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Abstract 

Companies face an increasingly stringent global competition that pushes them to expand its 
activities, in order to broaden their geographic reach. The need to distribute products globally 
implies a constant search for an efficient logistics network, whereby a good distribution 
operation management allows companies to reduce costs while increase the service level. 
Jerónimo Martins, the largest food distribution group in Portugal, recognizes that its 
distribution operation is not fully optimized and reveals improvement opportunities, particularly 
regarding the time that drivers waste within Azambuja Distribution Center, resulting in less 
free time to make the distribution of goods to stores. Given this, the Group intends to analyze 
the current operation in order to identify alternatives to improve operations efficiency. The 
problem identified is studied in this paper. A characterization of the current logistics network is 
done, particularly in the transportation area, in which are identified the main problems and 
constraints. To solve the problem, the Transportation Value Stream Map methodology is 
proposed, aiming to perform a detailed analysis of the current operation in order to identify 
and eliminate its wastes. The elimination process is done through the suggestion of initiatives 
that makes the operation more efficient, resulting in a proposed future operation. 
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1. Introduction 
Economic development, globalization and the increased consumption of goods are factors 
that have been encouraging, over the past decades, a growing need to distribute products 
globally. Companies face an increasingly rigorous competition and find themselves obliged to 
expand their activities in order to reach consumers in geographically dispersed markets. This 
expansion results in an increased complexity of its logistics networks. Along with this need to 
distribute products on a global level emerges a constant concern in the search for more 
efficient and effective logistics networks. A good logistics network allows obtaining large 
reductions in costs and therefore increased profits, which results in a competitive advantage 
against the competition. 

Distribution activity aims to ensure that products are available in the right place, in the right 
amounts and at the right time, trying to satisfy customer’s demand. The transport of goods 
assumes a key role in companies’ success and being one of the most expensive operations 
of the whole companies’ logistics networks, it becomes a constant target of optimization and 
improvement (Lambert et al., 1998, Heap et al., 1998, Tseng et al., 2005). The optimal 
performance of a distribution operation considers a situation in which fleet vehicles utilization 
time is maximized (24 hours daily), its entire capacity is used (100% complete), it is reduced 
the size/length of routes and it is still minimized the size of the fleet, while maintaining the 
level of customer service (Rushton et al., 2010). 
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Jerónimo Martins (JM) identified efficiency wastes in its logistics network, particularly in 
transportation. In this sense, this paper intends to explore solutions to optimize the 
management of JM’s fleet, particularly on improving the efficiency of operations taking place 
in Azambuja Distribution Center. 

2. Literature Review 

2.1. Lean Thinking 

Lean thinking dates back to the 1950s, when the Japanese automobile manufacturer Toyota 
implemented a different philosophy in their production system (TPS – Toyota Production 
System), based on a continuous improvement in operations efficiency through the elimination 
of waste (Chase et al., 2006). TPS was developed in order to improve productivity and quality 
of their operations and identifies seven different types of waste that do not add value to the 
product/service: overproduction; defects; unnecessary inventory; inappropriate processing; 
excess transportation; waiting; unnecessary motion (Shingo, 1989). These wastes were 
identified in a production environment (lean manufacturing), specifically related to the 
automotive industry. Jones (1995), Jones et al. (1997) and Sutherland and Bennett (2007) 
showed that these seven types of waste needed to be adapted in order to be used in any 
context of a supply chain, in order to improve the entire operation. Later, Hines and Taylor 
(2000) developed this lean thinking to eliminate waste throughout the supply chain and 
proposed a methodology in which the value stream mapping reveals a crucial tool for the 
creation of value through the identification and analysis of waste. 

