Ritrama to 
reduce its installed electrical load by 136kW.

In addition, the new lighting is linked to Chalmor AutoLux lighting controllers, providing 
presence detection and daylight modulation to ensure that the lighting is only used when 
needed. The enhanced control is expected to reduce the lighting’s running hours by around 
40 per cent, resulting in a reduced electrical load and an annual energy saving of 
1,444,956kWh.

Further savings are achieved through reduced maintenance costs. Re-lamping was 
costing nearly £10,000 per annum, whereas the Brilliance fittings are unlikely to require re-
lamping for seven years. The combination of reduced energy and maintenance costs is 
providing Ritrama with a total annual saving of over £90,000 per annum.

As Ritrama has adopted the LifeSaver scheme, the cost of the lighting, controls and 
installation has been spread over a period of three years, providing a net saving of over 
£12,000 a year from day one. After the capital is repaid, Ritrama will benefit from annual 
savings of £90,000.

‘We have been very pleased with the new lighting, which gives us a brighter light and 
makes the picking of colour vinyls easier through better colour rendering – as well as 
helping us to save money,’ Mark Evans concluded.

energy production

The self-production of energy is a potential option for warehouse operators 
to consider when looking to offset their CO2 usage.

Photovoltaic panels and small wind generators are still not cost efficient, 
but combined with subsidies and other government incentives they can have 
a reasonable ROI.
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Figure 16.2  Energy-saving warehouse (courtesy of Chalmor 
and Ritrama)

Wind turbines and the production of energy from biomass can also be a  
viable way to generate low lifecycle emissions at an acceptable cost, accord-
ing to DHL’s Sustainability study.

Regulation plays an important role here. For example, in the UK many 
local authorities require businesses to generate at least 10 per cent of their 
energy needs onsite, using renewable energy sources.

Known as the Merton Rule, this policy is estimated to lead to a carbon 
saving of 350 tonnes each year for an urban town with a population of 
150,000 (Energy Saving Trust, 2007).

the environment and waste

Waste is something which the holder or producer discards. If something is 
discarded then it will remain waste until it has gone through what is known 
as a ‘recovery operation’.

If you store, treat or dispose another person’s waste you need to hold an 
environmental permit, be technically competent and be regulated by the 
Environment Agency.

It is an offence to store, treat or dispose of waste without either an envir-
onmental permit or an exemption. There is also personal responsibility on 
directors and managers to ensure there is no breach of the legislation, and 
they can be prosecuted personally.
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A holder of waste has a duty of care to ensure it is deposited or transferred 
to an authorized person.

Overall, to comply with the duty you must take reasonable steps to:

prevent the escape of waste whilst you hold it;●●

transfer it to an authorized (suitably licensed) person;●●

provide written information which identifies and describes the waste ●●

being transferred.

To avoid a breach of Section 33 of the Environmental Protection Act 1990 
you need to prevent waste causing pollution or harm to the environment 
either when it is under your control or when the waste is transferred.

Other regimes for specific waste types include the Waste Electrical and 
Electronic Equipment (WEEE) directive. This affects, but is not limited to, 
importers, manufacturers, retailers and business users.

If you export WEEE you have to be approved by the Environment Agency 
and issue evidence notes when you receive whole WEEE appliances. You 
must also have systems and procedures in place to ensure you provide  
accurate reports to the Environment Agency. If you produce WEEE you are 
obliged to join a compliance scheme.

Packaging

If you produce packaging waste you must ensure you are compliant with the 
Producer Responsibility Obligations. These apply if:

you handle over 50 tonnes of packaging or packaging materials per year;●●

your annual turnover is more than £2 million.●●

Producer activities include, but are not limited to:

filling packaging with goods;●●

selling packaged goods to the final user;●●

leasing or hiring packaging to end users;●●

importing packaging or packaging materials into the UK.●●

If you are a producer you must register with the Environment Agency and 
meet recycling and recovery targets.

