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Abstract: Recently, the last-mile delivery problem of rural e-commerce has emerged and 
became a bottleneck issue, due to the booming development of rural e-commerce which drives 
the vigorous growth of upstream agricultural products and downstream industrial products. 
This paper takes rural areas of China as a case study to discuss the last-mile delivery cost under 
crowdsourcing logistics. Owing to the absence of theoretical guidance on rural crowdsourcing 
logistics, the paper firstly intends to explore the theoretical framework of rural crowdsourcing 
logistics in terms of multi-level perspective (MLP). Then, the couriers’ willingness coefficient 
is introduced to develop a mathematical optimization model containing time windows and 
vehicle capacity constraints, and the heuristic algorithm is applied to solve the model. The 
final results indicate that the transportation cost and Vehicle Miles Traveled (VMT) can be 
saved 23.85% and 37.38% respectively, compared with conventional rural logistics. Besides, 
analysis indicates that under certain conditions the approach of crowdsourcing delivery can 
be economically competitive and has valuable implication for unchoking the last-mile delivery 
problem of other similar rural regions.
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1. Introduction

Compared with city regions with full-fledged 
e-commerce development, rural areas have 
become a new blue ocean for e-commerce 
businesses to compete for, promoting the 
vigorous development of rural logistics 
in recent years. For example, some major 
provisioners in French like Carrefour, Auchan, 
are increasingly encouraging online sales in 
rural communities (Morganti et al., 2014). The 
Chinese government also proposed to expand 
the coverage of rural e-commerce and improve 

the three-tier logistics system of the county, 
township, and village (China Digital Rural 
Development Report, 2019). However, given 
rural logistics features like longer transport 
chains and lower consumption density, 
the cost of the last-mile delivery is higher, 
hindering logistics enterprises to the station 
in rural villages which becomes a restricting 
bottleneck for rural logistics and delivery 
distribution networks. Under such context, 
exploring how to unchoke the last-mile of 
rural logistics and delivery networks becomes 
urgent. 
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The last-mile delivery is considered to be 
the most expensive (Seghezzi et al., 2020) 
and an ineff icient part of e-commerce 
logistics activities (Wang et al., 2016; Akeb 
et al., 2018; Dupljanin et al., 2019). It is 
the same for the last-mile of rural logistics 
and delivery. The innovative approach to 
solve the last-mile delivery comes from two 
directions: transport and receipt. Existing 
innovative solutions for package delivery 
are parcel lockers within the communities 
(Lachapelle et al., 2018; Vakulenko et al., 
2018), self-service package stations (Wang 
et al., 2018), self-pickup and drop-off points 
(Kedia et al., 2017), and neighborhood 
receiving points (Devari et al., 2017; Akeb et 
al., 2018). Besides, innovative transportation 
solutions mainly focus on crowdsourcing 
delivery with different transportation modes, 
including cars (Arslan et al., 2019), public 
buses(Gatta et al., 2019a), and bicycles (Kafle 
et al., 2017). The paper expects to solve the 
last-mile of rural logistics and delivery, 
so the research focuses on crowdsourcing 
delivery. Crowdsourcing delivery aims to 
outsource the last-mile delivery service 
to ordinary masses that will complete the 
package delivery from the despatch place 
to the destination, instead of professional 
full-time couriers (Mangiaracina et al., 
2019). The reasons why crowdsourcing 
delivery can cut the cost-effectively are: 
(a) the reduction of fixed staff expenditure 
of logistics businesses, since the reduced 
employment rate of ful l-time couriers 
(Arslan et al., 2019) and mainly engaging 
part-time couriers (common people); (b) 
the saving of fixed transportation cost of 
logistics businesses, by utilizing private cars, 
public vehicles (Binetti et al., 2019; Gatta 

et al., 2019b), and taxi and others (Wang et 
al., 2016), instead of using special transport 
vehicles of logistics businesses. 

However, some scholars doubted that 
compared with the conventional approach 
of full-time logistics couriers, whether 
crowdsourcing delivery can truly ensure 
lower logist ics costs is worth further 
substantiating. The argument is that larger 
couriers such as FedEx and SF Express 
having massive parcels can reduce delivery 
costs by optimizing distribution routes. 
Comparatively, by crowdsourcing delivery, a 
single courier just handles a smaller amount 
of orders, scale economy is hardly achievable. 
This skepticism explained reasonably why 
crowdsourcing delivery has not developed 
a nd g row n as some la rger t ra nspor t 
companies like SF Express.

Therefore, in the context of the rapid 
development of e-commerce, this paper 
attempted to use parcels data of courier 
stat ions in r ura l areas of China, and 
propose an optimization model of rural 
crowdsourcing delivery to investigate 
whether consolidating villagers’ l iving 
paths with parcel distribution routes is 
conducive to saving total Vehicle Miles 
Traveled (VMT) and costs. Based on the 
existing literature (Kafle et al., 2017; Guo et 
al., 2019), the conceptual framework of rural 
logistics transformation from conventional 
logistics to crowdsourcing deliver y is 
proposed. Then, with time windows and 
vehicle capacity limits as constraints of 
the proposed model, the willingness of the 
crowdsourcing courier is supplemented as 
a parameter, and the total transportation 
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cost is set as objective functions. Besides, 
the collected information and data are input 
for solving the model, including longitude 
and latitude of villages, the number and 
average weight of packages for daily parcels 
in villages, which are obtained through 
field survey at specified courier stations in 
the rural township of China. The Part of 
results make comparisons of total cost and 
the VMT between conventional logistics 
and crowdsourcing logistics, to substantiate 
crowdsourcing’s saving performance in 
rural areas, further verify the feasibility of 
crowdsourcing delivery. 