2.2. Lean Transportation 
With the growing concern regarding the implementation of lean thinking to all areas of supply 
chain, it is understood that one of the areas where these measures could have a major 
impact is in transportation. The function of transporting products to the final consumer has 
been assuming itself as an activity that adds value to the product (Villarreal, 2012) According 
to McKinnon et al. (2003), there is currently a large amount of waste and unnecessary costs 
related to the transport operation in companies, which are accentuated in an increasingly 
globalized world. Contrary to the methodology proposed by Hines and Taylor (2000), 
nowadays there isn’t a large development about lean thinking methodologies applied to the 
transportation sector. The vast majority of existing work is based only on the definition of 
wastes associated with this area (Villarreal et al., 2009). Sutherland and Bennett (2007) 
showed that the seven types of wastes identified in the TPS needed an adaption in order to 
be applied to the entire logistics area. 

2.3. Transportation Value Stream Map 

In order to improve the performance of road transport of goods, Simons et al. (2004) defined 
a new indicator called Overall Vehicle Effectiveness (OVE). This aims to measure the 
effective use of vehicles and was developed from the Overall Equipment Effectiveness (OEE) 
indicator, which is used in the production environment in order to improve factories’ efficiency. 
While designing the OVE indicator, the authors adapted the wastes identified in OEE within 
the context of production to transportation. OEE wastes suffered some changes and resulted 
in five types of wastes associated with transportation: driver breaks; excess load time; fill 
losses; speed losses; quality losses. All these losses influence OVE value, which consists of 
three factors: availability, performance and quality. Driver breaks and excess load time impact 
on availability; fill and speed loss influence the performance; quality losses affect the quality 
factor. Each of the three factors is calculated separately. Then, by multiplying these three 
values it is calculated the final value of OVE. Guan et al. (2003) modified this indicator by 
dividing the performance factor into two components: efficiency of times and routes. Thus, the 
indicator also provides information relating to the efficiency of a route. This new indicator was 
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given the name MOVE (Modified Overall Vehicle Effectiveness). The value of MOVE is then 
calculated by multiplying the availability, route efficiency, time efficiency and quality. 

Villarreal (2012) expanded the concept of value stream mapping to identify and eliminate with 
high precision the specific losses of road transport operations. To this new concept, the 
author gave the name Transportation Value Stream Map (TVSM). An adaptation was made to 
OVE indicator where the availability factor was divided into two components: administrative 
availability and operational availability. To this indicator was given the name Total Vehicle 
Operational Effectiveness (TOVE) where new wastes were added: non-scheduled time; 
vehicle scheduled maintenance time; vehicle waiting time at DC; vehicle breakdowns and 
non-scheduled maintenance; excess customer serving time; product defects; percentage of 
clients not served by the route; percentage of demand not satisfied by the route; Excess 
mileage per route. The value of TOVE is obtained by multiplying the four factors that reflect 
the efficiency of the operation, which in turn are calculated according to their respective 
wastes identified. Wastes identification is essential to complete the map that illustrates the 
operation to be analyzed (TVSM). This map shall contain all activities related with the 
operation and its respective quantitative information. Activities can be defined as in-transit (IT 
– while the transportation service is in process) and not-in-transit (NIT – operations taken 
place at DC). The time related with the transportation activity for the drivers and their vehicles 
is called transportation journey (TJ). An activity is defined as internal if it is performed by the 
drivers during the TJ. If it is done outside the TJ or by other elements, the activity is called 
external. The elaboration of the map allows not only the visualization of the operation 
processes but also their indicators, which reflect the general characteristics of the operation 
and allow to draw conclusions and identify opportunities for improvement.	  

3. Case Study	  

Brief description of operation 

JM operates in Portugal through seven distribution centers1 that supply about 400 Pingo Doce 
and Recheio brands around the country, where about 90% are Pingo Doce supermarkets. Six 
carriers guarantee the transport of goods to the stores every day. Distribution routes’ planning 
is assumed as a very complex task, not only because of the scale of the operation, but also 
by the constraints related with stores supply. This implies a constant concern by the 
transportation management, which faces the objective of minimizing operation costs without 
compromising the level of service to stores. Given this, optimization of all activities involved in 
operating distribution assumes a high importance. There is the need to make operations more 
efficient through the elimination of wastes, in particular regarding operations taking place at 
Azambuja DC. One of the major problems relates to the time wasted by drivers at the DC, 
mainly the time they are idle waiting for the warehouses to execute products. 