There are two ways of complying with your packaging obligations:

compliance schemes: you pay a fee to a scheme that registers your ●●

business and meets your obligations on your behalf;

individual: you register your business, calculate your own targets and ●●

provide evidence that you have met them.
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Product packaging has a significant impact on the sustainability of the supply 
chain as a whole.

There are three main types of packaging, according to Envirowise, a UK 
government agency:

Primary (sales) packaging. This is the packaging around a product at ●●

the point of purchase by the user/consumer. Examples include 
bottles, tins, plastic covers or wrapping.

Secondary (grouped) packaging. This packaging groups a number  ●●

of items together until the point of sale. Examples include an inner  
or outer box and strapping which binds a number of items together.

Tertiary (transport) packaging. This packaging allows handling and ●●

transportation of a number of grouped items as a single unit load. 
Over recent years the mainstays of returnable transit packaging 
(RTP), the wooden pallet and the metal stillage, have been joined by 
many other forms of RTP. These include plastic pallets, tote boxes 
and metal cages.

There are many reasons for reducing packaging costs. These include:

Lower packaging costs mean higher profits.●●

Waste minimization benefits your own company and the ●●

environment.

By carefully segregating its waste into cardboard, plastics and general waste, 
one food contract packaging company reduced its waste removal costs by 45 
per cent and is now recovering approximately 30 per cent of its packaging.

It is possible to significantly reduce packaging costs and cut waste levels 
by implementing relatively simple measures, many with low or no associ-
ated costs; or, if there is a cost, payback is relatively quick.

Taking action on waste packaging will:

increase overall profitability;●●

increase staff awareness of environmental and cost-saving issues;●●

develop closer relationships with suppliers and customers through ●●

shared benefits and cost savings;

reduce the use of finite resources;●●

reduce the volume of waste going to landfill;●●

reduce product damage;●●

enhance environmental performance;●●

promote a better company image;●●

meet current and future obligations under packaging waste ●●

regulations at least possible cost.
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Packaging design
Although the majority of waste initiatives begin at the design stage and are 
mainly the concern of the production department, the warehouse can have 
a significant influence on the amount of packaging used.

When designing product packaging there needs to be an input from the 
warehouse operation. For example, secondary packaging needs to fit the 
actual pallet dimensions. Any overhang on the pallet can lead to packaging 
damage, an increase in the amount of stretch wrap required and potential 
issues when the product is put away in the racking.

Pallets

Although the mainstay of transit packaging over many years, the pallet can 
be replaced or at least augmented by other forms of tertiary packaging.

For example, an alternative to the use of pallets where the products are 
lightweight in design include slip sheets and corrugated trays. Not only do 
they reduce the use of wooden pallets but they are lighter, take up less  
space in a container, for example, and are significantly cheaper, especially in  
circumstances where pallets are not returned.

However, if your operation necessitates the use of pallets there needs to 
be a process in place to track and recover pallets. A current client is spending 
in excess of €800,000 on wooden stillages that are left at customer premises. 
In such cases alternative methods of encasing and transporting the product 
need to be evaluated. These can include collapsible metal stillages which, 
although more expensive to produce initially, can be returned for reuse 
without significantly reducing the back-loading abilities of the delivery  
vehicles.

Utilizing recycled pallets can have a number of advantages over new  
pallets. They are likely to be cheaper and potentially stronger as a result of 
seasoning, which increases the strength of the wood. They are also exempt 
from packaging waste regulations.

stretch wrap

Suppliers can end up using excessive stretch wrap to stabilize product on a 
pallet. Alternatives include banding. Although a capital purchase, stretch-
wrap machines can reduce the usage of wrap and make the unit load more 
stable.
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Cartons

As with many of the topics we have discussed in relation to the warehouse 
operation, packaging again results in trade-offs.

A significant trade-off is the strength of the packaging and potentially  
less damage versus the additional cost of the packaging. A current client is 
having to replace packaging received from the Far East on a regular basis as 
a result of substandard cardboard.

When picking individual items from secondary packaging there is going 
to be a surplus of cartons. Where possible cartons should be reused.

