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Abstract: The Third Party Logistics (3PL) industry is facing increasing competitive pressure. To compete successfully in this 
environment, 3PL providers need to deal with the industry complexities efficiently in order to sustain a competitive cost 
structure. In this direction, the achievement of economies of scale plays a leading role and it is already well-recognised as one 
of the most important factors enhancing the 3PL providers’ competitiveness in terms of efficiency. The extant literature 
identifies different operational strategies to achieve economies of scale, such as sharing resources among shippers or dynamic 
allocation of resources to shippers, but a clear explanation of the different types of economies of scale has not been developed 
so far. Moreover, combining multiple operational strategies may lead to different approaches towards the achievement of 
economies of scale. The literature review reveals that a quantitative evaluation of the impact of such approaches on 3PL 
providers’ efficiency rates is still lacking. The present paper has a twofold aim: first, to provide an inclusive classification of 
3PLs’ economies of scale as emerging from previous studies; second, to assess the impact of different approaches towards the 
achievement of economies of scale on 3PL providers’ technical efficiency. Specifically, after a thorough literature review and 
a survey to collect data from 44 Italian 3PL providers, a two-stage Data Envelopment Analysis (DEA) was performed, 
combining the efficiency score resulted from DEA with a cluster analysis of different approaches to economies of scale. The 
findings highlight that economies of scale can be achieved by pursuing different operational strategies, and it is not sufficient 
to simply focus on some of these to effectively exploit economies of scale. The research suggests that, whenever possible, the 
best option for 3PL providers appears to be the adoption of multiple approaches to obtain high efficiency rates. 
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1. Introduction 

The Third Party Logistics (3PL) industry is facing 
increasing competitive pressure (e.g. Min et al., 2013). The 
annual study conducted by Langley and Capgemini (2015) 
indicates that despite the overall market (more than 700 
billion US $) has increased by 30% from 2010, the annual 
growth rates are still moderating significantly over time 
(+13.7% between 2010 and 2011, +9.9% between 2011 
and 2012, and +2.7% between 2012 and 2013), 
contributing to enhance the already high competitive 
pressure of the 3PL industry established first of all by thin 
profit margins (Min et al., 2013). To compete successfully 
in this environment, 3PL providers need to deal with these 
complexities efficiently in order to sustain a competitive 
cost structure (e.g. Lieb and Bentz, 2005; Min et al., 2013). 

The achievement of an efficient cost/service ratio for 
3PL providers is primarily based on the opportunity to 
exploit economies of scale. A number of underlying 
operational strategies behind the achievement of 
economies of scale may be pointed out, such as the shared 
use of resources among different shippers or the ability to 
dynamically allocate such resources to different shippers. 
For instance, according to Berglund et al. (1999), 3PL 
providers can pursue economies of scale by running a 
warehouse for several shippers or operating joint 
transportation networks for a set of shippers. 
Nevertheless, a clear explanation of such different types of 
economies of scale has not been developed so far. 

At this regard, combining multiple operational 
strategies may lead to different approaches towards the 
achievement of economies of scale. However, a 

quantitative evaluation of the impact of such approaches 
on 3PL providers’ efficiency rates is still lacking. 

Starting from the gaps highlighted in the extant 
literature, the present paper offers new insights from a 
twofold viewpoint. On the one hand, it examines in detail 
and classifies 3PL providers’ economies of scale as 
emerging from previous studies. On the other hand, it 
provides a quantitative assessment of the impact of 
different approaches towards the achievement of 
economies of scale on 3PL providers’ technical efficiency. 

The remainder of the paper is organised as follows. 
The next section summarises the literature review on 
economies of scale in the 3PL industry, as well as their 
measurement. Subsequently, research objective and 
methodology are presented. The fourth section reports the 
main findings, as well as the interpretations of the results. 
Finally, conclusions are drawn. 
 
