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Abstract: One of the features that should be considered when focusing on increasing company profits is the 
dynamic process that regulates a production line. Indeed, poor packaging line efficiency causes limited production 
capacity generating high levels of rework. This work presents the implementation of a line balancing optimization 
using V-graph method on a production line of an important Italian beverage company. In particular, the analysis of 
throughput changes and throughput levels on different machines of the bottle packaging line is carried out. The 
concept of V-graph method is to ensure that the bottleneck asset is fed with material at a rate greater than it can 
cope with in order to enhance the continuous flow of goods within the production line. To fulfill this task, two 
different studies are carried out: the first is a zero-cost solution only based on asset throughput optimization without 
modifying the production line layout. Instead, the second study involves structural modification to the packaging line 
which consists of generating buffers within the line by increasing the capacity of conveyors located between two 
successive machines. Finally, a feasibility analysis is performed to determine the best of the two proposed solutions 
by evaluating parameters such as payback period and return of investment (ROI). 

 

Keywords: V-graph, Line balancing, Optimization, Packaging process.

1.Introduction 

In a global scenario where competition and changing 
market conditions are key aspects in manufacturing sector, 
companies need to perform strategies to improve the 
performance of production systems aiming to significant 
cost reductions and to increased customer satisfaction. In 
this context, a particularly challenging problem that 
should be addressed concerns the line packaging 
optimization. Indeed, poor packaging line efficiency is a 
restriction in production capacity creating high levels of 
rework. One of the most attractive options involves 
optimal buffer sizes between the machines to achieve a 
greater system production rate or to achieve greater 
reliability. It consists of a proper allocation plan for 
distributing a certain amount of buffer space within the 
line. This has resulted in changes to the design of 
production lines based on several solutions as reported in 
literature. Ghosh and Gagnon (Ghosh and Gagnon, 1989) 
reported a literature review with the aim to organize into 
an eight-level hierarchical, factor/decision taxomony all 
the different factors that affect the design, balancing and 
scheduling of assembly systems. Becker and Scholl 
(Becker and Scholl, 2006) survey the developments on 
generalized assembly line balancing problems (GALBP) 
with different additional characteristics such as cost 
functions, equipment selection, paralleling, U-shaped line 
layout and mixed-model production. Cerbaso et al. 
(Cerbaso et al., 2017) proposed a new assembly lines 
balancing technique and they applied it to a real case in 
automotive field achieving a new balancing process more 
effective both in terms of line saturation and 

production cost. An integrated model of a preventive 
maintenance plan and an optimal buffer allocation is 
proposed to maximize the system throughput level subject 
to a given total buffer space by means of EGD algorithm 
(Nahas, 2017). Several authors adopt different type of 
algorithms to mathematically achieve line optimization 
(Vishnu Raj et al., 2016; Pagliarussi et al., 2017; Sresracoo 
et al., 2018). Others solutions are based on Markov chain 
models (Buzzocott, 1967) or by considering the objective 
of minimizing work-in-process in production lines (So, 
1997; Thuannadee, 2007). The strategy adopted in this 
work is based on V-graph analysis., a methodology 
proposed by Härte (Härte, 1997) for a specific industrial 
case  in the same field of industrial manufacturing. The 
basic idea is to enhance the performance of a packaging 
line setting predetermined throughput for all machines 
using buffers to prevent stoppages and starvation.  

2. Application case: brewing industry 
In this work, V-graph methodology is applied to the 
packaging department of an important Italian beverage 
industry with the aim of optimizing the bottle packaging 
line. According to the company Production Planning and 
Control (PCC) Department, the assembly line balancing 
optimization was applied to this line characterized by a 
rigid layout of flow-line production systems. Indeed, it is 
organized as a serial line, where single stations are 
arranged along a conveyor belt thus, the layout is 
predetermined by the materials flow. In this scenario, the 
implementation of V-graph method allow to achieve a 
better balance of the different station loads with the aim 
to uniform the machine throughput minimizing waste due 
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to over production, defects, transportation or waiting. 
This line has a production capacity variable from 13000 
up to a maximum of 45000 bottles/hour depending on 
the bottle size. Two beverage types, named Type A and 
Type B in accordance with company confidentiality policy, 
are produced.  The bottles used have a size equal to 33cl, 
50cl and 66cl and they are packaged into cases of 33x6, 
33x24, 66x15 bottles case for Type A and 33x24, 50x15 
for Type B. Furthermore, two different lines exist: a one-
way bottle packaging line (OW) and a returnable bottle 
packaging line (UNI). In this work, only the OW bottle 
packaging line is considered.  

