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Abstract 
 Delivery providers (3PL) are faced with increasing demands from 

customers to have quicker and more flexible deliveries. The 

increasing trend of e-commerce and B2B transactions is putting 

higher strains on these providers to deliver more goods more 

effectively. While resource management across the decision levels 

is paramount for efficient logistics operations, more emphasis on the 

operations’ monitoring is necessary: assessment of resource 

allocation, identification of the performance indicators, 

understanding the logistics profile of delivery areas, review of the 

results of past operations and identification of key points of 

improvement, constitute necessary monitoring and analysis 

methodologies. These should help providers identifying more 

precisely which inputs are related to the corresponding outputs. 

Correct input/output identification should lead to potential 

improvements across providers’ hierarchy levels in the chain of 

command. 

 

Autonomous vehicles in the last-mile might be a successful addition 

to this segment of the logistics domain. Seemingly, reductions in 

total delivery costs should be achieved by the implementation of 

LMDAVs. Labour is the highest contributing factor in total delivery 

expenses. Since drivers, and their training, are not needed for 

LMDAVs, labour costs should be reduced. Delivery times should 

also see significant improvements from cutting some of the 

unloading steps that are intrinsic to deliveries performed by human 

couriers. Other intangible factors like added flexibility on the chain 

are also likely, due to the fact that LMDAVs may operate within 

larger time-windows for deliveries.  

While these improvements are hypothetical in their assumptions, 

this work tries to assess their validity by using different scenarios, 

representative of real-world operations, and simulating the 

behaviour of LMDAVs.  
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I. Context and Objectives 

The main objective of the present dissertation is to assess the 

impact on operational efficiency in last-mile logistics by 

using a specific last-mile 

autonomous vehicle (LMDAV). Efficiency will be defined as 

KPIs defined from the operator’s point of view. This 

comparison will be done through Discrete Event simulation 

in Anylogic. While the analytical nature of this comparison 

may be possible through modelling and simulation 

techniques, there are some other potential benefits that tie-in  

 

 

 

 

 

 

 

 

 

to the autonomous technology which are important, although 

difficult to forecast, that will be presented throughout this 

document.  

Last-mile logistic operators move about 9,84 billion parcels 

every year1, and the last-mile delivery costs represent up to 

28% or 55% of a shipment’s total costs. For a $70 billion 

industry it seems paradoxical that these operators haven’t 

succeeded in driving down costs and optimizing efficiency. 

This tends to be explained by the variability and complexity 

of urban environments which are hard to forecast and plan 

for, as well as the complexity of stakeholders’ relations and 

needs.  

The last-mile delivery problem involves three main 

stakeholders – customers, retailers and delivery providers – 

each with their own set of challenges and expectations. There 

is an increasing trend in customers’ expectations to have their 

products delivered with higher levels of flexibility, reliability 

and speed. Their inter-relationships and expectations’ 

management is key in providing good service levels.  

Urbanization rates are increasing globally which means more 

products need to be transported into and within cities. 

Operators need to focus their attention on preparing for this 

surge in demand through sustainable options. Currently 

freight and people compete for the use of roads, parking 

spaces, and urban land which causes issues, especially in 

loading/unloading operations where a stopped vehicle can 

mean queues and congestion. Autonomous vehicle (AV) 

technology may be helpful in assisting operators in meeting 

and managing customers’ needs. AVs are expected to drive 

down operation costs for operators, resulting in lower prices 

for customers. Last-mile delivery autonomous vehicles 

(LMDAVs) should also offer better flexibility for customers, 

since the unmanned operations should open up broader time-

windows for deliveries. Communication between customers 

and providers may prove useful in minimizing the number of 

failed deliveries.  

 

II. Methodology 

The methodology for developing this dissertation consisted 

on 5 phases: 

Literature Review on the following topics: Urban Logistics 

(particularly Last-Mile deliveries); Autonomous Vehicles; 

Logistic characteristics of the Case Study; Autonomous 

Vehicles in Last-Mile deliveries; Simulation and Modelling 

                                                           
1According to data gathered in 2007 (Statista)  

https://www.statista.com/statistics/737418/parcel-traffic-worldwide-by-
sector/ 
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(particularly Discrete Event Simulation); KPIs and 

performance assessments methods for Last-Mile operations. 

Interviews with operators: Consisted of several interviews 

with logistic operators used to validate the findings from the 

literature review, gather data for the case study and 

understanding operators’ position on AVs. The topics to 

validate included: KPIs and performance assessment methods 

used and last-mile inefficiencies. 

Case Study: Choosing the route, the LMDAV and 

establishing an overview of the context; Identifying the 

model’s parameters and the KPIs relevant to the case study; 

Defining the scenarios used for modelling. 

Discrete Event Simulation: Designing the model 

conceptually and implementing it on Anylogic. 

Result Discussion: Evaluating the performance of the 

simulated route; Discussion of the results; Final 

considerations and future developments. 

A hypothetical-deductive approach was used to support 

abductive reconstruction through simulation. Scenarios were 

built to represent the real-world variability and were used as 

hypothetical formulations as basis for the simulation. 

 

III. Literature Review 

 

III.1 Urban Logistics and the Last-Mile 

Since providers deal with a complex multitude of operations 

with different focuses and objectives, it is expected that 

companies define management and decision levels according 

to each cluster of operations according to their overall 

preoccupations and goals. This allows higher-level 

management to deal with longer-term financial decisions on a 

macro scale and lower-level management to focus on the 

day-to day operations and their efficiency. Like most other 

systems, there are three decision levels according to the type 

of activities being monitored and managed (Schmidt & 

Wilhelm, 1999):  

• Strategic: The strategic decision level (DL) 

encompasses all activities that lay the groundwork 

for the supply chain, ensuring the good functioning 

of the processes on the long-term; General higher-

level planning takes places in this DL. 

 

• Tactical: The tactical level of decision-making 

involves making short-term decisions and process 

definition; Controlling costs, minimizing risks, 

focus on customer demands and optimizing the 

resources available are some of the key areas of 

management for this DL. 

• Operational: The operational level of urban 

logistics management is characterized by the day-to-

day processes and planning that are needed to keep 

the functioning of the supply-chain; Some aspects of 

operational level management include, for example 

periodical forecasting to satisfy demand. 

All these three levels of decision-making are critical for the 

well-being of urban distribution operations and complement 

each other in such a way that requires providers to look at 

them simultaneously and transversally throughout every 

process of the supply-chain in order to achieve optimal 

resource management. Success, in a financial or efficiency 

context, of a distribution provider is dependent on the 

optimal assignment of functions to each DL as well as the 

pinpoint identification of each DL’s focuses, needs, goals and 

responsibilities within the organizational structure. 