The structure of the paper is constructed as 
follows. Part 2 is a literature review on the 
last-mile for rural logistics transportation 
and crowdsourcing delivery. Part 3 is the 
socio-technical theoretical framework 
of rural logistics in terms of multi-level 
perspect ive (M LP) and t he ana lysis 
of its transformation process. Part 4 is 
the development of constructing and 
solving the optimization model of rural 
crowd-sourcing delivery, following the 
transformation principles obtained from 

theoretical framework analysis. Part 5 is 
about the design of numerical experiments 
to analyze the sensitivity of relevant model 
parameters proposed in Part 4. The final part 
is the conclusion and prospect of this paper.

2. Literature Review

The l iterature rev iew focuses on two 
fields that are closely related to the study: 
(i) the study comparison of the last-mile 
r ura l log ist ics and del iver y bet ween 
developing and developed countries; (ii) 
major contributed research implications of 
crowdsourcing delivery. 

Most of the existing literature on the last-
mile transportation focus on cities and urban 
communities, and only a few literature can 
be the reference and theoretical basis for 
the research on the last-mile rural logistics 
and delivery. Countries in different levels of 
economic development confront different 
challenges in the development process of 
rural logistics, so significant differences exist 
between their concerning major focuses of 
the research (see Table 1).

Table 1
The Difference in Rural Last-mile Research Between Developing Countries and Developed Countries

Level of Economic 
Development Country/Region Major Focus Literature

Developing 
countries

Republic of the 
Congo Medical provisions for hospitals in rural areas Clarke et al. (2017)

Africa Absence of logistics facilities and resources Mkansi et al. (2019)
China Quality of logistics services Jiang et al. (2019)
China The development of logistics enterprises Liu (2020)

Developed countries
Europe Consumer preference differences between urban 

and rural e-commerce Sousa et al. (2020)

Sweden The influence of collection-and-delivery points 
on logistics and delivery Liu et al. (2019)
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The logistics infrastructure in developing 
countr ies is relat ively backward, and 
corresponding research on rural logistics 
focuses on how to break the situation of 
“starting from scratches”. To solve the 
medication provisions interruption of rural 
hospitals, Clarke et al. (2017) attempted to 
synchronize rural hospital ’s medication 
delivery and field supervision travel routes 
to solve the issue that the delivery cost of 
medications is higher than the medications 
themselves. Under the constraints of 
synchronization, priority, and frequency 
of activities, they proposed the Capacitated 
Vehicle Routing modeling and solved the 
model, which made the replenishment 
frequency of medication provisions increased 
to once per month from once per four months. 
Jiang et al. (2019) presented that improved 
last-mile service quality of rural logistics 
and delivery is crucial to promoting the 
sustainable development of rural e-commerce 
logistics, and through the improved fuzzy 
analytic hierarchy process (FAHP), the 
interpretative structural model (ISM), and 
the driving force-dependency quadrant 
diagram, they analyzed the relationships 
between inf luence factors affecting the 
last-mile delivery service quality. And the 
results indicated that the convenience of 
goods changing and refunding, completeness 
of goods, pick-up appointment in advance, 
distribution cost are the utmost basic factors 
for sustainable last-mile delivery. Mkansi et 
al. (2019) believed that insufficient resources 
and under-developed logistics infrastructure 
restrained the development of e-grocery 
logistics in townships and villages. Moreover, 
they developed an APP supported township 
and urban e-grocery distribution models to 
eliminate infrastructural barriers, costs, and 
complexities in rural township areas. Liu 

(2020) constructed the last-mile distribution 
rout ing opt imizat ion model of r ura l 
e-commerce logistics (RECL) businesses 
and tested five different data sets through 
the improved ant colony optimization to 
verify the effectiveness of the algorithm. 
Besides, the research results also ref lected 
the impact of the number of vehicles on the 
maximum profit of logistics enterprises and 
the coverage of the RECL logistics network. 

However, in developed countries, rural 
logistics and delivery are relatively developed 
at present, and they focus on the continual 
optimization of costs and vehicle miles 
traveled based on the existing rural logistics 
system. Sousa et al. (2020) thought that 
low population density and its population 
characteristics in rural areas made rural 
consumers have different online shopping 
preferences from urban consumers. Such 
differences affect the last-mile delivery cost. 
In the context of balancing consumer value 
and implementation efficiency, the strategy 
of providing customized delivery service 
should be implemented in the rural market 
instead of simply replicating the urban 
market service strategy. From the perspective 
of reducing VMT, Liu et al. (2019) proposed 
to implement the collection-and-delivery 
points (CDPs) to replace home delivery 
service; they developed a panel cross-nested 
logit model for individuals to decide mode 
options and journey routes. It was found that 
relocating 5% of CDPs to suburbs and rural 
areas could reduce the total VMT by 22.5%.

