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12.1  Introduction

Last mile delivery is the movement of products from a warehouse or store to their 
final delivery points, most commonly residential locations. One of the largest and 
growing components of last mile delivery operations is parcel delivery. The total 
volume of the parcel delivery market in the United States was 14.8 billion packages 
in 2018 [1], with the United Parcel Service (UPS) having the largest market share at 
5.2 billion shipped packages [2].

E-commerce is a major contributor to the global parcel delivery market and is 
one of the fastest growing business sectors in the world. Retail e-commerce rev-
enue is expected to rise to $6.5 trillion in the world and to $565 billion in the 
United States by 2023 [3, 4]. The number of packages shipped increases along 
with revenue growth. Amazon alone, which accounts for about 49 percent of all 
e-commerce in the United States [5], shipped more than 5 billion items to its 
Prime customers in 2017 [6] and delivered more than 3.5 billion packages through 
its own delivery network in 2019, almost half of its total number of shipped pack-
ages [2]. The size of the last mile delivery market increases rapidly as the share of 
e-commerce in the whole retail industry continues to grow and new contributors 
to last mile logistics activities, such as food and grocery deliveries, that rely on the 
same last mile infrastructure emerge. It is thus a vital matter for many businesses to 
manage last mile operations efficiently.

Last mile delivery related costs are estimated to reach up to 53 percent of total 
delivery costs [7]. There are several factors that make last mile delivery operations 
challenging and more expensive than the other parts of the delivery journey. One 
factor is that last mile delivery generally takes place within urban areas where the 
speed limit is lower and there is more traffic congestion. Hence more vehicles are 
required to deliver parcels by their due time. Furthermore, while multiple and 
cheaper transportation modes, such as those using railroads and waterways, are usu-
ally available for intercity logistics, mostly the only available mode for last mile 
delivery in an urban area is road transportation.
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Meanwhile, the size and number of urban areas also keep growing. By 2030 the 
number of megacities, which are cities with a population of 10 million or more, is 
expected to rise to 41 [8]. High population density in cities leads to increased trans-
portation activity and high emissions, as more people and packages travel. In 2017, 
the transportation sector was the largest contributor to greenhouse gas emissions 
production by generating 28.9 percent of greenhouse gas emissions in the United 
States [9]; Figure 12.1 compares sectors with high emissions.

In general, objectives regarding increasing efficiency and reducing negative exter-
nalities may contradict each other. Furthermore, unexpected externalities, such 
as due to changing consumer behavior, may result from policy and/or operational 
changes leading to outcomes that are the exact opposites of the originally intended 
ones. For example, traffic congestion and emissions, two negative externalities of last 
mile delivery, are among the major concerns of city administrations, because they 
reduce residents’ quality of life. Shared last mile delivery attempts to make the logis-
tics operations in urban areas more efficient and also is thought to have the poten-
tial to reduce negative externalities such as emissions by reducing the number of 
vehicles in traffic and by converting deliveries performed by trucks to crowdsourced 
cars since cars produce less emissions than trucks. However detailed analysis of some 
of these sharing-based last mile logistics systems have shown that opposite impacts 
might occur under certain city and service system characteristics. It is observed that 
in a subset of last mile logistics systems using crowdsourced drivers increases conges-
tion and emissions because the small carriage capacity of cars ends up increasing the 
number of vehicles required and the deadheaded distance to deliver all packages 
[10]. Therefore, these systems and the characteristics of the environment they exist in 
must be analyzed comprehensively and designed and operationalized in a way that 
creates a win-win-win outcome for businesses, customers, and the society.

There are different applications of crowdsourcing and sharing economy prac-
tices in last mile delivery. Since they differ from conventional business models  

Figure 12.1  U.S. greenhouse gas emissions allocated to economic sectors  
(MMT CO2 Eq.) [9].
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they introduce new system characteristics to be considered in both practice and 
research. In this chapter, we briefly introduce the existing and potential sharing 
economy business models in last mile delivery, and discuss the aspects that distin-
guish them and make their operations more complex to manage.

12.1.1  History of E-Commerce

Home shopping existed before the Internet was widely used by the public. People 
could buy products via phone calls. They could choose a product they saw in cata-
logs or TV or newspaper advertisements and order it by calling the number given. 
In 1994, around 98 million consumers made $60 billion worth of home shopping 
purchases, and almost all of the purchases was ordered through phone calls [11].

The history of e-commerce transactions and online bookstores goes back to as early 
as 1991 and 1992 when Computer Literacy Bookstores and Book Stacks Unlimited 
started selling books online through email and their websites [12]. The first item 
sold online through a secure and encrypted system using a credit card was made 
possible by Dan Kohn, a 21-year-old entrepreneur. It was the compact disc “Ten 
Summoners’ Tales” by the rock musician Sting and was sold through the website 
of Net Market Company of Nashua [13]. The transaction took place on August 11, 
1994, and it was important enough to be featured in the New York Times the next 
day [14]. In 1995, Amazon started as an online bookstore [15] and eBay (starting as 
AuctionWeb) was established as an online auction and shopping website [16].

Since 1995, many online shopping websites have opened. The revenue from 
e-commerce continues to grow as the number of people who use the Internet 
grows as shown in Figures 12.2(a) and 12.2(b). The only period e-commerce retail 
revenue did not grow significantly was 2008–2009 due to the 2008 financial crisis 
(see the GDP growth in Figure 12.2(c)). It is clear, by comparison of Figures 12.2(a) 
and 12.2(c), that even a recession could not bring a sustained halt to the growth of 
e-commerce sales; in fact, in terms of percentage of total US retail, online retail 
grew during the recession [17].

12.1.2  History of Algorithmic Research for Optimizing Last  
Mile Delivery Operations

One of the earliest challenges of last mile delivery operations was faced by traveling 
salesmen, as they had to determine the order of visitation of potential customers’ 
homes or towns, often taking into account the products that they carried and the 
expected demand at each location. Peddlers have existed for more than 2000 years 
[21]. After loading products, such as toiletries, clothing, and accessories, on their 
pack animals, or in vehicles in recent times, they travelled in one trip to several 
towns and villages to sell them. Both for the peddlers and the modern travelling 
salesman, efficiency often is equal to minimizing the cost of travel, which usually 
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Figure 12.2  (a) E-commerce retail sales in the United States between 2002 and 2018 [17], 
(b) percentage of adults who use the Internet in the United States between 2000 and 

2018 [18], (c) GDP growth in the United States between 2000 and 2018 [19], and (d) the 
number of mobile device owners in the United States between 2012 and 2018 [20] (d)

incorporates multiple components, such as energy and vehicle depreciation costs 
that are all a function of the total distance travelled.

