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Abstract 
A small printing company in Johannesburg has experienced a steady 
decline in profits over the past four years, and wishes to reverse this 
trend. The objective of this study was to assess the implementation of 
Lean Manufacturing in that context, and to determine the impact it had 
on the printing company’s profit margin. A process-mapping of the 
printing organization was performed; this process-mapping is referred 
to as ‘Value Stream Mapping’, which is a Lean Manufacturing 
technique. The results achieved strongly suggest that Value Stream 
Mapping contributed to the achievement of greater availability, better 
quality and increased revenues for the printing company.  The 
improvements contributed to increasing the Sheeter department 
availability from 55% to 75%, the Litho department availability from 
65% to 76% and the Gluing department from 55% to 91%.  This study 
found that over a one-year period, over 10.6 million Rands could be 
saved by implementing Lean Manufacturing in those departments. 
These findings have significant implications for the printing company, 
and could make a positive contribution to improving the availability of 
machines, which implies increased product production, and the 
possibility of increased profits.   
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I.  Introduction 
 Small printing companies have faced increased pressure from customers and 
competitors in the last two decades.  Customers have higher expectations from their 
purchases, and to meet these expectations, manufacturers need to increase product 
quality, reduce delivery time and minimize production costs, as reported by Li (2008, 
p123). 
 
 The printing process is characterized by waste in numerous forms: paper, 
productivity and resources. The choice between recycled paper and virgin pulp paper has 
a direct effect on the sustainability of the world’s forests.  This in turn could attract eco-
minded customers. Also, streamlining workflows and locating equipment closer to 
workstations could enhance productivity and create functional workspace.  Lean 
techniques, such as reducing the amount of back inventory within a print company can 
decrease the amount of wasted inventory sitting in storage that will potentially be unused 
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(Hines, 2009, p 995). The existing literature reveals that no empirical research has been 
systematically conducted that deals with Lean Manufacturing practices and their effects 
on overall business performance, particularly in small printing firms, as cited by Girod 
(2006, p. 24). 
 
 The objective of this study was to address the issue of poor machine availability 
and to eliminate waste in the printing organization.  It was also to determine whether the 
implementation of the Lean Manufacturing system, in the form of Value Stream 
Mapping, would be effective in order to improve availability, along with continuous 
improvement. 
 
II.  Literature Review 
Lean Manufacturing 
 Lean management and sustainability are two trends that businesses are focusing 
their resources on. Lean management and sustainability encompass the same focal point: 
reducing the amount of wasted resources in a company and using resources in a more 
productive way, in order to sustain the resources that go into printing production 
processes. 
 
 Physical resources to productivity and energy are encompassed under the domain 
of Lean, which refers to the entire enterprise from the shop floor to the boardroom, 
including suppliers, partners, and customers. Lean Manufacturing is the ability to thrive 
and prosper in an environment of constant and unpredictable change, requiring Lean 
thinking and waste reduction measures. The literature suggests that Lean thinking in 
manufacturing is a suitable methodology for the elimination of waste, as it provides ways 
to identify and specify value, to order value-creating actions into optimal sequences, to 
conduct value-creating activities with fewer interruptions, and to perform those activities 
more effectively. 
 
 Bendersa and Slomp (2009, p 35) indicate that, in general, manufacturers do not 
understand the degree of change required in order to become a truly Lean organization.  
Conversely, companies such as Toyota have successfully implemented the approach as a 
means of reducing waste throughout their manufacturing operations.  Lean thinking needs 
to start with a conscious attempt to precisely define value, in terms of specific products 
that have specific capabilities and are offered at specific prices.  This is best 
accomplished through dialogue with customers.  A useful means of approaching a Lean 
implementation is to ignore existing assets and technologies, and to rethink organizations 
on a product-line basis, with strong, dedicated product teams in place (Womack, 2009, p 
48). 
 