Efficiency, meaning high productivity, in the capacity to 

transform basic resources into service outcomes, and these 

into consumption units, providing the best results at the 

lowest possible cost. (Macário R. et al 2007) In this sense, the 

strategic level will ultimately dictate the broad managerial 

goals for the company and those should trickle down the 

hierarchy levels in order to ensure an efficient business 

relevant to higher-level strategic goals. 

There is a growing trend in the demand for urban freight 

distribution, mainly motivated by shifting patterns in 

consumer behaviour that tie-in to an increase in e-commerce 

operations but also due to demographic shifts and the 

growing rate of urbanization levels in most countries. These 

trends lead to an increasing need for customers’ to have their 

products delivered with higher levels of flexibility, reliability 

and speed. Next-day and same-day deliveries have become 

expected standard shipment options for most customers that 

have an Amazon warehouse within their country’s borders. 

Also, the time and place of delivery (flexibility) have become 

expected standard customization options within the process 

of choosing shipment options – this may include delivery 

hours outside of traditional carriers’ delivery times. 

These trends force operators into a paradigm shift, one that 

requires early adaptation for successful business gains. 

The so-called last-mile problem deals with the relationship 

between the three main stakeholders: providers, clients and  

retailers, and the need to efficiently meet their desires while 

mitigating losses (Scott, Marcia, 2009, Rodrigue, Jean-Paul 

et al, 2006). This means that providers should be concerned 

with cost minimization, ensuring transparency, increasing 

efficiency, reducing friction in deliveries and improving 

infrastructure. Understanding stakeholders’ needs is 

paramount to mitigate the effects of this problem. Defining a 

logistics profile of the area allows us to aggregate the 

stakeholders by their needs and further helps in analysing the 

best logistic solutions to implement (Macário R, 2007).  

One of the biggest issues of the last-mile problem deals with 

the friction between final customers and providers, leading to 

high rates of failed deliveries as well as consequential costs 

for the latter. The lack of flexibility in delivery time-windows 

and communication between providers and customers are the 

main reasons for failed deliveries which in turn lead to 

second or even third delivery attempts to be carried out. Also, 

since “Almost 25 percent of consumers are willing to pay 

premiums for […] same-day or instant delivery” 

(McKinsey&Company, 2017) there is added pressure on 

operators and higher strains on road and land-use 

management, since this increasing trend of more and faster 

deliveries invites more vehicles to use urban areas and road 

systems. 

 

III.2 Autonomous Vehicles 

Autonomous Vehicle can be defined as a vehicle that can 

guide itself without human conduction. They use a system 

based on a “Sense, Think, Act” type of design that define 

robots in the electronic and robotic fields, which is why they 

are often called robot cars. 

In 2016, in the USA, the National Highway Traffic Safety 

Administration (NHTSA) embraced Society of Automobile 

Engineers’ (SAE) proposed definition for the 5 levels of 

automation which are as follows (Hope Reese, 2016): 
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Table 1 - SAE's levels of automation 

SAE level Name
Execution of Steering and 

Acceleration/Deceleration

Monitoring 

of Driving 

Environment

Fallback 

Performance 

of Dynamic 

Driving Task

System Capability 

(Driving Modes)

0 No automation Human driver Human driver Human driver N/A

1 Driver Assistance Human driver and system Human driver Human driver Some driving modes

2 Partial Automation System Human driver Human driver Some driving modes

3 Conditional Automation System System Human driver Some driving modes

4 High Automation System System System Some driving modes

5 Full Automation System System System All driving modes

Human driver monitors the driving environment

Automated driving system monitors the driving environment

 
Source: Society of Automobile Engineers (2014) (adapted) 

 

These levels and their definition would be, from 2014 

forward, used as standard worldwide. From level 3 onwards, 

vehicles are expected to carry out the driving function of 

journeys with limited (level 3) or no action (level 5) required 

from drivers. It is estimated that by 2050 AVs should 

represent the primary means of transportation in most 

developed countries, freeing up to 50 minutes a day for 

drivers and drastically reducing the number of vehicle 

crashes (by an estimated 90%) while saving billions of 

dollars (Hans-Werner Kass, 2016).   

Several companies identify AVs as a part of their strategic 

planning for the near future. At the 2018 World Forum 

Disrupt, Lia Theodosiou-Pisanelli, Lyft’s Director of 

Business Development, identifies AVs as a key step in 

further promoting the company’s brand and services. 

Waymo’s “vision of the future” entails a service of ride-

hailing AVs, that when idle are stored in big warehouses. The 

idea behind this vision is that vehicles would be constantly 

on the move and as a such wouldn’t be taking up parking 

spaces around cities, providing urban planners with free 

space to use up for citizens’ activities, focusing the city 

around individuals and not vehicles (Waymo Team, 2018). 

 

III.3 Last-Mile Delivery Autonomous Vehicles 

Through research in several news outlets and literature, the 

author identified 5 LMDAVs that are currently under 

production with different aims and characteristics: 

 

Starship Technologies has developed a model that rides on 

sidewalks at pedestrian speeds (max 6km/h), carries up to 

11kg and makes deliveries on a 3km radius. The vehicles are 

equipped with cameras, GPS and other sensors but no 

LiDAR. They are also equipped with microphones and 

speakers to communicate with pedestrians, and although 

autonomous, they are being individually monitored by 

remote operators. The inclusion of the human monitor on the 

loop allows for action in case of need. They are currently 

being tested in Tallinn and Milton Keynes. This company 

was one of the first startups in the industry and has so far 

driven more than 100.000 km. Some US states showed issues 

with using this type of vehicles in sidewalks and Starship’s 

LMDAV’s weight was defined as the threshold for any 

LMDAV that wants to operate on sidewalks. 

Marble has deployed testing with their sidewalk-bound 

LMDAV as well. The company started operations in 2016 

and has partnered with Yelp 24 for food delivery in San 

Francisco. This vehicle is much bulkier than Starship’s and is 

meant for higher volume deliveries. 

Dispatch is the name of another company in the LMDAV 

business. It was founded in 2016 and their vehicle Carry can 

transport up to 46kg. As of April 2016 it was being tested in 

college campuses for delivering mail and small packages. 

Robby Technologies’ Robby 2.0 is also a sidewalk-bound 

vehicle meant to deliver small volumes in a rage of about 

30km from the monitoring station. 

Nuro is a company that unveiled their R1 model in early 

2018. It was designed to travel both on roads and city streets, 

making its distinction from the rest of the sidewalk-bound 

competition. This vehicle is currently in testing and has a 

capacity of up to 20 grocery bags.  

