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Abstract 

The growth of the urban population has permanently increased the demand for products. Likewise, the maturation of 
electronic commerce has increased urban freight transport, which has brought negative externalities such as emissions, 
pollution, noise, congestion, and loss of habitat. There is a visible effort to make urban last-mile deliveries more 
sustainable, mainly in environmental aspects. This is the reason for an interest in replacing conventional vehicles with 
electric vehicles, but this replacement has a series of conditions. The objective of this document is to systematically 
analyze the electrification of last-mile freight transport. From the review of the state of the art, affirmations were 
identified that allowed to establish cause and effect relationships between different attributes of the system that is 
represented, in such a way that, a causal diagram was obtained that systemically expresses the studied situation. As a 
result, we identify that social dissatisfaction because of particulate matter emissions generates social pressure that 
promotes incentives for the electrification of last-mile transportation and generates an increase in the sales of electric 
vehicles, thus reducing the sales of conventional vehicles. 
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1. Introduction 
The rapid growth of e-commerce and package deliveries around the world demands new solutions to satisfy the desire 
of customers; this means a challenge for last-mile transport (Allen et al., 2018; 
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Figliozzi, 2020). Freight transport represents a lifesaver for commerce and industry, but it causes significant 
negative impacts on the quality of life in urban areas in terms of congestion, emissions, and consumption of space 
(Cleophas et al., 2019). The city's logistics initiatives have long suggested the need for environmentally friendly 
urban transport, but it faces organizational and technological challenges. Given technological advancements and 
innovative business models, clean urban transport concepts could contribute to more sustainable and customer-
friendly urban transport (Cassiano et al., 2019). 

 
More and more cities are striving to provide acceptable air quality and noise levels for their inhabitants (Ehrler et al., 
2021). The growth in purchases has led to an increase in transport demand due to deliveries and returns. Therefore, an 
approach is needed to decouple demand for last-mile transportation from increased emissions. However, this is only 
possible if transport efficiency is improved and zero- and low-emission technologies such as electric vehicles are 
incentivized. One problem identified is limited access to data on urban commercial transport, as well as on electric 
mobility, which makes it difficult for both logistics providers and decision-makers to prepare for these developments 
and understand their implications (Ehrler et al., 2021). 

 
Likewise, the environmental impact of the last-mile transportation sector has significant repercussions on global 
warming, health, and the economy. The need to reduce emissions caused by dependence on fossil fuels and to 
encourage the use of renewable energy sources has driven the development of zero-emission propulsion systems 
(Arvidsson & Pazirandeh, 2017; Castillo et al., 2020). The energy transition of last-mile transportation is shown as an 
alternative both for mitigating environmental impact and for improving people's quality of life. 

 
This document aims to carry out a systemic analysis of the electrification of last-mile freight transport to know the 
relevant variables and the conditions that would make it possible. In section 
(2) a literature review will be presented, in section (3) the methodology used, in section (4) the results and in section 
(5) a series of conclusions will be made. 

 
2. Literature Review 
Transportation is causing problems in urban areas, particularly freight transport, considering that most of the goods 
delivered end up in city centers. Modern cities need solutions to reduce the costs of externalities such as congestion, 
pollution, and others, which have increased in recent years; due to the growth of freight delivery (Mucowska, 2021; 
Ranieri et al., 2018). Last-mile logistics is the least efficient stage of the supply chain and comprises up to 28% of the 
total cost of delivery. Therefore, improving last-mile logistics and significantly reducing externalities are important 
challenges. New technologies and means of transport, innovative techniques, and organizational strategies allow 
more efficient handling of last-mile delivery in urban areas (Ranieri et al., 2018). 
 
Before the COVID-19 pandemic there had already been an increase in the transportation of individual shipments, 
including the downtown areas. During the pandemic, in the implementation of the preventive measures adopted, it 
has increased by more than 100% in some cities. This was reflected in unsustainable development, particularly in 
terms of the urban environment (Settey et al., 2021). Likewise, the characteristics of these operations are in direct 
conflict with the urban. 