Achieving basic stability – the starting point for Lean Manufacturing 
 Basic stability, in the simplest sense, implies a general predictability and consistent 
availability in terms of manpower, machines, materials and methods; these are referred to 
as the 4Ms. For each of these basic manufacturing building blocks, manufacturing 
organizations must establish consistent and predictable processes before engaging with 
elements such as flow and takt time.  Without the fundamental components in place, such 
as machine reliability and availability, and the appropriate skills and aptitudes of the 
employees, a company cannot run a production line effectively and achieve perfect flow 
or produce to takt time.  Producing to takt time and achieving perfect flow assumes that a 
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sufficient level of machine reliability and availability is already in place.  The same is 
true of the other 4Ms. 
 
Implementing key principles of Lean Manufacturing, which are: 
 
Value: The First Lean Principle 
 Lovelle (2010, p. 26) is of the view that the critical starting point for Lean thinking 
is value, with value being defined by the end customer.  According to Womack (2009, p. 
49), value is only meaningful when expressed in terms of a specific product (a food or a 
service or both) that meets the customer’s needs at a specific price at a specific time. The 
authors believe that this is the value specification analogue of the ‘kaizen’, which seeks 
to continuously improve product development, order-taking and production activities. 
Kaizen is a Japanese word that means ‘improvement’ or ‘change for the better’.  These 
factors produce steady results along the value path to perfection. Lean organizations 
continuously free up substantial amounts of resources. In Lean organizations, the 
objective is to constantly seek the best economic use of their assets as they pursue new 
ventures and promote the well-being of their employees. 
 
The Value Stream: The Second Lean Principle 
 Constant evaluation of the value stream is the key to meeting and challenging the 
cost target of the value-defined product.  The value stream is the set of all specific actions 
required to produce a specific product (whether a physical good, a service, or, 
increasingly, a combination of the two). It is important to bear in mind that Lean thinking 
must go beyond the organization’s traditional mind-set to look holistically at the entire 
set of activities entailed in creating and producing a specific product, from concept 
through to detailed design to availability to the customer. Jones (2007, p. 238) points out 
that in creating Lean organizations, a new way of thinking about business becomes 
apparent, particularly in terms of considering all the steps taken to produce the final 
specified product required by the customer. 
 
Flow: The Third Lean Principle 
 Once value is accurately defined by the organization, the value stream is mapped 
for the particular product family, and all the wasteful steps are eliminated, Lovelle (2010, 
p. 28) emphasizes that the value creation steps should be made to ‘flow’ continuously; 
this is a departure from the traditional batch-processing approach. The Lean approach is 
to redefine the work of functions, departments and organizations so that they can make a 
more positive contribution to value creation, and speak to the real needs of the employees 
at all points along the value stream.  Using this approach, it becomes in the best interests 
of employees to make the value ‘flow’. 
 
Pull: The Fourth Lean Principle 
 The first noticeable effect of converting from departments and batches to product 
teams and flow, is that the time required to go from concept to launch, sale to delivery, 
and raw materials to the customer, falls dramatically. When flow is introduced, products 
are completed within shorter periods (Lovelle, 2010, p. 29).  Lean is most successful 
when born from a way of thinking that strives for perfection. The pursuit of perfection is 
driven by the ‘pull’ for value from the customer. 
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Perfection: The Fifth Lean Principle 
 As organizations begin to accurately specify value, identify the entire value chain, 
identify the value-creation steps for specific products to flow continuously, and to let 
customers pull value from the organization, something unique begins to happen – those 
involved in the process begin to realize that there is no end to the process of improving 
availability, setup, reduction, lot size, cycle time, feedback and quality.  This is referred 
to as the principle of perfection (Womack, 2009, p. 52). The most important spur in the 
drive to perfection, as identified by Lovelle (2010, p. 30), is transparency, i.e. the fact that 
everyone in a Lean system can see all parts of the process. This facilitates the discovery 
of better ways of performing daily tasks, in order to create value for the customer. 
 