 

For all of the aforementioned vehicles, the processes for 

delivery are straightforward and, while each of the 

companies’ operations have their own nuances, all of them 

share the same processes for deliveries: Order is placed by 

the client, the company provides real-time updates on the 

order status, the vehicle is loaded, begins its journey, arrives 

at the doorstep after sending an arrival notification, the 

customer picks up the deliver and finally, the vehicle goes on 

for another drop-off or back to base. 

 

There are several advantages from adopting AV technology 

in last-mile deliveries. While most of these can only be 

perceived after the implementation, one can predict some of 

these benefits within a certain degree of certainty: 

 

Higher capacity usage – Smaller vehicles on last-mile 

delivery routes may mean better capacity optimization, 

translated by a higher used vehicle capacity versus available 

capacity. Last-mile AVs have smaller builds than the 

commercial vehicles used for deliveries, which in many cases 

fulfil their operations below their available capacity. This 

means that smaller vehicles can utilize their size in a more 

efficient way, leading to more flexible fleet management 

configurations where vehicles don’t need to make several 

stops at different times of day while under capacity. This 

way, vehicles can make several stops at flexible times while 

taking full advantage of their volumetric capacity.  

 

Reduced delivery times – LMDAVs may have reduced 

travel times comparatively to their manned counterparts. This 

should be a result of lower pickup times – defined by the 

time it takes for a driver to park the vehicle and deliver the 

goods to the customer – that doesn’t require drivers to wait 

for customers to open their door or park in loading/unloading 

(L&U) areas. The objective of LMDAVs is to deliver the 

goods to the door after warning the customers of their arrival, 

bypassing several steps of the pickup time.  

 

Flexibility – Flexibility in this case refers to both flexibility 

in adjusting to customers’ needs and in fleet management for 

operators. The first one stems from customers being able to 

track the vehicle and sending feedback in real-time regarding 

their availability for picking up the goods at the pre-arranged 

time. This is crucial since it reduces friction and 

consequential multiplication of journeys and complexity of 

the system, which happens frequently and leads to increased 

costs. Also, adjusting to customers’ time schedules should be 

easier, since these vehicles have better capacity usage and 

operators will not struggle so much to arrange dates for 

delivery that suit them (multiple close destinations in the 

same day at approximate hours), but rather can themselves 

adjust to what clients prefer. Flexibility in fleet management 
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strategies may be optimizable through the use of these 

smaller vehicles due to their better use of capacity: Having 

several vehicles making multiple deliveries per journey or 

having less vehicles making one sequential route, for 

example. Also, since customization of time window options 

“provide opportunity for premium pricing”, this added 

flexibility could lead to financial gains for providers (Chris 

Cunnane, 2016). 

Even though there are strong reasons to look forward to the 

future when AV technology is fully implemented by last-mile 

operators, there are also reasons for concern and work to be 

done in the meanwhile: 

 

There is currently no set legislation for evaluating the 

responsibility and liability of AVs and as such insurance 

companies need to quickly adapt to the new paradigm and 

define new business models. This should be done in concert 

with policymakers and regulators to allow for a smooth 

transition period where insurers can design these new models 

prior to the autonomous technology implementation. 

Furthermore, a heavy “burden” lies on policymakers’ and 

governments’ shoulders due to an urgent need to define legal 

frameworks on which the transport industry can operate AVs. 

So far, some work has been made in this direction, but 

designing laws is a long process and regulators haven’t been 

able to keep up with the technological advances in the 

transport sector.  

 

The heterogeneity of roads and traffic-systems may present 

an obstacle for worldwide implementation of LMDAVs. 

Currently, these vehicles need to do several tests and trials on 

the same road in order to “learn” it and execute driving in a 

smooth and seamless way, which means that each city or 

region will need testing before AVs are implemented. Even 

though mapping technology may be useful for providing 

vehicles with an idea on the roads, geometry and geography 

of cities and areas, applications like Google Maps are not 

always up to date, and vehicles shouldn’t solely rely on them 

to navigate cities. While the real-time identification of the 

urban landscape is possible with the built-in technology, the 

driving experience differs from one place to another. This 

means that infrastructure should also accompany the 

developments and deployment of AVs (Oliver, Nick et al 

2018).  

 

When it comes to the technology itself there are still some 

issues that need to be fixed. The use of machine learning 

algorithms and further testing will, hopefully minimize the 

number unwanted occurrences, making driving smoother and 

the recognition of real objects more reliable. The need for 

further testing and optimization of the technical features is 

evidenced by the March 2018 fatal crash involving a 

modified Volvo XC90 operated by Uber and the 49 year old 

Elaine Herzberg, who passed away following the incident. 

Preliminary findings by the National Transportation Safety 

Board (NTSB) identified the automated breaking system of 

the vehicle to be disabled at the time of the accident, with 

Uber expecting the human operator (which was present in the 

vehicle for this particular test) to intervene when necessary 

(NTSB Preliminary Report Highway: HWY18MH010, 

2018). While this may be accounted for as an accident 

resulting from human error, the fact that the automated 

breaking system might be disabled and dealt to the human 

driver/passenger to act if necessary is a sign that a false sense 

of security may be present when using this level of 

automation (L2). 

 

Since autonomy in vehicles is a potentially disruptive 

technology, the implementation phase should be done with 

special care and planning, not only for its immediate 

consequences but also for the foreseeable future when it 

comes to all the domains it involves: urban land 

management, infrastructures that may be necessary or that 

might become obsolete, and perhaps most importantly how it 

will affect jobs that might not be needed or will need to be 

adapted to the new paradigm. Even if this constitutes a 

difficult exercise, forecasting the impacts of implementation 

on the different stakeholders is extremely important to setup 

a good basis from which to appease most of them and their 

needs, rights or worries. It is also important to mention the 

need for governments (local and national) to assess the 

impacts that AVs will have on the whole traffic system. If 

LMDAVs are implemented with the aim of providing an 

affordable and convenient door-to-door service, there is the 

potential for a higher increase in the trend of B2C deliveries 

which could put higher strains on the road-traffic system. 

 

The delivery part of the distribution itself may become harder 

for some segments of the population, namely the elderly or 

mobility impaired. While currently, couriers are present in 

every step of the delivery, including picking up the 

package/parcel and delivering it directly to customers’ doors, 

in the LMDAV scenario, clients themselves are responsible 

for this pick-up procedure, which may alienate some of the 

demographics.  

 

Also, on the operations domain, safety of the vehicles is 

important: the existing models seem relatively easy to 

vandalize. 