Preliminary solution identified 

JM identified an alternative to the current operation that makes use only of articulated 
vehicles, resulting in a simplification of the operation. This alternative would bring several 
advantages to JM: reduction of the time spent at DC; increase in the available time to perform 
more routes; increase in the average number of kilometers per vehicle; need for fewer 
vehicles in the fleet; reduction of fixed costs. This paper examines not only this alternative, 
but also others that have been identified. It is intended to improve the efficiency of distribution 
operations, namely its duration, in order to increase the number of daily routes per vehicle, 
mainly by reducing the times of the operations taking place at DC. 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 It is scheduled to open a new DC in Algarve in 2014, however it was not taken into account in this 
study, since the data collected relates to the operation in 2013. 
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Objectives to be achieved 
The main goal is to maximize the percentage of driving time on the basis of working time by 
drivers. Additionally, it is intended to achieve the following objectives:  

• Increase TOVE – This index represents the overall performance of the operation, so 
the aim is to increase its efficiency;  

• Decrease journey time – reducing the total time of an operation results in more 
drivers and vehicles free and thus allows more daily routes;  

• Increase IT time; Decrease NIT time – since it is intended that drivers be the most 
possible time outside the DC, the objective is to increase the percentage of IT time 
versus NIT time; 	  

• Increase driving time – like mentioned before, this is the main objective, it is 
intended to maximize the percentage of driving time over the total time (journey time).	  

4. Results	  

4.1. Adaptations made to TVSM	  

TVSM is adapted, where more detail is given to operations taking place inside the DC (NIT 
activities). The original TVSM (Villarreal, 2012) simplifies existing processes, while in this 
case the aim is to obtain a more comprehensive and detailed view of the entire operation. In 
addition, the indicators of driving and service times are now calculated on the journey time 
bases, because the idea is to emphasize the importance of these activities in the overall 
context of operation. 

The TOVE index metrics used to evaluate the performance of the operation were also 
adapted. Non-scheduled time to operate does not apply in this case as it already exists 
operation in progress at any time of the day, so it was considered that there is no waste 
associated with this metric. Driver breaks element was also adapted as it was not possible to 
obtain quantitative information regarding this topic, so it was just considered the waiting times 
within the DC. Speed loss and excessive distance were also not taken into account, the first 
because there are many variables involved that can twist the data and it is still assumed that 
drivers circulate wherever possible close to the speed limit and the second because it enters 
the route optimization field (outside the scope of this work). The demand not satisfied does 
not apply in JM’s case, since all products ordered by the stores are fully delivered. Defected 
products were not quantified because there is still no way to do it. Customers not visited 
metric also does not apply, since distribution planning is always fully complied with. In other 
hand, sometimes there are delays in deliveries against the previous established with the 
stores. Therefore, the metric of customers not visited was adapted to delay in the supply of 
stores.	  

4.2. Scenarios 
For a more consistent analysis and in order to cover the complexity of the operation, several 
scenarios were addressed based on three variables: operations performed, warehouses 
involved and routes traveled. These variations resulted in a total of 12 scenarios with different 
outcomes (Figure 1). 
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Figure 1 – Definition of scenarios for the TVSM analysis 

Regarding the number of operations, one scenario considers that drivers perform all possible 
operations inherent to the distribution activity and the other considers that drivers only 
perform the minimum necessary. As for warehouses involved, it became necessary to make 
the division between operations beginning in Stock or JIT warehouse. Regarding routes 
traveled, its variation is a key factor in the analysis, since the total time of each operation is 
fully influenced by the distance required to travel to the shops. 

4.3. Current Operation (as-is) 

The distribution operation in Azambuja DC has a fleet of over 200 vehicles, which ensures the 
supply of about 250 stores with more than 185 daily routes. Given this complexity and the fact 
that it is impossible to represent all existing cases, it was chosen to consider only the 
"extremists" scenarios. Thus, the results obtained represent the upper and lower limits that a 
distribution operation can achieve. Figure 2 illustrates the scenario 1 of JM’s current operation, 
an operation where all possible activities are performed, involves a Stock warehouse load 
and it is travelled a short route (route 1).  