The famous Traveling Salesman Problem (TSP) aims to optimize a traveling sales-
man’s route. The objective of TSP is to find the sequence of customers or towns to 
be visited which has the minimum travel cost. The sequence must begin and end at 
the same location and each location must be visited exactly once. The earliest known 

https://doi.org/10.1017/9781108865630.016 Published online by Cambridge University Press

https://doi.org/10.1017/9781108865630.016


214 N. O. Duman, O. Ergun, and M. Behroozi

mention of the problem is in a handbook titled “The Traveling Salesman – how he 
should be and what he has to do to get orders and be sure of happy success in his 
business” published in 1832 [22]. The first known work on the problem by a math-
ematician goes back to Menger’s work in 1930 [23], after which the attention of many 
mathematicians was drawn to the problem [24], especially after the 1954 seminal 
work of Dantzig, Fulkerson, and Johnson [25], as discussed in [26–31]. Many varia-
tions of the problem have also been developed [32]. Nowadays, TSP is a well-studied 
problem among researchers and continues to attract the energies of both mathemati-
cians and practitioners alike due to its complex and interesting theoretical nature and 
its applicability in a wide variety of real-world problems. The methods developed to 
solve TSP are the fundamental methods for solving many combinatorial optimiza-
tion problems that aim to find the optimal solution in a countable set of solutions.

TSP was later generalized into the Vehicle Routing Problem (VRP), which first 
appeared in a paper by Dantzig and Ramser in 1959 [33] and is the most common 
form of modeling last mile delivery optimization problems. The objective of the 
VRP is to find the minimum cost assignment of orders to a fleet of homogeneous 
vehicles and delivery routes for each vehicle starting from the depot and ending at 
the depot. Since 1959, an immensely rich literature has been established for VRP 
models and the development of exact, approximation, and heuristic algorithms to 
solve them (see [34–41] for some of the early major works).

Many variants of VRP have been introduced over the years (see [42] for a detailed 
history) to reflect the changing and complex characteristics of real-world delivery oper-
ations. The most important VRP variants are obtained by changing or relaxing some of 
the assumptions such as considering multiple depots, a heterogeneous fleet of vehicles, 
allowing both pickup and delivery at the destination locations, adding time-dependent 
costs, or removing the requirement for a vehicle to return to the depot. Furthermore, 
new constraints such as delivery (or pickup) time windows and load-balancing for all 
vehicles can be added to the problem. Finally, one can use different objective func-
tions, such as minimizing fuel costs, minimizing emissions, and a combination of dif-
ferent goals to produce variants of the VRP. Mostly, these new variants of the VRP are 
proposed and then studied by researchers as a result of novel needs emerging from the 
markets by the development of new technologies or changing customer requests. For 
example, time windows, which are the time frame when a pickup or delivery operation 
must take place, are important in same day delivery; in crowdsourced delivery mod-
els, heterogenous vehicles must be considered, as drivers may have different cars; and 
time-dependent costs are common in urban mobility where the time to travel from one 
point to another point may drastically change depending on the time of day.

12.2  Sharing Economy Models in Last Mile Delivery

Digital platforms enable the interaction among different participants who supply 
or demand a set of services or products. Generally, sharing platforms themselves do 
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not offer the services or products, but only match the available supply and demand. 
Matching as a service has been around for more than three millennia [43]. However, 
large scale and rapid matching of supply and demand became available with the 
pervasiveness of the Internet and smartphones. The Internet enabled the exponen-
tial growth of digital platform economy businesses, since it lowered the entry bar-
rier by not requiring a large-scale initial investment in hard assets. Especially after 
the 2008 financial crisis, a wide variety of online platforms started services such as 
DoorDash, Uber, TaskRabbit, and AirBnB. The growth of online platforms was also 
accelerated as smartphones became widespread and the development of mobile 
technologies and applications accelerated (Figure 12.2d).

Currently in shared last mile delivery, many businesses operate with different 
sharing models. In the following, we categorize different business models that cur-
rently exist or are being discussed as options for the near future.

12.2.1  Crowdsourced Delivery

Crowdsourced delivery platforms do not perform shipments with their own dedi-
cated vehicle fleets or professional drivers. Individual drivers join these platforms as 
independent contractors, commonly after a security background check, and deliver 
the packages to customers using their own vehicles. In many platforms, crowd-
sourced drivers have different levels of flexibility in choosing when to start and stop 
working.

The landscape of last mile delivery platforms evolved over time. Different plat-
forms, past and present, such as Deliv, GoShare, Instacart, GrubHub, and Postmates, 
provide last mile delivery using crowdsourced drivers for different types of products 
such as parcels, groceries, and meals. Furthermore, while some platforms focus on 
delivery of one type of product, others deliver multiple types. The type of product 
delivered impacts the constraints of service. For example, some groceries must be 
carried in cold boxes to prevent spoilage and must be delivered rapidly, while parcel 
delivery may have a longer delivery time period and can be heavier or bulkier.

Sharing economy delivery platforms also differ in terms of how they match deliv-
ery orders and drivers. Some platforms post the delivery orders with origin, destina-
tion, and earnings information. Drivers login to these platforms, check the posted 
orders, and can select the orders that they would like to complete. Other platforms 
perform the matching themselves given the availability of the drivers and time win-
dows of the orders. They assign the orders to drivers so as to maximize the platform’s 
profit. Afterwards, drivers can choose to accept the order or refuse it. Furthermore, 
some of these platforms only make the assignment and leave the delivery sequence 
up to drivers, while others generate efficient delivery routes and ask drivers to follow 
these routes. All of these supply–demand matching strategies, complemented with 
different pricing mechanisms, create digital marketplaces with different character-
istics and externalities.
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It is commonly believed that crowdsourced drivers provide greater flexibility for 
delivery companies compared to a dedicated fleet of vehicles, because the driver 
pool can be adjusted to meet service demand dynamically and with lower costs. 
However, since crowdsourced drivers are currently not full-time employees, they 
usually are less stable and predictable, which introduces a high level of uncertainty 
in workforce and capacity planning. Additionally, crowdsourced driver performance 
is generally observed to be worse compared to delivery employees of the platform, 
as the latter have more experience with the business and its customers.1 Reputation2 
mechanisms and other incentives are designed to encourage crowdsourced driv-
ers to display more stable behavior and deliver services with an eye towards higher 
customer satisfaction.

