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Abstract. The transport sector’s share of global energy-related carbon
emissions is about 23%. Transportation and logistics can improve the eco-
nomic growth of nations and profitability in businesses, and if efficiently
designed and managed their carbon footprints will be reduced. Impor-
tant progresses have been made to enhance the efficiency of logistics sup-
ply chain using mathematical optimisation techniques. However, recent
needs in collaborative supply chain on one hand, and advancements in
data science have heightened the need for optimisation techniques based
on big data analytics. This paper studies and evaluates models for Euro-
pean freight transport logistics actions utilising advanced data analytics
solutions. Three new supply chain algorithms of horizontal collaboration,
pooling, and physical internet have been developed using historical data
of European road freight transport. Then, two indicators of sustainabil-
ity and efficiency were used to evaluate each developed strategy. The
results have shown that there is substantial potential in pursuing these
strategies and encourages future research into logistic supply chain and
data analytic methods for designing sustainable transport systems.

Keywords: Supply chain strategies - Transport optimisation + Carbon
emissions reduction

1 Introduction

The European Union (EU) road freight industry is one of the largest consumers
of energy [1]. Since 2014, GHG emissions from the EU-28 transport sector have
been increasing. Road transport and aviation caused 3% rise in greenhouse gas
emissions in 2016, compared to its levels in 2015. In 2016, transport contributed
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27% of total GHG emissions in the EU-28, of which road transport was respon-
sible for almost 72% of total greenhouse gas emissions from transport (including
international aviation and international shipping) [2]. For this reason, the EU
countries adopted the objective to cut down emissions by 80-95% by the year
2050 in comparison to the 1990 levels [3].

Figure 1 shows CO5 emissions per mode of transport in Europe [4] from 2000
to 2014. It can be observed that the amount of carbon emissions in maritime
and road transport had been the highest among other modes of transport, and
since 2013 onward road freight transport had the highest rate of C'Oy emissions.
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Fig. 1. Specific CO2 emissions per tonne-km by freight transport mode in Europe [4]

Logistics network design and sustainable logistics management policies are
two essential aspects for developing a low-carbon regional logistics system [5].
There has been an increasing emphasis on the necessity for efficient supply chains
worldwide. There are several factors which influence the efficiency and effective-
ness of transport systems such as traffic congestion problems, carbon emissions,
road user charges, regulatory directives and skill shortages [6]. These inefficien-
cies lead to poor asset utilisation, unnecessary administration, excessive waiting
time and inventory management, increased emissions and more importantly an
increase in costs [7].

A large and growing body of literature has investigated the supply change
efficiency improvement [8], as well as simulation and optimisation methods [9].
For example, in a recent study, Munoz-Villamizar et al. [10] proposed a new
methodology for assessing the environmental performance of logistics systems
to improve the sustainability of urban freight transport systems. In another
study, Andrés and Padilla [11] evaluated the most influential factors that have
affected the energy consumption and carbon emissions trends of road freight
transport in Spain from 1996 to 2012. Additionally, Mrazovik et al. [12] presented
a routing optimisation method based on data analytics to improve the circulation
of vehicles and utilisation of urban parking spaces.
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Recent developments in data analytics have heightened the need for methods
and tools to make data-driven supply change management [13]. Recent evidence
shows that significant progresses have taken place in the field of logistics for
reducing carbon emissions and improving the supply chain efficiency, such as
Horizontal Collaboration [14], Pooling [15], and Physical Internet [16]. This is
an important multidisciplinary and interdisciplinary research topic, nevertheless,
there has been little quantitative analysis of data-driven techniques for sustain-
able supply chain [17] which makes this field of study an excellent opportunity
for the development of new techniques and methods.

The main objective of this study is to develop data-driven optimisation algo-
rithms for three popular supply chain methods of Pooling, Horizontal Collabora-
tion, and Physical Internet and performing data analysis on the European road
freight transport operations to improve the vehicle usage efficiency, and decrease
carbon dioxide emissions per journey.