Proceedings of the International Conference on Industrial Engineering and Operations Management 
Monterrey, Mexico, November 3-5, 2021

© IEOM Society International 1902



infrastructure that is increasingly being redesigned in favor of walking, cycling, and public transport, which reduces 
the accessibility of the sidewalk for last-mile operations. Other pressures on last-mile operators are associated with 
managing seasonal peaks in demand, shortened delivery times between ordering customers and making deliveries, 
meeting delivery deadlines, failure rates in first-time deliveries, and the need to manage high levels of product returns 
(Allen et al., 2018). 
 
New laws and regulations on greenhouse gas emissions have led shippers to become interested in using electric 
vehicles for last-mile deliveries. Since the mid-2000s, EVs have gained popularity in several countries even though 
their market share remains relatively low. However, most of the advances have been made in passenger cars and most 
of the technical and scientific studies have been the focus of this segment. By contrast, the potential of electric vehicle 
technology for freight distribution has received less attention (Pelletier et al., 2016; Quak et al., 2016). 
 

For entrepreneurs, electric charging vehicles appear as a viable option, although considerable efforts have still been 
required at the government level, through the promotion of public measures in the form of support for purchase costs 
or rental rates and offering services of technical experts (Østli et al., 2017). However, they are conditioned by a series 
of gaps such as the limited capacities of the battery of these vehicles require visits to the charging stations during the 
delivery routes, which must be taken into account in the planning of the route to avoid itineraries inefficient with 
long detours (Arias-Londoño, et al., 2021; Boccia et al., 2021; Schneider et al., 2014). Other related economic attributes 
are the vehicle's purchase price and operating costs, which are currently very high. On the other hand, autonomy, 
environmental efficiency, recharging infrastructure, recharging time, fuel cost, fuel production, the intensity of use, 
and route planning are other attributes considered concerning electric vehicles in the last mile transportations 
(Castillo et al., 2020). In general, collaborative methods should be considered that contribute to a shared vision of 
urban mobility that takes into account all actors in the supply chain such as charging point operators, the automotive 
industry, car rental services, farmers, and local authorities, to ensure that the system works more efficiently (Galati et 
al., 2021). 

 
Another relevant issue identified in the literature review is the energy costs of commercial electric vehicles, there are 
almost four times less expensive than conventional diesel trucks, per mile, at current market values. However, 
although EVs are simpler and cheaper to maintain, there are more uncertainties associated with the lifespan and long-
term costs of batteries. In addition, there are limitations in terms of miles traveled per day without recharging (Feng 
& Figliozzi, 2013). According to (Feng & Figliozzi, 2013) only in scenarios with high utilization, that is more than 
16,000 miles per year per truck, electric vehicles are competitive. 

 
The progressive electrification of urban distribution fleets, motivated by the consolidation of EVs technology and by 
the mobility advantages that cities grant to non-polluting vehicles, poses future challenges that affect electricity 
distribution networks (Martínez et al., 2021). The integration of electric vehicles with the energy grid has become a 
relevant area of research due to the increasing penetration of EVs in current transport systems. With proper 
management of electric vehicle charging and discharging, the grid can now meet the energy requirements of a 
considerable number of electric vehicles. In addition, EV’s can help improve the reliability and stability of the 
energy network through ancillary services such as energy storage (Lin et al., 2021). However, the source of 
electricity generation must be considered, because in case the use of coal or fossil fuels is 
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necessary, the adoption of EVs increases the emissions of particulate matter, compared to diesel vehicles due to the 
carbon intensity of the electricity system, while reducing them when at least 50% of the electricity comes from 
renewable sources (Croci et al., 2021). 

 
Identifying new operating models and vehicles that can be applied for last-mile deliveries in urban areas becomes 
crucial. An alternative evidenced in the literature review process is to implement electric bicycles, according to 
(Bieliński & Ważna, 2020), electric bicycles are used mainly as first and last mile transport and to travel directly to 
various places of interest. Another trend is the implementation of smaller and lighter vehicles for last-mile deliveries 
in urban areas. (de Oliveira et al., 2017). 

 
3. Methods 
To analyze the electrification of last-mile freight transport, given its complexity, we used Checkland's systems 
thinking methodology. The Checkland Systemic Soft Methodology (MSB), also known as SSM for its acronym in 
English, is a form of rational systems thinking appropriate to deal with complex human situations, particularly the 
so-called soft situations (Checkland & Scholes, 1990). Checkland comments regarding the rudimentary elements of 
systems thinking that: “A systems thinking starts from an observer who describes the world that is outside of us and 
who, for some personal reason, wishes to describe it “holistically”. 