According to the types of crowdsourcing 
courier, the literature on crowdsourcing 
delivery can be classified into two categories 
(Table 2): (i) “acquaintances”, such as 
trustworthy fr iends and neighbors of 
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customers’ social network; (ii) “common 
people”, such as the general public. Both 
categorized literature share common points 

that the studies explore the issues related to 
transportation cost-saving and sustainable 
environment to a certain degree.

Table 2
Main Literature on Crowdsourcing Logistics and Transportation

Type of Carriers Literature and Author Main Influence

Acquaintances Devari et al. (2017)
Akeb et al. (2018) Environment, traffic congestion, economy

Common people

Wang et al. (2016) Environment, social changes
Guo et al. (2019)

Binetti et al. (2019)
Dupljanin et al. (2019)

Economy, environment

Giret et al. (2018) Environment, sustainable transport
Arslan et al. (2019) Mileage savings

The literature on “acquaintances” delivering 
parcels is as follows: Devari et al. (2017) 
suggested consumers to ask help from friends 
in their social networks for realizing fast and 
reliable delivery. It can greatly alleviate failed 
delivery in virtue of “not at home” and reduce 
delivery cost, total air pollutant emissions, 
and issues like privacy protection. Akeb et al. 
(2018) proposed a solution based on the crowd 
that consists to collect and deliver parcels 
using individuals (neighbors). This solution 
can avoid the failed delivery due to customers 
away from home, and reduce the second 
delivery cost incurred extra distribution on 
account of the returned package.

T he l iterat u re on “com mon people” 
delivering parcels is much more relatively. 
Some scholars paid attention to the reduction 
of transportation costs and VMT. Wang et al. 
(2016) transformed the model of large-scale 
traveling crowd orders to the minimum cost 
f low problem. They put forward various 
pruning technologies to signif icantly 
downsize the logistics network system and 
realize real-time delivery optimization, 

with the optimal transportation cost as 
the goal. Guo et al. (2019) developed the 
transformation framework of urban last-
mile delivery from a conventional logistics 
network to a crowdsourcing delivery system 
and proposed “ f ive pr inciples” of the 
framework. They conducted the simulation 
to verify the applicability of the proposed 
theoretical framework. Their study indicated 
that a mixed model of crowdsourcing 
delivery and conventional logistics can save 
up to 62% of costs. Dupljanin et al. (2019) 
used total delivered parcels and just-in-time 
delivery rates to quantify the performance 
of crowdsourcing delivery under different 
t ranspor t modes for minimizing the 
transport cost. Arslan et al. (2019) considered 
adopting a crowdsourcing delivery mode 
consolidating the dedicated vehicles of 
logistics businesses and ad hoc drivers’ 
vehicles (crowdsourcing couriers’ vehicles). 
This model can effectively improve the cost-
efficiency of the last-mile delivery, and save 
the VMT of the entire logistics network by 
37%, compared with the conventionally 
dedicated vehicle transport.
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Other scholars paid more attention to the 
impact of crowdsourcing delivery on the 
environment. Binetti et al. (2019) integrated 
crowdsourcing delivery and urban bike-
sharing system into urban freight alternative 
solutions to build a friendly environmental 
transportation mode, which serves as the 
supplement to local postal services. Giret et 
al. (2018) suggested that reducing (or even 
canceling) the use of dedicated vans or trucks 
and increasing the use of temporary couriers 
(traveling crowds in cities) for transportation 
to signif icantly reduce carbon dioxide 
emissions from freight trucks.

At present, crowdsourcing delivery has more 
related literature and has been widely applied in 
the urban last-mile delivery, but little literature 
is on the practice and research of crowdsourcing 
delivery in rural areas. However, the higher 
cost of rural logistics makes it difficult to 
complete the last-mile delivery. As mentioned 
in the introduction, whether crowdsourcing 
delivery can save costs is controversial, and 
the feasibility of its implementation in rural 
areas also remains to be studied.

3. Theoretical Framework

Guo et al. (2019) pointed out that the 
smooth transit ion of urban last-mi le 
del iver y f rom convent iona l log ist ics 
network to crowdsourcing delivery network 
belongs to the paradigm of socio-technical 
transformation. So it is the same for rural 
last-mile delivery, which requires transform 
the conventional logistics modes and enable 
villagers to enjoy the convenience of logistics 
and transportation technologies. From the 
perspective of the socio-technical paradigm, 
this part introduces the MLP analysis 
framework (Geels, 2002), and analyses 
the complex and dynamic transformation 
mechanism of rural last-mile delivery 
through the co-evolution relationship from 
three perspectives of niche, landscape, and 
socio-technical paradigm. 

Opening the socio-technical black box of 
rural last-mile delivery transformation, it 
can be found that the rural last-mile delivery 
underwent three development stages as 
shown in Figure 1. 

