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Abstract 
The warehouse is the interface 

area for production lines, market, 

customers and suppliers, and the 

business environment in general. 

Goods inwards (GI), constituting 

part of the warehouse activities, is 

the department responsible for 

booking-in the incoming parts from 

external suppliers. After the pro- 

duction process is improved, the 

resources in the warehouse are 

balanced to link the internal/ 

external transfer of  physical 

items. With a broader view of the 

GI activities, and a look into its 

future, the actual problems may 

become clear, understandable, 

and hence easy to solve. The aim 

of this paper is to study the 

problem areas in GI and provide 

solutions to increase the perfor- 

mance of warehousing operations. 

First, a conceptual framework has 

been developed to improve the 

effectiveness of warehousing 

operations. Second, a case study 

has been conducted with the help 

of the model to minimize the 

through-put time in warehousing 

operations. Finally, a summary of 

findings and recommendations are 

presented. 
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The general warehousing concept includes the 
storage and retrieval operations, the 
organizational aspects, the mechanisation 
equipment for materials handling, media for 
material storage, and the building itself which is 
necessary to protect the goods' environments. 
The task of distribution con- sists of moving 
goods from the production line to the customer 
in an acceptable time and doing it economically. 
However, there are an infinite number of 
solutions. Opti- mum or near-optimum solutions 
are difficult to find and often involve more than 
errand- running ingredients for the shortest path 
as well as the removal of unnecessary waiting 
time. Inventory control, production control and 
warehouse management are the under- lying 
methodologies that affect the industrial success 
of distribution organizations. Both the physical 
processes of material handling and stocking, as 
well as the underlying methodologies, are 
commonly denoted by the word warehousing''. 

Warehousing activities concern the physi- cal 
storage and retrieval of materials, and also the 
processing of information needed about the 
goods stored. For example, lot (or the parcel) has 
an origin, its supplier, an identification, its 
designation, a dimension (usually the quantity), 
a destination and a customer. Basically, 
warehousing methodol- ogy is information-
oriented and requires the use of efficient media 
to store and handle data about the movement of 
goods. It is important to have good control over 
the inventory. Management should ensure that, 
for each item: 
• the correct stock level is available; 
• no unnecessary money is tied-up in 

inventory; 
• the warehouse capacity is both economic- al 

and efficient; and 
• the goods are properly kept. 

To achieve this, a focus on the correct 
evaluation, identification, classification and 

Introduction 
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quantification, retrieval, 
and security of goods, 
would provide a clear 
and accurate view 
(Chorafas, 1974). 

Over the past 20 
years, the automotive 
industry has been 
sinking deeper and 
deeper into recession. 
Owing to massive 
technologi- cal 
developments, a worker 
of the 1990s can 
produce as much as ten 
workers could in the 
1960s. To remain at the 
forefront of progress, 
competition is fierce, 
and productivity and 
efficiency are nowadays 

the major focus of all development 
programmes in modern indus- try. For 
instance, it was proven that internal 
combustion engines are highly 
pollutant, so manufacturers had to act 
on this research, and are continuously 
striving to reduce 
the environmental risk of their present 
products. 

Environmental concern is not a 
fashion, or a passing fad; it has been 
established as a serious world issue in 
our society. Therefore, it is logical to 
expect that the motor industry will 
reduce even more in size. To remain 
competitive in the global market, 
companies endeavour to maximize 
both their produc- tivity and their 
quality. Warehouse performance 
measures should be based on 
organizational strategies, objectives 
and competitive demands. Effective 

performance measurement systems go 
beyond reporting history to improving 
future operations. 
The measurement system must be balanced 
between internal and external perspectives 
(Tompkins, 1996). 

A number of researchers and practitioners 
have studied warehousing operations from 
different perspectives, such as receiving, 
storing, picking, packing and shipping 
operations. However, there have not been 
many articles that address the improvement 
of warehousing operations in real-life situa- 
tions. Also, a conceptual framework is 
lacking for improving the warehousing 
operations taking into account the concept of 
just-in-time (JIT) and total quality manage- 
ment (TQM) together with information 
technology (IT). Realizing the importance of 
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warehousing operations in improving custo- 
mer service levels, an attempt has been made 
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to study this subject with the help of a case 
study. 
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Today's warehouses may function autono- 
mously, but they must also learn to think 
universally. This can lead to the development 
of advanced systems built on the idea of 
distribution at an enterprise level, connect- 
ing multiple sites and supply chains together 
for a network-centric view (Dilger, 1998). 
Storage is the core activity of warehousing 
and it identifies the location where the goods 
are deposited and held until they are 
demanded for usage. Since items are of many 
different shapes and sizes, there are also 
different usage rates of the storage space, 
which poses different problems. For example, 
first-in first-out (FIFO) storage, or a stock - or 
even a dedicated - container are useful 
storage mechanisms. They must be designed 
to fit each item, or category of items. 