From an optimization perspective, the crowdsourced delivery problem builds 
upon the rich body of VRP literature; see [44] for an overview. In addition, recent 
studies have focused on the optimization of crowdsourced delivery systems, the 
challenge of finding the right balance with respect to the above-mentioned crite-
ria, and the design of appropriate incentives [45, 46–48]. However, many questions 
related to market design and comprehensive optimization of crowdsourced delivery 
platforms, including externalities, still remain open.

12.2.2  Shared Urban Distribution Centers

Urban distribution centers are facilities that are designed and built close to city 
centers to efficiently handle warehousing operations, such as loading and unloading 
trucks and sorting packages, as well as cross-docking operations. Their objective is 
to reduce last mile delivery mileage and fuel consumption and benefit from econo-
mies of scale by pooling deliveries into larger vehicles at the urban distribution 
centers. While it is generally believed that delivery operations using urban distribu-
tion centers benefit both delivery companies by reducing their costs and the gen-
eral public by reducing pollution and traffic congestion, comprehensive analyses of 
these systems sometimes point to a net negative impact depending on the character-
istics of the demand and the urban area.3

In operational models that use a shared urban distribution center, larger trucks 
bring packages from different companies’ warehouses to an urban distribution cen-
ter. After sorting the packages according to their destinations, packages are loaded 
to usually smaller vehicles and delivered to customers. At this stage, as an additional 
benefit of shared distribution centers, orders from multiple companies can be deliv-
ered by the same vehicle. Urban distribution centers have multiple docks to load 
and unload the delivery trucks which reduces the truck queue as the operations can 

	1	 Also see Chapter 6.
	2	 Also see Chapter 5.
	3	 Also see Chapter 3.
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be completed in parallel. Also, these docks complete loading and unloading opera-
tions faster than most brick-and-mortar stores, as they are designed for this purpose.

Furthermore, sharing might occur at different levels among companies in the 
urban distribution centers. They can share only the floor of the building which 
would increase the space utilization and could reduce the energy consumption, as 
heating, air conditioning, and lighting could be achieved more efficiently. The par-
ticipating companies can also share some or all of the operations mentioned earlier. 
This would further increase the benefits, as the idleness of the shared machinery 
and equipment would be reduced. Additionally, a collaboration could be formed 
among the delivery companies, so that the deliveries of different companies could 
be pooled together, and better routes could be formed in terms of cost efficiency, 
traffic congestion, and emission production.

On the other hand, convincing e-commerce and/or delivery companies to partici-
pate in an urban distribution center is a challenge. The competition among these 
companies may prevent them from joining a collaborative system. They must be 
assured that benefits will be greater than costs. Several related problems regarding 
stable sharing of distribution centers, such as costing, space allocation, and delivery 
scheduling are discussed in [49–51].

12.2.3  Pickup Lockers

Pickup lockers are secure delivery locations similar to post office (PO) boxes. 
Generally, however PO boxes are rented for a long time period, whereas lockers 
are assigned to deliveries for a short time, mostly up to a few days. For this reason, 
lockers are typically shared by customers. Companies, such as GoLocker, Neopost, 
and Amazon Locker, currently utilize pickup or product return lockers in their last 
mile delivery operations.

To use locker delivery service, a customer would choose a pickup location as the 
delivery address. The delivery company ships the package to this pickup location. 
When the package is placed into a locker, the customer receives a one-time pass-
code that is used to open the locker which contains the order. After the customer 
picks up the packages, the locker is assigned to other deliveries.

Pickup lockers provide benefits for both delivery companies and customers. For 
customers, a locker station is a secure place to receive their packages in case they do 
not have a safe area, such as a lobby, in their building. Also, customers do not have 
to wait at home for delivery since they can pick up their packages from the locker 
anytime they want. For delivery companies, the locker delivery may reduce costs, 
since multiple deliveries are expected to be consolidated if their destination is the 
same locker location. Additionally, drivers avoid delivery problems, such as a wrong 
address, since the lockers are at known locations.

Pickup locker stations must be designed so that they are an attractive option for 
consumers. For example, the station must be user friendly and close to areas that 
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customers visit frequently. Additionally, incentivizing customers, for example by 
providing discounts to encourage consumers to use the service, may increase both 
the cost and environmental benefits. Designing incentive schemes that consider 
several factors, such as demand and geographical area characteristics, for each cus-
tomer dynamically may amplify these benefits. Hence system-wide analysis of all 
benefits and costs for these shared locker model must be made carefully to inform 
its design and operations. Comparatively, this area in last mile delivery systems has 
been studied less completely (see, for example, [52–54]).

12.2.4  Autonomous Vehicles

Autonomous vehicles (AVs) including self-driving cars, automated guided vehicles 
(AGVs), and unmanned aerial vehicles (drones) may release a big potential in last 
mile delivery operations. There are several AV brands that are working to produce 
autonomous vehicles that can follow a given route without human input along the 
way or be guided by an operator in a semi-automated manner. Currently no AVs are 
fully autonomous, because such vehicles still require human supervision to prevent 
accidents when unexpected events occur.

Development and commercial availability of fully autonomous vehicles in the 
future will open up the possibility for owners of AVs both to make personal use of 
them and share them with delivery companies. A future scenario could include 
people going to work with their AVs and then, while they are at work, allowing 
those AVs to be used by last mile delivery platforms. In a more advanced scenario, 
AVs could communicate and choose their paths so that traffic congestion could 
be reduced. Such future sharing of AVs can significantly reduce the idle hours of 
vehicles sitting in parking lots, while also benefiting the public and environment, 
as fewer vehicles would be required to achieve both urban mobility and freight 
transport.

Similar to AV sharing, and in the much nearer future, drones could be shared 
between their owners and delivery companies. When owners are not using their 
drones, they can lend them to make deliveries. Currently, one of the limitations of 
personal drones is their small size, which constrains delivery capacity and allows 
only small parcels to delivered. Also, personal drones currently have batteries that 
are much smaller compared to commercial drones, thus reducing their delivery 
radius. This poses a significant problem especially in cities with tall buildings, 
where drones cannot fly in a straight line.