 

Socio- technical
landscape

(endogenous 
context)

Traditional rural logistics paradigm

Landscape puts pressure on the traditional socio-technical paradigm of 
rural logistics, creating a "window of opportunity" for  transformation.

Market, user preference 

Industy

Policy

Technology

Science

Crowdsourcing Rural 
Logistics Paradigm

Innovations in rural  logistics in niche

Crowdsourcing innovation actors in niche achieve 
a steady state through shared vision and 

learning ,and seize "windows of opportunity".

Time

Socio- technical
regime

Niche-
innovations

New regime 
influences 
landscape

Increasing structuration of 
activities in local practices

Initial Stage Growth Stage Stability Stage

Fig. 1. 
The Transformation Theoretical Framework of Rural Crowdsourcing Transportation Last-mile Delivery
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(1) Initial stage. Innovative breakthroughs of 
logistics and transportation modes emerged 
in the niche, such as crowdsourcing delivery, 
delivery lockers, etc. But such niches are 
still fragile and the technical cost is higher. 
They hardly pose a threat to the conventional 
rural logistics paradigm outside the niches. 
Therefore, the principles of “small-scale 
pilot” and “ low additional investment” 
should be followed in the initial stage of 
rural crowdsourcing delivery.

As for the principle of rural “small-scale 
pilot”, given that crowdsourcing delivery 
use common people as couriers, consumer 
privacy and package security still need to be 
improved, and acceptability of customers to 
crowdsourcing delivery service is low, so it 
is applicable to carry out smaller-scale pilot 
during the initial stage regard to this study. 
The experimental scope in the case study of 
this paper is limited to certain rural areas in 
China, not cover the entire market. As for 
the principle of “low additional investment”, 
it means that the transformation of rural 
logistics will utilize the existing resources 
utmostly, rather than rebuild resources, 
which can increase the success rate of 
crowdsourcing operation. For example, in 
terms of information technology, it can 
cooperate with existing takeaway platforms 
such as Meituan to deliver and track packages.

(2) Growth stage. Within the protected 
space in the niche, the crowdsourcing 
socio-technical paradigm gradually forms 
a stable structure undergoing constant trials 
and practice. At the same time, the rapid 
development of e-commerce continues 
to impose pressure on conventional rural 
logistics, resulting in the cracks of its 
internal structure and providing a “window 
of opportunity” for the real ization of 
crowdsourcing innovation.

In this stage, rural crowdsourcing delivery 
needs to follow the principle of “low network 
complexity”, avoid increasing the complexity 
of the existing delivery network, and further 
reduce the complexity of rural crowdsourcing 
delivery under “window of opportunity”. 
Ideally, allowing transportation between 
c o u r i e r s  w o u l d  e x p a n d  p o t e n t i a l 
crowdsourcing crowds, but this is based on 
the advanced level of the Internet of things 
(IoT) technology and will greatly increase 
the complexity of the delivery network. 
Therefore, crowdsourcing delivery networks 
should be simple as much as possible, for 
example, a single crowdsourcing courier 
should finish transportation and multiple 
delivery operations. To meet the principle 
of low network complexity, the proposed 
model of this paper assumes that only one 
crowdsourcing courier is responsible for the 
parcels, and one courier can deliver multiple 
parcels.

(3) Stabilit y stage. I n th is stage, the 
dominant conventional rural logistics and 
delivery continue to loosen. For example, 
the government encourages the intensive 
development mode of reducing cost and 
increasing ef f iciency (E-commerce in 
China 2019). Enterprise strateg y and 
investment direction gradually extended 
to rural areas, so that the original industrial 
alliance began to collapse and reconstruct. 
Crowdsourcing niches have achieved full-
f ledged breakthroughs and can compete 
with conventional rural logistics. Finally, 
crowdsourcing technology and logistics 
modes win the recognition, and the matched 
crowdsourcing socio-technical paradigm 
becomes the dominant paradigm for rural 
logistics and delivery, and replace the 
conventional rural logistics socio-technical 
paradigm, thus crowdsourcing delivery 
transformation is completed.
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In this stage, the principle of “pick-up and 
drop-off en route” should be followed. 
On the living routes to and from villages 
(commuting, shopping, etc.), to meet 
consumer demand and realize corporate 
revenue targets, the extra cost of picking 
up and del iver ing pa rcels shou ld be 
sl ight ly increased. In this paper, the 
rural crowdsourcing distribution route is 
established on the life route of villagers to 
and from villages and townships, to realize 
parcel delivery, which conforms to the 
principle of “pick-up and drop-off en route”. 

4. Methodology

4.1. Problem Overview 

In this paper, the rural last-mile delivery 
refers to the parcel transportation between 
villages and townships. No matter from 
the view of the consignors or consignees, 
the transportation costs of conventional 
rural logistics become a great obstacle for 
e-commerce operators stationing in villages 
and squeeze out the profit of e-commerce. 
From the perspective of the consignees, 
the higher logistics cost of rural last-mile 
delivery is owing to the long traveling 
distance and the spatial-temporal dispersion 
of customers’ demands, which result in the 
transportation cost is even higher than the 
revenue. Besides, it is also the reason why 

logistics enterprises are difficult to station in 
villages and townships. From the perspective 
of the consignors, the high cost of rural 
logistics in China is due that the most of 
parcels are only delivered to courier stations 
of townships, the villagers had to walk a 
long distance and pick up their parcels from 
courier stations or pay others to fetch on 
behalf of them (the commission is sometimes 
as high as 1.3 € per parcel).