2. Literature review 

2.1. Economies of scale in the 3PL industry 

Previous research on value creation models in the 3PL 
industry acknowledges efficiency practices as a primarily 
factor enhancing the competitiveness of a 3PL provider 
(e.g. Hertz and Alfredsson, 2003; Prockl et al., 2012, 
Marchet et al., 2014; Tappia et al., 2015). 
The achievement of an efficient cost/service ratio is 
primarily based on the opportunity to exploit economies 
of scale, that are commonly described as a cost reduction 
or a productivity increase thanks to an increase in handled 
volumes (Berglund et al., 1999; Bolumole, 2003). 
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Based on the literature – beside the traditional and well-
acknowledged benefit of bargaining power (e.g. 
Aghazadeh, 2003; Hertz and Alfredsson, 2003) – different 
underlying operational strategies behind the achievement 
of economies of scale can be identified. For instance, by 
consolidating loads from multiple suppliers or distribution 
centres located near each other, a 3PL provider can 
achieve full truckload economies. This type of ‘spatial 
integration’ can be achieved also by using frequent (e.g. on 
a daily basis) truckload trips to deliver to shippers located 
within the same geographic areas (e.g. Rabinovich et al., 
1999). Similarly, capacity can be better used by 3PL 
providers because peaks and drops in transport quantities 
offered by various shippers can be counterbalanced, and 
‘backhauling’ is often available (e.g. Hsiao et al., 2010). 
Overall, the analysis of the literature led to identify 13 
operational strategies (reported in the results section, 
Table 1) pursuable by 3PL providers to exploit economies 
of scale. 
 

2.2. Quantitative assessment of efficiency in the 
3PL industry: Data Envelopment Analysis 
(DEA) 

The quantitative evaluation of operational efficiency is 
considered a key aspect for the understanding of the 3PL 
industry (e.g. Selviaridis and Spring, 2007; Marchet et al., 
2011; Asthana, 2013), but only recently a specific research 
stream has been arisen. 
Specifically, the few papers that have been found assessing 
3PL providers’ efficiency in the 3PL industry applied Data 
Envelopment Analysis (DEA). For instance, Zhou et al. 
(2008) applied DEA focussing on 10 leading 3PL 
providers in China, whereas Min et al. (2013) studied 24 
leading 3PL providers in North America. 
Despite such limited number of contributions, DEA is a 
well-known set of non-parametric models that have been 
applied for more than three decades and have proven to 
be useful in a number of sectors and applications (e.g. 
container ports – Cullinane and Wang, 2006; hospitals – 
O’Neill et al., 2008; trucking industry – Wanke, 2014). The 
original idea behind DEA is to provide a methodology 
whereby, within a set of comparable Decision Making 
Units (DMUs), those exhibiting best practice could be 
identified and would form an efficient frontier. 
Furthermore, the methodology enables to measure the 
efficiency level of non-frontier units and identify 
benchmarks against which such inefficient units can be 
compared (Cook and Seiford, 2009). DEA models rely on 
Linear Programming (LP) that measures the efficiency of 
the sample based on the input-to-output ratio. 

According to Wanke (2014), the identification of 
contextual variables that significantly affect efficiency is a 
highly relevant methodological issue in studies that apply 
DEA in the 3PL industry (e.g. Simar and Wilson, 2007). 
In this direction, some contributions extended DEA 
results to study whether contextual variables affect 
efficiency by using such contextual variables as inputs to a 
second stage of analysis, where efficiencies scores were 
treated as dependent variables within multivariate data 
analyses, e.g. regression (e.g. Zhou et al., 2008; Wanke, 
2014). 

 