Labelling

When labelling product in the warehouse it is advisable not to use paper 
labels which cannot be easily removed. Some plastic re-processors will not 
accept plastics contaminated with paper.

Product waste

Poor stock rotation can lead to waste with out-of-date items. FIFO systems 
must be applied to minimize out-of-life stock.

Waste disposal

If packaging cannot be reused, look to reduce disposal costs by segregating 
the waste correctly and, where feasible, selling it to waste recyclers or  
re-processors. You can also set it against the purchase of packaging recovery 
notes.

Hazardous waste

Something is hazardous if it is dangerous to people, animals or the environ-
ment. You should first check the goods are as stated in the consignment/
transfer note and follow your own acceptance criteria. If the goods are later 
found to be hazardous you may become the producer of the hazardous 
waste and will need to comply with the legislation governing this specific 
waste type.
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forklift trucks

Electric lift trucks are superior to internal combustion engine models when 
it comes to the environment. Indoor air quality is improved by eliminating 
internal combustion exhaust within a facility.

If utilizing electric lift trucks, it is not necessary to vent outside air into a 
facility to offset internal combustion exhaust or to exchange air as frequently 
through heating, ventilation and air-conditioning systems, which is good  
for the environment and has the added benefit of reducing heating and air-
conditioning costs.

If electricity is generated by renewable sources such as wind and solar 
power, then electric lift trucks are truly emission free. However, the environ-
mental impact of an electric truck is more than just being emission free. 
Electric trucks use no engine oil, transmission fluid, radiator fluid or filters 
that have to be changed on a regular basis. These waste items can be very 
harmful to the environment if they are not handled and disposed of pro perly 
(Hyster 2010).

Toyota has recently introduced a new Geneo-Hybrid forklift truck which 
is expected to cut CO2 emissions and fuel consumption by 50 per cent while 
delivering the operational performance of an equivalent conventional diesel-
powered forklift.

summary and conclusion

A major challenge across all industry sectors today is ensuring a sustainable 
supply chain.

Clearly, there are solutions on the market that can help warehouses  
operate in a more sustainable way. By combining available technologies  
and solutions in terms of energy savings, heating and cooling systems, and 
alternative energy sources, a warehouse can be designed that emits 70 per 
cent less CO2 than the typical 15-year-old warehouse (Prologis 2007).

We must also encourage staff to be responsible in terms of energy effi-
ciency within the warehouse. Turning off lights and electronic equipment 
when not in use, and switching off forklift trucks when idling are only a few 
ways of increasing energy efficiency.
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“The future is always beginning now. MaRk stRand

Introduction

When I set out to write this book I didn’t realize how quickly things were 
changing within the warehouse environment. New technology is continually 
being introduced and, as Mark Strand says, the future is now in many  
respects. Concepts such as fully automated warehouses, carbon-neutral 
buildings, hybrid trucks, robotic picking, voice and optically guided picking 
are all in their various stages of development.

What of the warehouse of the future?

Context

First we need to put things into context and be aware that warehousing in 
the future will be affected by many factors, such as:

Globally we have a growing but ageing population. This means that space 
will be at a premium but also there are likely to be labour shortages 
in key areas, which suggests a potential growth in automation.

Sustainability will play a significant role in supply chain operations in 
the future. The green lobby will look to the supply chain for 
initiatives in terms of alternative energy use, reduction in CO2 
emissions, reduction in waste, reduction in water usage and the use 
of alternative forms of transport. This will include intermodal 
transport initiatives as well as fuel-efficient MHE. Consumers and 
retailers will also be encouraged to source local products, leading to 
an increase in demand for neighbourhood warehouses.

Fuel and energy costs will continue to rise as fossil fuels continue to 
decline. The growth in warehouse automation and the use of greener 
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vehicles will encourage developers and warehouse operators to 
consider solar panels, wind turbines and the use of waste product in 
energy production.