2 Background Study

2.1 The Sustainable Global Supply Chain

The world economy is likely to grow rapidly and a feature of this growth would
be increased demand for transport and logistics. Correspondingly, this requires
governments and other stakeholders to plan carefully to cope with the environ-
mental, social and economic needs of a rapidly-growing supply chain network
[18]. It is essential to invest further in infrastructure of logistics operations and
intelligent transport systems for empowering efficient planning and better coor-
dination of logistics operations [19].

There have been several studies to demonstrate the link between an increase
in demand for transport operations and the rise in economic indicators [20].
Governments have realised the impact of free and easy trade and have responded
by deregulating transport which has helped in removing unnecessary barriers to
competition and has helped in making markets more competitive and ensured
that prices come down and the services improve. However, as the supply chains
are fast growing, it is essential that they are sustainable [21].

For this, previous studies have investigated the use of optimisation based on
heuristic methods for logistics supply chain. For example, Wei and Dong [22] pro-
posed a new multi-objective optimisation solution using adaptive-weight Genetic
Algorithm method to optimise freight costs and transport time in new dry-port-
based cross-border logistics networks in Chinese inland regions. In another recent
study, Liu et al. [23] proposed a real-time information-driven dynamic optimisa-
tion method for smart vehicles and logistics operations to achieve green logistics.
They showed that, by using internet-of-things (IoT) technology, vehicles utilisa-
tion rate can be improved, and by providing the optimal routing with ensured effi-
ciency of logistics services, fuel consumption, number of vehicles used, and costs
can be reduced. In addition, and in lines with previous researches reviewed in this
paragraph, Abbbassi et al. [24] and Masson et al. [25] used different mathematical
optimisation methodologies to improve the logistics transportation system.
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However, the use of big data and data analytics for supply chain management
and logistics has recently gained prominence [26,27]. The recent trends in supply
chain logistics and data analytics suggest that there is a need to shift from
heuristics methods to data-driven decision making techniques [28]. This is a
step change towards more sustainable logistics supply chain which is addressed
in current study. Three important supply chain logistics strategies are horizontal
collaborations, pooling, and physical internet which are explained further in next
sections.

2.2 Horizontal Collaborations

Horizontal collaborations are characterised by companies sharing supply chain
services for common interests which can increase the efficiency and competi-
tiveness of the participating companies [29]. Nevertheless, in the field of supply
chain and logistics, more research is required to be done in the domain of hor-
izontal collaboration or swap operations. Several benefits are associated with
horizontal collaboration. For example, costs could be shared between participat-
ing organisations. Moreover, better production flexibility can be attained. Also,
the involved businesses can use the capability of their partners to access new
customers and markets. However, the cost of establishing coordination among
the different partners is quite high and it requires significant capital investments
which is a drawback. The quality of offered products could also be reversely
affected by choosing the wrong partner, where losing reputation among cus-
tomers could be a threat for the company and project.

2.3 Pooling

In supply chain logistics pooling means grouping of shipments that are bound
to the same region and are centralised onto trailers for the entire or part of the
journey. Pooling, in order to be successful needs that the demands to be met
are similar and compatible. When third party logistics (3PL) provider is used
for pooling, there is a higher security risk since customers require their products
to be always detectable and prefer routine updates about the condition of their
product. Moreover, combining hazardous products with inflammable products
as they may affect the safety of the journey could be a risk [30].

2.4 Physical Internet

Internet has strongly influenced and changed the manner of information
exchange and flows globally. Today, the internet is not about data and infor-
mation anymore but there is a strong tie between internet and physical world.
In other words, the physical internet is using the basics of the internet to logistics.
The physical internet encases physical goods into green and modular containers
which are usually made from environment friendly materials. This needs min-
imum packaging in which the so-called smart packets are tagged with sensors
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to facilitate proper routing and maintenance. This has been brought through
progresses in the ‘Internet of Things’ technology and the application of sensors
and radio-frequency identification (RFID) [31].