An operation of this nature presents an average journey time of 6.95 hours (does not take into 
account the external activities). The IT time is 65%, which means that 35% of total operation 
duration drivers are at the DC performing activities, meaning 2 hours and 28 minutes. This 
shows a considerable inefficiency in operation. Additionally, driving time accounts only for 
28% of total time (includes the returning time to DC). Recalling that this indicator is the major 
goal of the study and based on the ideal situation that considers that drivers should be driving 
100% of time (with the exception of service time in stores and legal breaks), the 28% 
presents a huge opportunity for optimization. 

On average, approximately 2 stores are supplied by route, value that was considered to 
obtain the service time to stores, totaling 1 hour and 36 minutes per route (48 minutes per 
store). This time represents 23% of total operation duration, a high value given that during 
this activity the vehicles are idle waiting to be unloaded and then loaded with carrying 
accessories. 

Regarding the overall operation performance, the TOVE index obtained was 49% for this 
scenario (best case presented 52%). Figure 3 shows that there are inefficiencies at the 
operational, performance and quality level, which obtained an efficiency of 84%, 79% and 
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76%, respectively. For the NIT internal activities, it was considered that all existing operations 
are waste, once are being performed by drivers. 

	  
Figure 2 – TVSM (scenario 1) 

 

 
Figure 3 – TOVE (scenario 1) 

The most relevant waste that adversely affect operational efficiency are the NIT internal 
activities and the waiting time to load, which hinder the availability of drivers and their vehicles 
to supply stores. 

As for the waiting time to load, it was found that this is one of the major wastes that 
contributes to the operation inefficiency. Often drivers are ready to begin loading and have to 
wait, either because the door in which they will load is not yet available, either because the 
goods are not yet fully prepared to be shipped (in the case of JIT warehouse). This situation 
leads to a waste, since drivers and their vehicles are inactive during the activity. 

Regarding loading activity, in general there were identified wastes and improvement 
opportunities throughout the shipping process. The time lost due to mistakes and paperwork 
in this operation has a negative impact on the overall efficiency of the distribution operation. 
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The operation also shows losses relating to the capacity of vehicles not used in the 
distribution (fill loss), which is mainly caused by the complexity and variability of stores’ daily 
orders and the high frequency that stores are supplied. With regard to compliance with 
delivery schedules, it was found a reduced level of service, once 24% of deliveries were 
made with delay (regardless of whether or not it was a slight delay). In general, there were 
identified wastes and improvement opportunities in the whole process of serving the stores, 
derived from the following reasons: lack of loading dock; insufficient or no storage space 
inside the store; absence of forklifts to assist in unloading activity; lack of information by the 
store personnel about real-time location and the exact time of arrival of drivers; lack of 
preparation of empty carry accessories to be loaded into the vehicle. 

4.4. Future Proposed Operation (to-be) 

Proposed initiatives 

Given the wastes previously identified and aiming to improve the operation efficiency, the 
following initiatives are proposed: 

1. Change NIT activities from internal to external – through a substantial change in the 
processes at the DC, this initiative will fill one of the major inefficiencies observed in the 
operation: plenty of NIT internal activities. The process becomes significantly simpler for 
drivers, since they only have to perform two activities: coupling and uncoupling a semi-
trailer. The other activities are carried by warehouse personnel or other staff not directly 
related with the vehicle. This initiative involves replacing all rigid vehicles for articulated 
ones, but will result in a considerable decrease of the journey time; 

2. Change the packaging and transport of products – modify operation with regard to the 
method used for the transport of goods. The idea is to transport the pallets filled with 
products within blocks with capacity up to 6 pallets, where each block is aimed to be 
delivered at a specific store. This measure intends to make the operation relatively 
simpler: instead of drivers have to load or unload pallet by pallet, they only have to load or 
unload the respective blocks. The main advantages are: substantial savings in loading 
and unloading time at DC and in stores and ease of "stacking" goods inside the vehicles;   