Lean techniques 
 There are several lean techniques namely Kaizen (means continuous improvement 
in Japanese); 5s program (the five S's stand for: Sort, Set in order, Shine, Standardize, 
and Sustain); Single Minute Exchange of Die (SMED); Standard Work (defined as the 
specific instructions that aid in making a product in the most efficient way); Total 
productive maintenance (TPM) (is a tool that is applied to reduce the equipment 
downtime resulting from breakdowns and inadequate lubrication that leads to inferior 
quality goods); The visual management tool (business management technique employed 
in many places where information is communicated by using visual signals instead of 
texts or other written instructions); Just-in-time (JIT) (is a management philosophy that 
endeavours to eliminate waste and cost by producing the right product, in the right place, 
at the right time, in the right quantities and at the right quality); Six sigma ( a 
methodology that utilizes data about products and statistical analysis to measure and 
improve the operational performance, practices and systems); Flow diagram charts (are 
tools that can be used to model any of the three subsystems mentioned); Business process 
reengineering (BPR); Structured Systems; and Value Stream Mapping. Value stream 
management is a technique for planning, managing, implementing, sustaining and linking 
Lean initiatives to the activities of the company, by gathering and analyzing data 
(Tapping, 2008, p 13). 
 

Overview of Value Stream Mapping 
 A value stream is a collection of all actions (value-added as well as non-value-
added) that are required to bring a product (or a group of products that use the same 
resources) through the main production flows, starting with the raw material and ending 
with the customer (Rother and Shook, 2008, p 151).  These actions consider the flow of 
both information and materials within the overall supply chain.  The ultimate goal of 
VSM is to identify all types of waste in the value stream and to take steps to eliminate 
that waste.  While researchers have developed a number of tools to optimize individual 
operations within a supply chain, most of these tools fall short in linking and visualizing 
the nature of the material and information flow throughout the company’s entire supply 
chain.  Taking a value stream viewpoint means considering the bigger picture rather than 
the individual processes.  VSM creates a common basis for the production process, thus 
facilitating more informed decisions in terms of value stream improvement (Ferdousi and 
Ahmed, 2011, p 17). The next step involves the identification and analysis of the waste 
encountered along the value stream. Finally, a Future State Map is designed to represent 
the ideal production process that could be realized once the waste has been eliminated.  
When compared with other mapping techniques, VSM offers several advantages and 
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forms the basis for the implementation of Lean production. It relates the manufacturing 
process of the facility to the whole supply chain; it displays both the product flow and the 
information flow; and it links ‘Products Planning’ and ‘Demand Forecast’ to ‘Production 
Scheduling’ and to ‘Flow Shop Control’. 
 
 Unfortunately, VSM has two main drawbacks (Brunt, 2008, p 265). It is a paper-
and-pencil-based technique, so the accuracy level is limited, and the number of versions 
that can be managed is low. Many companies are of a ‘high variety – low volume’ type, 
meaning that many value streams are composed of hundreds of industrial parts and 
products, creating a high degree of complexity, for which VSM is not ideally suited. 
VSM can only really be effectively used for productive systems characterized by linear 
product routings.  Although various applications of VSM have recently been developed, 
originally VSM was mainly focused on the analysis and improvement of disconnected 
flow lines in manufacturing environments. 
 
III.  Objectives of the Study and Research Methodology  
 The first step in VSM is to choose a particular product as the target for 
improvement.  The next step is to draw a current state map, which is a snapshot of how 
things are currently being done.  This is accomplished while walking along the process 
line, conducting interviews and observing the process, all of which provide a basis for 
analyzing the system and identifying its weaknesses.  The third step in VSM is to create 
the future state map, which is a picture of how the system should look after the 
inefficiencies have been removed.  Creating a future state map is performed by answering 
a set of questions on issues related to availability and on technical implementation related 
to the use of Lean tools.  The future state map becomes the basis for making the 
necessary changes to the system. 
 