 

III.4 Simulation 

Modelling and simulation (M&S) is “the process of 

designing a model of a real system and conducting 

experiments with this model for the purpose either of 

understanding the behaviour of the system or of evaluating 

various strategies (within the limits imposed by a criterion or 

set of criteria) for the operation of the system” (Shannon, 

1975). It consists on the construction of the physical 

experimentation through mathematical models in virtual 

form, thus providing us with a cheap, quick and somewhat 

realistic representation of the physical system and its 

behaviour. These models also allow for iterative 

improvements, which are greatly beneficial for finding the 

best solution available for application on real-life problems. 

System is a “well-defined object in the Real World under 

specific conditions, only considering specific aspects of its 

structure and behaviour” (Hans Vangheluwe, 2001). 

Modelling pertains to the creation of a model that is a 

hypothetical, abstract representation of the real world 

object’s properties, “in particular its behaviour, which is 

valid in all possible contexts, and describes all the object’s 

facets” (Hans Vangheluwe, 2001 pp.1) used as a means for 

simulation. The model should be more or less representative 

of the real-life system depending on the understanding of the 

assumptions, conditions and mathematical formulations 

created by the simulator. As such, the properties of real-life 

analogue systems must be considered in order to design 

realistic models. The first essential tool for a reliable 

simulation exercise is a robust understanding of reality which 
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is not always easy to grasp since it is related to stakeholders’ 

decision-making processes and availability of statistical data 

for the modelling parameters. (Macário R. et al, 2007)  

“System” is defined in the broadest possible sense, ranging 

from complex processes to single phenomena, be it physical 

or conceptual, as long as it presents behavioural changes over 

time, i.e. dynamic system. This dynamic system that is being 

replicated is called a system under investigation (SUI) and, in 

short, the model should be a “representation or abstraction of 

the system” (Louis G Birta, 2013). 

Simulation refers to the implementation and running of the 

model and obtaining the corresponding results. K Preston 

White, Jr. simply defines simulation as “experimentation 

with a model” (K Preston White, Jr, 2009). 

The correct identification of the objects properties is essential 

to ensure a fitting model representation and trustworthy 

simulation.  

After the running the simulation there are two crucial steps 

that need to be taken to finalize the experimentation 

exercise: validation and verification. Jane Hillston (2005) 

defines the concept of validation as “the task of 

demonstrating that the model is a reasonable representation 

of the actual system”. Verification is defined as the process 

of adjusting the model’s consistency to the predetermined 

specifications and assumptions (Hans Vangheluwe, 2001). 

Jane Hillston (2005) compares this concept with debugging, 

meaning it is an exercise that ensures the model does what it 

intends to do. Simply put, it represents how faithful the 

simulation model is in regards to the conceptual model. The 

simulation done in this dissertation represented the system 

through discrete-events, and as such a discrete-event 

simulation approach was taken: 

  

Discrete Event (DE) modelling/simulation: Corresponds to 

models that use low to middle abstraction levels (tactical to 

strategic levels). This type of method represents the system 

as three main objects – entities (group of passive objects or 

individuals), resources (objects that affect the state of 

individuals) and block charts which describe the flows of 

entities and resource sharing. It focuses on how entities pass 

through a network of queues and activities. The events in DE 

modelling can be either defined by the user to occur at 

predetermined times or triggered when actions are called for 

the objects, e.g. when an object reaches a certain GIS node it 

is commanded to wait for some time. This modelling 

approach is based on the definition and scheduling of 

“interesting points in time” – events -and its effects on the 

objects (Zeigles, P Bernard, 1976). Discrete event simulation 

can be defined as a collection of techniques applied to the 

study of a discrete-event dynamical system. George S. 

Fishman (2001) enumerates these techniques as: 

• Modelling the behaviour of a discrete-event system; 

• Translating the model code executable on a 

computer; 

• Executing the code and generating output in 

response to one or more input; scenarios, based on 

different strategies for dynamically operating the 

system; 

• Analysing each output to infer the system behaviour 

that each scenario induces; 

• Comparing these inferred behavioural patterns for 

the different scenarios; 

The methodology of DE simulation implies not only the 

definition of the conceptual structure of the system, but also 

the analysis and validation of the simulation’s outputs. The 

former is a crucial step in representing the system as reliably 

as possible and directly relates to the latter, since the better 

the simulation represents the real-world SUI events, the more 

approximate-to-valid the outputs will be. For the 

representation of a discrete-event system, its behaviour needs 

to be modelled through numerical values that must be 

assigned to the simulation’s input parameters. While the 

modelling of the system is based on discrete points in time, 

there may be some continuous descriptors of the system, like 

the location of a vehicle within a circuit, for example. 

Fishman (2001) also defines seven concepts that embody 

every discrete-event system: 

• Work – denotes the objects that enter the system 

seeking service; 

• Resources – are defined as objects that provide 

service; 

• Routing – is the order at which the services are to be 

performed; 

• Buffers – waiting points with varying capacity (up 

to infinite); 

• Scheduling – consists of the time at which resources 

will provide service; 

• Sequencing – is defined as the order in which 

resources provide services for the work; 

• Performance – stems from the outputs of the 

simulation and is related to the number of work 

serviced by the resources. 

This choice was done due to the discrete nature of the 

observed system: objects that need to be serviced (Clients), 

resources that are due to fulfil the service (COM and 

LMDAV), a route for the resources (study area routes), 

waiting areas where workers are serviced by the resources 

(destination – Point B) and the resulting outputs which will 

translate the performance/efficiency of the system. 

 

V. Case Study 

For the definition of the case study a route was chosen in 

Lisbon, Portugal for the delivery of goods that do not require 

specific conditions to be delivered as they were defined as 

parcels or packages akin to those delivered by common 

express couriers. These parcels/packages can derive from 

B2C, B2B, C2C or C2B transactions without discrimination 

and no reflection on the model. The delivery process will be 

the same as regular package deliveries from express couriers.  

The route will be defined in terms of physical and logistic 

characteristics. The O/D pair chosen for the route has no real 

meaning outside of the model and was chosen as a potential 

representation of a real-world case. 

For the simulation’s geographical environment, a real area of 

reference was chosen in order to ensure less abstraction in the 

problem and to allow for more transferability of the model’s 

results. 