Additionally, the rural crowdsourcing 
delivery optimization model is constructed 
in this part of the paper (see Figure 2). The 
details of the implementation process are as 
follows: villagers, who are consignors and 
have delivery service demands, announce 
the related information concerning on 
the parcels. Then, the crowdsourcing 
courier compares the mileage they will 
travel and the cost between their original 
path (dotted arrow) and crowdsourcing 
paths (solid arrow), to decide whether to 
accept the orders. After accepting delivery 
orders, the crowdsourcing courier goes 
to the courier station (white rectangle) 
to pick up the parcels, then send it to 
the consignors, and finally back to the 
destination (blue rectangle). On the 
contrary, if the crowdsourcing courier 
does not accept the delivery orders, they 
return to their destination along the black 
dotted line.

82

Zhang Q. et al. Investigation on the Last-Mile Delivery of Rural Logistics Under Crowdsourcing Transportation in China



Village 1 Village 2

Village 3 

Town Express Station

Crowdsourcing Carrier Destination

Initial Path

Crowdsourcing Path

Consumers

Fig. 2.
Rural Crowdsourcing Delivery Optimization Model

4.2. Mathematical Formulation

This model addressed in the study is a multi-
objective programming (MOP) problem with 
constraints of time windows and vehicle 
capacity. Heuristic algorithms are used 
to solve the model, to minimize the total 
cost of the logistics network and maximize 
consumer satisfaction (meeting time window 
requirements). The assumptions of the 
model are as follows:
• Express consignments are massive and 

various. For convenience, the consigned 
goods are regarded as the same quality 
volume parcel;

• The location of each consumer presence 
is known and represented by latitude 
and longitude of the location;

• Crowdsourcing order information has 
been released on the crowdsourcing 
platform in advance;

• Each consumer is served only once;

• Each consumer has their delivery service 
time requirement, and the time window 
is known, including preparation time;

• The maximum loaded capacity of each 
courier is not distinguished.

When traveling on the roads, vehicles will 
encounter traffic jams or accidents with 
a certain probability, and characteristics 
of goods make consumers have different 
requirements for del iver y t ime. Some 
goods l ike fresh products, medicines, 
food (Sousa et al . ,  2020), have more 
stringent requirements on the delivery 
time. Therefore, time windows are set to 
constrain the timeliness and efficiency 
of  t he c rowd sou rc i ng cou r ier.  T he 
crowdsourcing courier should complete 
the del iver y ser v ice w ith in the t ime 
window expected by the customers. If the 
crowdsourcing courier arrives earlier to the 
consumer location, then had to wait. If the 
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crowdsourcing courier arrives later after 
the consumer expected time window, it will 
result in poor customer satisfaction for the 
delivery service, which is not conducive to 
building consumer trust in crowdsourcing 

transportation. Therefore, in the model 
design to control the crowdsourcing courier 
timeout behaviour, the courier who violates 
the time window constraint will be subject 
to a certain penalty(deduct money). 

Step 1: Consumers 
release orders

Step 2: Taking orders Step3: Pick up at 
logistics station

Step 5: Consumers 
receive packages

Time
Order 

release time
Order 

receiving time
Earliest 
delivery 

time

Latest 
delivery 

time

Earliest 
arrival 
time

Latest 
available 

time

Step 4: Crowdsourcing 
delivery

Pickup time

Fig. 3.
Rural Crowdsourcing Delivery Steps and Timeline

T h e  o p e r a t i o n  t i m e l i n e  o f  r u r a l 
crowdsou rc i ng del iver y i s show n i n 
Figure 3. First, consumers release order 
information. Then, after taking the order, 
the crowdsourcing courier will go to the 
courier station to pick up the parcels. Some 
emergencies may happen with certain 

probabil ity during couriers traveling. 
Therefore, the earl iest and the latest 
departure time of the courier leaving the 
courier station is set. The latest arrival time 
to the consumer location must be no later 
than the expected earliest time to serve the 
consumer present in the time window.

The complete formulation expression of the problem is given below. Let:
Sets:
0 Courier station;

N Set of consumers { }1,2,...,n N∈ ;

K Set of Crowdsourcing courier vehicles { }1,2,...,k K∈ ;

A Set of Crowdsourcing courier at initial points { }1,2,...,a A∈ ;

B Set of Crowdsourcing courier at destinations, { }1,2,...,b B∈ ;

Note: The distance difference between courier stations in the town is small, so 0 is used 
to represent all courier stations.