3. Research methodology 

The research is based on a quantitative analysis and has 
been structured into three main steps. 
The first involves a thorough review of the extant 
literature in order to deepen the concept of economies of 
scale within the 3PL industry. Information was collected 
by using a number of web databases, such as Scopus and 
Google Scholar. The analysis was based on scientific peer-
reviewed papers, books and working papers, and covered 
the time span from 1989 to 2014. In order to search for 
topical contributions, some main keywords and strings 
were identified, such as ‘efficiency’, ‘3PL’, ‘economies of 
scale’, that were combined and looked for in both the 
abstract and main body of the paper. We also went back 
to other papers by cross-referencing, thus to include 
potential papers that were not taken into account yet. The 
main findings of this earlier research stage were already 
reported and discussed in section 2. 
Second, a survey research targeting 3PL providers 
operating in Italy was conducted to investigate the 
operational strategies adopted to achieve economies of 
scale. Semi-structured interviews were chosen as the 
survey method in order to produce a rounded 
understanding on the data. The sample selection was 
based on a non-probability sampling frame. In particular, 
a convenience sampling based on the database of the 
Contract Logistics Observatory (Sassi et al., 2015), 
containing 110 3PL providers operating in Italy – with 
revenues higher that € 10 million, was adopted. Due to the 
non-probability sampling frame adopted, data cannot 
allow definitive findings to be extended to all the 
population, but they could provide interesting sights of the 
problem and be a springboard for further research 
(Bryman and Bell, 2011). Notwithstanding, it is worth 
noting that the 110 3PL providers belonging to the sample 
represents around 70% of the total revenues of 3PL 
industry in Italy.  
A two-page questionnaire was developed, structured into 
2 main sections. Section 1 contained questions related to 
general information about the respondents (i.e. contact 
details, job title and annual revenues of the company). 
Section 2 was devoted to investigate the operational 
strategies adopted to achieve economies of scale. 
Companies were contacted via e-mail by asking their 
availability for an interview. A cover letter accompanied 
the e-mail form explaining the aim of the study. In total, 
44 companies gave their consent and were interviewed, 
obtaining a response rate of 40%. 
The interviews were conducted by phone in order to 
guarantee the reliability of the answers. Due to the 
sensitive nature of the topic, confidentiality was 
guaranteed to interviewees, so that neither companies nor 
individuals can be revealed. 
Third, a two-stage DEA model was applied to determine 
the impact of different approaches to economies of scale 
on 3PL providers’ efficiency. The analysis used financial 
statement data from the 44 3PL providers and combined 
DEA scores with a multivariate data analysis, i.e. cluster 
analysis. 
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3.1. Two-stage DEA: models applied 

The DEA model applied is the one by Banker, Charnes, 
and Cooper (1984), also known as BCC model. BCC 
model considers variable returns to scale, mitigating the 
impact of “size-effect” on the efficiency. For the 
calculation we adopted an output-oriented approach  since 
3PL providers’ resources are often not flexible in the short 
term (e.g. company-owned vehicle fleet) and, as a result, 
the main practices adopted in the 3PL industry aim to 
optimise the use of such resources, instead of minimising 
them. 
BCC model results the ‘technical’ efficiency score of a 
DMU. Such score varies between zero and one. An 
efficiency score of 1 indicates that the DMU under 
consideration is efficient as compared to other DMUs, 
while an efficiency score minor than 1 indicates that the 
DMU under consideration is inefficient with respect to the 
other DMUs examined. 
DEA models, relying on Linear Programming (LP) 
techniques for computation of estimates, lack of statistical 
underpinnings (Simar and Wilson, 2007); in fact, DEA 
scores may be affected by sampling variation (i.e. 
efficiency scores can be underestimated if the best 
performers are not included in the sample). 
In order to cope with this drawback and apply statistical 
inference to DEA results, bootstrapped efficiency scores 
have been calculated. Bootstrapping technique – first 
introduced by Simar and Wilson (2007) – consists of a 
simulation of a true sampling distribution by repeatedly 
sampling from the original data. BCC model and 
bootstrapping technique ware applied to the dataset using 
R 3.2.1 software for Windows. 
In the second stage, (i.e. investigate the impact of different 
approaches to economies of scale on 3PL providers’ 
efficiency) given the high number potential of variables, 
data were reduced by introducing three indexes (i.e. scope 
index, density index, flexibility index). Such indexes 
summarise the relative importance of a specific type of 
economies of scale among the all the strategies adopted by 
a company. Specifically, for the i-3PL provider, the three 
indexes were computed as follows: 
 
Density Indexi = DAi / (DAi  + SAi + FAi) * 100 
Scope Indexi = SAi / (DAi  + SAi + FAi) * 100 
Flexibility Indexi = FAi / (DAi  + SAi + FAi) * 100 
 
Where: 
DAi = Number of density-oriented strategies adopted 
SAi = Number of Scope-oriented strategies adopted 
FAi = Number of flexibility-oriented strategies adopted 
 