 VSM allowed the authors to define the current state in the following three areas of 
productivity: Sheeting department, Printing department and Gluing departments of the 
said printing organization.  The current state map was created and waste was identified.  
After the inefficiencies were determined, the future state map was developed using the 
Lean Manufacturing tools, 5S’s (Sort, Set in order, Shine, Standardize, and Sustain), total 
productive maintenance, waste elimination and setup reduction, as identified by the 
current state map. 
 
 The study goal was to utilize VSM as a tool to identify value and eliminate waste 
with the intention of minimizing cost, rework and lead time to reach competitive 
dimensions.  This started with the identification of a pharmaceutical product and an 
assessment of the current state of the product in terms of information flow and material 
flow.  Then an analysis of the future state was undertaken, and suggestions were 
proposed for the reduction of lead times, changeover time and inventories, as well as the 
improvement of communications to address the information flow issues.  The 
improvements are described in next section. 
 
IV.  Data Collection, Analysis and Results 
 Figure 1 represents a process flow diagram of the manufacturing operations and 
shows time line of a product through the operational process.  It provides an overview of 
how a product is transformed from a purchase order into a product that the customer can 
utilize. From the planning process, the job is estimated and a quote is generated, 
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depending on the type of work that needs to be undertaken; normally a four process 
colour printing job would require less lead time than a more complicated spot colour 
printing job. The inventory of print board is sourced both locally and internationally, so 
most sizes are readily available.  The printing inks are either in stock or have to be 
procured, and the suppliers are in close proximity to the company. After the customer has 
approved the quote, the job is scheduled in the factory, and goes through the sheeting, 
printing and finishing departments of the manufacturing operation. Within the process 
there are supporting services, such as quality inspection points. 
 
 As per the methods described in the literature review, the present state was 
identified for the sheeting, printing and gluing departments. Wastes were analyzed in 
each process, and the time-study conducted accordingly. 
 
Figure 1: Timeline of a product through the operational process 

 
 

CT = Cycle Time CO = Changeover time 
VA = Value-added time Availability = The time a production line is ready for 

operation. 
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 The material-flow and general information for the current state map were 
collected. Figure 1 shows that the manufacturing section is divided into six main areas: 
sheeting, printing, foiling, die cutting, breakout and gluing. It identifies the timeline 
required for a product to pass through the facility.  The first step was to identify and 
understand the information flow by working back to the customer’s initial request for the 
order, assessing the communication between the sales department and production 
department, and assessing the communication between the company and the suppliers of 
the raw materials. 
 
 Analysis of a pharmaceutical product family was undertaken to understand the 
process and the machines that were required to produce the product; this assisted in 
identifying and drawing up the layout of the facility. The next section details the Sheeter, 
Litho and Gluing section analysis and results. 
 
Sheeter Analysis and Results 
 Availability calculation per 24 hour shift was done and is shown in table 1.It 
showed 55% availability for the section and 45% time was lost. A breakdown of lost time 
was done and is shown in Figure 2. Observations for the lost time were made and the 
reasons for the lost time are reported in Table 2. Figure 2 shows the lost time after causes 
for lost time were removed. 
Table 1: Availabilty of Sheeter section 

Total operational time 24 hours x 60 minutes per hour 1440 minutes 

Changeover time (CO) =180+180+85+75+70+60 (minutes) 650 minutes 
Total cycle time (CT) =1440 – 650 (minutes) 790 minutes 
Availability (Av) =(790 / 1440) * 100  55% 

 
Figure 2: Breakdown of lost time before and after at the sheeter 

 
 
Table 2 shows Sheeter waste analysis, problems identified and their solution during the 
time study. 
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Table 2: Sheeter waste analysis 
Sl. 
no 

Lost time Observation and reduction in lost time  

1 Setting Machine 
(180 minutes) 

The findings showed that 180 minutes were spent on 
machine setup.  An average of 35 minutes was spent 
fetching and stripping the reel of paper alone.  The lengthy 
setup time contributed to unnecessary downtime and could 
be easily resolved.  By repositioning the material required 
closer to the sheeter’s workstation, it would eliminate the 
time spent fetching and stripping reel. The dramatic 
reduction in the time spent on the activity is referred to as a 
kaizen burst, as shown in figure 3. 