Autonomous vehicles can transport packages between locations, but a system to 
load and unload packages to and from AVs is also required in a last mile logistics 
operation. An automated system to handle loading to different brands of vehicles, as 
might be the case in a shared AV system, might be hard to develop in the near future. 
Additionally, customers might need to be present for delivery, as there will be no one 
to pick up a package from the AV and deliver it to them. A customer picking up a 
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wrong package can cause significant problems. Therefore, the safest approach cur-
rently could be distributing packages one at a time on an AV, which would increase 
inefficiency and potentially the resulting energy use and pollution of the operations. 
Incorporating both system optimality and energy usage in operational models may 
help mitigate the side effects of using autonomous vehicles (see [55].

12.2.5  Public Transportation for Package Delivery

In most cities public transportation network capacities are designed to handle a sig-
nificant portion of the rush hour commuter needs. However, this causes the public 
transportation network to have a high idle capacity during long stretches of the day. 
This idle capacity during low volume hours could be used for last mile delivery, 
which in turn would reduce the number of vehicles in traffic, especially in the most 
congested parts of the cities. For example, instead of sending additional vehicles to 
downtown areas to pick up or deliver packages, last mile delivery operations could 
utilize the existing public transportation networks in similar ways as described in sev-
eral studies [56–59]. Synergistic usage of public transport for package delivery could 
also produce extra revenue for the public transportation authority of an urban area, 
which in turn can be invested in infrastructure, benefitting the general population.

Public transportation vehicles, such as buses, trams and subways, are designed to 
carry people and not packages. To use them to deliver packages, operational strate-
gies must be developed and required tools must be deployed at the stops for load-
ing and unloading operations. This would require a high initial installation cost. 
Furthermore, loading and unloading operations would increase time spent at stops, 
thereby extending travel times. A small tail car designated for carrying packages 
that can be automatically and quickly removed and replaced at specific stations is 
a possibility for carrying packages in and out of highly congested areas using public 
transportation. Additionally, not all customers might be willing to come to pick up 
their orders. Therefore, a system to distribute packages from the stops to custom-
ers’ houses could complement such a system. An alternative approach, that may 
be ideal for certain types of customers and packages, could be to combine public 
transport of packages with delivery lockers at metro stations. This way customers 
could pick up their packages at their local stations, perhaps at the end of the day 
on their way home.

12.3  Sharing Economy Platforms vs. 
Conventional Business Models

Sharing platforms and conventional last mile delivery businesses differ in several 
ways, including workforce, competition, structure of their corresponding markets, 
and the externalities that may arise as a result of their operations. In this section we 
discuss these differences.
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12.3.1  Workforce

Conventional delivery companies have dedicated and professional drivers to deliver 
packages. Since these drivers are traditionally also full-time employees, they have 
certain benefits which may include health insurance, paid sick leave, and retire-
ment plans. In crowdsourced delivery businesses, generally drivers do not have such 
benefits, as they are categorized as independent contractors and not as employees, 
which continues to be a subject of many heated debates and regulatory initiatives 
from a labor perspective [60].4

From an operational perspective, although professional drivers have responsibili-
ties regarding the use of the instruments and vehicles given to them, their employers 
take care of the cost and planning of insurance and maintenance of these instru-
ments and vehicles. However, crowdsourced drivers have to manage these issues 
because they use their own equipment and vehicles.

Furthermore, traditional delivery companies have well-established procedures for 
making deliveries. The decisions on package sorting, loading, and delivery routing are 
mostly made by specialized professionals or software packages following established 
procedures. In these traditional business models, drivers have little freedom or flex-
ibility on how to perform these operational processes. Their work shifts may also not 
be as flexible. In contrast, crowdsourced drivers working as independent contractors 
are thought to have more freedom of choice on these operational issues. Depending 
on the platform, they can decide when to work, which deliveries to accept, and how 
to route their journey. While there appears to be more freedom for an independent 
contractor, in many situations these drivers’ actions are also restricted through rules 
or incentive mechanisms. For example, drivers might be held responsible for late or 
missed deliveries if they occur because of drivers’ actions. In some cases, the flexibili-
ties given to crowdsourced drivers are increasing as platform companies are reacting 
to recent regulatory efforts and trying to fortify the often-blurred boundary between 
the definition of a worker and an independent contractor [61].

In traditional delivery companies, the fluctuation in the workforce on a given 
day is very limited, as drivers must inform their employers in advance if they cannot 
work on a day and this does not occur frequently. As a result, the delivery capacity 
on a given day is known in advance, which allows for better operational planning of 
deliveries. However, crowdsourced drivers may choose not to work and do not even 
have to inform the company in advance. These conditions create a high degree of 
uncertainty, which leads to higher operational costs.

12.3.2  Competition

Traditional businesses mostly compete with others in the same business sector. For 
example, parcel delivery companies compete with other parcel delivery businesses 

	4	 Also see Chapter 6.
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and not with taxi companies. However, crowdsourced last mile delivery companies 
must compete with crowdsourced urban mobility companies as well as other crowd-
sourced delivery companies, because drivers can choose to work for any of these busi-
nesses as independent contractors. Drivers can check multiple platforms at the same 
time while sitting in their cars and pick the offer with the best payment and/or work 
conditions from all the platforms they have joined. Drivers can simply switch from a 
parcel delivery platform to a ride-sharing platform as soon as they complete an order.

Although payment is an important factor for drivers in choosing among platforms, 
there are other factors to be considered. A driver might be indifferent to small changes 
in earnings depending on other features of the platforms. For example, if a driver pre-
fers to socialize while driving, it is more likely that they will choose a mobility platform 
even though a delivery platform might be offering higher earnings. Level of freedom 
of choice (orders being assigned by the platform vs ability to choose orders), pressure 
from the platform (receiving frequent calls/texts to induce fast delivery), and incentives 
offered by the platform are among possible factors that might impact drivers’ decisions.

The factors that impact drivers’ choice of platform and their performance must 
be explored. These factors are important as they impact the loyalty of a driver to a 
platform and their dedication to providing quality service to the customers of the plat-
form. Additionally, incentive schemes for the drivers can be developed. The incen-
tives can be customized for each driver according to their individual preferences. 
Individualized incentives can improve drivers’ job performance and happiness.

Most platforms do not offer employment benefits to crowdsourced drivers. 
However, recently Deliv started to offer full time benefits, such as retirement plans 
and health coverage, to its drivers in California [62]. While this decision by Deliv 
was taken partly in anticipation of CA AB5 regulation [60], Deliv also believed that 
converting to a full-time employee model might improve service quality and reduce 
operational costs as well as attract and keep high-performing drivers since offering 
these benefits provides a bargaining leverage for drivers against other platforms. In 
a similar recent move, Uber announced that it will consider paying healthcare ben-
efits to workers proportionate to the number of hours they work [63].