 
From the review of the state of the art, affirmations were identified that allowed to establish cause and effect 
relationships between different attributes of the system that is represented, in such a way that, a causal diagram was 
obtained that systemically expresses the studied situation. Afterward, the feedback structures that emerged from the 
relationship between the attributes of the system were analyzed, seeking coherence between the arguments and the 
representation. 

 
4. Results and Discussion 
In this section, we will present the results of the exercise developed from the review of the state of the art. In Figure 
(1) the causal loop diagram developed to capture the causal relationships that systemically express the situation 
studied is presented. The figure below explains each of the six feedback loops obtained. 
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Figure 1. Causal diagram of the electrification of last mile freight 
transport. 

 
4.1 Reinforcement loops 
R1: The variables that contain this loop are sales of electric vehicles, electric vehicles, tons transported, income for 
the transport company and fleet expansion. The increase in the population worldwide, access to technology and 
information, electronic commerce, and the activity of cities have increased the demand for tons transported, which at 
the same time benefits national economies and the income of transport companies. By having greater cash flow, 
transport companies can invest in the acquisition of a new fleet for the transport of last-mile goods; in this case, 
companies can choose which fleet they want to buy. Interest in electric vehicles has increased in recent years, 
particularly due to the benefits in reducing emissions that are related, that is the reason to transport companies could 
have an interest in acquiring an electric fleet for their last-mile transport, additionally due to the short distances that 
this vehicle category must travel. That decision by the company could benefit sustainable transportation in cities. In 
this loop, the sales of electric vehicles are reinforced. 

 
R2: The variables that contain this loop are conventional vehicles sales, conventional vehicles, tons transported income 
for the transport company and fleet expansion. While in R1 the company decides to acquire electric vehicles, in R2 
the transport company could continue to buy conventional vehicles (diesel and gasoline) that can bring a series of 
externalities that must be evaluated in detail. In this loop, the sales of conventional vehicles are reinforced. 

 
R3: The variables that contain this feedback loop are charging infrastructure, electric vehicles sales and electric 
vehicles. The charging infrastructure is a condition for the promotion of EVs sales. This is relevant because it creates 
security for electric vehicle buyers; Having a robust electricity distribution network that guarantees the proper 
functioning of the fleet and, above all, the operation of freight transport can significantly influence the electrification 
of last-mile freight transport. In this loop, it aims to show that by having more charging points the sales of electric 
vehicles are promoted; this, in turn, increases the participation of the electric fleet in the transport of last-mile cargo, 
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which triggers the considerable installation of charging infrastructure. It is relevant to highlight the delay between 
electric vehicles and charging infrastructure, considered because this process is not immediate; to the contrary, it could 
take a long time given the number of resources that it requires in addition to the public policy and land-use decisions. 
In this loop, the charging infrastructure is necessary to reinforce the growth of electric vehicles. 

 
R4: The variables that contain this feedback loop are electric vehicles sales, electric vehicles, and trust in electric 
vehicles. Confidence in electric vehicles is relevant in promoting them. For this variable, several points must be 
considered, for example, the price of the vehicle may be high and that generates insecurity for the buyer because, since 
there is not enough information about it, it is questioned whether it is worth investing that money. Likewise, there are 
not enough points of sale for spare parts or specialized maintenance centers in this vehicle segment. On the other hand, 
not all countries have a professional or technical academic training program that allows training on issues of 
maintenance or assembly of electric vehicles. All these factors increase or decrease the trust or confidence in EVs that 
undoubtedly promote the sale of the same, which makes the participation of EVs in last-mile transport significant. 

 
4.2 Balance loops 
B1: The variables that contain this loop are political pressure, incentives for the electrification of last mile transport, 
subsidized electric vehicle price, electric vehicles sales, electric vehicles, trust in electric vehicles, conventional 
vehicles sales, conventional vehicles, particulate matter emissions, and social dissatisfaction with the consequences 
of particulate matter emissions. The use of conventional vehicles over time has contributed to the climate change that 
currently has us in extreme conditions because they are vehicles that emit particulate material in the combustion 
process of traditional energy sources (diesel and gasoline). This increase in PM emissions has generated social 
dissatisfaction, given the consequences for health, contamination of resources, and the increase in natural disasters 
caused by climate change. This social dissatisfaction is reflected in protests, requests from younger generations about 
sustainable development that allows future generations to have a planet, in addition to alerts from government entities 
and specialized institutes on the subject that generate anxiety and concern in populations, this generates political 
pressure on decision-makers who want to take appropriate actions in favor of all actors. 