 Inventory (85 
minutes) 

There was evidence of high inventory levels and large work-
in-progress areas, requiring large amounts of floor space for 
storage.  This made identification of the materials to be 
processed more difficult. By implementing a kanban system, 
all work would be assigned to specific locations in the 
warehouse, jobs would be specifically identified by use of 
kanban cards, and only what was on the schedule would be 
produced.   This would eliminate the time spent searching 
for inventory entirely (a waste reduction of 100 percent). 

 Transportation 
(180 minutes) 

In addition to the time spent by operators fetching new reels, 
time was lost searching for the correct reel for the job.  It 
was observed that motion waste resulted in a loss of 180 
minutes. Implementing 5S methodology and ensuring that 
the raw materials area is easily accessible, properly 
demarcated, clearly identified and signposted, would 
eliminate the unnecessary time spent searching for the 
correct reels.  If the reels were packed correctly and clearly 
marked, the time spent locating reels would be reduced from 
180 minutes to 90 minutes (a reduction of 50 percent). 

 Short stops 
(75minutes)  
 

It was found that there was no maintenance plan for the 
sheeter.  Short stops frequently disrupted production, 
requiring maintenance to be carried out during scheduled 
production time.  Unplanned stops resulted in a loss of 75 
minutes, poorer quality and a reduction in the availability of 
the sheeter. 
Preventive maintenance could result in a time gain of 40 
minutes or more (an improvement of 53 percent). 

 Defects (70 
minutes) 

The frequent short stops and starts increase the incidence of 
product defects.  Defects lead to waste and hence an 
increased cost of production.  The total time lost due to 
defects arising from short stops was calculated to be 70 
minutes. By implementing preventative maintenance, the 
defects resulting from unscheduled short stops would be 
fewer and availability would be improved.  The time saved 
as a result of fewer defects from short stops would be 35 
minutes (a 50 percent improvement). 
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Table3: Sheeter availability gains           Table4: Sheeter availability before and after  

  Before 
(minutes) 

After 
(minutes) 

Savings 
(minutes) 

Setup 180 145 35 
Transportation 180 90 90 

Inventory 85 0 85 
Short stops 75 35 40 

Defects 70 35 35 
Processing 60 60 0 

Total 650 365 285 
 
Table 3 shows the possible time gains if suggested interventions as shown in Table 2 
were made. This would improve the availability of sheeter to 75% from existing 55% 
(Table 4). The Sheeter operating cost was estimated at R 2 000.00 per hour.  After the 
analysis of waste, it was found that the time wasted was 10.83 hours (1440 - 790 = 650 
minutes from current state).  The future state improves the availability to 1075 minutes 
(17.91 hours), hence the actual time lost in the future state is only 6.09 hours (24 hours – 
17.91 hours). Table 5 shows the savings.  
 
Table 5: Savings - current state versus   Fig 3: Future state with kanban 
application at the future state at the sheeter  sheeter 

 

 
 
 As indicated in tables 4 and 5, the analysis of the sheeter department showed that 
the implementation of Lean Manufacturing systems would enable the warehouse to 
achieve an overall availability improvement of 75%, which translates into an annual 
saving of R3 460 200.  This figure is deemed to be the minimum saving that can be 
achieved. Figure 3 shows the future sheeter section where gains can be made. 
 
Litho Section Analysis and Results 
 Similar study done for sheeter section was applied to litho section. A product 
family was identified and an analysis was conducted and results are reported below. 
Table 6 shows the analysis of lost time at litho department, Figure 4 shows the lost time 
before and after observations were made. 
 