Based on the literature review, there is a great potential for improving the
efficiency of logistics systems and shifting from traditional to integrated logistics
systems such as collaborative logistics [32]. The important advantages of such
collaborative logistics are: lower prices due to aggregated purchasing quantities,
reduction of supply risk and administration cost due to centralised purchas-
ing activities, reduction of inventory and transportation costs, logistics facilities
through a rationalisation of equipment and improved sharing of data and man-
power [33]. The basis of these methods is ‘coopetition’ or ‘collaborative compe-
tition’ where direct rivals collaborate on those parts of the supply chain where
they do not have a specific advantage, instead of competing [34].

The current literature on big data analytics for supply chain logistics up to
now has been descriptive with recent examples of applying data analytics into
practice for improving the supply chain [35]. In addition, no research has been
found that developed horizontal collaboration, pooling, and physical internet
optimisation algorithms based on big data analytics, which is the main scope of
this study.

3 Methodology

3.1 Overview

The data used in this study was obtained from the European Road Freight Trans-
port (ERFT) survey, which consisted of road freight operations information of
27 European nations and European Free Trade Association (EFTA) countries
between 2011 and 2014. The dataset contained over 11 million journeys with
vehicle-related variables, journey-related variables, and goods-related variables.
IBM SPSS Modeller [36] and Python [37] data analysis and programming soft-
ware were used to develop pooling, horizontal collaboration, and physical inter-
net supply chain logistics algorithms.

Anomaly detection and data preparation models of IBM were used. Then
outliers were removed and the data was normalised. The data used in the survey
did not include details about the efficiency of each journey neither the carbon
emissions per journey which are the two indicators utilised to analyse journeys.
The dataset did not include data on return journey and the distance covered on
empty load, neither handling costs. So that, it was not possible to perform reverse
logistics. The journeys of dataset were mainly categorised in 3 distinct classes; 1.
intra-regional journeys, 2. inter-regional journeys belonging to the same country,
and 3. international journeys between two different countries. The formula and
steps used to calculate these variables are explained herein. The efficiency of the
journeys can be calculated using Eq. 1, which also could be called the ratio of
load factor [38].

n = (¢/x) x 100 (1)
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where 7 stands for Efficiency in percentage, ¢ for Load, and yx for Capacity.
To calculate the total emissions, a simplified formula proposed by the Euro-
pean Association for Forwarding, Transport, Logistics and Customs Services
(CLECAT) [39] was used. Then, the overall greenhouse gas emissions per tonne
kilometre is calculated using Egs. 2 and 3:

GT = Tcap X gt (2)

(Wg—d+x) xd
1000

3)

Tcap =

where G; is the total greenhouse gas emissions per tonne kilometres (g CO2/t-
km), T, is transport capacity, g; is emissions factor depending on the vehicle
weighting, W, is gross weight, and d is distance.

Analysing the influence of the supply chain strategies on the efficiency and
sustainability of Journeys was the most important step in this study.

To do this, the concepts available in literature on logistics in supply chain
management had to be converted to executable code. These algorithms were
written and developed in Python v2.7. The Python scripts were developed to
read in journeys from a .csv or .sav file and save them as objects and modify
them based on the supply chain strategy.

3.2 Supply Chain Logistics Strategies

Horizontal Collaboration. The main aim of Horizontal Collaboration algo-
rithm was to find a similar journey with same destination and type of goods
but with shorter distance travels to approach the destination and swap these
journeys. Then, to enhance the analysis efficiency of the algorithm, a nested dic-
tionary which was of the form: journeys [“year”] [“quarter”] [“destination”] was
used in Python environment. This was utilised to decrease the computational
complexity of the algorithm and decrease the number of comparisons. Neverthe-
less, there is a restriction placed on the relevant period which needs to be taken
into account for the swap actions and by default, for this analysis, this period
was set to 4 quarters (including the current quarter). It should be noted that
this algorithm only swaps the categories of goods but it can be improve further
by considering the product’s name or type. Figure 2 represents the flowchart for
horizontal collaboration algorithm developed in this study.