These indexes were used as input for a cluster analysis 
aimed at categorising the main approach followed by each 
3PL provider to achieve economies of scale. A cluster 
analysis is a multivariate data analysis technique used in 
grouping objects according to their characteristics. If the 
classification is successful, the objects within clusters will 
have similar characteristics and there will be important 
differences between clusters (Kaufman and Rousseeuw, 
2009). Specifically, an agglomerative hierarchical clustering 
was used in this study. This method implies that each 
object starts out as its own cluster. In subsequent steps, 

the two closest clusters are combined to form a new 
cluster, thus reducing the number of clusters in each step. 
Average linkage method was selected for grouping 
observations in clusters. The distance between objects was 
measured by using Euclidean distance measure. 3PL 
providers were clustered according to the indexes scores. 
Finally, ANOVA was used to test the significance of the 
differences among the efficiency score means of the 
resulted clusters. Data analysis was processed using 
STATA 12.1 for Windows. 
 

3.2. DEA model: specifications and data 

A crucial step in using DEA is the selection of the 
appropriate input and output measures that can be 
aggregated into an overall performance index to mitigate 
the risk of obtaining biased results and losing relevant 
information. In line with the previous works applying 
DEA in the 3PL industry (Zhou et al., 2008; Min and Joo, 
2009), we selected four measures as inputs that represent 
physical resources and financial performance: (i) net fixed 
assets (including properties and equipment), (ii) salaries 
and wages of employees, (iii) operating expenses (other 
than salaries and wages) and (iv) current liabilities. The first 
measure has been included to reflect the efficiency of asset 
management, whereas salaries and wages reflect the 
efficiency of direct investment in human resources. 
Similarly, operating expenses, which include numerous 
variable costs such as fuel or sub-contracted services, 
reflect other key resources for logistics activities. Current 
liabilities reflect the financial health of 3PL providers and, 
therefore, similarly their investment capability. As an 
output measure, EBITDA (Earnings Before Interest, 
Taxes, Depreciation and Amortization) was selected. 
The values of input and output measures were obtained 
through the AIDA database provided by Bureau Van Dijk. 
Data refer to 2014.  
Before applying DEA models, the dataset was modified in 
order to cope with negative DMU values. All the negative 
values were replaced by a very small number compared to 
the others (i.e. 1) according to the approach suggested by 
Bowlin (1998). 
Prior to testing the proposed DEA models, we also 
assured that the number of DMUs was at least three times 
of the total number of inputs and outputs (Bowlin, 1998) 
to ensure the discriminatory power of the model and 
therefore significant results. 
 
4. Results 

4.1. Operational strategies towards economies 
of scale 

As reported in Table 1, operational strategies allow the 
exploitation of economies of scale by pursuing different 
ways. For instance, the introduction of multi-producer 
warehouse(s) or the usage of shared  IT systems (e.g. 
Berglund et al., 1999; Rabinovich et al., 1999; Lai et al., 
2004) are based on the shared use of resources among 
shippers (i.e. “economies of scope”). 
Synergic management of shippers with complementary 
products seasonalities or exploitation of supply chain 
synergies – i.e. the management of shippers’ flows 
belonging to the same supply chain  – (e.g. Hsiao et al., 
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2010) are instead based on the concept of “critical mass 
achievement”, so that 3PL providers can benefit of 
“economies of density” thanks to an intensification of the 
resources usage. 
A third type of economies of scale consists of the ability 
to dynamically allocate resources, such as equipment or 
warehouse staff, to different shippers (Rabinovich et al., 
1999; Hertz and Alfredsson, 2003). Such dynamic 
allocation can encompass also the dynamic routing of 
trucks (thanks to advanced transportation management 
systems) and allows 3PL providers to benefit of 
“economies of flexibility” thanks to the dynamic allocation 
/ re-allocation of resources. 
 

Table 1: Operational strategies: breakdown by type of 
economies of scale and adoption level. 