Parameters:
i Longitude; 

j Latitude;
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1m  The average traveling cost of the vehicle per mile, proportional to mileage traveled;

2m  Crowdsourcing courier service cost per unit of time;

1C  Crowdsourcing courier travel costs;

2C  Crowdsourcing courier service costs, including travel costs and loading and unloading costs;

ε  Average traveling and loading times;

ν  Average travel speed of crowdsourcing courier;

ijd  Distance from the point i  to point j ;

nE  The earliest time allowed arriving at the customer location;

nL  The latest time allowed arriving at the customer location;

f  Delay penalty;

k
nAt  The actual arrival time of crowdsourcing courier k to reach consumer n;

nq  The demands of the nth consumer;

kQ  Crowdsourcing courier vehicle capacity;

β  Willingness coefficient of crowdsourcing courier to serve consumers; 

Decision Variables:

{1,
0,

k Carrier k travels from i to j
ij Otherwisex =

{1,
0,

k When consumer n is served by carrier k
n Otherwisey =

{1,
0,

k Carrier k completedelivery within the time window
Otherwisew =
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Objective Function:
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The objective function of the model (1) is 
to minimize the total transportation cost 
C, which is divided into crowdsourcing 

courier traveling cost C1 and crowdsourcing 
courier service cost C2. Assuming that the 
crowdsourcing courier takes a fuel-based 
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vehicle as transportation means, the traveling 
cost is related to the traveling time of the 
crowdsourcing courier, and the fuel cost per 
mile m1 is used to represent the traveling cost

1 1
1 0 0

K N N
k

ij ij
k i j

C m d x
= = =

= ⋅ ⋅∑∑∑
. 

The consumer service cost C2 consists of 
two components: walking costs and loading 
and unloading costs, (a) Walking costs: 
rural roads are narrow, and residencies 
of some consumers are not a long the 
main roads. Crowdsourcing courier must 
drive their vehicles a certain distance to 
complete package delivery; (b) Loading 
and unloading costs: it incurs when the 
crowdsourcing courier to pick up the 
parcels at the courier station, and drop off 
the parcels at the delivery destination. Since 
the two kinds of costs are usually incurred 
at the same time, in the model, the service 
cost per unit time is expressed as m2, and 
the consumer service cost is expressed as 

2 2
1 0 0

( 1)
K N N

k
ij

k i j
C m xε

= = =

= ⋅ ⋅ −∑∑∑
.

The objective function (2) is a satisfaction 
function, indicating that the vehicle meets 
the consumer’s expected time window 
requirements for delivery service as much 
as possible. Under constraint conditions, 
constraint (3) indicates that the demands of 
each consumer cannot exceed the maximum 
load of the crowdsourcing courier’s vehicle. 
Constraint (4) indicates that the arrival time 
of parcels to reach the consumer, which is 
the time duration from the crowdsourcing 
courier picks up the parcels at the courier 
station till the parcels are delivered to the 
consumer. Constraint (5) indicates that the 
delivery time of parcels should be within the 
required time of delivery service. Constraint 

(6) indicates that the crowdsourcing courier 
serves customer, each consumer is served 
by a crowdsourcing carrier, and there is no 
unattended order. Constraint (7) indicates 
that all crowdsourcing couriers will return 
to their destination eventually. Constraints 
(8-10) are standard integrality constraints 
and the var iables in that are binar y. 
Finally, constraint (11) is used to constrain 
the delivery range of the crowdsourcing 
carriers. In general, the carrier is unwilling 
to accept the order requiring longer travel 
distance even if the customer pays a higher 
commission for it. Here, β represents the 
willingness of the crowdsourcing courier 
to conduct the crowdsourcing order, if the 
value is greater than 1, it means that the 
crowdsourcing courier who engages in 
crowdsourcing delivery needs to travel more 
miles than those without crowdsourcing 
transportation.

5. Case Analysis 

5.1. Computing Test 

To explore the feasibility of crowdsourcing 
delivery in rural areas and eliminate logistics 
and delivery barriers between townships 
and villages, this part conducts a case study. 
The data is acquired from GIS and Town 
A’s courier stations in the north of Jiangsu 
Province. Located at N32°43 ‘29 “~ 33°11’ 
04” and W118°11 ‘43 “~ 118°54’ 26”, the 
county has a population of 804,700 and the 
surface area of 2497.3 square kilometers 
(360 Encyclopedias, 2016). In 2019, the data 
of China E-commerce report (E-commerce 
in China, 2019) shows that the number of 
rural Internet users in China has reached 
255 mil l ion, accounting for 18.2% of 
the total population of China (National 
Bureau of Statistics, 2010). Therefore, it 
can be calculated that the number of rural 
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Internet users in Town A is 4,040 assumedly. 
According to the survey, the average distance 
between Town A and courier stations is 
about 9.1km. In terms of Chinese traffic 
regulations, 40km/h is set as the driving 
speed of the crowdsourcing courier’s vehicle 
in the model, so the average travel time is 
about 14mins. The average service time to 
deliver the parcels to consumers is set as 
13min, and the delay penalty is set as 20RMB 
per order by reference to the Meituan 
standard (a well-known takeaway platform 
in China). According to the pricing rules of 
Didi (similar to Uber), the unit traveling cost 
is 0.0733 €/km and service cost is 0.0038 €/

min. The success of crowdsourcing delivery 
depends on whether the service platform has 
enough crowds. The survey found that more 
than 60% of crowds are willing to engage in 
crowdsourcing delivery activities (Punel 
and Stathopoulos, 2017), it can work out 
that Town A has at least 2,424 potential 
crowdsourcing couriers and 0.16 parcels per 
person per day (total 326 parcels) averagely, 
which is relatively small compared with 2,424 
potential couriers. Therefore the crowds 
can support the operation of crowdsourcing 
delivery in rural markets. According to 
the above analysis, all parameters of the 
experiment are obtained (see Table 3).