An increasing pressure on companies to collaborate and share resources. 
Many warehouses and, for that matter, transport modes are under-
utilized, so pressure from the green lobby and also continued pressure 
to further reduce costs will encourage companies to collaborate.

Technology will continue to improve, evolve and become more 
affordable. As has been proven time and again, the next big idea is 
likely to be just around the corner.

Consumer awareness and demand for new products and services will 
increase.

views of the future: the landscape

Capgemini (2010), in a recent paper on the future supply chain, see the 
charac teristics of the 2016 future supply chain as follows:

The future model will be based on multi-partner information sharing ●●

among key stakeholders: consumers (the originators of the demand 
signal, either from home or from a store), suppliers, manufacturers, 
logistics service providers and retailers.

Once produced, products will be shipped to collaborative warehouses ●●

in which multiple manufacturers store their products. Collaborative 
transport from the collaborative warehouse will deliver to city hubs 
and to regional consolidation centres.

Warehouse locations on the edge of cities will be reshaped to ●●

function as hubs where cross docking will take place for final 
distribution. Non-urban areas will have regional consolidation 
centres in which products will be cross docked for final distribution.

Final distribution to stores, pick-up points and homes in urban and ●●

non-urban areas will take place via consolidated deliveries using 
efficient assets.

As we can see from Figures 17.1 and 17.2, warehouses will remain a vital 
cog in the supply chain, becoming consolidation centres, regional hubs and 
shared-use facilities for a variety of manufacturers and products.

Although there are many shared-user operations currently in place includ-
ing retail consolidation centres, Capgemini’s vision of collaborative ware-
housing takes it to another level.

They see the key point being that both retailers and manufacturers  
collaborate even more closely by extending the consolidation centre premise 
to cover multiple retailers, thus ensuring greater warehouse utilization and 
full truckload deliveries in all directions.



Figure 17.1  Collaborative warehousing (© The Consumer Goods Forum, Capgemini; reprinted with permission)
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Figure 17.2 Current retail warehouse map (© The Consumer Goods Forum, Capgemini; reprinted with permission)
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To succeed, this concept will require high levels of trust and commitment 
among manufacturers, retailers and logistics service providers, but it is a 
crucial enabler for realizing integrated sustainability improvements.

This is likely to be one of the main stumbling blocks and it will require 
third-party logistics companies to play a greater role by being more proac-
tive and brokering agreements between all three parties and taking some of 
the risk.

Lean warehousing

The concept of ‘lean’ comes from the manufacturing sector, more specifically 
the automotive industry, and is very much associated with Toyota and the 
Toyota Way.

‘Lean’ is now being applied not only in manufacturing but also within the 
public sector and the supply chain. The premise behind lean is to remove 
any activity that uses resources but doesn’t create any additional value.

In this short section we will look at how lean principles are likely to be 
applied within a warehouse operation in the future.

According to Wild (2010), warehousing operations by definition are not 
lean. However, cross-dock centres and fulfilment centres can be, provided 
stock is moved quickly through the facility.

This is where lean techniques can be used within a warehouse environ-
ment. The idea is to identify the activities within the warehouse which absorb 
resources but don’t create additional value.

Waste can be found in many areas of the warehouse, none more so than 
in the use of space. Many managers will say they are running out of space 
and require additional storage facilities, yet when you walk around the 
warehouse you may see obvious signs of waste. During a recent warehouse 
audit we were told that space was at a premium, yet there were many examples 
of wasted space. These included:

half-height and quarter-height pallets taking up space in two-metre-●●

high locations;

part pallets of the same product spread over a number of different ●●

locations;

over 10 per cent of the stock was obsolete.●●

In the first case there were opportunities to move the smaller pallets to other 
locations or alternatively invest in more beams to increase the number of 
available locations.

In the second, providing there weren’t issues with FIFO, the pallets  
could have been consolidated. Although there is a labour cost involved  
it would have been more than compensated by the pallet locations that  
became available.
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In the third case, the warehouse was storing software products which had 
been superseded by new versions and were very unlikely to be sold. Decisions 
have to be made in conjunction with the finance department to dispose of 
obsolete product as soon as it is identified.

