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Preface

We are very pleased to have you participate in the 1st Conference on Quality Innovation and
Sustainability — ICQIS2019 in Valenca, Viana do Castelo, Portugal. The conference is being organized
together with Business Sciences School of the Polytechnic Institute of Viana do Castelo. It takes place
in Valenca on the 6th and 7th of June 2019. Our main goal is to join together in this event academics
and practitioners from a variety of fields and the dissemination of knowledge and the exchange of good
practices among in the main domain of quality management, but also in innovative practices and
sustainability. We expect to provide a forum of debate for researchers and practitioners, contributing to
support the sharing of experiences, to promote cross-knowledge and strengthen the academic-industry
relationship.

This book compiles the papers presented at the 1st Conference on Quality Innovation and Sustainability
(ICQIS2019)

The Editors would like to thank all the authors and reviewers for their valuable contribution and for
making ICQIS2019 such a big success.

Thank you very much for your important participation and collaboration in ICQIS2019!
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Improvement of the Volumetric Occupancy Rate of the Trucks in the Warehouse-
Store Transportation in a Retail Food Company
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(3) COMEGI, Universidade Lusiada, Vila Nova Famalic3o, Portugal

ABSTRACT

This project was developed in a food retail company with a complex distribution system, with several distribution centres
located in Portugal, different temperature requirements for their products and different dimension store formats. The
aim of the work was to analyze procedures to increase the height of loading units to improve the volumetric occupancy
rate of the trucks, which depends mainly on the relationship between the number of pallets transported in each vehicle
and its volume. After analyzing and diagnosing the picking, loading and unloading operations, it was found that the
volumetric occupancy rate of the vehicles was 48.5%, which means that more than half of the truck is empty. To increase
this indicator, two strategies were proposed to be implemented: the revision of the current volume and weight limits;
and the consolidation of different categories in the same pallet for the small format store. After conducting pilot tests, it
was estimated, for each of these strategies, an increase of 0.8% on volumetric occupancy rate, and an increase of a
potential gain was obtained of more than 577,908 €/year.

Keywords: Transportation, Vehicle Volumetric Occupancy, Units Load Height
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1. Introduction

The great demands of an increasingly competitive market have made logistics an essential part of all companies, so one of
the biggest tasks of managers s to direct all activities that contribute significantly to better customer service and the lowest
cost [1].

According to Thomas & Griffin [2], the largest cost component of logistics is transportation cost, usually accounting for 50%
of the total logistics cost. At a time when the global economic and financial environment forces organizations to manage
their resources in the most efficient way possible, and the retail market segment is highly competitive, demanding and
complex, cost management is vital to success and sustainability of the company under study.

At present, the loading units prepared in the warehouses of the company under study to transport to the stores do not
have a standard height and the average of this is low. Due to this factor and to the differences in the typologies of boxes
packaged in the pallets, it is not possible to overlap them, with only a floor occupancy of the vehicle and not in height,
when loading and conditioning the loads on trucks. Thus, because the load units have an average height of 1 meter and
since they cannot be stacked, there is a low occupancy rate of the trucks in height, resulting in high transport costs. In this
sense, as transport is as more economical as the greater the capacity utilization of the vehicles, it became crucial to identify
measures to improve the height of the load units.

This project was developed mainly considering a case study research strategy. The purpose of the project was to analyze
the current process of picking, and loading, conditioning and unloading of trucks operations used in the warehouse-store
transportation, identifying the factors that influence the height of load units, and the study and evaluation of measures to
improve it.

2. Literature review

The state of the art is designed for areas such as logistics and supply chain management, transportation activity and
management, and vehicle volumetric occupancy rate.

2.1 Retail supply chain configuration

Transformations in the retail supply chain have led retailers to see a restructuring of the logistics network: switching from
"passive recipients of products" to "manufacturers with anticipation of demand", which currently control, organize and
manage the whole chain (from production to consumption) - the current essence of retail logistics [3]. In a functional
perspective, the internal retail supply chain is predominantly divided into three logistical subsystems: (a) distribution center
(b) transport and (c) store (Figure 1). Since each subsystem, although with its own working and planning mechanisms,
depends on the requirements of other systems, the result is a complex interrelated structure that must be considered in
planning operations [4].