Table 3 
Experimental Parameters

Parameter Unit Value
The proportion of rural internet users - 18.2%

The number of internet users Person 4040
Speed km/h 40

Unit traveling cost €/km 0.0733
Service time min 13

Unit service cost €/min 0.0038

5.2. Results 

This section takes the total transportation 
cost and miles saving ratio as indicators. The 
total transportation cost directly affects the 
feasibility of rural crowdsourcing delivery, 
and indirectly af fects the wil l ingness 
of enterprises and villagers to engage in 
crowdsourcing activities. Most cost of 
crowdsourcing delivery comes from the 
increase of VMT, so the total transportation 
cost and miles saving ratio are selected as 
indicators, and the self-pickup package cost 

and miles of conventional rural logistics are 
used as the baseline experiment.

5.2.1. Conventional Logistics and 
Crowdsourcing

A ll comparative analyses of examples 
are conducted under the environment of 
the 2.5GHz Intel Core i5 processor and 
8GB 1867MHz DDR3 of installed R AM 
MATLAB2016b. The parameters in Table 3 
are substituted into the model to compute the 
solution, and the results are shown in Table 4.
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Table 4 
Computing Results for Conventional Rural Logistics and Crowdsourcing Rural Delivery 
(per day)

Type of Transport Total VMT (km) Total Cost (€)
Conventional rural logistics 3060.57 128.5151

Crowdsourcing Rural delivery 1916.54 97.8613

From Table 4, it can be seen that rural 
crowdsourcing delivery is superior to 
conventional rural logistics in terms of 
total VMT, with the former saving 37.38% 
of VMT compared with the latter. From 
the perspective of the total cost, rural 
crowdsourcing delivery can save up to 
23.85% compared with conventional rural 
logistics. The above results show that rural 
crowdsourcing delivery is much superior to 
conventional rural logistics in terms of VMT 
and cost, and is applicable and stable.

5.2.2. Parameter Analysis 

(1) The inf luence of the same delivery 
willingness of couriers on total VMT and 
total cost if couriers use a different type of 
vehicles.

In practice, the vehicle types are varied, so 
the vehicle weight limit and speed will change 
accordingly, affecting logistics cost. Vehicle 
weight limit restricts the loaded weight of 
crowdsourcing carriers, that is, the maximum 
weight of a single parcel satisfying the demand 
of consumers. In urban logistics, the greater the 
delivery willingness is, that is, the farther the 
traveling distance is, the greater the income will 
be. Further analysis remains to see whether the 
same conclusion can be drawn in rural logistics. 
Therefore, the sensitivity analysis experiment 
is designed and conducted to observe the 
inf luence of varied vehicles with the same 
delivery willingness on total VMT and total 
cost, including electric bicycles, motorcycles, 
and cars with a corresponding weight limit of 
20kg, 40kg, 60kg and corresponding driving 
speed at 30km/h, 50km/h, 50km/h.

Table 5 
Total Cost and Total VMT of Different Vehicle Types

Vehicle Types Cars (Vehicle 1) Motorcycles (Vehicle 2) Electric Bicycles (Vehicle 3)
VMT (km) 1916.54 1915.98 2399.45

Total Cost (€) 87.4556 87.4350 16.3492

From the results in Table 5, it can be seen 
that cars and motorcycles are relatively 
economical in terms of VMT, and the gap 
between them is small because the vehicles’ 
driving speeds are the same. Compared with 
conventional rural logistics, 37.38% and 
37.4% of the VMT are achieved respectively. 
However, electric bicycles only achieved 
21.6% of the VMT, inferior to cars and 
motorcycles. It indicates that if conditions 

are allowable, it is better to choose fuel-based 
vehicles for crowdsourcing delivery. In terms 
of the total cost, although the results are 
obvious, there is still necessary to validate. 
The cost of electric bicycles is significantly 
lower than that of cars and motorcycles, 
saving up to 87.28%, 31.95%, and 31.97% 
respectively. The miles saving of electric 
bicycles are low relatively, but its cost-
efficiency performance is very significant.
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(2) I mpact of t he d i f ferent del iver y 
wil l ingness of couriers on total V MT 
and total cost if they use the same type of 
vehicles.

Suppose the delivery willingness changes 
within the interval [1.5, 2.5], the step length 
of willingness is incremental with 0.1, and 
the types of vehicles are still the same as 
the above. By the observance of computed 
total cost and total VMT, the following 
phenomenon is noticed.