 

The chosen area of study was a segment of Baixa Pombalina, 

Lisbon’s downtown. This area was taken from a TIS – 

Transportes Inovação e Sistemas study (2012) on a pilot area 

for urban logistic operations in Lisbon’s downtown area. It 

was chosen due to its mostly regular configuration and 

complexity of the road network: pedestrian streets, one-way 

roads, public transport circulation, L&U specific parking 

spaces, and varied land use (restauration, warehouses, 

commerce and services). 
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TIS’s study shows that the biggest flows of entry in the area 

come from the north-eastern entrance in Martim Moniz 

which was used as the starting point for the simulation (point 

A). The destination point (point B) was chosen arbitrarily 

within an area that has mostly residential and commercial 

buildings, with no meaning in the real-world other than for 

simulation purposes. The delivery routes from A to B and 

from B to A were taken from the GIS environment in the 

simulation software. The study also shows that most of the 

vehicles used for distribution are Renault’s Clio and Kangoo 

models which will be used as objects for the simulation. 

 
                Figure 2 – Area of Study 

 

 

 

 

 

 

 

 

 

 

 

 

 

V.1 Chosen LMDAV 

For the simulation, the author chose to model one of the 

previously mentioned LMDAVs as representation of the 

LMDAV on the system. To this extent, Nuro’s R1 was 

chosen due to its capability of using the road, higher speeds 

and significant volumetric capacity. 

 

V.2 Parameters 

In order to build the simulation using the objects that 

represent both the LMDAV and commercial distribution 

vehicles, the author needed to identify the parameters that 

defined them and their behaviour in the system.  

First of all, the commercial vehicle models used for the 

simulation were: Renault Clio LIFE 0.9L Turbo Petrol 

Manual (2018), Clio LIFE 1.2L Turbo Petrol Automatic 

(2018), Kangoo Compact Petrol Manual (2018), Kangoo 

Compact Petrol Auto (2018) and an electric version of 

Renault’s Kangoo commercial van – Kangoo Z.E. (2018). 

The parameters chosen for the simulation of the vehicles 

were:  

Speed - estimated through several observations using Google 

Maps: Origin (A – R. Dom Duarte, 1100-555) and 

destination (B – R. Almirante Pessanha, 1200-092) were 

picked on Google Maps and an estimation of 9 minutes for 

the 1,2 km route was reached, resulting in an average speed 

of 8 km/h throughout.  

Unload/Pickup Times - estimated through interviews with 

two couriers and two tests. These resulted in an average of 

3,5 to 8 min duration for the commercial vehicles (COM) and 

an estimation was done for the LMDAV which resulted in 0,5 

to 6 min. 

%Failed Deliveries - Several estimations of the percentage of 

were found in literature, namely 10% ( Edwards et al, 2009) 

30% (McLeod & Cherrett, 2006, Song et al. 2009) and 50% 

(Retail Logistics Task Force, 2001) which were chosen for 

building different scenarios. 

 

V.3 Efficiency 

For the purpose of this dissertation, we will be focusing on 

the last-mile delivery efficiency on an operational level from 

the provider’s point of view. 

 

The operational level in logistics can be defined as the day-

to-day activities that enable the flow of goods between the 

point of origin and the point of consumption within a supply-

chain. This level differs from tactical or strategic levels since 

the decision-making process is more focused on the 

short/immediate term and activities are normally routine. 

Efficiency in this level however, is paramount to determine 

the state of operations which ultimately dictates the turnover 

of the company and is a tell-tale sign for the tactical/strategic 

level decision makers of how business is progressing.  

In order to define efficiency in this DL, the author needed 

first to identify Key Indicators of Performance, that would 

translate the efficiency of the delivery process. This was done 

in two parts. The first part consisted in literature review, 

while the second one was a cross-referencing exercise based 

on several interviews. These interviews were conducted 

between August and December of 2018, with 3 

representatives of logistics operators (Sonae MC Logistica, 

Grupo Auchan, CTT) and one LMDAV manufacturer. This 

process resulted in the following KPIs: Cost/delivery (€), 

Delivery time (min.), Cost to deliver x% of a commercial 

vehicle’s capacity (€). 

 

The KPIs resulting from the computation of the simulation’s 

outputs would be compared through a functional 

benchmarking approach, where the compared data-sets were 

the results for COM and LMDAV. 

 

Functional benchmarking is defined as a benchmarking 

technique used when a company needs to improve the 

efficiency of a certain process or operation for which there 

are no competitive analogues in the market. This results in 

difficulties in acquiring information but with beneficial 

outcomes in innovations and dramatic improvements 

(Goncharuk, 2015). 

 

 

 

VI. Model Development 

 

VI. Discrete Event Simulation 

The system was be represented according to its discrete event 

nature along with its components: Work – Client object; 

Resources – COM and LMDAV objects; Routing – from 

origin (Point A) to destination (Point B, where Client stays) 

for all resources; Buffers – destination (Point B) with 

capacity of 1 for each resource, meaning that only one COM 

and LMDAV could perform the unloading operations at a 

time; Scheduling – resource objects are created in 1-hour 

intervals; Sequencing – from resource creation at Point A to 

delivery at Point B then returning to Point A where they are 

removed from the system; Performance – analysed through 

the outputs (Delivery Times, Unload and Pickup Times) of 

the simulation. 

 

VI.2 Conceptual Structure 

This was a crucial design step of the whole exercise, since it 

represents the structural logical foundation of the model and 

consequently determines the validity of the results. The 

conceptual thought process of the model’s back-end 

consisted in a logical approach to the actions of its two 

Source: Author 
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resource objects: LMDAV (Last-Mile Autonomous Delivery 

Vehicle) and COM (Commercial Traditional Vehicle) and 

their interaction with the both the third object (Client) and the 

environment. Aside from their parameters, there is not much 

in the way of process design that makes the two resources 

different: 

 
Figure 2 - Last-mile delivery model conceptual structure 

 
Equação 1: Author 

2 

 

 

 
 
 

 

 

 

 

 

Fig. 2 representes the behaviour of both resource objects and 

the client in the system.  

 

VI.3 Model Architecture 

After planning the conceptual structure of the model, the 

author could implement it onto AnyLogic. This multimethod 

modelling tool supports the discrete event simulation 

methodology used for the dissertation and was hence chosen 

for carrying out the simulation exercise. It includes a 

graphical modelling language but also allows for Java coding 

to customize the model. The software’s graphical language 

consists on: 

• Stock & Flow Diagrams: used for System Dynamics 

modelling (Mario Marin et al, 2010) 

• Statecharts: mostly used for Agent Based Modelling 

or Discrete Event Modelling (Hui Xi et al, 2010) 

• Action charts: used to define algorithms for Discrete 

Event Modelling (Batouli M & Mostafavi A, 2015) 

• Process flowcharts: used to design a process as 

block-chains, usually in Discrete Event Modelling 

(Magdy Helal, 2008) 

Process flowcharts were used to implement the model into 

the software. To this effect, the “Process Modelling” Library 

of AnyLogic was used and also the “Analysis” auxiliary tools 

for statistical data analysis of the results. The “Process 

Library” is comprised of a series of block functions and 

connectors that form an object’s flowchart along the 

modelled simulation. 