3. Use QR Code technology (or equivalent) at the DC warehouse cargo doors – to 
overcome the frequent mistakes that occur in the shipping process and eventually reduce 
the existing bureaucracy in the last part of shipments; 

4. Reduce the amount of stores’ supplies – results in a lower amount of routes needed to 
satisfy the same demand (allowing fleet reduction) and also reducing the loss of capacity; 

5. Real-time monitoring of the location and arrival time of drivers to stores – essential 
information that allows stores operators to be ready to receive the goods and prepare the 
empty pallets that will be loaded in vehicles; 

6. Monitoring of drivers’ arrival times at DC – allows making better planning of the whole 
expedition and reduce lost time at DC. 

Impact of the proposed initiatives 
The 6 proposed initiatives are complementary in a way that they can be applied together, 
meaning that the implementation of each one does not invalidate the implementation of the 
others. Thus, there is no need to choose between a given alternative over another. 

Table 1 summarizes the individual and global impact of the proposed initiatives, culminating 
in the TOVE showed in the Figure 4. It is visible the potential of improving the current 
operation efficiency. Only three of the eight metrics were not targeted for improvement, one of 
which was approached by the initiative 6 (delay in the supply of stores), but was not 
quantified. The four factors that reflect the efficiency of the operation were discussed in an 
attempt to be optimized. The estimated future TOVE obtained is 60%, which does not reflect 
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entirely all the results achieved since three of the four factors are estimated above 90%, 
however the 76% quality efficiency influences adversely the final TOVE value. 

Table 1 – Individual and global impact of the initiatives in TOVE (scenario 1) 

Initiatives TOVE impact 

1. Change NIT activities from internal to external - Decrease Administrative Eff. 7 p.p. 
- Increase Operational Eff. 8 p.p. 

2. Change the packaging and transport of products - Increase Operational Eff. 5 p.p. 
3. Use QR Code technology (or equivalent) - Increase Operational Eff. 1 p.p. 
4. Reduce the amount of stores’ supplies - Increase Performance Eff. to 90% 
5. Real-time monitoring of the location and arrival 
time of drivers to stores - Increase Operational Eff. 1 p.p. 

6. Monitoring of drivers’ arrival times at DC * 

Global 
- Decrease Administrative Eff. 3 p.p. 
- Increase Operational Eff. 9 p.p. 
- Increase Performance Eff. 11 p.p. 

*Not quantified. 

 

Figure 1 – Future proposed TOVE (scenario 1) 

Figure 5’s TVSM illustrates the future proposed operation, in which are reflected the impact of 
all initiatives. Journey time decreases from 6 hours and 57 minutes to 3 hours and 20 minutes, 
IT time increases from 65% to 83% and driving time from 28% to 53%. There is a 
considerable reduction in the amount of NIT internal activities and it was improved the 
duration of most operations, both IT and NIT. 

Table 2 compares the 12 scenarios of the current and the future proposed operation, where it 
is showed the gains obtained from the implementation of the proposed initiatives. It is visible 
that the intended objectives were fully achieved: increased TOVE; decreased journey time; 
increased IT time; increased driving time. TOVE increased an average 11 p.p., journey time 
reduced approximately between 2 hours and 4 hours, IT time increased between 15 p.p. and 
20 p.p., and driving time increased between 16 p.p. and 27 p.p., which reveals a very 
significant improvement. 

All these objectives have the final purpose to increase the number of daily routes per vehicle, 
in order to decrease the necessary fleet to carry out the distribution. For scenarios involving 
route 1, there is an increase in the maximum number of routes per day that vary between 3 
and 4, which means that a vehicle that only travels short routes can perform 3 ou 4 more 
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routes than it does currently. Route 2 scenarios have the ability to make 1 or 2 more routes 
per day, while in route 3 the gains vary between 0 and 1 additional route. 