2.1 One-way bottle packaging line (OW) 

Figure 1 shows a simplified scheme of the OW packaging 
line. A brief description of the different machines that 
compose this line is reported in the following. 

 
Figure 1: Simplified scheme of one-way packaging line 

Depalletizer. The automatic and PLC controlled OW 
depalletizer allows the introduction of new bottles in line; 
the units are loaded from the bottom through conveyors 
while the unload process is carried out from the top. 

Bottle Filling. Before being conveyed into the filling unit 
(Fig. 2), bottles are automatically inverted, rinsed and 
drained to release any debris that may have accumulated 
during bottle transportation or storage. In this phase, the 
continuous motion design grabs and inverts each bottle 
and positions it over an internal rinse nozzle spraying 
water, or sanitizer solution, inside the bottle. The filling 
unit performs these main functions: removing the 
majority of air from the empty bottle, purifying the bottle 
with carbon dioxide to achieve isobaric status, filling the 
bottle with beer (under pressure process), reliving the 
pressure and releasing the bottle to complete the filling 
process. After rinsing, bottles travel to the filling station 
where air is vacuumed from the inside of the bottle to 
maximize oxygen removal. When the fill valve is opened, 
any remaining air is replaced with CO2 to dissolve residual 
oxygen. 

 

 

 

Figure 2: Simplified scheme of Filling unit 

Pasteurizer. Tunnel pasteurizers consist of a long enclosed 
chamber in which water is sprayed onto the bottles to 
increase the temperature progressively from 4-5 °C to 60-
64 °C (pasteurization temperature). Then, beer is 
progressively cooled to 30-35 °C. The water, after it has 
been heated as it cools the outgoing hot bottles, is 
collected in the cooling zone and returned to the preheat 
zone sprays for use in heating incoming bottles. When 

necessary, the temperature of the water may be raised to 
higher temperatures using a heat exchanger. 

Labeling. Bottles enter the labeling unit where brand labels 
are applied. The wording on the label is ensured by a laser 
or inkjet engraving, while an automatic location, pressure 
and presence control of labels are carried out. Then, 
bottles are sent to the case packer unit (or to the cluster 
unit for the 33x6 configuration). Any non-compliant 
bottles are emptied and the beer recovered. 

Cluster. This unit is designed for multiple packaging of 
bottles with die-cut cardboard considering different 
package configurations. In the specific case, it is used 
exclusively for clusters of 6 bottles of 33cl.  

Case packer. The labeled bottles reach the case packer unit 
which encloses the bottles in cardboard crates. At the unit 
infeed, a group of guides accurately lines up the loose 
containers or the packs carried by conveyor belt. In the 
pack formation section, the containers are clustered in the 
required format through electronically synchronized 
dividing rods and pegs work, operating in continuous 
motion. A corrugated cardboard blank is picked from the 
blank magazine by a rotary picker. In the tray former, 
special mechanical devices fold the blank’s front and rear 
flaps. The side flaps are sprayed with hot melt glue and 
then folded, thus forming the tray. The packs coming out 
of the tray former can be conveyed either to the palletizer 
or directly to the storage area. 

Palletizer. Two servo-driven rubber rollers are pushing 
against the pallet layer from opposite sides. The packages 
are thereby lifted up and rolled on two symmetrical carrier 
plates. The gripper control software automatically adjusts 
the contact pressure and height position of the rubber 
rollers to suit the package weight and dimensions. The 
maximum layer number is limited by either the maximum 
payload weight or the maximum payload height. 

Stretch wrapper. The pallet reaches stretch wrapper unit 
through conveyors. This unit consists of automatic 
systems to apply, seal, and cut the film. The pallet load 
starts to rotate once it is placed on the turntable in order 
to apply the stretch film and produce a safe and stable 
stack. Turntable stretch wrappers are used to ensure pallet 
stability. 

3.Performance evaluation model 

3.1 Methodology 

As seen, the packaging line considered in this work is 
composed of several equipments through which pass 
goods that undergo the processes necessary to obtain the 
desired product. Each equipment has different processing 
rates. Between each pair of them, there is an intermediate 
location for storage goods, named buffer, to absorb the 
effects of this variability. In this paper, the objective is to 
optimize line packaging performance by determining the 
optimal buffer allocation and size that will maximize the 
system throughput level. The proposed analysis is based 
on V-graph method. First step involves the core machine 
identification. The core machine is defined as the one that 
has the lowest production capacity theoretically and it 

 1. BOTTLE INLET 2. BOTTLE RINSER 3. FILLING 

4. CAPPING 5. BOTTLE OUTLET 
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represent the most important machine within the line 
because the production time lost on it cannot be 
recovered resulting in a direct line efficiency loss. 
Generally, the core machine corresponds to the 
bottleneck machine which it is characterized by lowest 
capacity operationally. In order to identify the core 
machine, the Mean Efficiency Rate (MER) is introduced 
in the theory of V-graph (Härte, 1997) and it is expressed 
by Equation (1). The machine within the line 
characterized by the lowest MER is the bottleneck. 