 

The flowchart should be a direct representation of the 

conceptual structure model, where vehicles are generated by 

the Source block function at a rate of 60 minutes, with the 

“Location of Arrival” defined as the “Network/GIS node” A 

(origin). They then move to the destination through the 

MoveTo block with a input speed corresponding to the 

scenarios (8 for COM and 8 or 15 for LMDAV) with the 

destination being defined as the “Network/GIS node” B. At 

the destination, they wait according to a triangular 

distribution function for the Client object using the Delay 

block (COMDelay = t(1,75 ; 5,75; 4); LMDAVDelay = t(0; 5; 

0,5) [minutes]), this block has a capacity of 1, meaning that 

no more than 1 of each type of resource can be at the Delay 

location. Followed by a SelectOutput block that determines 

the actions of the resources regarding the delay times: if the 

delay is greater than 5 minutes, the resource leaves (and the 

delivery is failed) – this choice was done according to the 

VASP Expresso and Rangel couriers’ accounts. This dictates 

the failure or success rate of the delivery according to the 

parameters input and thus, the “Probability” input in this 

block was defined by the different scenarios of failed 

deliveries. If the delay time is smaller than 5 minutes, the 

Client object is created by the Split function, at which point 

the delivery is carried out and represented through a Delay 

block that obeys the Unload Times estimated through the 

interviews referenced in chapter V.2. (COMDelay2 = t(1,75; 

3; 2); LMDAVDelay2 = t(0,5; 1; 0,75); ClientDelay = t(1,25; 

5,25; 3) [minutes]). At this point the Client object is removed 

from the flowchart using the Sink function and both the COM 

and LMDAV resources return to the origin using the MoveTo 

block function at which time they are also removed from the 

system.  

The “Analysis” library of AnyLogic was used to store and 

represent the output data from the simulation, either in the 

form of histogram – to assess the validity of the sample size 

(if sufficient hits were observed for similar time values, the 

sample size was deemed valid) – or simply in table form for 

posterior computation in Excel. 

 

For the representation of the SUI, the author used a built-in 

AnyLogic tool which is very efficient and reliable in its 

mirroring of the real-world geographical system – GIS 

(Geographic Information System). This tool contains not 

only the information that exists in the SUI but can also be 

used to define points in space (GIS nodes) and trace routes 

between them.  

 

VI.4 Objects, actions and parameters 

Since the logical structure behind both the COM and LMDAV 

objects is the same, the design of their flowchart is 

represented in the same way. They vary however in their 

input parameters and their actions. 

 

The input parameters were entered in each resource’s 

“Properties” window according to the different scenarios. 

 

Aside from the objects’ properties, the author used the 

“Parameters” functions, which are part of the “Agent” 

library, as auxiliary tools to obtain the Delivery and Unload 

Times for COM and LMDAV. At the Source block’s “On at 

exit” action, “agent.enteredSystem = time ()” was defined as 

the action function to obtain the time at which the object was 

Source: Author 

Source: Author 
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generated and at the Sink block’s “On enter” action, 

“COM_DeliveryTime.add(time() – agent.enteredSystem);” 

was introduced as the function to translate the duration of the 

Delivery Time which was entered into the 

“COM_DeliveryTime” histogram data function explained in 

chapter 5.3. This was done for the LMDAV too in order to 

obtain the “LMDAV_DeliveryTime” histogram data for 

visualization in the simulator. For the Unload Times, the 

author used the actions in the second delay block 

(COMDelay2, LMDAVDelay2) as follows: “On enter” 

action was defined as “agent.startWaiting = time()” and “On 

exit” was defined as “COM_UnloadTime.add(time() – 

agent.startWaiting);”. This is translated by the time 

difference from when the object exited the block and when it 

entered which allows us to obtain the Unload Times for the 

“COM_UnloadTime” histogram data. The same process was 

done for the LMDAV object. The third object – Client – was 

important to determine the Pickup Time which is the sum of 

the active object’s Unload Time and the time it takes the 

Client to open the door/let the courier in, in the real world. 

This was computed by using the “On enter” and “On exit” 

functions in the ClientDelay block as “agent.startWait = time 

();” and “COM_PickupTime.add(time() – agent.startWait);” 

respectively which added the Pickup Times to the 

“COM_PickupTime” histogram data. The same was done for 

“LMDAV_PickupTime” in the corresponding blocks. 

 

The author did 71 iterations for each scenario Ci in the 

simulator in order to better represent variability and have a 

robust enough sample of results. The author used an average 

of the results – Delivery Times, Unload and Pickup Times - 

from each scenario’s 71 iterations to operationalize the costs 

in the Excel analysis that followed. 

 

VI.5 Scenarios 

Since this work deals both with uncertainty in some of the 

parameters’ values, and predicting the future behaviour of 

LMDAVs, it deals with a basis of data and knowledge, but 

ultimately with conjecture.  Scenario building is important 

for its ability to “capture a whole range of possibilities in rich 

detail” (Paul J H Schoemaker, 1995), which is the reason 

why the author chose this technique as the most suitable 

approach for dealing with the multiplicity of conjectures 

which were essential for a reliable representation of the 

several parameter possibilities and permutations in the 

system.  This led to the definition of several scenarios 

relative to the parameters in order to better represent the 

variability in the system and to reach an approximation of 

what happens in reality in the SUI:  

• Lane of movement for LMDAVs – dedicated lanes or 

road; 

• % of failed deliveries for commercial vehicles – 

10%, 30%, 50%; 

• % of failed deliveries for LMDAVs – 0%, 10%, 

30%, 50%; 

• Different commercial vehicle models – Renault Clio 

LIFE 0.9L Turbo Petrol Manual, Renault Clio LIFE 

1.2L Turbo Petrol Auto, Renault Kangoo 

COMPACT Petrol Manual, Renault Kangoo 

COMPACT Petrol Auto, Renault Kangoo Z.E. 

Each scenario included a comparison between a commercial 

vehicle with its specific parameters and four sub-scenarios of 

LMDAVs which differ in their variable cost:  

• 1 monitor responsible for 4 LMDAVs; 

• 1 monitor responsible for 3 LMDAVs; 

• 1 monitor responsible for 2 LMDAVs; 

• 1 monitor responsible for 1 LMDAV. 