> Industry supplier >> Industry >Hehiler°se::rlbutlon> Retail store >

> ANF AFIAF A
>Aﬁaﬁm~gé

>D""'b”“°">Tmnsporta19 Store (:onsumer
center

Figure 1. Configuration of the retail supply chain (Adapted from [4])
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In the literature, there are different approaches to analyze and improve warehouse efficiency and to optimize the different
processes related to the flow of material and information in the supply chain. Ktodawski et al. [5] presents problems of
designing and organizing logistic processes in warehouse facilities, highlighting the need of improving logistics facilities
actions as a key aspect to increase productivity, flexibility and reliability of supply chains. Shepelev et al. [6] developed a
procedure for determining the optimal parameters of transport and warehouse complexes. The performance of equipment
and means of internal transport and its impact on the implementation of warehouse processes was studied by Pyza et al.
[7]. In their work the role of warehouse in the supply chain and its importance in the effective flow of material goods was
discussed. Other authors [8] refers that it is possible to increase the efficiency of the transport-warehouse relationships in
the logistics chain by determining the optimal volume of transportation and storage of goods in the logistics chain. The
movement of material flow in supply chain is impossible without transport involvement.

Transport activity management can be defined as the process of planning, implementing and controlling the most effective
and efficient procedures and techniques with the goal of achieving cost reduction, increasing the level of customer service
and increasing optimization of the company's resources [9,10].

Thus, Lambert et al. [9] summarizes the main functions of transport managers, stating that they should select the most
appropriate mode and type of vehicles, select the vehicle fleet and manage it and, on a more daily basis, plan routes, loads
and vehicles. In order to ensure an efficient and logistically efficient transport subsystem, it is necessary to take into account
a set of factors that influence the physical distribution of load from the warehouses to the stores, such as the distance to
be traveled, time of delivery, quantity transported, non-existence of return load, dimensions and morphology of the load,
degree of fragility of the load and restrictions at the point of sale.

The goal of day-to-day planning should be vehicle optimization. The Transport Optimization Report [11] identifies three
main areas of improvement in terms of transport optimization: improving vehicle occupancy, reducing empty kilometers
and increasing productive time as a proportion of the total time available, and stressing that each of these areas can be
affected by one or more factors previously mentioned. There is a set of key performance indicators (KPIs) that can be used
to measure and target each of the areas:

- Percentage of occupancy of vehicles;

- Percentage of kilometers in empty space;
- Productive time as a percentage of total available time.

2.2 Volumetric occupancy rate of vehicles

Improving vehicle volumetric occupancy rate is one of the most attractive sustainable delivery measures for companies as
it provides substantial economic and environmental benefits, hence the importance of their maximization in the success
of a company [12].

Traditionally, companies measure vehicle occupancy considering only the relationship between the weight of the load
transported and the maximum weight of the vehicle [12]. However, as in the food retail sector products have an
increasingly lower density, the weight-based occupation underestimated the true level of utilization [13]. In this sense, the
occupancy of the truck is limited much more by the floor area or height of the vehicle than by the weight. A measure of
occupancy that results from the product between the percentage of floor occupancy (equation 1) and the percentage of
height occupancy (equation 2) is more appropriate to calculate the percentage of volumetric occupancy [13, 14]:

number of pallets transported to the ground

(1)

%floor occupancy =
f P y Maximum number of pallets to the ground on the truck

Load units’ average height

Y%height occupancy = (2)

Maximum truck height available

When there are tight limits to the height of a load unit and when it is low and variable, the truck occupancy is usually
restricted by the floor area rather than by the height of the vehicle and can be completely occupied on the floor by pallets
with a height of 1.5 meters, leaving a meter or more of wasted space above them [14]. The study made by McKinnon and
Edwards [15] reveals that companies often overuse their vehicles as a result of minimizing total logistics costs by making
perfectly rational trade-offs between transport efficiency and other corporate goals such as minimizing stocks, optimizing
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storage space use, or maximizing productivity preparation of orders. However, Mckinnon [14] and McKinnon and Edwards
[15] examined the possibility of improving the use of vehicles, including potential economic and environmental benefits.

One of the opportunities indicated was the increase of the load units’ height. Generally, there are tightness volume and
weight limits that restrict its height, so the increase of these limits can reduce the number of trucks required per year. This
was one of the measures analysed and that will be described in the present work.

3. Study context and Critical Analysis

The company studied is one of the largest food retail companies in Portugal, with a set of distinct formats that offer a wide
range of products. It essentially operates with three major players in its logistics chain: suppliers, distribution centers and
stores.