Other potential areas of waste in terms of both space and time are at the 
receiving and despatch bays. If companies are confident about the service 
received from their suppliers and confident in the picking accuracy of their 
staff there should not be a requirement for product to be staged and checked 
before put away or despatch.

Lean thinking revolves around having a clean and streamlined operation.
The 5S concept which underpins lean thinking can be easily applied to 

the warehouse as follows:

Sortation separates required or fast-moving stock from stock that is 
slow-moving or obsolete.

Straightening is organizing items in the warehouse to make them easier 
to locate.

Shining is ensuring the warehouse is clean and obstruction free at all 
times. Excellent housekeeping is a sign of a well-run warehouse.

Standardization is all about having the correct procedures and systems 
in place to operate efficiently.

Sustaining is ensuring that processes are constantly reviewed and 
improved.

In the quest for greater productivity and reduced costs it is likely that lean 
principles will be examined closely within the warehouse in future.

views of the future: the warehouse
What of the warehouse itself?

I’m certain that those of us who grew up in the sixties and seventies 
would not have predicted that mobile phones and computers, although I  
use the terms loosely in this context, would have had the impact on com-
munications that they have today. Nor that such powerful devices could be 
packaged into such small units.

The other phenomenon has been the internet and the effect it has on the 
way we do business today. This leads me on to the role of the warehouse in 
the future.

Some would argue that there won’t be a requirement for stocked ware-
houses as companies will manage their supply chains so well that cross 
docking or transhipment will be the norm and therefore warehouses will 
become transit sheds, parcel and pallet hubs.

Secondly, with the growth in e-retailing there will be more fulfilment  
and returns centres as opposed to warehouses. In addition, with the increase 
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in fuel costs there may be an argument for production becoming more  
localized and therefore warehouses will become an extension of the produc-
tion plant once again. This should lead to a more just-in-time method of 
order fulfilment.

For those of us who subscribe to the view that warehouses will still exist 
some time into the future, what function will they perform and what will 
they look like?

The current trend seems to be towards greater centralization of ware-
housing, with retailers building bigger sheds with more automation, replac-
ing smaller regional centres.

These centres will act as replenishment centres for stores, and continued 
growth in e-retailing will increase home delivery significantly.

On this point, orders to the warehouse will grow appreciably but the 
number of lines per order will be small. Thus where individual items are 
ordered by consumers over the internet there will be a greater need for  
technological solutions and quicker, more accurate methods of order pick-
ing and despatch.

Automation will play a big part in the warehouse of the future and it is 
likely that we will have many types of robots criss-crossing the floor, collect-
ing and depositing pallets, cartons and totes to wherever they are needed, 
with few humans in sight.

Conveyors will abound and robots will move both horizontally and verti-
cally, making full use of the cube of the warehouse. Radio frequency sensors 
will be placed strategically throughout the warehouse to ensure that there 
aren’t any breaks in transmission.

We humans will no doubt still be involved in some capacity but mainly as 
IT and equipment service engineers. Skilled pickers will still have a place on 
the warehouse floor where goods-to-picker systems will continue to play 
their part.

In order for this to work efficiently, everything will need to be uniform. 
Pallets will need to be the same size – no combinations of UK, US, euro or 
print pallets, for example. Cartons will also need to be standardized. 
Alternatively, goods will be moved in plastic returnable and recyclable 
totes.

The warehouses will operate 24 hours per day. From an environmental 
standpoint, it’s likely that all the warehouse roofs will have solar panels and 
the yards will be full of wind turbines, not only to run the warehouse  
but also to produce energy to recharge the electric vehicles which make the 
deliveries.

The equipment will be regenerative and all operations will benefit from 
energy-efficient lighting and heating.