The first situation, in which there are 4 LMDAVs being 

monitored by the operator, represents the optimal scenario, 

since that is the maximum number of LMDAVs that a 

supervisor/monitor can be simultaneously responsible for 

(currently, according to the author interview with the 

LMDAV operator) These sub-scenarios influence the 

variable cost of LMDAV operations since the labour cost of 

handling a vehicle/delivery is divided by the number of 

vehicles in the system at a certain time. 

 

All in all, the author will have 90 scenarios according to the 

possible permutations of the parameters’ values chosen to 

define the model’s resource objects: 2 sets for Lane (which 

influences the speed) 5 sets for the different commercial 

vehicle models (influences variable costs), 3 sets for the % of 

Commercial Failed Deliveries and 4 sets for the % of 

LMDAV Failed Deliveries minus 30 scenarios since the 

author assumed that this percentage should never be higher 

than its commercial vehicle delivery counterpart. The 

notation for the scenarios was defined as:  

 
Ci(COM model, %COM Failed Deliveries, %LMDAV Failed 

Deliveries, Road/Dedicated) 
i=1,…90 

 

The resulting analysis of efficiency will be relative to each 

scenario as it is expected to provide insight into what benefits 

LMDAVs can achieve under certain conditions set for 

themselves or for the commercial vehicle deliveries.  

 

VII. Results and Discussion 

 

VII.1 Results 

Cost per Delivery – This indicator was computed using three 

main components: variable costs, fixed costs and the 

potentially failed delivery costs.  

 

Variable costs were estimated by calculating the labour and 

fuel costs for the route.  

• Labour – In order to obtain an estimation for the 

labour costs in the route the author did some 

research on the monthly wages for delivery 

drivers/couriers (for COM) and for process monitors 

(for LMDAV). Those wages were taken from INE 

(Instituto Nacional de Estatística) or from the Wage 

Indicator Foundation.  

 
The results were an average of 833,5€/month for 

couriers and 947€/month for process monitors, 

which is equivalent to 0,087€/min and 0,099€/min 

respectively. For the LMDAV case, however, that 

value needs to be divided by the number of vehicles 

being monitored. Since the highest possible number 

of simultaneously monitored vehicles is four, 0,099€ 

was divided by 4, for this case. The same 

calculations were done for the cases with 3, 2 and 1 

vehicles. The author then multiplied these values for 

the duration of the delivery times in each scenario.  
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• Fuel costs – This cost factor was estimated by using 

the vehicles specifications and the price of the 

vehicle’s fuel. 

 

 For the case of the electric vehicles – LMDAV and 

Kangoo Z.E. – the author used the estimation made 

by UVE (Associação de Utilizadores de Veículos 

Elétricos) that derives from the price-points 

established in November 1st 2018, for charging the 

vehicles at home on a simple tariff. The author 

chose to assume that the LMDAV’s would cost the 

same to charge as normal electric vehicles. This 

might not be totally correct, but since this detail was 

not available in literature and the LMDAV’s 

contacted representative chose not to say, it will be 

assumed for the exercise.  

 

Traditional vehicle’s consumptions were taken from 

their specification sheets. 

 

The resulting values/km were multiplied by the 

route’s distances to and from the destination to 

obtain the fuel consumption prices for each 

scenario. 

 

The fixed costs parcel in the total Costs per Delivery had 

several factors: Depreciation, Maintenance, Tax and 

Insurance. The values for these factors were obtained from 

LeasePlan’s 2016 report on the cost of cars in Portugal. The 

report found that mensal car costs average up to 525€ for 

petrol vehicles, of which 37% relate to depreciation, 20% to 

taxes, 16% for fuel, 13% for insurance, 9% for maintenance 

and 5% for interest. The author removed the fuel and interest 

percentages (fuel was calculated before and it is assumed that 

there are no interests in this exercise) and obtained the 

average estimated values for the remaining 4 factors.  

The total cost of this factors is 414,75€/month or 

approximately 0,009465€/min for COM. The author chose to 

assume that the costs for LMDAV were 50% higher. This 

assumption may be skewed, as not even operators know how 

insurance or maintenance costs will be calculated for 

autonomous delivery vehicles. This was translated into 

0,014€/min for LMDAV. This value was multiplied by the 

delivery’s total time to find the route’s fixed cost for all 

scenarios (the same applies for COM with its respective 

values).  

The potentially failed delivery costs were calculated as the 

cost per trip of a delivery multiplied by the percentage of 

failed deliveries. This formulation implies that the probability 

of a failed delivery that may occur is accounted for in each 

trip. 

It is important to mention that a delivery consists, in this 

case, of going to the destination and back to the origin point. 

When looking at these results it is also important to bear in 

mind that they reflect the costs/vehicle.delivery.  

 

Cost of Delivering x% of COM’s capacity – The computation 

for this indicator implied the definition of the three 

mentioned scenarios: COM at 100%, 80% and 50% of total 

volumetric capacity. First of all the author needed to identify 

each vehicle’s cargo capacities which could be found in the 

model’s specification sheets: 

• Renault Clio LIFE 0.9L Petrol Manual: 1,146 m3 

• Renault Clio LIFE 1.5L Petrol Auto: 1,146 m3 

• Renault Kangoo COMPACT Petrol Manual: 3m3 

• Renault Kangoo COMPACT Petrol Auto: 3m3 

• Renault Kangoo COMPACT Z.E.: 4m3 

The estimated value of the LMDAV is 0,3m3. This difference 

raised the question of “What would be the cost of delivering 

the corresponding capacity of each model using LMDAVs” 

which gave a new dimension to the exercise – understanding 

the financial gains in regard to the volumes delivered.  

This KPI could be calculated by multiplying the Cost per 

Delivery and the #Trips necessary to deliver x% of each 

model’s volumetric capacity. 

 

Delivery Times – This indicator was directly obtained from 

AnyLogic’s database logs. Using the dataset function of the 

software, the author could export the data onto Excel where 

further analysis could be performed. 

 

 

 

VII.2 Discussion 

First of all, it is important to mention that the results are 

meant to be viewed in full, meaning that no single scenario 

can represent an accurate description of the real-world 

operations nor of the hypothesized LMDAV case. In this 

sense, the values for the KPIs are a direct result of the pre-

defined conditions and in no way are supposed to represent a 

be-all-end-all analysis of the implementation of LMDAVs, 

but one that makes sense only according to these preset 

conditions. Furthermore, Annex N of the full dissertation 

document shows the values obtained through each scenario’s 

averages which were used for analysis and computation of 

KPIs. This was meant to reduce the number of outliers but is 

a faulty simplification since it does not fully deal with the 

variability that the 71 iterations represent. 

In general, the results obtained from both AnyLogic’s 

simulation and the computation of those outputs for obtaining 

the KPIs are seemingly valid according to expectations. 