Built-in flexibility can be an advantage for 
continuous improvement of the inventory 
control. Online analytical processing (OLAP) 
and data analyses are the decision support 
technologies used in warehousing opera- 
tions. The main objective of these 
technologies is to enable enterprises to gain 
competitive advantage by exploiting the ever- 
growing amount of data that are collected 
and stored in corporate databases and files 
for better and faster decision making 
(Chaudhuri and Dayal, 1997). 

Typically, warehousing comprises six 

major throughput activities (see Figure 1): 

1 receiving; 

2 transfer; 

3 handling; 

4 storage; 

5 packing; and 

6 expediting. 

Once the materials are transferred to the 
storage area, or when they are transferred to 
the expediting area, handling takes the parts 
into or from their location. To minimize the 
time expended in retrieving orders, it is 
suggested that items that have the highest 
turnover are located nearest to the shipping 
area. Slow-moving items would be kept at the 
other end of the store. While expediting 
materials, the preparation of all information 
documents is connected. Work carriers are 
unloaded, items are sent for packing. Before 

shipping, final checks on the shipping 
invoice and for possible damage are made. 
Packing is an important element of the 
despatch function. Although it is not directly 
connected with the warehouse operation, it 
usually finds its place within the same 
building. The warehouse must assume the 
responsibilities of linking containerization 
which would improve the cost-effectiveness 
of transportation, facilitate the mechanisa- 
tion of the warehouse, reduce the amount of 
packaging material used and save on an 
expensive recycling scheme. Ang and Andren 
(1995) have pointed out in their paper that 
YoungWorld, a rapidly growing retailer of 
children's apparel and furniture, eliminated 
their warehouse bottlenecks by replacing the 
redundant, paper-intensive manual opera- 
tions with an automated warehouse system. 
With automation and barcoding technology, 
YoungWorld reduced labour by half and 
saved 25 per cent on warehouse overheads 
with a payback time of slightly over two 
years. 

Improvement of warehouse operations can 
be realized using software and automatic 
data collection. In particular, barcodes in 
conjunction with software can be used to 
provide a better view of warehouse opera- 
tions by collecting accurate data on: 
• the space utilization; 
• return on investment; 
• material handling equipment use; 
• labour cost; 
• order picking; and 
• customer service (Nixon, 1994; Trunk, 

1994b). 

Software is an important control and sche- 
duling tool suited for the enhancement of 
warehouse operations. Although software 
may not help much when the material 
handling equipment is insufficient for the 
task, considering it seriously is an important 
step to better handling of goods, keeping 
track of the inventory and serving customers 
(Trunk, 1994a). Order picking in conven- 
tional warehouse environments involves 
determining a sequence in which to visit the 
unique locations where each part of the order 
is stored, and thus is often modeled as a 
travelling salesperson problem. With the 
computer tracking of inventories, parts may 

 
 

Figure 1 

Activities in warehousing operations 
 

Warehousing operations 
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now be stored in multiple locations, simpli- 
fying replenishment of inventory and 
eliminating the need to reserve space for 
each item (Daniels et al., 1998). 

Warehouse layouts are the perfect exam- 
ples of fundamentals often neglected. Most 
organizations simply treat the warehouse as 
a place where product is stored until it needs 
to be shipped to the customer. This often 
results in the shutdown of warehouses. 
Suskind (1995) examined a company whose 
only warehouse facility was nearly shut 
down. He emphasized the approach used by 
the company to meet its peak inventory 
storage and shipping requirements. A prop- 
erly installed warehouse management 
system (WMS) can revolutionize the way a 
company does business. Any changes in 
WMS should be properly communicated and 
co-ordinated throughout the organization in 
advance. 

 

 

A conceptual model to improve the 
effectiveness of warehousing 
operations 

In order to present a framework for improv- 
ing the effectiveness of warehousing oper- 
ations, a conceptual model has been devel- 
oped as shown in Figure 2. The issues of 
improving warehousing operations are dis- 
cussed under two perspectives: 

1 JIT; and 

2 TQM. 

The JIT application in warehousing opera- 
tions is concerned with demand pull, 
minimal economic quantity, reduce work-in- 
progress (WIP), supplier reliability, 

preventive maintenance and eliminate buf- 
fers. The issues related to TQM are a long- 
term commitment, war on waste, continuous 
improvement, total quality control (TQC), 
continuous training and ergonomics. JIT 
helps in scheduling the operations, reduces 
lead time, inventory, through-put time and 
improves on-time delivery of the goods to 
different destinations. TQM helps to improve 
the effectiveness and quality control in 
warehousing operations. Further details of 
improving warehousing operations are dis- 
cussed later. 