Alternatively, multiple platforms might collaborate instead of competing with 
each other. For example, a mobility and a delivery platform can collaborate to 
share their driver pool, and the platform with low demand can transfer some of its 
drivers to the other one with high demand. However, formation of such collabora-
tions must be regulated and watched carefully in order to prevent the emergence of 
monopolies or trusts and to ensure drivers are not harmed as a result.

12.3.3  Market Structure

In order to survive in the harshly competitive environment, platforms need to have 
a certain level of demand and supply in their systems and a continuous dynamic 
balance between the two must be kept. Dynamic matching of supply and demand 
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in sharing platforms has been a very active research area in recent years [45, 64–66]. 
For crowdsourced delivery platforms, if there are not enough drivers at any given 
time, the orders in the systems will end up not being delivered on time or get can-
celed, increasing the risk of customers switching to another platform. On the other 
hand, if there are not enough orders in the system, drivers will not have enough work 
to do resulting in low earnings that incentivize them to switch to another platform.

Combined with the dynamic competition for labor, having to match supply to 
demand dynamically leads platforms to develop complex pricing policies. Reducing 
service prices is an effective method for competing for demand. However, this con-
tributes to the major problem of unprofitability experienced by most platform-based 
businesses [67, 68]. Moreover, if the platform lowers prices too much, its drivers might 
switch to other platforms. This might in turn result in unsatisfied customers who might 
also leave. On the other hand, surge pricing, in which prices are increased at times of 
high demand and low supply, could instigate gaming behavior by the drivers (such as 
turning their apps off to generate “low supply”). Setting the prices to achieve an equilib-
rium for both supply and demand is a very challenging problem. While the gold stan-
dard in two-sided markets is to develop a dynamic pricing policy that balances supply 
and demand and drives desired customer and driver behaviors, the adaptive behavior 
of stakeholders and the continuously changing environment make this a moving target. 
Additionally, in principle, establishing good and clear communication with both sides 
of the market about the nature of the pricing policies might provide further benefits, as 
behaviors of customers and drivers can be shifted to a desired setting.

12.3.4  Social and Economic Externalities

Shared delivery platforms have the potential to reduce negative externalities, such 
as pollution and congestion. They can reduce the number of vehicles operating or 
the distance travelled. For example, the use of urban distribution centers can reduce 
distance travelled by increasing truck capacity utilization and integrating public 
transportation. Similarly, freight transportation networks can reduce the number of 
vehicles in traffic, especially in congested areas of the city.

However, simple implementations that do not consider all impacts and that lack 
necessary adjustments to the local needs of urban areas have led shared delivery 
systems to produce negative externalities in recent years [69]. For example, as dis-
cussed previously, crowdsourced delivery cars could be expected to reduce pollu-
tion and congestion because they produce less emissions than delivery trucks and 
delivery trucks are required to return to company parking lots, thereby increasing 
the distances driven. However, cars are smaller and cannot deliver as many items as 
trucks. Therefore, more cars are required to complete all deliveries than trucks, and 
this in turn may produce just as much or more congestion and pollution.

Innovative solutions and strategies are required to reduce the potential negative 
externalities of shared delivery systems (see [69, 70] for the literature on such strategies). 
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For instance, self-driving cars (that might also be electric) and drones can be used for 
deliveries (or mobility) when they are not used by their owners. This might reduce the 
number of vehicles in a city which can lighten the traffic congestion and pollution. 
However, some people might buy autonomous cars only to produce revenue for them-
selves. Such a pattern may increase both congestion and pollution in a city.5

12.4  Conclusion

Crowdsourcing and shared delivery platforms are among possible solutions which 
might help to reduce the externalities. They can reduce traffic congestion and 
pollution by decreasing miles travelled and the number of vehicles in the traffic. 
Moreover, they can provide additional income opportunities and improve the sense 
of community. On the other hand, large-scale sharing platforms are relatively new, 
growing with the speed of internet and mobile technologies. They have many differ-
ences with classical business models because they require a level of collaboration of 
participants to provide benefits for all involved parties. As a result, many questions 
arise on how to implement and operate these platforms.

To achieve significant benefits from the shared last mile delivery applications 
for the society, environment, and participating companies, each business model 
must be analyzed as a system, considering all of its unique set of challenges 
and impacts. The analyses should take all stakeholders, such as employees, city 
administrations, and residents, and the interactions among them into account. 
Additionally, multiple business models should be assessed together. For example, 
public transportation can be used to bring packages to urban distribution centers 
from a company’s warehouse, and after the sorting operations, they can be deliv-
ered to customers by crowdsourced drivers. Although creating and maintaining 
such a large collaboration among multiple companies would be very complex, 
this kind of synergy can amplify the overall benefits in the last mile delivery 
ecosystem.

References

[1]	 Statista. (2019) “Number of Parcels Distributed Worldwide from 2015 to 
2020, by Sector.” Statista, November 27. www.statista.com/statistics/737418/
parcel-traffic-worldwide-by-sector/

[2]	 Del Rey, Jason. (2019) “Amazon’s New Area of Domination: Its Own Package Delivery.” 
Vox, December 19. www.vox.com/recode/2019/12/19/21029932/amazon-logistics-delivery-
network-fedex-ups-usps

[3]	 eMarketer. (2018) “Retail E-commerce Sales Worldwide from 2014 to 2025 (in Billion 
U.S. Dollars).” Statista, Statista Inc., 14 Mar, www.statista.com/statistics/379046/
worldwide-retail-e-commerce-sales/

	5	 Also see Chapter 3.

https://doi.org/10.1017/9781108865630.016 Published online by Cambridge University Press

http://www.statista.com/statistics/737418/parcel-traffic-worldwide-by-sector/
http://www.vox.com/recode/2019/12/19/21029932/amazon-logistics-delivery-network-fedex-ups-usps
http://www.vox.com/recode/2019/12/19/21029932/amazon-logistics-delivery-network-fedex-ups-usps
http://www.statista.com/statistics/379046/worldwide-retail-e-commerce-sales/
http://www.statista.com/statistics/737418/parcel-traffic-worldwide-by-sector/
http://www.statista.com/statistics/379046/worldwide-retail-e-commerce-sales/
https://doi.org/10.1017/9781108865630.016