 
                                                           
1 1Rand=8.5 US$ as on January 2013 

Availability (before) Availability (after) 

Total 
operational 

Time (minutes) 

1440 Total operational 
Time (minutes) 

1440 

Availability per 
shift (minutes) 

790 Availability per 
shift (minutes) 

790 +285 =1075 

Availability (%) 55 Availability (%) 75 

Sheeter machine cost analysis Current 
State 

Future State 

  Operating cost per hour (Rands) 2000 2000 
 Lost time ( over 24 Hours) 10.83 6.09 
Cost per day of lost time (Rands) 21 660 12 180 
Total savings per day (Rands)  9 480 
Days per year  365 
Total savings (Rands per year)  R3 460 200.001 
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Table 6: Analysis of lost time at the litho department. 
Variable  Total 
Total operational time = 8 hours x 60 minutes per hour 480 minutes 
Changeover time (CO) = 41+32+28+22+12+10+10+5+5+5 ( minutes) 170 minutes 
Total cycle time (CT) = 480-170 (minutes) 310 minutes 
Availability (Av)  = (310 / 480) * 100  65% 

 
Figure 4: Breakdown of lost time before and after at the litho department 

 
 
Table 7. shows the Litho major waste analysis and problems identified during the time 
study. 
Table 7: Litho waste analysis 

Sl. no Lost time Observation and reduction in lost time 

1 Setting 
machine 
(41 
minutes) 

The analysis revealed that the litho setup time was 41 minutes.  It was 
discovered that 16 minutes of that time was spent by the operators 
fetching work from the warehouse before the actual setup could be 
done.  A Single Minute Exchange of Die (SMED) exercise would help 
to reduce the total setup time for the entire printing process. SMED is a 
system that is used to reduce the time it takes to perform a 
changeover. Using SMED, 16 minutes would be eliminated, as the 
required boards would already be available when needed for printing, 
and the operators would not have to fetch them.   

2 Make-
ready (32 
minutes) 

A make-ready is a process that requires an operator to change a 
product from one colour to the next.  A total make-ready time of 32 
minutes was recorded during the time study, and it was observed that 
the make-ready was poorly organized, with little involvement by the 
operators during the operation. Proper organization would reduce this 
delay to zero time. 

3 Short 
stops (28 
minutes) 
and 
loading 
paper (22 
minutes) 

It was found that 28 minutes and 22 minutes were lost due to short 
stops and loading paper respectively.  This was due to poor 
communication between minder and operator, and insufficient board 
and ink supplied by the warehouse.  By implementing a production 
kanban, the short stops due to poor communication and insufficient 
supply could be eliminated completely. Implementing the SMED 
technique would also reduce the time spent loading paper to 10 
minutes from 22 minutes. 
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Tables 8 and 9 shows the possible gain in time, if suggested interventions shown in table 
7 were implemented. 
Table 8: Litho available gains                     Table 9: Litho availability before and 
after 

  Before 
(minutes) 

After 
(minutes) 

Savings 
(minutes) 

Setup 41 25 16 
Make-ready  32 32 0 
Short stops 28 0 28 

Loading paper 22 10 12 
Total 123 67 56 

 
 
Table 10: Cost of savings - current state versus  Fig 5: Future state with kanban 
application at the future state at the Litho  Litho 
 

 
 Table 10 shows that the implementation of Lean Manufacturing systems in the 
litho department would enable the printing department to achieve an overall availability 
improvement of 45.52%, which translates into an annual saving of R2 518 500.00.  This 
amount is deemed to be the minimum saving that can be achieved. Figure 5 shows the 
future Litho section where gains can be made. 
 
Gluing section analysis and results 
 Similar study done for sheeter section was applied to gluing section. A product 
family was identified and an analysis was conducted and results are reported below. 
Table 11 shows the analysis of lost time at litho department, Figure 6 shows the lost time 
before and after observations were made. 
 
Table 11: Analysis of lost time at the litho department during the time study. 