 

JIT application in warehousing operations 
JIT is a philosophy which aims to bring 
certainty and smoothness to the flow of 
material through the supply chain, while 
reducing the WIP, enabling the lowering of 
stock, and thus reducing the lead time. For 
many buying companies, JIT forces the 
supplier to carry stock in order to ensure 
timely delivery. In fact, this could be 
described as a transfer of inventory to 
another location within the supply chain. 
The proper approach implies more co-opera- 
tion to ensure success. JIT is the application 
of an externally-oriented approach to sche- 
duling, but its implementation also has an 
impact on inventory management and other 
areas (Wild, 1995). JIT emphasizes improving 
the manufacturing efficiency as an operating 
system to solve productivity problems. JIT 
aims to reduce the inventory and through-put 
time, thus decreasing the number of parts 
waiting. The new system has to be ergo- 
nomic, or user-friendly'', and approved 

by all the staff. This operational analysis 

emphasizes the removal of unnecessary 

 
 

Figure 2 

A conceptual model for improving the efficiency of warehousing operations 
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workload and aims to bring the information 
flow in line with the physical flow in order to 
optimize the overall process time. Cormier 
and Kersey (1995) present a case study 
to outline some analysis and design princi- 
ples for a central distribution facility in 
warehousing operations to support a JIT 
operating philosophy. They have presented 
various facets of the study, such as the 
determinations of storage and through-put 
requirements, a conceptual warehouse lay- 
out and an economic analysis. 

JIT is a demand pull system. Manufactur- 
ing planning begins with the final stage, last 
assembly line (or process) and works back- 
wards, through every manufacturing 
process, and also to the vendors and subcon- 
tractors supplying materials and components. 
JIT and purchasing work effectively if all 
parts arrive at the right time, in the right 
place and in the right quantity and, most 
importantly, if the parts that arrive are 
usable (Lyson, 1996). The JIT approach con- 
trasts markedly with the warehousing 
operating systems depending on substantial 
inventory; it brings exactly what a customer 
wants, where and when he decides. There- 
fore, the queuing time of batches is minimal, 
WIP is low, throughput time and space 
requirement in the warehouse are reduced 
and the flows become virtually continuous. 
There is also an absence of buffers and safety 
measures, which normally slow down the 
process. 

Efficient warehousing management can 
bring about valuable developments and phi- 
losophies. For example, JIT can further 
contribute to the improvement in perfor- 
mance of production activities. In particular, 
it affects the supply chain as, if functioning 
as intended, it can eliminate factors consid- 
ered superfluous or excessive, such as non- 
value-adding activities. It may also enable 
the lowering of WIP, therefore reducing lead 
times. Ideally, JIT aims to ensure consis- 
tently punctual deliveries of high quality 
goods, at optimal costs. The industries that 
are currently having the most success in 
terms of realizing these goals are those 
striving to meet international competition. 
To beat high holding costs, they cut purchase 
and production lot sizes and dodge buffer 
stocks. 

JIT operating systems in the warehouse 
must wait for the customer to decide where 
and when to deliver what. A customer 
triggers activities throughout the operating 
system. The order flows back, triggering each 
stage of the overall process at the proper date. 
The rapid movement between processes is 
an essential prerequisite. The time-based 
dimensions of a product are becoming an 

increasingly important component in asses- 
sing strategic advantage, while traditional 
long lead times and high inventory levels are 
increasingly less important. However, JIT 
hinges on the rationalisation of the flow and 
aims to reduce the intrinsic waste in the 
process of warehousing operations. Major 
elements of JIT are embedded in a more 
comprehensive TQM system. JIT emphasises 
the importance of improving manufacturing 
efficiency as an operating system to solve 
productivity problems, while TQM aims to 
improve the overall effectiveness of the 
organization through extensive attention to 
the social aspect of management (Cali, 1993). 
Fuller (1995) suggested that the implementa- 
tion of TQM, GT, JIT, MRP, IT and lean 
production will benefit warehousing opera- 
tions. 

The material flow follows the information 
flow. If there is any gap between them, it will 
lead to congestion and poor customer service 
level. On behalf of a close communication, 
the responsiveness can be maximised, elim- 
inating the needs for safety stock. As advised 
by the department of trade and industry in 
the UK (1995), the following are implications 
of JIT in warehousing operations: 
• JIT hinges on planning and certainty - 

need for enhanced sales forecast; 
• JIT can only work where there is 

co-operation and trust - need for strong 
supplier-customer links; 

• JIT will break down without proper com- 
munication - need for effective 
information systems; 

• awarding supplier long-term contract 
which gives them the confidence to invest 
in meeting their future requirements; 

• working towards zero defect through a 
quality assurance programme; and 

• removing non-value-adding activities 
along the whole supply chain. 

 

TQM application in warehousing operations 
TQM is a management approach to organi- 
zation centred on quality, based on the 
participation of all its members, and aiming 
at long-term success through customer satis- 
faction and benefits to the members of 
the organization and to society. Since the 
introduction of a quality approach in manu- 
facturing, it has left its mark on the 
landscape of the manufacturing industry 
(Love et al., 1998). The quality and high 
performance of a company depend on the 
criteria listed in the following four sub- 
sections. 

Long-term commitment 
To achieve a long-term commitment, one 
must know the behaviour of a product and its 
process for the whole of its life-cycle. 
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Factories, machines and materials must 
be economically sound and environmentally 
friendly. Plan for the long term rather than 
the short term. Short-term issues and fire- 
fighting should remain the task of local 
management. Locally, if authority is 
increased where the problems in warehous- 
ing operations occur, this will increase the 
ability to solve minor problems, provided 
that staff are fully trained. This would also 
release time to concentrate on problems at 
a higher level in warehousing operations. 
The use of Pareto analysis on each quantifi- 
able problem helps to resolve them 
effectively. 