Operational 
Strategies 

Types of economies of scale Adoption 
level Scope Density Flexibility 

Asset flexibility - 
equipment and 
machinery 

  X 13.6% 

Asset flexibility - 
Shipper reallocation 
among multiple sites 

  X 18.2% 

Asset flexibility – 
Warehouse staff 

  X 34.1% 

Backhauling X   29.5% 

Dynamic routing   X 6.8% 

Exploitation of supply 
chain synergies 

 X  47.7% 

Horizontal integration X   36.4% 

Industry-focussed 
market segment 
specialisation 

 X  52.3% 

Introduction of multi-
producer warehouse(s) 

X   40.9% 

Process standardisation X   38.6% 

Spatial aggregation X   22.7% 

Synergic management 
of shippers with 
complementary 
product seasonalities 

 X  13.6% 

Used of shared  IT 
systems for multiple 
clients 

X   52.3% 

 
Looking at the survey results, the most adopted 
operational strategies to achieve economies of scale are: 
use of shared IT systems for multiple clients, industry-
focussed market segment specialisation and exploitation 
of supply chain synergies, respectively pursued by 52.3%, 
52.3% and 47.7% of the survey respondents. 
Conversely, reallocation of equipment and machinery 
among different sites (asset flexibility), synergic 
management of shippers with complementary product 
seasonalities and dynamic routing seem to be scarcely 
implemented to date, respectively by 13.6%, 13.6% and 
6.8% of respondents. 
 

4.2. Approaches towards the achievement of 
economies of scale 

Starting from the above presented adoption levels three 
indexes were calculated (Table 2). 
 
 
 
 

Table 2: Summary of density, scope and flexibility index 
scores. 

 Obs. Mean Std. Dev Min Max 

Density Index 44 40.4 21.4 0 80 
Scope Index 44 42.3 17.6 15.4 100 
Flexibility Index 44 17.3 19.7 0 60 

 
As Table 2 shows, the sample seems to be balanced in 
pursuing operational strategies devoted to economies of 
scope and density (both scope and density index are 
around 40% on average), while economies of flexibility 
appear to be less exploited.  
In order to identify different approaches towards 
economies of scale, a cluster analysis was conducted on 
such indexes. Four different clusters of 3PL providers 
have been identified, as the dendrogram in Figure 2 shows. 
 

Figure 2: Cluster analysis – dendrogram. 

 
 
Based on the cluster analysis, four main types of 
approaches were identified, as illustrated in Table 3: 

 Fully balanced: 3PL providers that pursue strategies 
leading to either scope, density and flexibility (i.e. 
density, scope and flexibility index present a similar 
average value); 

 Scope-focussed: 3PL providers that strongly pursue 
strategies leading to economies of scope (i.e. scope 
index present an average value higher than the other 
indexes); 

 Density & Scope-focussed: 3PL providers that pursue 
strategies leading to both economies of scope and 
density (i.e. scope and density index present a similar 
average value); 

 Density-focussed: 3PL providers that strongly pursue 
strategies leading to economies of density (i.e. density 
index present an average value higher than the other 
indexes). 

 
Table 3: Results of cluster analysis. 

 Obs. 
Average value 

Density Index      Scope Index Flexibility Index 

Fully 
balanced 

12 35.9 29.3 34.8 

Scope-
focussed 

7 0 62.4 37.6 

Density & 
Scope-
focussed 

16 46.4 52.6 1.0 

Density-
focussed 

9 67.0 25.6 7.3 
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The ANOVA test highlighted that all the factors show a 
statistically significant difference among the means of the 
three Clusters (Table 4), thus confirming the significance 
of the results. 
 

Table 4: ANOVA analysis of mean differences for the 
clusters identified (**: p-value < 0.05). 

  Mean square F P>F 

Density 
Index 

Between group 6203.55 217.62 0.000** 
Within groups 28.51   

Scope 
Index 

Between group 3024.62 28.14 0.000** 
Within groups 107.49   

Flexibility 
Index 

Between group 3894.87 31.56 0.000** 
Within groups 123.41   

 
 

4.3. Efficiency evaluation for the identified 
approaches to economies of scale  

As shown in Table 5, the technical efficiency analysis 
reveals, first, that the 10% of the sample presents the 
highest inputs to outputs ratio and therefore composes the 
efficiency frontier, while the majority of the industry (i.e. 
90% of the sample) operates inefficiently as the efficiency 
scores are less than 0.8. 
 

Table 5: Summary of technical efficiency scores. 