While the author will not provide commentary for each of the 

90 scenarios, the following should provide some insight on 

the KPIs results: 

 

• LMDAVs show gains in time in every scenario, not 

only when LMDAV speed is higher than COM 

(dedicated). 

 

• There are, on average, lesser costs for LMDAVs due 

to their advantage in dividing the labour cost across 

several vehicles as well the reduced fuel price, 

despite the fixed costs being higher; 

 

• The costs for transporting COM’s different capacity 

usages are also in accordance with expected – 

higher costs for less number of LMDAVs and 

higher costs for transporting the COM models with 

the highest volumetric capacity. Still, this last KPI 

showed considerably higher costs than expected 

prior to the computation. The author, admittedly, did 

not predict that the cost to deliver 4m3 of volume 

could be up to 74€ with LMDAVs (C81).  

 

While the autonomy level of these vehicles reveals 

significant savings in cost, most of the gains in delivery times 
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derive from the LMDAV’s delivery process that reduce the 

estimated pickup time not through the autonomy features of 

the vehicles but through their use of IoT (Internet of Things), 

real-time tracking and notification-of-arrival features. 

Dedicated lanes, if implemented for LMDAVs, can act as 

catalysts for these improvements in delivery times with 

reductions of up to 57%, on average. 

The Cost of Delivering x% of COM’s capacity reveals 

interesting results: the Renault Kangoo seems to be more 

efficient across most scenarios and its electric version of the 

can obtain even higher differences in this KPI since it 

decreases the cost of fuel comparatively to COM other 

models.  

 

VIII. Conclusion 

The main objective of this dissertation is to assess the impact 

on operational efficiency in last-mile logistics by using a 

specific last-mile autonomous vehicle (LMDAV). The 

impacts were estimated from the results of a discrete-event 

simulation that reproduced a last-mile delivery operation. 

This reproduction was made by scenario-building, with the 

intent of replicating the real-world (with traditional vehicles) 

and the possible conjectures after LMDAV implementation. 

These impacts were further computed as KPIs and compared 

through functional benchmarking. The data sets of 

comparison were the KPIs for LMDAVs and for traditional 

commercial vehicles.  

 

The strains that logistics operators are facing from the 

increasing trend in urbanization rates and B2C transactions 

lead to the need of quick adaptation skills in the urban 

logistics and last-mile delivery domains. While there are 

several ways of using new technology to operators’ benefits, 

autonomous technology comes to the forefront as the new 

trend in automobile manufacturing, both for big 

manufacturers and small startups in the logistics field. This 

apparent new trend should be demystified, meaning that its 

impacts need to be assessed, using the best forecasting 

methods available, before implementation is done. While this 

may represent a difficult exercise due to the lack of sources, 

collectible data and the uncertainty of these vehicles’ actual 

operation, the currently available tools need to be put to use 

in order to assess the validity of this trend in last-mile 

delivery operations. The question being proposed is: Are 

there advantages in using LMDAVs or is the industry 

moving in this direction solely because the technology is 

available? By carrying interviews with several sources, it was 

possible to understand that both operators and LMDAV 

manufacturers are hoping that the use of autonomous 

vehicles in the last-mile produces savings in both time and 

cost, but no real forecasting was done by either entity in the 

sense of assessing these potential benefits. It seems evident 

that people-moving AVs are going to be implemented in the 

next couple of decades, with various studies or educated 

guesses as to their impact on safety, road-traffic networks 

and society welfare, and LMDAVs may be riding this wave 

of confidence and expectations. It is imperative that last-mile 

operators need to start putting more emphasis on monitoring 

their activities by assessing previous results and optimizing 

resource allocation; this is important even outside the scope 

of autonomous vehicles in their fleet. Operators’ efficient or 

deficient management is and always will be independent of 

the available technological tools, be it connected vehicles, 

real-time tracking, arrival-notifications, etc. Technology may 

help, however, in decision making and mitigating the effects 

of several last-mile delivery operations’ shortcomings. The 

findings in this dissertation evidence that LMDAVs can have 

a strong impact on delivery times and costs. 

 

LMDAVs may be implemented by operators that want 

significantly quicker deliveries and reduced costs in smaller 

volume within a reduced range from the monitoring station. 

While this may be beneficial for these situations on an 

operational level, it may lead to significant impacts on the 

road traffic network, from adding more vehicles to an 

already, generally speaking, saturated system. It is, however, 

not advised for operators that need to make several 

distributions with larger volumes since they may incur in 

larger costs stemming from the deployment of many vehicles 

for volumes that a single van may deliver in one trip. Another 

option is for LMDAVs to replace couriers that handle small 

parcels or letters in a smaller radius, even though Portuguese 

legislation specifically states that letters or small parcels need 

to be hand delivered to the client or put in mailboxes, which 

may preclude this replacement. 

 

Overall, the author believes the purposed objectives of this 

dissertation were achieved. The impacts on last-mile 

deliveries could be forecast with a reasonable degree of 

certainty due to the scenario-building methodology along 

with the interviews and estimations made, which conferred 

the scenarios with credibility and accuracy in their attempt to 

represent the real-world system and forecast the behaviour of 

LMDAVs in it. There is, however, a degree of uncertainty 

that could not be accounted for due to the dynamic nature of 

the system and all its stakeholders that might lead to different 

scenarios that were not taken into account. Some 

considerations on future developments are made that should 

not only mitigate the uncertainty factor but also make this 

exercise more robust in future endeavours: 

Future Developments 

While the results of this dissertation were on par with the 

intent of the author’s objectives, there is still room for further 

developments. These include: 

Using a company as case study – Enable the KPIs to be 

directly taken from a practical situation and reducing the 

variability that stemmed from the estimation of parameters 

for modeling. Furthermore, the COM scenario did not need 

to be modelled if an operator would provide the data 

necessary, increasing the robustness of the comparative 

analysis. This could also be beneficial by using an existing 

delivery route with several drop-off points which could then 

be use d for a fleet management and routing management 

analysis with LMDAVs. 

Sensitivity analysis – Should be done on the KPI results for 

each of the parameters. This would allow to reduce 

uncertainty of the estimated parameters and understanding 

the impact of each parameter on the final KPI value, which is 

extremely important for assessing the key points that 

contribute to each KPI. 

Road-traffic congestion and environmental impacts – 

Should be assessed for the several scenarios. Although 

outside of the scope of this work, these constitutes an 

important exercise since it would show not only the potential 

benefits/disadvantages of LMDAVs for operators but also for 

regulators and law-makers which need to assess these 

impacts. 
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