War on waste 
Generation of waste in warehousing opera- 
tions implies two costs: 

1 the value added, which is lost; and 
2 the cost of disposals, which is ever 

increasing. 

Along the supply chain, a strict inspection 
would prevent the process of transporting 
waste, as once the item is defective, it can 
only end up as scrap. To generate scrap is 
also to order things which will remain 
unused in a store until they go to dump. One 
more cost occurs in this case: the space 
occupied in the warehouse. According to 
Burton (1981), it is always cheaper to do the 
job right first time. 

TQM 
TQC aims to prevent waste by not producing 
defective products in the first place. It 
emphasizes that everything is important for 
the goal of achieving first-class quality. The 
relationships between suppliers and buyers, 
leading ultimately to the customer, must be 
integrated to prevent poor quality, rather 
than trying to detect what is not to specifi- 
cation. TQC is the process of setting 
standards of acceptability for the goods 
purchased in warehousing operations. A 
specification is a detailed description of any 
given item. Once the specification has been 
drawn up, all goods supplied to the store/ 
warehouse must meet the requirements or be 
rejected. 

Continuous training 
One of the main strengths which people have 
is their flexibility. They will be as flexible as 
their knowledge allows. Teamwork allows 
the sharing of skills and know-how among 
groups in warehousing operations. There- 
fore, the knowledge of the team reflects to a 
large extent the knowledge of each member. 
It requires that each member perform his/ 
her task to the best of his/her ability, while 
also being able to help his/her fellow team 
members in warehousing operations. Often, 

specialists are required, and they must have 
the broadest possible knowledge of ware- 
housing operations. 

 

 

A case study: Lucas-Acton, 
England 

An attempt has been made to study the 
application of the model in a real-life situa- 
tion (as shown in Figure 2). This section deals 
with the Lucas warehousing operating sys- 
tem, principally the goods inwards (GI). It 
specifically highlights the shortcomings of 
the system; for example, the time spent 
walking between the work area and the GI 
office to process deliveries, and also the 
massive amount of paper work involved, 
which is costly and time-consuming. Ware- 
house activities often require the processing 
of a vast amount of information, and if there 
is not an adequate level of structural and 
operational effectiveness, this data handling 
may become an insurmountable task. Using 
the philosophies of JIT, it will be seen that 
several improvements could be made. For 
example, JIT would ensure a smooth, reliable 
material flow, thus eliminating buffers, 
reducing WIP, stock levels and lead times. 
JIT aims to bring smoothness and certainty 
to the material flow. This technique helps to 
reduce the throughput time of a process and, 
therefore, the number of parts waiting before 
processing is reduced. The principles of TQM 
would make the GI procedures more ergo- 
nomic, removing unnecessary workload and 
optimising the overall process time. 

 

Background of the company 
To study the application of the model in the 
GI operations system, Lucas Electrical Heavy 
Duty Products, situated in Acton, UK, was 
selected. Lucas is a small to medium-sized 
enterprise (SME) with a workforce of 500 and 
an annual turnover rate of £30 million. Lucas 
is a manufacturing company that produces 
starter motors, alternators 
and electrical motors for electrical, rotating 
heavy machines. The products are manufac- 
tured to stock. It is a high-volume and low- 
variety production system. The system, 
including warehousing, follows a push-type 
scheduling system. The decision making in 
Lucas follows the top-down approach. Acton 
Gate four is the main door through which 
any material goes into and out from the 
Lucas plant. The transfer function moves the 
goods from reception to storage and from tier 
retrieval to delivery at a point where the 
expediting process starts. Activities such 
as loading, positioning and unloading are 
assisted by transfer devices. These transfer 
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devices can be very costly and often repre- 
sent a large investment. Therefore, solutions 
must be cost-effective and not haphazard (e.g. 
the forklift). 

Over the past ten years, Lucas Heavy Duty 
Products has gone through dramatic changes 
which have significantly affected the size 
and the structure of the organization. A 
vertical, functionally integrated  structure 
was turned into a vertically disintegrated 
process-oriented organisation. The UK-based 
market expanded to an international supply 
chain, where suppliers and customers can be 
based in Europe, Turkey or India. Further- 
more, only the key activities were kept 
in-house, while external suppliers proved to 
be more effective in the execution of the 
process-work and the manufacture of small 
standard items. The amount of deliveries 
increased and became more urgent than ever. 
Therefore, nowadays, the floor at the GI area 
is covered by parcels waiting to be booked in, 
and then collected by the material controller 
to go to the production or assembly lines. 