     
           

                                

                        
(1) 

It is important to emphasize that the identification of the 
core machine is a key aspect owing to its influence on the 
production capacity of the entire line and therefore, it may 
not be the bottleneck machine. Second step involves the 
evaluation of the different equipments throughputs in 
order to identify possible production capacity losses 
compared with the one of the core machine. To this end, 
buffers should be allocated with the aim of ensuring that 
packaging line do not lose the opportunity to process 
more units in a given time due to starvation or blocking of 
bottleneck machine during operation. The throughput of 
upstream and downstream buffers should be higher than 
that of bottleneck machine to ensure its working even 
though blocking of the other machines. Therefore, V-
graph method is based on the representation of the 
machine throughput graph in the sequence of the 
packaging line, characterized by the specific "V" shape 
obtained as a result of the bottleneck throughput at the 
base point. 

3.2 Analysis of current scenario 

Actually, goods are packaged according to three different 
sizes: 33x6, 33x24, 66x15 bottles case for Type A and 
33x24, 50x15 for Type B. The throughput for each 
equipment composing the line packaging are first 
evaluated in elementary units corresponding to the single 
machine and subsequently converted into comparable 
units chosen as bottles/hour. This procedure is used to 
identify the bottleneck machine. Figure 3 reports the 
profile of the throughputs for the different packaging 
sizes considered as a V-graph representation. By analyzing 
Figure 3, it can be noticed that bottleneck detection 
appears difficult since different machines exhibit very 
similar throughput values. Generally, the machine or 
process that shows the longest queue is considered a 
bottleneck; however, this can be also identified by 
evaluating which machine shows the highest waiting time 
under full capacity operating condition or as the most 
critical component of the production line. Therefore, 
according to the PPC Department of the company, the 
filling machine was chosen as the bottleneck due to 
slightly lower throughput than other machines as well as 
to its criticality within the packaging line. Once the 
bottleneck has been identified, the purpose is to minimize 
or eliminate it to avoid the overloading of a machine. 
Indeed, overloading a machine can lead to damage or 
worn out generating potential downtime in the long term. 

 

 

 

 

 
Figure 3: Throughput profiles for the different packaging 

sizes. 
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To fulfill this task, two different solutions are proposed in 
accordance with company management: the first is a no-
cost solution only based on asset throughput optimization 
without modifying the packaging line layout. The second 
solution involves structural modification which consists in 
generating buffers within the line by increasing the 
capacity of conveyors located between two successive 
machines. 

3.3 Scenario 1 - No-cost solution: decreasing filling 
machine throughput 

Increased efficiency of the packaging line is achieved by 
generating overloading on either side of a bottleneck to 
restore the accumulation when a failure occurs. Indeed, V-
graph method ensures that the bottleneck has enough 
bottles as input to avoid the lack at infeed, while higher 
capacity is required at downstream machines to avoid 
backup at discharge. Thus, two different operating 
techniques allow to obtain a more pronounced V-graph 
with the aim of minimizing the bottleneck impact on the 
packaging line: the first involves increasing the throughput 
of machines on either side of the bottleneck, while the 
second involves reducing the bottleneck throughput.  

 
Figure 4: Filling machine throughput [bottles/h] in 

Scenario 1 for different bottle sizes produced. 

However, in this case, the depalletizer (upstream) and the 
labeling machine are already set at maximum allowed 
throughput thus, the only second solution is viable. The 
procedure consists of increasing in buffer capacity, which 
corresponds to conveyors between the machines, as a 
result of filling machine throughput decreasing. This 
reduced throughput value is evaluated considering the 
best compromise between stoppages/starvations and 
production and it is reported in Figure 4 according to the 
three different bottle sizes produced.  

 

 

 

 

 
Figure 5: Throughput profiles considering reduced values 

for filling machine. 