224 N. O. Duman, O. Ergun, and M. Behroozi

	[4]	 Statista. (2018) “Retail E-commerce Revenue in the United States from 2017 to 2025.” 
Statista., www.statista.com/statistics/272391/us-retail-e-commerce-sales-forecast/

	[5]	 Lunden, Ingrid. (2018) “Amazon’s Share of the US E-commerce Market is Now 49%, 
or 5% of all Retail Spend.” TechCrunch, July 13. https://techcrunch.com/2018/07/13/
amazons-share-of-the-us-e-commerce-market-is-now-49-or-5-of-all-retail-spend/

	[6]	 BusinessWire (2018) “Amazons Best of Prime 2017 Reveals the Year’s Biggest Trends: 
More than 5 Billion Items Shipped with Prime in 2017.” www.businesswire.com/news/
home/20180102005390/en/

	[7]	 Dolan, Shelagh. (2018) “The Challenges of Last Mile Logistics and the Tech Solutions 
Cutting Costs in the Final Mile.” Business Insider, May 10. www.businessinsider.com/
last-mile-delivery-shipping-explained.

	[8]	 OECD (2015) The Metropolitan Century: Understanding Urbanisation and its 
Consequences, OECD Publishing, Paris, https://doi.org/10.1787/9789264228733-en.

	[9]	 U.S. Environmental Protection Agency. (2019). “Inventory of U.S. Greenhouse Gas 
Emissions and Sinks 1990–2017 (Report No. EPA 430-R-19-001).” www.epa.gov/sites/ 
production/files/2019-04/documents/us-ghg-inventory-2019-main-text.pdf

[10]	 Qi, Wei, L. Li, S. Liu, and Z.-J. Shen (2018) “Shared mobility for Last-Mile Delivery: 
Design, Operational Prescriptions, and Environmental Impact.” Manufacturing & 
Service Operations Management 20.4: 737–751.

[11]	 Tuttle, Brad. (2014) “8 Amazing Things People Said When Online Shopping Was Born 
20 Years Ago.” Money. http://money.com/money/3108995/online-shopping-history-
anniversary/

[12]	 Van Schewick, Barbara. (2012) Internet Architecture and Innovation. MIT Press, 477.
[13]	 Arcand, Rob. (2019)” The Story of the Very First Thing Securely Sold on the Inter-

net.” August 14. Vice. www.vice.com/en_us/article/bjwxzd/the-first-thing-sold-online-
was-a-sting-cd

[14]	 Lewis, Peter H. (1994) “Attention Shoppers: Internet is Open.” The New York Times, August 
12. www.nytimes.com/1994/08/12/business/attention-shoppers-internet-is-open.html

[15]	 Funding Universe. (n.d.) “Amazon.com, Inc. History, www.fundinguniverse.com/
company-histories/amazon-com-inc-history/

[16]	 eBay. (n.d.) “Our History,” eBay. www.ebayinc.com/company/our-history/
[17]	 US Census Bureau. (2019) “Quarterly E-commerce Report Historical Data.” Data. 

www.census.gov/retail/ecommerce/historic_releases.html
[18]	 Pew Research Center. (1996) “Internet/Broadband Fact Sheet.” Pew Research Center: 

Internet, Science & Tech., June 12. www.pewinternet.org/fact-sheet/internet-broadband/
[19]	 The World Bank. (2019) “GDP Growth (Annual%) – United States.” Data data.world-

bank.org/indicator/NY.GDP.MKTP.KD.ZG?locations=US
[20]	 Pew Research Center. (2019)“Demographics of Mobile Device Ownership and Adoption 

in the United States.” Pew Research Center: Internet, Science & Tech, June 12. www 
.pewinternet.org/fact-sheet/mobile/

[21]	 Friedman, Hershey H. (1984) “Ancient Marketing Practices: The View from Talmudic 
Times.” Journal of Public Policy & Marketing 3.1: 194–204.

[22]	 Voigt, B. F. (1831). Der Handlungsreisende, wie er sein soll und was er zu thun hat, um 
Aufträge zu erhalten und eines glücklichen Erfolgs in seinen Geschäften gewiss zu sein. 
Commis-Voageur, Ilmenau.

[23]	 K. Menger. (1930) Untersuchungen über allgemeine Metrik. Vierte Untersuchung. Zur 
Metrik der Kurven, Mathematische Annalen 103: 466–501.

[24]	 Schrijver, Alexander. (2005) “On the History of Combinatorial Optimization (’Till 
1960).” Handbooks in Operations Research and Management Science 12: 1–68.

https://doi.org/10.1017/9781108865630.016 Published online by Cambridge University Press

http://www.statista.com/statistics/272391/us-retail-e-commerce-sales-forecast/
https://techcrunch.com/2018/07/13/amazons-share-of-the-us-e-commerce-market-is-now-49-or-5-of-all-retail-spend/
http://www.businesswire.com/news/home/20180102005390/en/
http://www.businessinsider.com/last-mile-delivery-shipping-explained
https://doi.org/10.1787/9789264228733-en
http://www.epa.gov/sites/production/files/2019-04/documents/us-ghg-inventory-2019-main-text.pdf
http://money.com/money/3108995/online-shopping-history-anniversary/
http://www.vice.com/en_us/article/bjwxzd/the-first-thing-sold-online-was-a-sting-cd
http://www.vice.com/en_us/article/bjwxzd/the-first-thing-sold-online-was-a-sting-cd
http://www.nytimes.com/1994/08/12/business/attention-shoppers-internet-is-open.html
http://www.fundinguniverse.com/company-histories/amazon-com-inc-history/
http://www.ebayinc.com/company/our-history/
http://www.census.gov/retail/ecommerce/historic_releases.html
http://www.pewinternet.org/fact-sheet/internet-broadband/
https://techcrunch.com/2018/07/13/amazons-share-of-the-us-e-commerce-market-is-now-49-or-5-of-all-retail-spend/
http://www.businesswire.com/news/home/20180102005390/en/
http://www.businessinsider.com/last-mile-delivery-shipping-explained
http://www.epa.gov/sites/production/files/2019-04/documents/us-ghg-inventory-2019-main-text.pdf
http://money.com/money/3108995/online-shopping-history-anniversary/
http://www.fundinguniverse.com/company-histories/amazon-com-inc-history/
http://www.pewinternet.org/fact-sheet/mobile/
http://www.pewinternet.org/fact-sheet/mobile/
https://www.Amazon.com
https://data.world-bank.org/indicator/NY.GDP.MKTP.KD.ZG?locations=US
https://data.world-bank.org/indicator/NY.GDP.MKTP.KD.ZG?locations=US
https://doi.org/10.1017/9781108865630.016


225Shared Last Mile Delivery

[25]	 Dantzig, George, Ray Fulkerson, and Selmer Johnson. (1954) “Solution of a Large-Scale 
Traveling-Salesman Problem.” Journal of the Operations Research Society of America 
2.4: 393–410.