 
Based on this pressure, a series of incentives have been generated for the buy of EVs, since they are considered zero 
emissions, depending on the source of electricity generation with which they operate. Some of these incentives can be 
a reduction in taxes for the acquisition of vehicles, financial support in the importation or the vehicle tariff, cheap rates 
in energy, lanes, or exclusive areas for the circulation of EVs, and others. The development and promotion of 
incentives reduce the cost that each EV purchased must assume; this increases the interest and the opportunity to 
acquire this vehicle segment, which increases its participation in the national fleet, which reinforces the contribution 
of vehicles in the transport of last-mile cargo. 

 
The incentives not only increase the participation of EVs, but they also increase confidence in them, which decreases 
the sales of conventional vehicles, because the transport company seeing the benefits in economic, logistical, and 
environmental terms of the electric technology will not have resources in the conventional technology. This would 
benefit nations in reducing PM emissions and mitigating climate change, considering the international commitments 
acquired on this issue. In this feedback loop, the acquisition of EVs is reinforced, whenever incentives are considered. 

 
B2: The variables that contain this loop are political pressure, incentives for the electrification of last mile transport, 
subsidized electric vehicle price, conventional vehicle sales, conventional vehicles, particulate matter emissions, and 
social dissatisfaction with the consequences of particulate matter emissions. In this loop in case there are no incentives 
that promote the electrification of last-mile freight transport and reduce the cost of EVs, the total price will be assumed 
by the buyer. However, since the prices of the vehicles are so high concerning a conventional one, without the 
incentives, buyers will prefer to buy a conventional vehicle to increase their participation in the total fleet. This 
increases PM emissions, which starts again the social disagreements that generate social pressures and that encourage 
the creation of incentives that benefit the energy transition in transport. In any case, it is evident which incentives are 
a determining variable for the promotion of EVs or the increase in sales of conventional vehicles. 

 
Worldwide, countries are incorporating electric vehicles to meet the demand for last-mile cargo transport, in the 
literature review process we were able to evidence the following (Allen et al., 2018; Croci et al., 2021; Ehrler et al., 
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2021; Feng & Figliozzi, 2013; Settey et al., 2021), the experiences reflected in these were taken to validate the 
variables and conditioning factors reflected in the causal diagram. 
 
5. Conclusion 
Transport is causing problems in urban areas, particularly freight transport, because online sales and globalization 
have increased because of the dynamism of societies. This, in turn, leads to new trends in freight transport and it is 
expected that more goods will be delivered shortly. Most of the goods delivered end up in city centers, considering 
that last-mile logistics is the least efficient stage of the supply chain, improving last-mile logistics and a significant 
reduction in externalities are issues of great relevance. 

 
Driven by commitments, interests, new laws, and regulations on greenhouse gas emissions, transporters are starting 
to use electric vehicles for last-mile deliveries. However, this migration to EVs has a series of challenges and 
difficulties, such as the cost of vehicles, the absence of recharging infrastructure, the storage capacity of batteries, the 
lack of incentives to promote the importation and purchase of EVs. EVs, among others. 

 
For the development of this document, from the review of literature, statements were identified that allowed the 
constitution of causal relationships, which were included in a causal diagram that systemically expresses the situation 
studied. When conducting the analysis, we identified that tax incentives condition the increase in sales of both electric 
and conventional vehicles, given that the existence of incentives that reduce the cost of EVs promotes their sale 
because it decreases the value to be financed by the buyer, while that if there are no incentives for EVs, transport 
companies will prefer to purchase conventional vehicles. Given that last mile transportation will continue to increase 
significantly, governments must promote the necessary incentives, both tax, and non-tax, to indirectly reduce 
emissions and diversify the basket of the transportation sector. 
 
As future work, we intended to bring the causal diagram built to a System Dynamics model with simulations that allows 
evaluating different scenarios. 
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