 

Research methodology 
For the case study, the data on the ware- 
housing operations were collected through 
interviews with the key personnel of Lucas 
Heavy Electricals. Based on the literature, a 
conceptual model for improving the effec- 
tiveness of warehousing operations was 
developed and reported in the previous sec- 
tion. A case study research methodology was 
used to study the application of the model. 
The main objective of the case study is to test 
our conceptual model for warehousing 
operations in a section, i.e. the GI section 
of the company. The data were collected 
through interviews and from company 
records. The present warehousing operations 
system of the company includes many non- 
value-adding activities. From the case 
experiences, a new warehousing operations 
system for the GI section of the company was 
proposed. 

 

Goods inwards operating system 
The function of operating systems is to use 
and convert physical resources into outputs. 
Basically, there are three categories of phy- 
sical resources: 

1 materials; 

2 machines; and 

3 labour. 

Materials are the physical items consumed 
and converted by the process. Machines are 
the physical items used by the system. 
Labour provides and contributes to the 
operations of the system. Functionally, there 
are four categories of operating systems, 

such as manufacture, transport, supply, and 
service. 

The principal characteristic of manufac- 
ture is that something is physically created. 
Transport moves things from place. Supply is 
primarily a function of change in possession 
of a utility or a resource. The treatment or 
accommodation of something or someone is 
provided through the function of service. 
These four principal functions can together 
describe every operating system and their 
sub-systems. Any complex organization can 
be described using one or all of these func- 
tions. Furthermore, consideration of parts or 
a sub-system of the whole will allow a more 
accurate description (Wild, 1995). 

The warehouse and, therefore, GI, can be 
described as a supply-operating system. The 
goods come in from supplies and remain 
unchanged. The core function of GI is to 
update the inventory on the information 
system and to make each component avail- 
able for collection to the next stage. The 
components are taken out of their parcel and 
unloaded into a container designed for their 
use on the production lines, and the compu- 
ter system (database) is updated regarding 
this goods inwards''. 

Customer 
The aim of the operation is primarily to 
provide the modules reliably with the goods 
from external supply. The basis is to main- 
tain the schedules so that Lucas customers 
can receive their deliveries on time. One 
major problem is that, for example, a single 
missing washer can delay a whole assembly 
line, and alarmingly reduce its output. This 
is due to lack of organization or mismanage- 
ment of time. Time is a resource which, 
whether used or lost, is continually passing. 
Time can be converted into cost in terms of 
usage of resources in a certain duration, or in 
terms of costs incurred while not running, 
hence being one useless overhead. 

The production and assembly lines cannot 
work effectively in JIT, having long lead 
times owing to supply unreliability. Parts 
from truck to module may wait for as long as 
two to five days, or only 15 minutes if they 
are needed very urgently. Some suppliers are 
called approved'', others are called desig- 
nated''. Goods from designated suppliers go 
to inspection at the vendor quality section 
before being made available to the module, as 
sometimes even the suppliers are unsure of 
what they have sent out; this is a basic 
requirement of the ISO 9000 standards. Both 
the approved and designated supplier parts 
must wait one or two days for the data to be 
securely entered. 

Once ready, the trays go into the storage 
racks, where they wait to be collected by the 
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modules. Sometimes, although the parcel is 
on the premises, it is possible that it has not 
been booked in, but the information still has 
to be updated. Consequently, because of a 
delay on one parcel, a whole module may 
have to stop, and so it becomes a priority. 
Therefore, some experience of the stores is 
helpful in recognizing in advance when such 
situations might occur. 

Information 
The advice notes are checked and stamped 
as each parcel is opened. They are grouped 
and sent to the GI office, where the GI notes 
are raised. Primarily, the GI notes are useful 
to the purchasing department. They allow the 
stock on hand to be kept up to date, so that 
the inventory control is more accurate and 
efficient. A green GI note tells the material 
controllers in the modules where to find 

the goods they are waiting for, as shown 
in Figure 3. If, during book-in, the material 
and the information were to be processed 
in one sequence of actions, then this new 
sequence would group the work area and the 
GI office. The parts wait on the trolley or in a 
corner until the GI notes are placed into the 
correct container. This is because the infor- 
mation flow is separated from its real path. 
By bringing it closer to the unpacking 
operation, the information will follow, and 
this would suppress two buffers, since the 
information mainly concerns the material 
itself. 

The storekeeper raises a GI note, which 
holds the name (designation),  the  quantity 
in the lot, supplier information and the 
destination. COPICS manages the inventory, 
and includes an MRP software. The accounts 
department uses the information  from  the 
GI note. When an invoice comes from the 
supplier, the accountant matches it with 

the GI note on the screen before paying for 
the goods, and then the money is sent by 

the due date. If, for some reason, the invoice 
does not match with the information on the 
screen, the advice note, transported with 
the goods, is taken out of a fleet as an 
additional checking process. The quality 
of available information is crucial in defining 
the accuracy of long-term forecasts. In this 
instance, IT is invaluable. It can handle, store 
and manage an amount of information that 
would confuse any store manager. What is 
more value adding, to read the information in 
an understandable way, or to handle it? IT 
provides access to more knowledge, more 
measures and statistics. This also results in 
a tremendous saving on research, time and 
money. 