It has strategically two large logistics centers, where the warehouses are located that operate in a specialized and
independent way. Both platforms supply different regions of the country, with food products at ambient, fresh and frozen
temperature, covering the entire national territory and the islands. In these logistical platforms two types of flows are
implemented: PBL (Picking by Line) and PBS (Picking by store). The main distinguishing characteristic of these flows is the
lack of storage in the PBL warehouse due to their dispatch in less than 24 hours, which means the products are received
and distributed immediately by the stores, while in the PBS the products are collected of their picking locations, existing
stock. The division of the articles between PBS and PBL is performed considering the rotation of the products, the quality
of service of the supplier and the validity of the product itself.

Comparing the warehouses of different temperatures, there is a higher dispatch volume in the ambient temperature
warehouses. For this reason and for the elaboration of this research project, the analyzed warehouses were the PBL and
PBS at ambient temperature in both platforms.

In order to be able to define strategies for improvement, it became essential to frame the current situation of the company
regarding the current volumetric occupancy rate of trucks and a diagnosis and analysis of the operations under study.
Currently, in the company, only the percentage of floor occupancy is monitored monthly, including only the trucks of 33
pallets since the fleet is composed mostly by this type of vehicles. Thus, this indicator is used to measure vehicle occupancy
efficiency, although it is not very robust since a truck can occupy 100% of the floor by load units with a height of 1 meter,
leaving a lot of empty space.

In this way, the project began with the calculation of the current volumetric occupancy rate of the trucks. With an average
floor occupancy rate of 84.0% and a height occupancy rate of 57.7% in 2017, an average value of 48.5% was obtained, as
shown in equation 3:

Volumetric occupancy rate = 84.0% X 57.7% = 48.5% (3)

Thus, it is proven that more than half of the truck is air, reinforcing the importance and necessity of improving this measure.
As the variable that causes the greatest negative impact on the volumetric occupancy rate is the height occupation, the
objective of the project was focused on the improvement of the latter.

Shipment to stores can be done on four types of handling units: picking pallets (euro or half pallet) and complete pallets
(euro or half pallet). The picking pallets are originated by the preparation activity in the warehouses, while the complete
pallets are shipped with a single item and are delivered to the store exactly in these quantities, with no preparation in the
warehouse. As the picking pallets, in total, represent 68.1% of the pallets transported, it became necessary to focus the
analysis on this type of handling unit to understand the factors that influenced its volume and, therefore, its height.

Both in PBL and PBS flows, when preparing load units for stores, it may break down by two factors: volume or weight. For
each product category, the system has defined the maximum limit of volume and weight that a load unit can reach so that
whenever an order reaches one of the limits, the picker needs to continue the preparation in a new pallet.

Currently, the volume limit, in the same flow, is the same for all categories, with the PBS limit being 15% higher than the
PBL limit. Regarding the weight limit, this is the same for PBL and PBS in all categories. In this sense, it was important to
compare the average volume of each category with the respective limit to identify differences and to understand the
impacts of changing the parameterized limits in the system. An improvement to be implemented has gone through the
revision of the current volume limits and the adjustment of it according to the average weight per box (strategy 1).
Besides that, picking pallets have, for each store format A, B and C, a weighted average volume of 1.38 m3, 1.13 m? and
0.99 m3, respectively. The small stores (format C) are those with the lowest average volume value, and some factors have
been identified that contribute to this fact. The reduced daily volumes demanded by contemporary retail, with frequent
deliveries of increasingly smaller orders, associated with the fact that the company is looking for a “store friendly " logistics,
preparing by category, means that only 1 pallet is prepared per day and per category, with a low volume of products. As
the expansion of these stores is expected, instead of preparing the orders by category on different pallets, it has been
suggested that all the categories of each flow could be consolidated on the same pallet (strategy 2).
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4. Improvement Proposals and Results
The two proposed strategies and their expected results are presented below.

4.1 Revision of the current volume limits based on average weight per box

With the previous diagnosis, in particular the percentage of picking pallets, for each category, which breaks by volume, by
weight or by neither of those and the average weight per box, the need arose to evaluate the impact that would have
occurred if the limits parameterized changed. For the categories that mostly broke through the volume and the weight,
the adjustment of the limits was studied. A change in these can enhance the placement of boxes at a higher height, so an
adjustment to the average weight per box was the criterion used to consider the ergonomic conditions of the operators.
Thus:

- For the categories with the smaller value of average weight per box, compared to the other categories of the same
flow, increase the volume limit;
- For the remaining categories with the highest average weight per box, maintain the volume limit.
Through several pilot tests, it was possible to measure the impact of these changes in each one of the actors of the chain:
warehouse, transport and store operations. By increasing the volume limits of the load units, it is possible to place more
boxes on the same pallet which can consequently result in a reduction in the number of picking pallets prepared and
shipped. This reduction has an impact on the floor space occupied in the warehouse and at the backroom store, on the
time of loading and unloading of the trucks, as well as the associated transportation cost. Also, this increase in the limits
may or may not result in an increase in the productivity of operators because, although more boxes are placed per pallet,
it also increases the difficulty in the construction of the stowage, which can cause the operator to waste more time in the
quality assurance.
Based on the data obtained through pilot tests, the number of picking pallets that would have been prepared were
simulated by category, store and date of delivery to the store, if the limits remained the same as the current ones, and this
value was compared with the number of pallets generated during the pilot tests with the proposed limits. It was found that
for PBS, instead of 7,492 pallets being prepared with the current limits, 7,325 pallets were generated in the week of the
pilot test, corresponding to a reduction of 2.2% in the number of pallets and so a reduction of 18,264 pallets per year.
Likewise, in the PBL, instead of generating 4,976 pallets, 4,818 pallets were generated during the test period, equivalent to
a reduction of 3.2% in the number of pallets and to less than 25,889 pallets per year. In total, an average reduction of 2.7%
of picking pallets was estimated.
Still with the results of the pilot tests, the relation between the picking productivity and the number of boxes per pallet
was analyzed to understand if the proposed changes had a significant impact and whether it was positive or negative. There
was an approximately linear behavior, allowing to conclude that the bigger the number of boxes per pallet, the greater the
productivity of the operators.

Finally, the impact of this scenario on the volumetric occupancy rate was estimated, corresponding to an increase of 0.8%,
resulting from an increase in the percentage of height occupancy rate (+0.9%).

After calculating all the impacts of this strategy, the annual benefits in euros, associated with the changes in the proposed
scenario (Figure 2), were estimated by logistic subsystem (warehouse, transport and store).

Warehouse |
Space 28.111€

Manpower 5.739¢€

Trucks loading i

m Transportation 327.461 €

Store Backroom space 12.288 €

I
M 1
m anpower 3.064 €

Trucks unloading

Estimated annual benefit 377.563 €

Figure 2. Estimation of the potential annual benefit of strategy 1
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Observing Figure 2, this proposal has a potential benefit of 377,563 €/year, being that the transport logistics subsystem is
the largest part, approximately 86.7%. This proves that, in fact, transport has a high weight in the logistics cost structure,
so any solution that seeks to reduce the air inside the truck, results in a very significant impact.

Due to its enormous potential, in May 2018, this strategy was implemented, provided that its results were monitored
through to a cockpit chart. Table | shows the results obtained for the indicators whose changes are directly related to the
implementation of this strategy, as well as the percentage variation obtained between January and September 2018.

On indicator 2, a 2.7% increase was achieved. It is not an increase as significant as the one achieved on the indicator 2aa
because, as there are four handling units and since complete pallets, due to its low average volume, negatively influence
the indicator 2a, an increase in the percentage of complete pallets (euro and a half) contradicts the positive impacts of this
strategy.

Regarding indicator 2b, the average reduction target of 2.7% of picking pallets previously estimated has been met,
translating into a potential annual benefit of 345,104 €/year.

Table I. Presentation of results obtained (January vs September) by the implementation of strategy 1

Ne Indicator January September  Variation (%)
2 Height Occupancy rate (%) 56.2% 57.7% +2.7%

2a Average volume per pallet (m3) 1.10 111 +0.9%

2b Reduction in the number of picking pallets (%) - 2.6% +2.6%

2aa Average volume per picking pallet (m3) 1.14 1.19 +4.4%

4.2 Consolidation of the categories in the same pallet for the stores of the format C

As mentioned above, the format C stores are those with the lowest average volume per picking pallet, which is related to
the fact that 1 pallet per category per day is dispatched to these stores. As the expansion of small format stores is expected,
some changes have been suggested in the picking process of these stores: to increase the average volume of the pallets to
these stores and, thus, increase its height, instead of these orders being prepared by category on different pallets, all
categories of each flow would then be prepared on the same pallet, until one of the volume or weight limits is reached.

A pilot test was made on PBS for one store of format C. As the strategy in the previous subsection, this solution entails
placing more boxes on the same pallet and therefore can reduce the number of pallets prepared and shipped to stores.
This reduction has an impact on the floor space in the warehouse and at the backroom store, on the time of loading and
unloading of the trucks, on the shelf replacement time in the store and on the associated transportation cost. Warehouse
productivity can increase with more boxes on the same pallet, but this effect can be offset by the fact that the operator
loses more time in stowage quality assurance.