[26]	 Little, John D. C., Katta G. Murty, Dura W. Sweeney, and Caroline Karel. (1963) “An 
Algorithm for the Traveling Salesman Problem.” Operations Research 11.6: 972–989.

[27]	 Miliotis, Panayotis. (1975) “Combining Cutting-Plane and Branch-and-Bound Methods 
to Solve Integer Programming Problems: Applications to the Travelling Salesman Problem 
and the l-Matching Problem.” PhD diss., London School of Economics and Political 
Science (University of London).

[28]	 Miliotis, P. (1976) “Integer Programming Approaches to the Travelling Salesman 
Problem.” Mathematical Programming 101: 367–378.

[29]	 Miliotis, P. (1978) “Using Cutting Planes to Solve the Symmetric Travelling Salesman 
Problem.” Mathematical Programming 15.1: 177–188.

[30]	 Padberg, Manfred W. and Saman Hong. (1980) “On the Symmetric Travelling 
Salesman Problem: A Computational Study.” In M. W. Padberg, ed., Combinatorial 
Optimization, pp. 78–107. Springer, Berlin, Heidelberg.

[31]	 Naddef, Denis and Giovanni Rinaldi. (1991) “The Symmetric Traveling Salesman 
Polytope and its Graphical Relaxation: Composition of Valid Inequalities.” Mathematical 
Programming 51.1–3: 359–400.

[32]	 Gutin, Gregory and Abraham P. Punnen, eds. (2006) The Traveling Salesman Problem 
and its Variations. Vol. 12. Springer Science & Business Media, Berlin.

[33]	 Dantzig, George B. and John H. Ramser. (1959) “The Truck Dispatching Problem.” 
Management Science 6.1: 80–91.

[34]	 Balinski, Michel L. and Richard E. Quandt. (1964) “On an Integer Program for a 
Delivery Problem.” Operations Research 12.2: 300–304.

[35]	 Christofides, Nicos. (1976) “The Vehicle Routing Problem.” Revue française d’automatique, 
informatique, recherche opérationnelle. Recherche opérationnelle 10.V1: 55–70.

[36]	 Laporte, Gilbert and Yves Nobert. (1983) “A Branch and Bound Algorithm for the 
Capacitated Vehicle Routing Problem.” Operations-Research-Spektrum 5.2: 77–85.

[37]	 Laporte, Gilbert, Yves Nobert, and Martin Desrochers. (1985) “Optimal Routing Under 
Capacity and Distance Restrictions.” Operations Research 33.5: 1050–1073.

[38]	 Clarke, Geoff and John W. Wright. (1964) “Scheduling of Vehicles from a Central 
Depot to a Number of Delivery Points.” Operations Research 12.4: 568–581.

[39]	 Gillett, Billy E. and Leland R. Miller. (1974) “A Heuristic Algorithm for the Vehicle-
Dispatch Problem.” Operations Research 22.2: 340–349.

[40]	 Fisher, Marshall L. and Ramchandran Jaikumar. (1981) “A Generalized Assignment 
Heuristic for Vehicle Routing.” Networks 11.2: 109–124.

[41]	 Solomon, Marius M. (1987) “Algorithms for the Vehicle Routing and Scheduling 
Problems With Time Window Constraints.” Operations Research 35.2: 254–265.

[42]	 Laporte, Gilbert. (2009) “Fifty Years of Vehicle Routing.” Transportation Science 43.4: 
408–416.

[43]	 Evans, David S. and Richard Schmalensee. (2016) Matchmakers: The New Economics of 
Multisided Platforms. Harvard Business Review Press.

[44]	 Berbeglia, Gerardo, Jean-François Cordeau, Irina Gribkovskaia, and Gilbert Laporte. 
(2007) “Static Pickup and Delivery Problems: A Classification Scheme and Survey.” 
Top 15.1: 1–31.

[45]	 Arslan, Alp M., Niels Agatz, Leo Kroon, and Rob Zuidwijk. (2019) “Crowdsourced 
Delivery – A Dynamic Pickup and Delivery Problem with Ad Hoc Drivers.” 
Transportation Science 53.1: 222–235.

https://doi.org/10.1017/9781108865630.016 Published online by Cambridge University Press

https://doi.org/10.1017/9781108865630.016


226 N. O. Duman, O. Ergun, and M. Behroozi

[46]	 Archetti, Claudia, Martin Savelsbergh, and M. Grazia Speranza. (2016) “The Vehicle 
Routing Problem with Occasional Drivers.” European Journal of Operational Research 
254.2: 472–480.

[47]	 Macrina, Giusy, Luigi Di Puglia Pugliese, Francesca Guerriero, and Gilbert Laporte. 
(2020) “Crowd-Shipping with Time Windows and Transshipment Nodes.” Computers 
& Operations Research 113: 104806.

[48]	 Torres, Fabian, Michel Gendreau, and Walter Rei. (2021) “Vehicle Routing with Stochastic 
Supply of Crowd Vehicles and Time Windows.” Transportation Science 56.3: 631–653.

[49]	 Quak, Hans and Lori Tavasszy. (2011) “Customized Solutions for Sustainable City 
Logistics: The Viability of Urban Freight Consolidation Centres.” In Jo A. E. E. Nunen, 
Paul Huijbregts, and Piet Rietveld, eds., Transitions Towards Sustainable Mobility, 
pp. 213–233. Springer, Berlin, Heidelberg.

[50]	 Van Belle, Jan, Paul Valckenaers, and Dirk Cattrysse. (2012) “Cross-Docking: State of 
the Art.” Omega 40.6: 827–846.

[51]	 Cattaruzza, Diego, Nabil Absi, Dominique Feillet, and Jesús González-Feliu. (2017) 
“Vehicle Routing Problems for City Logistics.” EURO Journal on Transportation and 
Logistics 6.1: 51–79.

[52]	 Punakivi, Mikko and Kari Tanskanen. (2002) “Increasing the Cost Efficiency of E‐fulfil-
ment Using Shared Reception Boxes.” International Journal of Retail & Distribution 
Management 30.10: 498–507.