 

Analysis of activities in the present 
warehousing operations 
GI operations can be grouped into four main 
actions: 
1 the storekeeper receives the parcel in the 

work area; 
2 the data are entered on the screen in the 

GI office; 
3 dangerous supply is inspected at vendor 

quality; and 
4 the parts are kept in the storage area until 

they are required in the modules. 

The GI procedures are detailed in Table I. 
 

Present system of warehousing operations 
The principal function of GI is to book in the 
components from external suppliers. The 
storekeeper prepares them for the module 
and also updates the information system 
(COPICS) accordingly. The data are then 
available to the rest of the factory. Owing to 
shared printing facilities,  the  components 
are handled in a work area, whereas infor- 
mation is treated elsewhere, in the GI office. 
Long walks are necessary to reach the 
storage area or the office; subsequently the 

 
 

Figure 3 

Goods inwards information flow 
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jobs are carried out in batches. Furthermore, 
the actual waste from the printer is the first 
two pages and the first two copies of each 
printed batch. Each form is worth four pence. 
The actual procedure comprises short 
sequences of operations, with a buffer 
in between. The deliveries occur quite irre- 
gularly; hence the through-put time from 
Gate four to the module is difficult to predict. 
All idle periods, considered as non-value- 
adding activities, expand this duration. This 
randomness generates queuing times, 
between each sequence of up to half a day. 

 

Paper work 
The blue GI note exists to travel with the 
goods. No job must ever be without identifi- 
cation. Each incoming parcel has an attached 
advice note. One advice note can have many 
lines - each line calls a job and therefore one 
GI note. When the parts go into the trays, a 
C150 card is added, and the advice notes go to 
the office. The separation of the advice note 
from the good implies a means of identifica- 
tion of the lot. The GI process note (C150) 
holds the main information, and remains 
with the goods, the blue GI note is also added 
to the tray, the green GI note tells the 
material controller about the good's avail- 
ability. The C150 cards hold the same data as 
the GI note and the advice note. The GI note 
may be raised in the same place as the C150 
card. 

It is possible that another procedure may 
result in the same output. When the advice 
note is taken out of the parcels, the store- 
keeper raises the GI notes for each job so that 
the container and the goods are identified as 
early as possible. To achieve this, a screen 
and a printer should be located next to the 
unpacking area; thus, the information and 
the material are processed in the same 
sequence. Such a change may require the 
form used for the GI note to be modified. The 
computer can be used as a tool for work 
enhancement. Through an internal e-mail 
system, a list of the goods ready in the store 
and their location will make the green GI 
note redundant. 

Queries 
Errors on the paper work (advice notes) or on 
the screen (order) constitute queries. This is 
a problem external to GI; nevertheless, it 
hinders the whole operation. Generally, a 
mistake in the acquisition of the order on the 
computer, or a misprint on the paper, can 
mean the storekeeper trying to resolve the 
problem for up to half an hour. A double 
check on the information sent out of the 
department, allowing the storekeeper to do 
some corrections, would significantly reduce 
the time spent on queries. 

There are many hindrances in the present 
GI system of the warehousing operations 
which cause delay and, hence, increase the 
number of non-value-adding activities. The 

 
 

Table I 

Activities in the current warehousing operations 

Activity 

no. 

 
Activity type 

 
Description 

Activity 

no. 

 
Activity type 

 
Description 

1 Move Goods arrive from supplier 23 Decision Does all information match? 

2 Operation Carrier consignment note signed 24 Operation Query 

3 Operation Duplicate copy 25 Operation Print out GI notes 

4 Waiting Parcel queue before unpacking 26 Waiting Batch to be completed 

5 Move Move parcel to work area 27 Waiting Advice notes are kept five days in the office 

6 Operation Unpack 28 Move Accounting collect advice note 

7 Operation Find advice note 29 Operation Record location on GI note 

8 Operation Check advice note 30 Operation Green GI note to procurement 

9 Decision Is quantity roughly correct? 31 Move Blue GI notes go with goods 

10 Operation Check on scale 32 Decision Is inspection required? 

11 Operation Stamp advice note 33 Move Put trays into VQ storage 

12 Operation Record location on advice note 34 Operation Write new location on GI notes 

13 Move Empty trays come back from module 35 Move Blue GI notes into VQ file 

14 Operation Put components in tray 36 Waiting Wait for inspection 

15 Operation Write C150 37 Operation Inspection 

16 Operation Put C150 in tray 38 Move Blue GI notes with goods 

17 Waiting Fill the trolley 39 Decision Pass? 

18 Move Move trolley to waiting area 40 Operation Non-conformance procedure 

19 Waiting Trolley wait for GI note 41 Move Trays go into storage racks 

20 Move Advice note taken to office 42 Waiting Wait for module collection 

21 Waiting Waiting for book-in 43 Move Goods are taken to module + blue GI note + C150 

22 Operation Raise GI note    
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factors which affect the GI system of ware- 

housing operations are as follows: 
• long lead time because of delays which 

arise from many hand-offs; 
• poor warehouse layout; 
• limited printing facilities; 
• poor format of the information output that 

leads to wastage of papers on the printer; 
• there are many activities in the GI system 

which increase the number of buffers and 

hence the inventory build-up; 
• irregular deliveries owing to poor com- 

munication in the GI system; 
• increase in the queuing time of goods 

because of the above reasons; 
• high level errors in the forecasting of 

demand; and 
• unnecessary queries such as errors on the 

advice notes, on the order and a misprint 

on the paper that can increase the con- 

gestion in the warehousing operations. 
 