 
Figure 5 – Future proposed TVSM (scenario 1) 

Table 2 – Comparison between current and future proposed operation by scenario 

Scen. 
Current operation Future proposed operation (variation) 

TOVE 
(%) 

J. Time 
(hrs) 

IT 
(%) 

Driving 
(%) 

Max. routes 
per day TOVE J.  

Time 
IT 

Time 
Driving 

Time 
Max. routes 

per day 
1 49 6.95 65 28 3.5 +11 -3.62 +18 +25 +3.7 
2 49 8.62 71 42 2.8 +11 -3.25 +17 +25 +1.7 
3 49 13.20 81 62 1.8 +11 -3.25 +13 +20 +0.6 
4 49 7.27 62 27 3.3 +11 -3.94 +21 +26 +3.9 
5 49 8.93 69 40 2.7 +11 -3.56 +19 +27 +1.8 
6 49 13.52 79 61 1.8 +11 -3.57 +15 +21 +0.6 
7 52 4.82 67 34 4.9 +10 -1.94 +16 +22 +3.3 
8 52 6.38 75 50 3.8 +10 -1.93 +14 +22 +1.6 
9 52 10.78 85 70 2.2 +10 -1.93 +9 +16 +0.5 

10 51 5.13 63 32 4.7 +11 -2.25 +20 +24 +3.6 
11 51 6.70 71 47 3.6 +11 -2.25 +18 +25 +1.8 
12 51 11.10 83 68 2.2 +11 -2.25 +11 +18 +0.5 

 

Table 3 – Fleet size requirements to perform the distribution operation 

185 total daily routes 
Current operation Future proposed operation Difference of 

vehic. per day Max. routes 
per day 

# Vehicles 
needed 

Max. routes 
per day 

# Vehicles 
needed 

Route 1 
(105 routes) 

Scen. A 3 35 7 15 20 
Scen. B 4 27 8 14 13 

Route 2 
(65 routes) 

Scen. A 2 33 4 17 16 
Scen. B 3 22 5 13 9 

Route 3 
(15 routes) 

Scen. A 1 15 2 8 7 
Scen. B 2 8 2 8 0 

Total  [57-83]  [35-40] [22-43] 
Given the maximum number of routes per day per vehicle for both operations and the 
average number of routes carried per day and route type, it is possible to determine the 
number of vehicles needed to satisfy the respective number of routes. Table 3 shows the 
comparison between the vehicles needed between the current and future proposed operation. 
Theoretically there are used between 57 and 83 vehicles per day currently, depending on the 
number of operations performed, and with the implementation of the proposed initiatives it 
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would be required only between 35 and 40 vehicles for the same number of routes. It appears 
that there is a significant margin to reduce fleet size and therefore the future operation 
foresees the need for less 22 to 43 vehicles in the JM day-to-day operations. Note that this 
number of vehicles is what is strictly necessary to supply stores, however there would be 
necessary more vehicles within the DC to ensure the proper functioning of the whole 
operation (to be able to implement the initiative 1). 

5. Conclusions 
This paper analyzes in detail the current distribution operation, aiming at improving its 
transportation efficiency, in particular reducing or eliminating activities that constitute waste. 
The literature review showed that the resolution of this problem was based on the application 
of the Transportation Value Stream Map (TVSM) methodology developed by Villarreal (2012). 
The current operation analysis has concluded that there is an improvement opportunity, as it 
can be seen from the approximately 50% operation efficiency. Therefore, 6 initiatives were 
proposed, where it is estimated that its implementation will result in an overall efficiency of 
approximately 61%. Comparing with the current operation, the proposed future one showed a 
great evolution, where it was managed to improve substantially the driving indicator and 
consequently increase the number of daily routes per vehicle. In the shortest route case, it 
was obtained a daily route growth varying between 3 and 4 routes. The proposed initiatives 
admit a fleet reduction to distribute the goods to stores between 22 and 44 vehicles.	  

As of future work it is suggested to study the impact of the proposed initiatives in the 
company’s cost structure and also to apply the TVSM methodology to the warehouses, in 
order to ensure a greater connection with transports and thus improve the overall efficiency of 
the distribution operation. 
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