Thus, Figures 5 report the throughput profiles considering 
the reduced value for filling machine. The efficiency of a 
packaging line is the percentage of the actual production 
(number of bottles) versus the possible production, for a 
given period of time. Thus, two parameters are introduced 
to assess the effects of the reduced filling machine 
throughput on the entire line: the Line Efficiency       
and the Production Efficiency       assess. The first is 
defined as: 
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 (2) 

Where, net production time is the run time, i.e. the 
planned production time less stoppages, while planned 
production time is the total time that packaging line is 
expected to produce. External unplanned downtime is 
excluded since it is not generated by the operation of the 
packaging line itself. The Production Efficiency is defined 
as: 

      
                          

                                      
 (3) 

Where, the output in production units is total count 
during run time, while the actual production time on the 
bottleneck machine is taken as the actual production time 
and the nominal capacity is the nominal capacity of the 
bottleneck machine, i.e. the theoretical maximum 
production rate during run time. By analyzing Figure 6(a), 
it can be noticed that the       increases due to the 
increased buffers capacity which leads to a reduction in 
stoppages/downtime within the line. 

 

 
Figure 6: Line Efficiency (a) and Production Efficiency (b) 

for Scenario 1. 

On the other hand, Figure 6(b) shows a reduction in 
      since, the lower throughput of filling machine 
involves a reduction of  items produced during run time. 
Although an increase in       is achieved, this scenario is 
not considered favourable by company management due 
to a reduction in      . 

3.4 Scenario 2: increasing buffer capacity 

The second scenario involves structural changes to the 
packaging line by increasing the buffer capacity. As said, 

in the line packaging considered the buffers are the 
conveyors that feed the different machines. This change is 
achieved by increasing the surface area of specific 
conveyors. Indeed, this choice is carried out considering 
which buffers produced the most stoppages according to 
the company's historical data analysis. In this case, the 
selected buffers are located between the following 
machines: 

� Buffer A: Pasteurizer and Labelling unit; 
� Buffer B: Labelling unit and Case Packer; 
� Buffer C: Case Packer and Palletizer. 

The higher surface area of buffers is defined by 
multiplying the current size by a factor of 1.5, 2 and 3. 
The factor of 1.5 is selected as the minimum factor to 
ensure improvement with respect to the current situation, 
while a factor of 3 is selected as the maximum buffer size 
that could be implemented, depending on department 
space. Thus, the different buffers sizes are reported in 
Table 1. 

Table 1: Buffers size for different configuration selected. 
Case As-is [m2] 1.5x [m2] 2x [m2] 3x [m2] 

Buffer A 35 52 70 105 
Buffer B 30 45 60 90 
Buffer C 93 140 190 280 

The       and the        of the entire packaging line are 
assessed considering the different buffers sizes. Their 
values are reported in Figure 7(a,b) respectively. 

 

 
Figure 7: Line Efficiency (a) and Production Efficiency (b) 

for Scenario 2. 

It can be noticed that, both       and        increase as 
the buffers surface increase.  
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Figure 8: Line Efficiency for Scenario 2 expressed as time 
gain [hour]. 

Therefore, the improvement of the packaging line 
efficiency is obtained by determining a reduction in 
stoppage/downtime. In Scenario 2, the       is also 
assessed by expressing it in extra hours when the line is 
able to operate with respect to the current situation, as 
reported in Figure 8. Finally, it is important to evaluate 
which of the three proposed solutions of Scenario 2 is the 
better compromise between improving the line packaging 
efficiency and the costs necessary for structural changes to 
the conveyors. 

4.Economic feasibility 

The economic feasibility of the different proposed 
configuration of Scenario 2 is assessed by evaluating the 
payback period and the Return of Investments (ROI). 
This analysis is carried out considering the net present 
value of costs and revenues. Costs are estimated taking 
into account the following items: cost of material and 
equipment to be purchased (based on quotes from some 
suppliers); downtime cost due to machine 
setup/adjustment/upgrade (only for the first year); 
delivery and installation costs; cost due to an increase in 
planned maintenance. Estimated revenues are related to 
production growth (discount rate of 4% is considered). 
Moreover, the Overall Performance Efficiency is 
introduced to determine saving of the alternatives 
proposed. This parameter is expressed by: 

         
               

 

    
 (4) 

 where: 

�       is the Performance of a specific good size; 
�       is the number of hours in which the line is able 

to pack a specific good size;  
�      is the total number of hours need to pack each 

item sizes (in this case, the company produces five 
different good sizes). 

Thus, saving is obtained knowing the economic value 
corresponding to one percentage point of the overall 
production efficiency. Due to company privacy policy, no 
economic data can be reported. Therefore, payback period 
is evaluated considering the Net Present Value (NPV) 
expressed as a percentage of the initial cost investment. 
Two different solutions are evaluated to increase the 
buffers surface which they could be implemented 

involving a structural change of the conveyors or the use 
of vertical storage systems:  

� Conveyors: this configuration allows increasing the 
horizontal operative surface area of the conveyors. It 
is only viable for buffer increased with a factor of 1.5 
due to space limitations inside the department area. 