When the delivery willingness [1.5, 1.9], 
the number of orders undertaken by the 
couriers is constant, no matter what types 
of vehicles are, delays exist. W hen the 

delivery willingness is low, the transport 
range of couriers is narrow down. Because 
the number of undertaken orders and the 
number of couriers remains the same, it 
means an increase in the number of orders 
to be transported by one carrier, equating 
to an increase in demand density. When 
the demand density increases, the time of 
services also increases because each order 
has a fixed service time and travel time 
so that the carriers have to take up other 
times leading to exceeding the time window. 
Thus, with a limited number of couriers and 
high demand density, transportation time 
windows should be rationalized according 
to the urgency of the consumer demand to 
increase consumer satisfaction.

Fig. 4. 
Influence of Vehicle Type and Transport Willingness on Savings of Total Cost and Total Mileage

Excluded outliers (the timeout behavior), 
the three types of vehicle VMT and cost 
in transportation will near 2.3 to reach a 
steady-state (Figure 4). It can be seen from 
Figure 4 (a), with the increase of delivery 
willingness, the VMT savings of cars and 
electric bicycles increased significantly. 
However, the VMT savings of motorcycles 
did not change significantly, and the VMT 
saving of cars is better than that of the 
other two types of vehicles. It can be seen 
from Figure 4 (b) that, with the increase in 
delivery willingness, the cost savings of cars 

and electric bicycles decrease sharply, and the 
cost-saving of motorcycles is the opposite. 
The cost savings for electric bicycles are 
much higher than those of the other two 
types of vehicles. Thus, it can be concluded 
that the courier delivery willingness is less 
sensitive to the impact of motorcycle cost 
and VMT, and electric bicycle transport has 
an obvious advantage in cost-saving. 

Therefore, cars have the best performance 
on VMT saving but higher consumed cost. 
Motorcycles have an intermediate performance 
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on cost and VMT savings. Since both vehicles 
are fuel-based and emit greenhouse gas 
during driving, the principle of “collaborative 
functionality” cannot be well implemented. 
Electric bicycles’ saving of VMT is relatively 
low, but its overall performance is still better 
than conventional rural logistics. Therefore, 
it is suggested that electric bicycles should be 
selected as the main transport means when the 
courier engage in rural crowdsourcing delivery. 
To serve consumers of crowdsourcing delivery 
requiring distant VMT, it is recommended to 
utilize cars to avoid detours for saving time 
and travel distance. 

6. Conclusions

The present paper studies the application of 
crowdsourcing in rural last-mile delivery, 
and the research provides theoretical and 
practical contributions. In terms of academic 
theories, the theoretical framework of rural 
crowdsourcing delivery is deepened through 
the theory of socio-technical transformation 
from MLP. Three different stages of rural 
crowdsourcing deliver y development, 
including initial stage, growth stage, and 
stability stage are analyzed respectively, 
and it is concluded that the transformation 
needs to follow four principles of “small-
scale pilot”, “low additional investment”, 
“low network complexity”, and “pick-up and 
drop-off en route”, from rural conventional 
logistics to the rural crowdsourcing delivery. 
In practice, this paper carried out a case 
study of Chinese rural crowdsourcing 
delivery. Professional logistics transportation 
service is unavailable in rural townships, so 
the conventional rural logistics confront 
difficulties of smooth circulation upstream 
a nd dow nst rea m. Consider i ng such 
problem, this paper establishes a low-cost 
rural crowdsourcing delivery optimization 
model and utilizes “common people” who 

travel back and forth villages in their daily 
life to pick up and deliver the parcels, thus 
realize the rural last-mile delivery. Such 
research has not been explored before. To 
solve the rural last-mile delivery problem 
of crowdsourcing delivery in rural areas 
with constraints of the time window and 
vehicle capacity, a mathematical model 
is constructed and a heuristic algorithm 
is applied to solve the model. Numerical 
experimentation and sensitivity analysis 
verify the effectiveness of the model in real 
situations. The advantages of this model 
are that it effectively integrates the life path 
of ordinary people and delivery routing, 
while capturing the complexity and issues 
involved in the processes of crowdsourcing 
delivery, such as vehicle capacity constraints, 
limited carriers delivery willingness range, 
and time window requirements. Besides, 
rural crowdsourcing delivery has significant 
savings in cost and VMT compared with 
conventional rural logist ics, and this 
advantage has significant implications for 
other rural areas under a similar situation. 

Last, crowdsourcing delivery in rural areas 
can effectively save VMT, which means it can 
also effectively reduce pollutant emissions of 
vehicles. At present, a friendly environmental 
society is advocated over the world. In this 
paper, the impact of mileage saving on 
a sustainable environment has not been 
discussed. In the future, relevant parameters 
such as carbon emissions can be added 
based on the proposed model in this paper 
to explore the total energy consumption 
and carbon emissions under two different 
transportation modes, conventional logistics, 
and rural crowdsourcing delivery. Also, with 
the continuous development of the economy 
in the future, UAV (unmanned aerial vehicle) 
and other high-tech technologies wil l 
gradually enter people’s lives. UAV transport, 
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powered by electricity at a lower cost, is also 
a promising and innovative way to solve the 
rural last-mile delivery problem.
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