Variable  Total 
Total operational time = 8 hours x 60 minutes per hour 480 minutes 
Changeover time (CO) = 85+80+25+15+10 (minutes) 215 minutes 
Total cycle time (CT) = 480-215 (minutes) 265 minutes 
Availability (Av)  = (265 / 480) * 100  55% 

Availability 
(before) 

 Availability (after)  

Total 
operational time 

(minutes) 

480 Total operational 
time (minutes) 

480 

Availability per 
shift (minutes) 

311 Availability per shift 
(minutes) 

311+56=367 

Availability (%) 65 Availability (%) 76 

Litho machine cost analysis Current State Future State 
 Operating cost per hour 
(Rands) 

2500 2500 

Lost time (hours * 3 shifts) 2.82 *3 = 8.49 1.9 * 3 = 5.7 
Cost per day of lost time 
(Rands) 

21 150 14 250 

Total savings per day 
(Rands) 

 6900 

 Days per year  365 
Total savings (Rands per 
year) 

 R 2 518 500.00 
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Figure 7: Breakdown of lost time before and after at the gluing department. 

 
Figure 7 shows the analysis of the time lost due to the wastes identified during the time 
study.  
Table 12 shows the problems identified during the time study. 
 
Table 12: Gluing waste analysis 

Sl. no Lost time Observation and reduction in lost times 

1 Short stops 
(85 minutes) 

Short stops resulted from the operator lacking the skills to 
adequately setup the machines. There were also frequent 
stoppages due to a faulty regulatory pump and overhead gluing 
guns.  Time lost due to lack of proper training(40 minutes), 
Faulty regulatory pump (25 minutes) and Faulty overhead 
gluing guns (20 minutes). By training the operator, and by 
replacing the regulatory pump and overhead gluing guns, the 
short stops would be reduced to ten minutes i.e. the time 
required for cleaning the system.  The regulatory pump and the 
gluing guns should also be cleaned at least once per day.  
These measures would ensure increased machine availability 
and decrease non-value-added time. 

2 Set up time 
(80 minutes) 

The machine setup time was found to be 80 minutes.  Much of 
this time was due operators not having the correct tools for the 
setup and then needing to borrow other operators tools from 
other machines. The activities were broken down as: Looking 
for tools(40 minutes), Repairs on machine (40 minutes). 
Implementing 5S in the area, i.e. having shadow boards 
detailing the required tools, would result in the reduction of 
setup time.  This would eliminate the time spent searching for 
tools completely. This could also be viewed as a visual 
management process, in that the operators would quickly notice 
when a tool was missing. 
Implementing preventative maintenance would eliminate the 
time spent on addressing issues that would have been 
addressed by the scheduled maintenance.  A minimum of 50% 
improvement would reduce the repair lost time to 20 minutes. 

3 Packing 
material (25 
minutes) and 
fetching 
pallets (15 
minutes) 

The study found that 35 minutes were spent on fetching and 
packing materials.  A quick improvement could be achieved by 
having the pallets in a demarcated area.  Minimum and 
maximum inventory levels should be determined to ensure that 
the demarcated area never runs out of pallets.  A reduction of 
30 minutes would result from implementing a kanban system. 
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Table 13 and 14 shows possible gains in time, if suggestions made in table were realised. 
Table 13: gluing availability gains          Table 14: Litho availability before and after 

  Before 
(minutes) 

After 
(minutes) 

Savings 
(minutes) 

Short stops 85 10 75 
Setup 80 20 60 

Packing 
material 

25 5 20 

Loading 
machine 

15 10 5 

Fetching pallets 10 0 10 
Total  215 45 170 

 
 Table 15 shows that the implementation of Lean Manufacturing systems at the 
Gluing department would enable the gluing department to achieve an overall availability 
improvement of 79.1 %, which translates into R4 681 125.00.  This figure is deemed to 
be the minimum saving that could be achieved. Figure 7 shows future gluing section 
where gains can be made. 
 
Table 15: Cost of savings - current state versus    Figure 7: Future state with kanban 
application at the future state at the Gluing Gluing 

   
 
V.  Discussions and Conclusions 
 The objective of the study was to identify the potential gains from implementing 
Value Stream Mapping and to develop a desirable future state map.  The focus was on 
two Lean Manufacturing techniques that can be quantified and modelled objectively: a 
modified pull-type production system and setup reduction, as shown in figure 8.  