[53]	 Iwan, Stanisław, Kinga Kijewska, and Justyna Lemke. (2016) “Analysis of Parcel Lockers’ 
Efficiency as the Last Mile Delivery Solution: The Results of the Research in Poland.” 
Transportation Research Procedia 12: 644–655.

[54]	 Ulmer, Marlin W. and Sebastian Streng. (2019) “Same-Day Delivery with Pickup 
Stations and Autonomous Vehicles.” Computers & Operations Research 108: 1–19.

[55]	 Levin, Michael W. (2017) “Congestion-Aware System Optimal Route Choice for Shared 
Autonomous Vehicles.” Transportation Research Part C: Emerging Technologies 82: 
229–247.

[56]	 Trentini, Anna and Nicolas Mahléné. (2010) “Toward a Shared Urban Transport System 
Ensuring Passengers & Goods Cohabitation.” TeMA. Journal of Land Use, Mobility and 
Environment 3.2.

[57]	 Li, Baoxiang, Dmitry Krushinsky, Hajo A. Reijers, and Tom Van Woensel. (2014) 
“The Share-a-Ride Problem: People and Parcels Sharing Taxis.” European Journal of 
Operational Research 238.1: 31–40.

[58]	 Masson, Renaud, Anna Trentini, Fabien Lehuédé, Nicolas Malhéné, Olivier Péton, 
and Houda Tlahig. (2017) “Optimization of a City Logistics Transportation System 
with Mixed Passengers and Goods.” EURO Journal on Transportation and Logistics 6.1: 
81–109.

[59]	 Mourad, Abood, Jakob Puchinger, and Tom Van Woensel. (2020) “Integrating 
Autonomous Delivery Service into a Passenger Transportation System.” International 
Journal of Production Research 59.7: 2116–2139.

[60]	Conger, Kate and Scheiber, Noam. (2019) “California Bill Makes App-Based Companies 
Treat Workers as Employees.” The New York Times September 11. www.nytimes 
.com/2019/09/11/technology/california-gig-economy-bill.html

[61]	 Paul, Kari. (2020) “Uber Changing App to Avoid Reach of California’s New Gig 
Workers Law.” The Guardian, February 7. www.theguardian.com/technology/2020/
feb/07/uber-ab5-changes-drivers-california

[62]	 Said, Carolyn. (2019) “Deliv Switching California Couriers to Employees – ‘Start of a 
Wave.’” San Francisco Chronicle, June 22.

https://doi.org/10.1017/9781108865630.016 Published online by Cambridge University Press

http://www.nytimes.com/2019/09/11/technology/california-gig-economy-bill.html
http://www.theguardian.com/technology/2020/feb/07/uber-ab5-changes-drivers-california
http://www.nytimes.com/2019/09/11/technology/california-gig-economy-bill.html
http://www.theguardian.com/technology/2020/feb/07/uber-ab5-changes-drivers-california
https://doi.org/10.1017/9781108865630.016


227Shared Last Mile Delivery

[63]	 Sonnemaker, Tyler. (2020) “Uber CEO Dara Khosrowshahi Says Drivers Should 
Receive Tiered Healthcare Benefits Based on How Many Hours They Work, and that 
the Company Would Pay for it.” Business Insider, May 8. www.businessinsider.com/
uber-ceo-dara-khosrowshahi-driver-healthcare-benefits-based-hours-worked-2020-5

[64]	 Agatz, Niels AH, Alan L. Erera, Martin W. P. Savelsbergh, and Xing Wang. (2011) 
“Dynamic Ride-Sharing: A Simulation Study in Metro Atlanta.” Transportation Research 
Part B: Methodological 45.9: 1450–1464.

[65]	 Herbawi, Wesam Mohamed and Michael Weber. (2012) “A Genetic and Insertion Heuristic 
Algorithm for Solving the Dynamic Ridematching Problem with Time Windows.” In 
T. Soule ed. Proceedings of the 14th Annual Conference on Genetic and Evolutionary 
Computation, pp. 385–392, Association for Computing Machinery, New York.

[66]	Masoud, Neda and R. Jayakrishnan. (2017) “A Decomposition Algorithm to Solve the 
Multi-Hop Peer-to-Peer Ride-Matching Problem.” Transportation Research Part B: 
Methodological 99: 1–29.

[67]	Morozov, Evgeny. (2018) “From Airbnb to City Bikes, the ‘Sharing Economy’ Has Been 
Seized by Big Money.” The Guardian: US Edition, November 27 November. www 
.theguardian.com/commentisfree/2018/nov/27/airbnb-city-bikes-sharing-economy-big-
money

[68]	 Conger, Kate and Griffith, Erin. (2020) “The Results Are In for the Sharing Economy: 
They Are Ugly.” The New York Times, May 7.

[69]	Ranieri, Luigi, Salvatore Digiesi, Bartolomeo Silvestri, and Michele Roccotelli. (2018) 
“A Review of Last Mile Logistics Innovations in an Externalities Cost Reduction Vision.” 
Sustainability 10.3: 782.

[70]	Digiesi, Salvatore, Maria Pia Fanti, Giovanni Mummolo, and Bartolomeo Silvestri. 
(2017) “Externalities Reduction Strategies in Last Mile Logistics: A Review.” In 2017 
IEEE International Conference on Service Operations and Logistics, and Informatics 
(SOLI), pp. 248–253, IEEE, New York. www.nytimes.com/2020/05/07/technology/the-
results-are-in-for-the-sharing-economy-they-are-ugly.html

https://doi.org/10.1017/9781108865630.016 Published online by Cambridge University Press

http://www.businessinsider.com/uber-ceo-dara-khosrowshahi-driver-healthcare-benefits-based-hours-worked-2020-5
http://www.nytimes.com/2020/05/07/technology/the-results-are-in-for-the-sharing-economy-they-are-ugly.html
http://www.nytimes.com/2020/05/07/technology/the-results-are-in-for-the-sharing-economy-they-are-ugly.html
http://www.businessinsider.com/uber-ceo-dara-khosrowshahi-driver-healthcare-benefits-based-hours-worked-2020-5
http://www.theguardian.com/commentisfree/2018/nov/27/airbnb-city-bikes-sharing-economy-big-money
http://www.theguardian.com/commentisfree/2018/nov/27/airbnb-city-bikes-sharing-economy-big-money
http://www.theguardian.com/commentisfree/2018/nov/27/airbnb-city-bikes-sharing-economy-big-money
https://doi.org/10.1017/9781108865630.016