No. of companies (%) 
0.8 <= BCC efficiency score < 1 4 (10%) 
BCC efficiency score < 0.8 40 (90%) 

BBC bootstrapped efficiency score 
Average 0.56 
Median 0.64 

 
Analysing the characteristics of the sample (Table 6) a 
strong diversification emerge. The average composition of 
their inputs shows that companies have pursued multiple 
operational strategies to achieve economies of scale and 
push forward their technical efficiency. On the one hand, 
when a higher percentage of inputs is devoted to fixed 
assets (e.g. own fleet or warehouses, human resources), the 
focus tends to be on ‘asset-based’ strategies (Tezuka, 
2011). Conversely, the focus shifts on ‘non-asset based’ 
strategies in case the majority of the inputs is directed 
towards operating expenses, such as sub-contracted 
services. 
 

Table 6: Summary of 3PL providers’ input (n = 44). 

[k€] Average 
Standard 
Deviation 

Min Max 

Net Fixed 
Assets 

15,005 26,313 44 156,760 

Salaries and 
Wages 

13,390 13,121 640 44,863 

Operating 
Expenses 

152,496 195,696 3,829 1,054,654 

Current 
Liabilities 

60,461 65,238 2,226 335,316 

 
Crossing DEA with cluster analysis (Table 7), interesting 
differences emerge. First, it seems that, on average, 
pursuing strategies leading to either scope, density or 
flexibility leads to higher efficiency scores. Second, results 
highlight the effectiveness of pursuing economies of 
density to achieve high efficiency rates, with or without the 

joint adoption of other strategies. Third, it emerges that 
pursuing solely economies of scope may not be sufficient 
to efficiently compete on the market. 
 
Table 7: Summary of technical efficiency scores grouped 

by type of approach. 

 Obs. Mean Std. Dev 

Fully balanced 12 0.68 0.23 
Scope-focussed 7 0.41 0.18 
Density & Scope-
focussed 

16 0.55 0.24 

Density-focussed 9 0.54 0.19 

 
Looking at the significance of the results, Table 8 reports 
ANOVA test (p-value is reported in the last colum). 
Probably given to the limited sample size, the null 
hypothesis (stating that the average in the clusters are 
equal) can be rejected only with a significance level of 10%. 
 

Table 8: ANOVA analysis of mean differences for the 
clusters identified (*: p-value < 0.1). 

 Mean square F P>F 

BBC 
bootstrapped 
efficiency score 

Between group 0.11047 2.27 0.095 * 

Within groups 0.0486   

 
5. Conclusions and extensions 

Starting from the gaps highlighted in the extant literature, 
the paper offers new insights and perspectives, from a 
twofold viewpoint. On the one hand, it examines in detail 
and classifies the concept of economies of scale as 
emerging from previous studies. On the other hand, it 
assess the impact of different approaches towards the 
achievement of economies of scale on 3PL providers’ 
technical efficiency. 
The present study highlights three types of economies of 
scale that can be achieved pursuing different operational 
strategies. Findings show that it is not sufficient to adopt 
some of these strategies to effectively exploit economies 
of scale. Whenever possible, the best option for 3PL 
providers appears to be the adoption of a fully balanced 
approach to economies of scale. 
From an academic viewpoint, through the application of a 
two-stage DEA, this paper addresses the identified need 
of quantitative studies on 3PL efficiency, with specific 
reference to the determinants underpinning high technical 
efficiency scores. Moreover, it offers an in-depth 
understanding of the approaches towards the achievement 
of economies of scale, as well as a quantitative 
methodology for benchmarking logistics performance, 
paving the way for further research on these topics. 
From a managerial perspective, this research is of interest 
to both 3PL providers and shippers. On the one hand, the 
findings offer a practical guidance to 3PL providers as the 
results can support them when benchmarking their 
logistics performance and understanding their positioning 
in the market. At the same time, some indications are 
provided to enhance their efficiency. 3PL providers are 
recommended to balance the different types of economies 
of scale by pursuing strategies devoted to exploit either 
scope, density and flexibility. Into these boundaries, also 
critical mass achievement results as a key objective 3PL 
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providers should focus on to compete efficiently in the 
3PL industry, especially in an economic environment with 
decreasing volumes, as the European Countries during the 
last decade. 
On the other hand, the findings also support shippers 
when selecting their 3PL providers as they clearly show 
how 3PL providers can create value for them. 
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