Proposed system of warehousing 
operations 
GI operation improvements lie in the way 

information is handled. The areas which 

appear to have the highest potential for 

improvement are the electrical supply area 

and in-line goods. The changes would not 

modify the book-in procedure in so far as the 

staff may only require a broader under- 

standing of why they will have to handle 

parts as much as their respective informa- 

tion. Basically, the unpacking and transport 

of the physical items are considered to be the 

core activities of GI, whereas the other 

activities could be seen as a polluting, non- 

value-adding activity. Information is actually 

processed centrally in the GI office. The 

removal of the GI office will thus affect every 

sub-area in the GI department. Each sub-area 

may require a specific analysis to define 

accurately how and where to handle the parts 

with their information. Of the two stations, 

one can be made available on a part-time 

basis to raise the GI notes for the other sub- 

areas until the change takes place in the 

whole department. The proposed processes 

for warehousing operations are detailed in 

Table II. 

Implications of the proposed warehouse 
operations system 
The implementation of a new layout involves 

change in the whole structure of the GI 

operating system. Therefore, it needs to 

follow certain steps which include: 

1 change the layout for the electrical supply; 

2 develop suitable performance measures; 
3 review the new layout within the scope of 

the department; 

4 employ large containers, recycling of raw 
materials, certified suppliers with small 
and medium-size deliveries; and 

5 continuous improvements. 

Poste de manoeuvre 
Once the parts are in a tray with their correct 
GI note, they can be placed in the storage 
racks. The distance between this area and the 
working area justifies the use of the trolley to 
batch this operation. Primarily, the actual 
batch size is defined by the capacity of the 
trolley. It appears to be satisfactory. A 
further study may be useful to determine the 
optimal size of the trolley. Nevertheless, the 
behaviour of this new system must be 
measured, so that every parameter is under 
control. A gravity conveyor placed at the 
centre of the room will handle the incoming 
parcels. Two work stations at each side will 
be equipped with a terminal to raise the GI 
notes. A printer can be shared among the two 
operators. The printer must be able to 
produce each form economically. As the 
activities take place at the centre of the room, 
the storage racks can be arranged around the 
room. They should be coded according to the 
destination of the goods stored. Then buffer 
stores may be set aside for queries, where 
parcels can wait while a query is solved 
without delaying the subsequent jobs. 

 

Comparison of the present and proposed 
systems of warehousing operations 
Comparison of the present and proposed 
systems of warehousing operations was car- 
ried out to determine the number of value- 
adding and non-value-adding activities in the 
GI operating system. In the proposed system 
of warehousing operations, the total number 
of activities is reduced from 43 to 30 activ- 
ities. Also, the number of value-adding 
activities has increased by 7.44 per cent and 
at the same time the number of non-value- 
adding activities has decreased by the same 
ratio in the proposed system of the GI 
operations. JIT and TQM strategies/methods 
help to improve the information flow and 
hence the flow of materials through the 
supply chain, which leads to a reduction in 
the number of non-value-adding activities 
and hence the lead time. For example, JIT 
requires having only the necessary stock to 
meet demand and, therefore, it reduces the 
inventory level and associated costs which in 
turn improves the working environment. 

Implementation of JIT even simplifies the 
information system and its applications, 
leading to improved communications 
between suppliers and customers. TQM leads 
to improved understanding of the warehous- 
ing operations and their business objectives 
by the employees. This would lead to 
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teamwork and co-operative supported work. 
IT facilitates better communication with 
suppliers leading to improved delivery per- 
formance and reduction in inventory costs. 
All of these have aimed to reduce the number 
of non-value-adding activities in the GI 
system. The percentage of activities with 
present and proposed systems of GI ware- 
housing operations is shown in Table III. 

 

 

Summary of findings and 
recommendations 

Presented here are some of the findings and 
recommendations on the reduction of 
through-put time in warehousing operations: 
• The processing of information plays a vital 

role in warehousing activities. Each in- 
dividual batch has its own specific details, 
such as its origin, supplier, identification 
and its final destination. It is, therefore, 
clear that an efficient and reliable data 
handling system is needed to store accu- 
rately the extensive amount of information 
on goods and their movements. 

• There are obvious benefits that ware- 
housing can bring. Provided that the 
warehouse is run competently (that is, the 
stock for each item is at the correct level, 
the warehouse capacity fits its purpose 
and the goods are appropriately stored), 
the general level of organization in terms 
of distribution will ensure effectiveness, 
promote customer satisfaction and could 
potentially facilitate profit-building 
opportunities. 