The following are potential scenarios for the future of warehousing. 
Scenario One looks at the use of technology to its utmost whilst Scenario 
Two suggests that we humans will continue to play a significant role in 
warehouse operations.
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scenario one
As a vehicle arrives on site its RFID tag will be read and the vehicle guided 
to the relevant loading bay. On reaching the bay its roller shutter door will 
open, as will the loading bay door, and the rails within the trailer will con-
nect to rails within the warehouse. The conveyor will be activated and the 
pallets will be unloaded. Each pallet tag will be read by an overhead scanner 
and an AGV will take the pallet to its relevant location, be it the despatch 
bay for cross docking or into deep storage. If the products are destined for 
the pick section they will be de-layered and each layer of product placed into 
a tote for onward delivery to the mini-load AS/RS storage area.

The system will control all of the movements within the warehouse with 
no requirement to print pick lists, communicate with PDAs or send voice 
instructions to us humans. The paperless warehouse should become a reality 
(unlike the paperless office which has been much heralded but never 
achieved).

All items will be RFID tagged and tracked throughout the warehouse.
Once an order is received the mini-load system will send the tote contain-

ing the product(s) to a pick station and a robot with suction pads will read 
the RFID chip, pick up the item and place it into another tote or carton for 
despatch. This task may be done by a human if the robot’s dexterity is called 
into question.

The tote will be placed on a conveyor, a lid fitted together with a destina-
tion label and it will be loaded onto a waiting vehicle.

The problem will be how to manage complexity. The requirement for 
individual items to be picked from cartons will continue to pose problems 
for a fully automated warehouse. The growth of internet shopping and  
orders for individual items will continue to pose challenges to warehouse 
operators, so human intervention will still be a fundamental requirement.

Robot dexterity may be improved but this could be at the risk of slowing 
down the operation as a whole.

It may be that robots, conveyors and AGVs will bring the products to the 
operator but the actual act of picking and packing could well remain with 
the operator.

scenario two
There is an argument that people will continue to be used for specific opera-
tions within the warehouse. For example, people are currently able to pick 
individual items faster and more cost effectively than a fully automated  
system.

The following is an example of how the present and the future are com-
ing together with most of this technology in place individually but not yet 
combined into a single operation.
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This is a concept system called Aria put forward by LXE, a leading  
manufacturer of mobile computers.

We have also incorporated Jungheinrich’s RFID warehouse navigation 
system.

The concept covers both inbound and outbound operations and is  
heavily reliant on the introduction of RFID technology.

The arrival of a delivery at the security gate triggers a message to the 
warehouse operator from the WMS via their headset, which is attached to a 
mobile computer worn on their arm, belt or installed on their lift truck, to 
‘Go to dock door 34’.

The door opens and the RFID reader on the lift truck automatically reads 
the RFID transponders in the floor and takes the truck and driver to the  
correct location. A tag on the dock door confirms that they are at the correct 
location.

The RFID reader then automatically reads the pallet tag which contains 
a unique EPC code associated with the pallet and the shipper. The WMS 
retrieves the electronic ASN referenced by the RFID tag.

Based on the ASN data, the WMS issues any QC instructions (damage 
checks, case counts, etc) to the operator via either the mobile computer 
screen or headset.

After the operator validates any QC tasks complete, the WMS does an 
auto-receive of the pallet.

The WMS then tells the operator via voice to take the pallet to aisle 07, 
location 0204 and put it away. The RFID reader on the truck follows a  
particular path set out by the WMS to arrive at the correct location.

Upon arriving at aisle 07, location 0204, the RFID reader on the operator’s 
lift truck auto-confirms the operator’s location by reading an RFID tag  
embedded in the rack.

When the pallet is deposited in the location, the RFID reader notifies the 
WMS that the task has been completed correctly. The WMS completes the 
transaction and updates the inventory location record.

Once completed, a further message is sent to the operator to retrieve  
a pallet from aisle 07 location 0105 and take it to pick location 012101.

A member of the outbound team receives a message via their headset to 
go to pick location 012101.

A laser-guided truck is despatched from the outbound bay, having  
collected an empty pallet, to meet the picker at location 012101. On arrival 
at location 012101, the RFID reader on the operator’s arm and on the truck 
auto-confirms the truck and operator’s location by reading an RFID tag 
embedded in the floor or on the rack.