With the pilot test data, the reduction in the number of pallets was calculated. For this, it was simulated, by category and
date of delivery to the store, the number of pallets that would have been obtained if there was no consolidation, comparing
this value with the number of pallets shipped during the test period. The impact of this solution on warehouse productivity
was also analyzed, comparing the average productivity obtained in boxes per hour from January to May with that obtained
in the test week, considering only the store submitted to pilot test. Finally, a visit to the chosen store was made to quantify
the impact on shelf replacement time.

A reduction of 17.4% was observed in the number of pallets prepared and shipped to format C stores, which corresponds
to less 24,284 pallets per year. This represents a reduction of 1.5% in the total number of picking pallets prepared.
Regarding the warehouse productivity, it was verified that it did not suffer any impact, presenting the same value without
and with consolidation. With consolidation, the difficulty of constructing the stowage is increased, but the number of
setups can be reduced, so the operator places more boxes per pallet in the same task, justifying this behavior.

About the shelf replacement time, with consolidation, the products of the different categories are mixed, not separated by
layer. However, this additional manipulation of separating the boxes of different categories is not significant in the total
shelf replacement time per pallet (0.7%).

It was also calculated the impact of this solution on the volumetric occupancy rate, with an increase of 0.8% in it, resulting
from an increase in the percentage of height occupancy rate (+0.9%).

Finally, considering these impacts, it was possible to estimate the annual benefits per logistic subsystem associated with
this solution (Figure 3).
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This strategy has an estimated annual benefit of 200,345 €/year, and in the same way as strategy 1, it is in the transport
logistics subsystem that the greatest benefit is found, approximately 89.6% of the total parcel. Since this solution presented
great potential, which was recognized by the company, this strategy was extended to 20 stores and its impacts are still
being evaluated, in order to have a more significant sample and, therefore, more robust results.

Warehouse L
Space 8.704 €

Manpower
Trucks loading

m Transportation 179.580 €

]
Store Backroom space 6.730 €
I
i
m Manpower \
Trucks unloading 2.174 €
|
|
Estimated annual benefit 200.345 €

Figure 3. Estimation of the potential annual benefit of strategy 2

5. Conclusions

Since transportation is responsible for absorbing between one-thirds to two-thirds of the total logistics cost, and as often
involves trade-offs between customer responsiveness capacity (greater frequency of supply) and chain efficiency (more
trips, lower vehicles occupancy, and therefore higher transport costs), any decision-making in its management is reflected
along the logistic chain.

Through the methodology of the case study, a study was carried out on the vehicle’s occupancy in the warehouse-store
transport, in a retail food company. Although this project involved only one study explaining the current state and future
state and a comparison of costs versus benefits, strategies were identified to be implemented in the short term.

In this way, the project started by measuring the performance of the current situation, that is, by calculating the value of
the volumetric occupancy rate, equal to 48.5%. This low value is due to the low height occupancy, which is around 57.7%.
After a detailed analysis of the current picking, loading, conditioning and unloading operations, one of the main causes of
this waste were identified: the low average volume of the transported pallets.

Thus, the improvement proposals, studied in order to measure their impact and quantify their potential, were focused on
the improvement of the picking pallets height: the revision of the volume limits according to the average weight per box
(strategy 1) and the consolidation of the PBS categories in the same pallet for the small stores (strategy 2). Both proposals
had benefits in the floor space occupied in the warehouse and in the backroom store, in the time of loading and unloading
of the trucks, as well as in the associated transport cost. Considering the estimated results for each strategy, it was obtained
a total of:

- Reduction in the number of picking pallets (%): 2.7+1.5=4.2%

- Increase in height occupancy rate (%): 0.9+0.9=1.8%

- Increase in volumetric occupancy rate (%): 0.8+0.8=1.6%

- Estimated annual benefit: 377,563+200,345=577,908 €/year

Although the increase in the percentage of height occupancy is not very significant, it translates into a very high annual
monetary benefit, proving that in fact any small improvement in transport has a very significant impact on the efficiency
of the chain. Strategy 1 was accepted and implemented by the company, while strategy 2 is being evaluated for 20 small
format stores to validate these benefits. In order to monitor the results of strategy 1 on a monthly basis, a cockpit chart
was constructed. It has been very advantageous because it has allowed a monitoring of the volumetric, in height and floor
occupancy indicators, which until the beginning of this project was not possible and the results have been very positive,
especially regarding the average volume per picking pallets and the height occupancy rate. Comparing January and
September, there was an increase of 4.4% and 2.7%, respectively.
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