• There are, however, some sacrifices to be 
made when using JIT. In Japan, for 
example, companies have close control 

 
 

Table III 

Percentage of activities before and after the 

proposed processes 
 

 

Nature of 

activities 

in GI system 

Present 

system of GI 

Proposed 

system of GI 

Value-adding 32.56 40 

Non-value-adding 67.44 60 

 
over their suppliers, and demand more 
frequent deliveries. This in turn requires 
a greater level of transportation and 
therefore creates more traffic, which is 
already a problem in Japanese cities. A 
further problem with JIT may arise when 
an item inventory is cut to zero, as a 
company has no safety stock. This will 
have serious implications for the com- 
pany if there is suddenly a surge in 
demand. To prevent such a situation, the 
inventory level of an item (particularly 
low value and low volume items) would be 
pegged at a point between JIT delivery 
and the holding of stock. 

• The principal concept behind JIT philo- 
sophy involves solving productivity 
problems by improving manufacturing 
efficiency. It can be argued that this, 
together with other important elements of 
JIT, form part of a TQM attitude which, in 
its widest sense, aims to improve a 
company's general effectiveness by work- 
ing to advance the social aspect of 
management. More precisely, this would 
require the active participation of all 
management members, working towards 
customer satisfaction and benefits for 
both the organization and society in 
general. 

 
 

Table II 

Proposed activities for warehousing operations 

Activity 

No. 

 
Activity type 

 
Description 

Activity 

No. 

 
Activity type 

 
Description 

1 Move Goods arrive from supplier 16 Waiting Advice notes are kept five days in the office 

2 Operation Carrier consignment note signed 17 Move Accounting collect advice note 

3 Operation Duplicate copy 18 Operation Put components in tray 

4 Waiting Parcel queue before unpacking 19 Operation Print out GI notes 

5 Move Move parcel to work area 20 Move GI notes go with goods 

6 Operation Unpack 21 Waiting Wait for batch to complete 

7 Operation Find advice note 22 Decision Is inspection required? 

8 Operation Check advice note 23 Move Put trays into VQ storage 

9 Decision Is quantity roughly correct? 24 Waiting Wait for inspection 

10 Operation Check on scale 25 Operation Inspection 

11 Operation Stamp advice note 26 Decision Pass? 

12 Operation Raise GI note 27 Operation Non-conformance procedure 

13 Decision Does all information match? 28 Move Trays go into blue storage racks 

14 Operation Query 29 Waiting Wait for module collection 

15 Move Empty trays come back from module 30 Move Goods are taken to module 

  and write C150    
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• After the analysis of the GI procedure, 
it appears that information handling, 
supposedly a core activity, is separated 
from the physical flow of material; this 
means that one activity waits for the 
other, and thereby buffers and delays 
are generated. Hence to reduce lead time 
and thus through-put time, a greater 
emphasis should be placed on the 
information flow. The GI operating sys- 
tem requires some structural changes, 
such as the introduction of an individual 
screen and printer for each operator. The 
program described in the Poste de man- 

oeuvre'' section aims to provide guidelines 
for the implementation of an efficient data 
collection system for the goods from 
external supply. 

• The level of technology has an effect 
which is independent of the efficiency 
intrinsic to the operating system. Bar- 
coding and EDI would prove useful, but 
would require some supporting structures 
before being implemented. The state of 
the implementation system in the ware- 
house does not allow such improvements. 
However, it is important to provide 
operational efficiency before moving 
towards advanced technology. EDI may 
be the next logical step for future 
improvement. 

• There is a lack of software packages to 
cover the application areas in manufac- 
turing or distribution companies. 
Enterprise resource planning (ERP) soft- 
ware packages can be expanded to handle 
multi-stockroom and warehouse opera- 
tions, multi-company operations, and 
multi-currency applications. Prospective 
ERP system buyers need to be forewarned 
that the performance quality and cost of 
various packages with performance claim 
in different areas vary greatly (Prather, 
1997). 

 

 
An attempt has been made in this paper 
to study the effectiveness of warehousing 
operations, its requirements and the benefits 
it may bring. A conceptual model has been 
developed to improve the effectiveness of 
warehousing operations. Also, a case study 
has been conducted for goods-inwards 
operations in one of the sections of the 
warehousing operations in Lucas at Acton, 
UK. Finally, the summary of findings and 
recommendations from the case study are 
presented in this paper. This paper stresses 
the importance of efficient warehouse 
management, since the activities performed 

in a warehouse environment have a direct 
influence on the overall effectiveness of a 
company and its customer service levels, and 
are, therefore, a factor affecting profit. It is 

essential to ensure that there is a sound 
warehousing methodology in operation, 
whereby the distribution of goods from the 

production line to the customer takes place 
economically and punctually, using a short- 
est-path philosophy, and avoiding 

unnecessary waiting time. In addition to this, 
the following may improve the warehousing 
efficiency: 
• moving to make-to-order system; 
• pull production system; 
• electronic data interchange; 
• eliminating incoming goods inspection to 

a minimum level; 
• improved accuracy of the forecasting; and 
• minimum personnel in GI system. 
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