The operator is instructed to pick three cases. The warehouse operator 
then places three boxes on the pallet. The RFID system confirms that the 
correct product has been picked in the correct quantity.

If the wrong product or quantity is picked, the system immediately com-
municates appropriate corrective action at the pick location where the prob-
lem can be resolved with minimal disruption and expense.
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The picker and the truck continue to the remaining locations on the pick 
list. Once completed, the truck departs for the despatch bay while the picker 
awaits the next instruction.

The advantages of such a system include the following:

high levels of accuracy;●●

driving to wrong location is eliminated;●●

reduction in order-picking mistakes;●●

greater operator comfort;●●

less stress for the driver;●●

up to 25 per cent higher pick rate;●●

higher order-picking quality;●●

distance and time optimization;●●

saves energy;●●

distance optimization means energy optimization;●●

reduction in lighting within aisles is possible (‘pick by light on truck’).●●

other advances

Technology that is just around the corner includes Knapp’s optically guided 
picking system. The picker wears a pair of glasses and is guided by the system 
to each required pick location using superimposed arrow symbols directly in 
the field of vision of the operator via a head-mounted display. At the pick 
location the goods to be picked are identified for the picker and an inte-
grated camera reads barcodes, lot numbers and serial numbers to confirm 
the pick without any further human intervention. A digital display will show 
the number of items to be picked.

Once established, it is thought that the system will prove even more  
accurate than voice, and the head-mounted equipment will be the same 
weight and design as a normal pair of glasses.

As with voice-directed picking, training is quick and allows operators to 
keep both hands free for picking.

summary and conclusion

Warehouses in highly developed countries will no doubt adopt the latest 
technology, and companies whose products can absorb the high initial  
capital investment will be at the forefront of warehouse automation.

However, as discussed previously, automation is not for everyone, and 
warehouses will continue to hold stock and employ staff to receive, put 
away, pick and despatch products.
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It is hoped that this book has given you, the reader, an insight into ware-
house operations in the 21st century. Although investment in technology 
will improve and speed up operations, changes in processes, attitudes and 
improved communication both internally and externally are the stepping 
stones. These need to be firmly in place and cannot be bypassed under any 
circumstances prior to any thoughts of automation.

The growth in e-commerce will continue to challenge warehouse managers 
globally and the change in profile from full-carton and full-pallet picks to 
individual-item picks will have equipment manufacturers seeking the holy 
grail of pick systems. Whatever that may be.

One thing is certain: we cannot afford to stand still. US Rear Admiral 
Grace Hopper (1906–92) once said, ‘The most damaging phrase in the lan-
guage is: “It’s always been done that way.”’

This is a statement I have heard many times in my career and therefore  
I hope this book has given you some new ideas to think about and hopefully 
you will be able to implement them and they will help you improve effi-
ciency and minimize costs.
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5S Japanese methodology for organizing the workplace
80/20 rule See Pareto analysis
ABC (costing) Activity-based costing: relating costs to activities performed
ABC analysis See Pareto analysis
ADC Automatic data capture
AGV Automated guided vehicle: robot for moving material around 

(driverless vehicle)
AIDC Automatic identification and data collection
Annualized hours Flexible hours system

APR Adjustable pallet racking
ASN Advanced shipping notice
AS/RS Automatic storage and retrieval system
B2B Business-to-business
B2C Business to consumer
Back order Order for items that are not currently in stock
Brownfield site Site on which there has been previous development, eg 

factory or other building
CBT Counter-balanced forklift truck
Centre of gravity  
method

Method for finding the best location, taking into account 
volumes supplied, travel distances and transport costs