In this method the execution time is linear, and browse the candidate list to
find the first journey which meets the condition for swapping, which is another
journey that covers a shorter distance to the same destination when compared
to the original journey. The candidate list is classified in increasing order of
time (year and quarter) so priority is given to the first journey which meets this
condition and not certainly the best journey. There is a method switch as a part
of the Journey class which takes in two arguments, the journey to be swapped
and the original journey. Afterwards, the algorithm builds a new journey with
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Dataset

|

get Data-n as candidate
get Data-n+i as original journey,

e N
Data-n & Data-n+i share same
destination? & type of good?
& year/quarter?

otherwise increment n

increment i if journeys avaﬂable}<
no

A

create new journey
after horizontal collaboration

Fig. 2. Flowchart for Horizontal Collaboration algorithm

the same vehicle variables and origin as the journey for swapping and the load
and the item weights from the original journey.

Pooling. Pooling means uniting two journeys which are less than complete
capacity to enhance the total efficiency and decrease the total hazardous
emissions.

Pooling, in order to take place successfully, requires the two journeys to take
place in the same time frame, and follow the same route. Additionally, the objects
contained in these journeys have to be compatible with each other. The algo-
rithm developed for the analysis only considered journeys which had the same
origin and destination, but, it is possible that this can be improved to allow
for pooling of partial journeys and the creation of hubs along the way which
would also serve as co-ordination centres. The nested dictionary utilised for the
Pooling algorithm is similar to the dictionary utilised for Horizontal Collabora-
tion, however the origin of each journey was also considered: journeys [“year”]
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Fig. 3. Flowchart for Pooling algorithm

[“quarter”] [“origin”] [“destination”]. Figure3 demonstrates the flowchart of
Pooling algorithm developed in this study.

In this method, the journey list is taken as an input and returns a list of result
with the final journeys after pooling has taken place. The first element of the jour-
ney list is initialised as head and removed from the list and the difference between
the capacity and the load is calculated. The journeys in the journey list are then
placed in descending order according to their capacity and the head is then com-
pared with all the other journeys in the journey list and two conditions need to be
fulfilled before the journeys can be pooled; first, the items present in the head and
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the journey being compared do not violate the blacklist, and second, the load of
the journey being compared is less than the difference between the head capacity
and the load. This method is iterated until all journeys are pooled.

Physical Internet. The algorithm for the Physical Internet only took into
account ‘port to port’ logistics and optimising of partial journeys because of
the lack of clear information on exact locations in the data was not taken into
account. This algorithm was an extension of the Pooling Algorithm with some
design changes including the creation of a new class named PI-Container which
contained information about the individual Physical Internet container, type,
origin, and destination of goods, vehicle registration number, and weight of each
container. The Journey Class was also modified to store the information about
all the Containers in that journey and a dictionary was used to store all the
containers in circulation for easy searching and tracking. There containers were
created dynamically at run time based on a user-selected set of weights for
the Physical Internet containers which only contained one type of goods. A
Greedy Approach was followed with respect to creating these containers with
the preference being given to the bigger weighted containers first. This algorithm
only performs pooling based on the Physical Internet containers, nevertheless,
the Physical Internet is more than just a horizontal collaboration strategy since
it aims to change the way physical objects are handled in the supply chain.

3.3 Data Visualisation

Since the study involved geographic data, it was important that a GIS tool be
used to visualise the routes taken during the period. The journey visualisation
was carried out using ArcGIS [40] which is a popular GIS developed by ESRI
and widely used in several research projects. The advantage of using ArcGIS over
several other JavaScript libraries which can visualise GIS data is that ArcGIS
has greater support for regions outside the US and was easy to embed into a
website or view online. Another advantage was that ArcGIS supported Python
2.7 so it could be easily adapted to build a Spatial Decision Support System in
the future using some of the algorithms developed in this project in the future.
Apart from ArcGIS, Tableau [41] was also used to visualise the routes and pro-
vide other information such as the efficiency of regions or the volume of goods.
Tableau is a popular Business Intelligence software that can be used to build
interactive dashboards to allow decision makers to quickly analyse the data and
make decisions. It should be mentioned that, it was not possible to do a simu-
lation of the journeys using agent-based software or other open source libraries
due to the high degree of generality in the data.
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4 Results