� Vertical storages: this configuration allows 
to maximize warehouse storage space. It is viable for 
all cases considered. 

Table 2 shows the value of Overall Performance 
Efficiency for current situation and the solutions 
proposed in Scenario 2. 

Table 2: Overall performance efficiency for different 
proposed configuration. 

Case Overall production efficiency 
As-is 66 % 

Factor 1.5x 71 % 
Factor 2x 76 % 
Factor 3x 79 % 

It appears evident that an increase in the buffers surface 
area allows higher overall performance efficiency of the 
packaging line which is quantified with an increase of 
19.7% comparing the current situation and the maximum 
available surface.  

 
Figure 9: NPV of Scenario 2 - Conveyors surface (factor 

1.5x). 

Figures 9 and 10 report the Net Present Value of the 
different increase factor adopted according to the change 
conveyors surface and to the use of vertical storages 
respectively.  

 
Figure 10: NPV of the different buffers sizes increase using 

vertical storages. 
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The changes in conveyors surface are carried out during 
the first two years due to their complexity. By analyzing 
Figure 9 it can be noticed that the payback period is 
located between the fifth and sixth year. By analyzing 
Figure 10, it can be noticed that at the beginning, all 
considered configuration generated a negative NPV equal 
to about 40% of the initial cost investment. After 10 years, 
using vertical storage with an increase factor of 2 or 3 is 
the most favourable option. Furthermore, the payback 
period is located between the second and the third year 
and it is the same for all three solutions considered. 
Generally, although conveyors have both lower 
investment and operating costs, in this specific case their 
modifications are not favourable due to lack of space 
within the department. Indeed, conveyors changes should 
be implemented at several locations of the packaging line 
which generate greater complexity and, consequently, a 
considerable increase in costs. Thus, as a result of these 
considerations, vertical storages show lower payback 
period. However, it is necessary to evaluate another 
parameter to define the most favourable solution. The 
ROI value (Table 3) is calculated and compared with the 
ROI values of companies working in the same reference 
field considering the actual value of the discount rates. In 
this case, the following ROI values are taken into account 
to assess the proposed solution: 

- Excellent solution for ROI values between 10% - 12% 

- Good solution for ROI values between 8% - 9%. 

Table 3: ROI value for the options considered 
Case Description ROI [%] 

Factor 1.5x Conveyors 4 
Factor 1.5x Vertical storages 8 
Factor 2x Vertical storages 14 
Factor 3x Vertical storages 15 

It can be noticed that the most favourable solution 
corresponds to use an increase factor of three which 
shows higher ROI value than the other cases analyzed. 
Considering the packaging line, its structure could be 
modified increasing by a factor of three the actual size of 
the buffers located between the following equipment: 

� Pasteurizer and Labelling; 
� Labeling and Case Packer; 
� Case Packer and Palletizer. 

5.Conclusion 
This work concerns the line packaging optimization of an 
Italian beverage company using V-graph method. This 
method is based on the evaluation of the bottleneck 
machine by means of throughput analysis. The purpose is 
to ensure that the bottleneck machine is fed with material 
at a rate greater than it can cope with to enhance the 
continuous flow of goods within the packaging line. This 
condition is carried out using adequate buffers on each 
side of the bottleneck machine. Their implementation is 
performed considering two different solutions: the first is 
a zero-cost solution based on asset throughput 
optimization without modifying the packaging line layout. 
The second solution involves structural line changes by 

increasing conveyors capacity located between two 
successive machines or by using vertical storage. The 
results show that bottle filling is the bottleneck machine. 
In accordance with first solution, a decrease in throughput 
of this machine allows to achieve both higher Line 
Efficiency and lower Production Efficiency resulting as a 
no favourable option. Thus, structural changes are 
required to improve the line efficiency. Among the 
different proposed configuration, the lack of space inside 
the department determines that vertical storages are the 
best solution. A parametric analysis on the buffer size 
shows that the increase using a factor of three allows to 
achieve payback period between the second and the third 
year and to attain a ROI of 15% (excellent solution in 
comparison with companies working in the same 
reference field). Finally, by analyzing stoppages and 
downtime based on historical data, vertical storages 
should be implemented between Pasteurizer-Labelling, 
Labelling-Case Packer and Case Packer-Palletizer. 
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