CHIP Chemical hazards, information and packaging regulations: 
UK legislation

CILT Chartered Institute of Logistics and Transport
CNG Compressed Natural Gas
COI cube per order index
Collation Collecting together items for the same delivery vehicle; see 

also marshalling area
Consolidation Bringing together items from different sources to go to the 

same destination
COSHH Control of substances hazardous to health regulations: UK 

legislation
CPFR Collaborative planning, forecasting and replenishment:  

www.cpfr.org
Cross dock Mainly used for pallets, where arriving items are immediately 

sorted for despatch without being put into stock
Cycle counting Counting inventory of an item once during each 

replenishment order cycle
DC Distribution centre
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Dynamic allocation Mainly used in pallet warehouses; each time a pallet arrives, 
a location is assigned to it; in general, this location does  
not depend on the item type or location of pallets of similar 
items

EAN European article number: www.ean.org
EAN 128 High-density barcode coding system
EAN-13 (gtin-13) 13-digit barcode
ECR Efficient consumer response: a supply chain practice for 

meeting consumer demand whilst reducing cost and inventory 
with manufacturers and retailers working closely together

EDI Electronic data interchange
EPC Electronic product code: code issued by agreed authority for 

an individual product (enabling slap‘n’ship) such that other 
organizations can recognize the product

EPC Global Not-for-profit organization set up by UCC and EAN 
International, responsible for implementing and maintaining 
globally agreed RFID standard codes

EPOS Electronic point of sale
ERP Enterprise resource planning; claims to take MRP2 

(manufacturing resource planning) further by linking 
planning between businesses, and enabling better integration 
between the production and business management systems 
used in a firm

Euro pallet Pallets of size 1200 mm × 800 mm made to euro pallet-
agreed specifications

FAO The United Nations Food and Agriculture Organization
FIFO First in, first out method of stock rotation
FILO First in, last out
FLT Forklift truck
FTL Full truck load
FTP File transfer protocol
GFR Good-faith receiving: no/limited checks on inbound goods
Greenfield site Site that has not been developed before and is still countryside
GTIN Global trade item number
HACCP Hazard analysis and critical control point
HASWA Health and Safety at Work Act: UK legislation
HMI Human–machine interaction
HU/HD Hoist up/hoist down
ID Identity or identification
ISPM 15 International Standards for Phytosanitary Measures 

Publication No. 15 (2009): Regulation of Wood Packaging 
Material in International Trade

IT Information technology
JIT Ordering stock frequently in small quantities; for finished 

stock this means only ordering what will almost certainly be 
sold in the very near future
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Kaizen Japanese methodology for quality improvement
Kanban Japanese card system for controlling just-in-time material flow
KPI Key performance indicator
LIFO Last in, first out method of stock rotation
LOLER Lifting operations and lifting equipment regulations: UK 

legislation
LPG Liquified Petroleum Gas
LTL Less than truck load, ie partly full vehicle
LU Logistical unit, eg pallet, case
Marshalling area Where packages or items are grouped together for a purpose, 

eg grouped by delivery route; see also collation
MHE Materials handling equipment, eg forklift truck
NDC National distribution centre
OCR Optical character recognition; usually characters are in a 

format readable by humans and machines
OMS Order management system
OTIF On time and in full: the order must be delivered with exactly 

the items and quantities as ordered and on the day requested
Pareto analysis To identify the most important activities or items which account 

for 80 per cent of the value, turnover, etc; also known as the 
80/20 rule and ABC analysis

PDA Personal digital assistant: a mobile device that functions as a 
personal information manager

Perpetual  
inventory counting

Counting a proportion of the inventory each week, in order 
to spread the cost of counting stock through the year
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PPE Personal protective equipment
PPT Powered pallet truck
QC Quality control
QR Quick response: products are produced and delivered in the 

variety and volume that match demand; the manufacturer 
bases production on data from retailers – little and often

RDC Regional distribution centre
RDT Radio data terminal
RF Radio frequency
RFDC Radio frequency data capture
RFID Radio frequency identification
RIDDOR Reporting of injuries, diseases and dangerous occurrences 

regulations: UK legislation
RSI Repetitive strain injury
RTP Returnable transit packaging
SAP A widely used ERP system; see ERP



glossary316

SCM Supply chain management
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