4.1 Assessment of Supply Chain Logistic Strategies

Horizontal Collaboration. The results of efficiency improvement in percent-
age, emissions reduction in g COs/t.km, and distance reduction in km after
applying Horizontal Collaboration strategy are presented in this section. The
optimisation algorithm developed for Horizontal Collaboration used big dataset
of European road freight transportation. Table 1 shows the results after apply-
ing Horizontal Collaboration by different Journey IDs. It can be observed that
distance reductions from 9 to 160 km achieved. In addition, a maximum COs
reduction of 0.282 g COz/t.km was observed. Because the covered distance is
short, the overall carbon emissions are negligible. Also, it can be seen that in
some cases negative efficiencies are achieved when swapping was used with a
high-capacity vehicle.

Furthermore, 42.29% of efficiency improvement was achieved only in case
of Journey C. From the analyses performed on five randomly chosen journeys
(Journeys A to E), Horizontal Collaboration has demonstrated to be a suitable
strategy to decrease carbon emissions. This could be a good strategy for small-
size manufacturers since the reduction in the distance covered can also lead to
reduction in overall costs and offer better profitability.

Table 1. Comparison of efficiency, distance, and emissions after Horizontal
Collaboration

Journey ID | Efficiency Distance | Emissions reduction
improvement | reduction | (g CO2/t-km)

A —0.08% 9km 0.282

B —4.91% 29km 0.039

C 42.29% 8km 0.013

D 0.00% 95 km 0.157

E —66.19% 160 km 0.163

Pooling. From data analyses and optimisation performed, it was shown that
Pooling can improve both the efficiency and reduce the carbon emissions in
road fright transport. Figures4 and 5 compare emissions reduction and effi-
ciency improvement by using Pooling strategy in different years in some selected
EU countries including Germany, France, Spain, Netherlands, Austria, United
Kingdom, and Ireland, respectively. It can be seen that in the selected EU coun-
tries freight transport efficiency improved substantially, and the C'Os emissions
decreased in all years. For greenhouse gas emissions a maximum reduction of
12% (350000 g CO2/t — km) was recorded from 2011 to 2014 (see Fig.4), and in
terms of overall efficiency an improvement of 23% was observed considering all
countries (see Fig.5).
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4.2 Data Visualisation

The last phase of the Analysis was Data Visualisation is a very important phase
of the Knowledge Discovery Process as it helps to convey the findings of the
Analysis and good analysis would be incomplete without good visualisation to
convey the story or message from the results. Since the study involved Geo-
graphic data, it was important that a GIS tool be used to visualise the routes
taken during the period. A brief description is given on how the visualisations
were created.

Tableau is probably the most popular Business Intelligence software and is
widely used by data analysts in industry to create interactive dashboards which
can be used to represent a wide variety of information quickly. The interactive
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nature of Tableau makes it a popular choice for managers and decision makers.
For example, in the interactive dashboard created for this study shown in Fig. 6,
clicking on a country will display the emissions per year as well as the most
popular goods in that country. For example, in case of Ireland it can be seen
that the efficiency before Pooling was 52.50%, the trend of carbon emissions
from 2011 to 2014 can be seen, and also it shows which products and goods were
transported the most.
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Fig. 6. Tableau dashboard representing data on countries

5 Conclusions

The main objective of this study was to develop three supply chain algorithms of
Horizontal Collaboration, Pooling, and Physical Internet. Then, data from the
European Road Freight Transport survey was used to assess the effectiveness of
these three supply chain strategies to improve the efficiency and the sustainabil-
ity of European road freight operations. The results were very impressive and
there was as much as a 12% reductions in road freight transport emissions and
a 23% increase in the overall efficiency, using Pooling strategy. The results of
the present study would vary depending on the dataset used and the approach,
however, the study has demonstrated that there are benefits to coopetition and
horizontal collaboration in Logistics and this can be an area for future work and
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research in the field of supply chain management. The future work would also
involve combining Horizontal Collaboration and Pooling and allow for pooling
of swapped goods from different suppliers, in which more information about the
location and the types of products involved will be required.
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