Availability 
(before) 

 Availability 
(after) 

 

Total 
operational 

time 
(minutes) 

480 Total operational 
time (minutes) 

480 

Availability 
per shift 

(minutes) 

265 Availability per 
shift (minutes) 

265+170=435 

Availability 
(%) 

55 Availability (%) 91 

Gluing machine cost analysis Current state Future state 
Operating cost per hour 
(Rands) 

1500 1500 

Lost time (Hours* 3 shifts) 3.6 * 3=  10.83 0.75 * 3 = 2.25 
Cost per day of lost time 
(Rands) 

16 200 3 375 

Total savings per day (Rands)  12 825 
 Days per year  365 
Total savings (Rands per 
year) 

 R 4 681 125 
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Figure 8: Timeline of a product through the operational process - future state map.  
 
 From looking at the current state map for the operational facility, it was clear that 
there were high levels of inventory, high lead times, high changeover times, 
communication problems between departments, and each stage of production ran to its 
own schedule. In addition, different operators ran the machines in different ways; no 
standard operational procedures were observed during the research.  Figure 8 highlights 
improvements and kaizen opportunities using kanban. 
 
 It is worth mentioning that the benefits from Lean techniques such as 5S and 
visual systems are not directly quantifiable, and therefore cannot be modelled as part of a 
simulation model.  However, these techniques have been included in the analysis, and 
could easily be applied at numerous places within the production system, leading to 
further increases in the potential gains from the adoption of Lean.  As a result of 
implementing the Value Stream Mapping approach, the gains for the small manufacturing 
organisation are anticipated to amount to a saving of over R10.6 million rands, as 
indicated in table 16. 
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Table 16: Potential savings after Lean implementation 
Department Availability 

before (%) 
Availability after (%) Savings per year 

(Rands) 
Sheeter 55 75  3 460 200.00 

Litho 65 76 2 518 500.00 

Gluing 55 91 4 681 125.00 

Total Savings  10 659 825.00 

 
 The drawing of the ideal state map should not mark the end consideration of the 
value stream.  The Lean journey is a continuous one, and the value stream map is a vital 
tool throughout the journey.  Ideally, the value stream map must remain a ‘living 
document’, which is updated as a continuous record of progress towards Lean. The 
creation of a continuous improvement culture is beyond the scope of this study, but some 
ideas follow on how VSM can be used to foster continuous improvements. 
 
 Most kaizen type events conclude with some action items for longer-term 
improvements. Failing to actually carry out the improvements is common, and a leading 
cause of the failure of improvement efforts. It can be beneficial to use the future state 
map as a visual control.  By keeping the map visible, teams are encouraged to commit to 
achieving the future state in a finite time.  Tracking progress by marking the movement 
from the updated current state towards the future state visually, using persistent 
differences to diagnose implementation problems, and following up on progress, are 
critical parameters for continuous improvement. 
 
 The unnecessary motion of people is frequently associated with either hunting for 
information or ‘walking the process’.  The literature and much experience, 
overwhelmingly suggests that the answer to the unnecessary motion of people is co-
location and shared work experiences.  More often larger reorganizations are part of 
longer-term solutions, and it can be worthwhile to consider them in more detail using 
Value Stream Mapping and analysis.  A good start would be to study some Lean 
fundamentals, (for example, Lean Thinking), familiarity with Value Stream concepts (for 
example, Learning to See) and case studies that look at product development problems, 
such as this one.  Typical ‘best practice’ would be to start with a training session of six 
hours or so, based on those materials. 
 
 The management was interested in using Lean activities to enhance the overall 
competitiveness of their business and the small printing organization now intends to 
implement Lean strategies in all service departments as well.  It is expected that Lean 
Manufacturing will eventually be implemented throughout the company. 
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