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Abstract 1 
 2 
The fast-growing practice of e-commerce implies a strong increase in parcel deliveries, which 3 

in turn creates significant pressure on last-mile city logistics. Due to the important role the 4 

city transportation plays in energy use and greenhouse gas emission, effective last-mile 5 

solutions in cities must be developed to contribute to sustainability and a cleaner world 6 

economy. Crowdsourced delivery as an emerging “sharing economy” initiative can be an 7 

effective tool to mitigate the problems emerging from the last-mile city logistics. To valorise 8 

the benefits of crowdsourced delivery, a transition towards a hybrid city logistic system is 9 

required where crowdsourced delivery and the conventional delivery networks are closely 10 

integrated. Due to the lack of theoretical guidelines for crowdsourced delivery integration, 11 

this research develops a conceptual framework to facilitate last-mile city logistics transition 12 

adopting the multi-level socio-technical transition theory as the basis. The core of the 13 

conceptual framework is the “five basic principles” to be followed by stakeholders when 14 

designing intervening niche innovations at the current stage of system transition. To 15 

demonstrate the usability of the conceptual framework, an illustrative discrete event 16 

simulation study with specific settings that fits in with the current status of last-mile city 17 

logistics is conducted. Results show that incorporating crowdsourced delivery as a 18 

supplement to the conventional delivery network, following the five basic principles proposed 19 

by the conceptual framework can reduce the last-mile logistic costs. Moreover, the offline 20 

participation rate plays a key role in ensuring the feasibility of the new hybrid last-mile 21 

model. To conclude, the developed conceptual framework has a great potential of improving 22 

last-mile delivery in the era of e-commerce and having a critical scale of potential deliverer 23 

pool is the prerequisite for the successful application of crowdsourced deliveries. 24 

Keywords: Sustainable City Logistics, Last Miles, Crowdsourced Delivery, E-commerce, Sharing 25 

Economy 26 

1. Introduction  27 

With rapid global urbanization, cities will become the predominating locations of human settlements 28 

by 2050 (Dye, 2008). Currently, some 80% of European residents are living in cities (Vaghi and 29 

Percoco, 2011). Accompanying rapid urbanization, e-commerce has been increasing with the fast 30 

development of information and communication technologies (ICT) (Morganti et al., 2014). The 31 

widespread use of the internet and smartphones has boosted the growth of global business-to-customer 32 

(B2C) e-commerce. In 2015, the total sales of goods and services reached $2.2 trillion, and it is 33 

expected to increase to $3.9 trillion by 2020 (Ecommerce Foundation, 2016). The huge urban 34 
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population coupled with fast-growing online shopping practice exerts significant pressures on the last-35 

mile logistic system, which is one of the biggest challenges for city management. The streets are 36 

occupied more and more by parcel delivery vehicles and couriers. Although frequent urban delivery 37 

services bring significant convenience to our daily life, they also cause enormous sustainability issues. 38 

Paloheimo et al. (2016) state that transport is a highly relevant field for depletion of nature resources 39 

and environmental pollution because it accounts for nearly a quarter of global primary energy use and 40 

greenhouse gas (GHG) emissions (Moriarty and Honnery, 2013). In the European Union, 12% of CO2 41 

emissions are attributable to cars (European Commission, 2010). The increased number of delivery 42 

vans consume more fuel and emit more gases. In addition, these vans cause road congestion and slow 43 

down traffic flow, which indirectly increases fuel use and GHG emissions. Those problems will 44 

become even more serious in the future with the further development of e-commerce, particularly for 45 

B2C home deliveries. Taking Amsterdam, a city with a population of 800,000 inhabitants, as an 46 

example, the daily number of parcels entering the city is predicted to increase from 40,000 to over 47 

100,000 in the next decade. Therefore, finding effective solutions to mitigate the pressure of last-mile 48 

logistics imposed by e-commerce will make a significant contribution to sustainability and a cleaner 49 

world economy. 50 

 51 

In last-mile logistics, a conflict exists between the demand for delivery services and disruption to daily 52 

life. Citizens play two roles with conflicting interests. Acting as online shoppers, citizens prefer quick 53 

and flexible delivery services, which require more delivery vehicles and couriers to fulfil the mission. 54 

When acting as inhabitants, citizens prefer less crowded streets with fewer vehicles shuttling back and 55 

forth in the neighbourhood. The problem becomes even more complicated after adding the cost 56 

dimension. The highly demanding last-mile delivery service is known to be the most expensive part of 57 

the trip and could reach up to 75% of total logistics costs (Devari, 2017). However, because logistic 58 

service is highly intangible, consumers tend to take it for granted with weak willingness to pay more 59 

for better service (Galante et al., 2013). Such dilemmas make it difficult to improve last-mile logistics, 60 

as reflected in many failed last-mile city logistics projects (Gammelgaard, 2015). This also implies 61 

that conventional last-mile logistics solutions are no longer adequate, and innovative out-of-box 62 

thinking is needed. 63 

 64 

Fortunately, the evolution of e-society not only brings problems but also potential solutions. Thanks to 65 

the advancement of ICT, we are now stepping into the age of a “sharing economy”. Even though the 66 

term “sharing economy” has not yet been strictly defined, it is commonly used as an interchangeable 67 

term for “collective consumption” (Hamari et al., 2016). As a result, the scope of the sharing economy 68 

remains broad, including peer-to-peer renting, sharing, lending, selling and giving (Martin, 2016). As 69 

a disruptive business model, the sharing economy is expected to facilitate economic, social and 70 

environmental values, empower individuals and enable efficient utilization of resources (Martin, 2016). 71 
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In a successful sharing economy, business cases range from car sharing (e.g. Uber) and bicycle sharing 72 

(e.g. Indego) to accommodation sharing (e.g. Airbnb) and household-item sharing (e.g. Peerby). 73 

Although most of the existing cases focus on “collective consumption” (targeting at the consumers), a 74 

group of new initiatives refer to the “sharing” concept in another context, i.e. “crowdsourced delivery” 75 

(CD), targeting the carriers/couriers that connect shops and consumers. CD is a new logistics concept 76 

that uses the crowd (i.e. ordinary people) as the workforce to deliver goods (Arslan et al., 2016). The 77 

concept is declared capable of combining goods deliveries with the journeys of ad hoc people to 78 

reduce delivery costs, shorten lead time, increase delivery flexibility, mitigate traffic-related problems 79 

and promote social networking activities (Hamari et al., 2016; Wang et al., 2016). However, there is 80 

also criticism regarding the validity of these statements. For instance, it is doubtful whether the CD 81 

model can really ensure lower logistics costs than the conventional logistics carrier model. The 82 

argument is that big carriers, such as UPS and DHL, are dealing with large volumes of goods and have 83 

the consolidation power to lower the costs per package delivery. As a contrast, CDs deal with 84 

individual delivery orders, which lack economies of scale. Such suspicions may explain the relative 85 

unsuccessfulness of the CD business model so far. Although a large number of CD start-ups or 86 

initiatives (such as Nimber, Paggy, Koorier) have emerged in recent years, none of them has grown 87 

into a large-scale company like Uber or Airbnb. Between 2013 and 2014, a few big companies such as 88 

Walmart, DHL and Macy’s did launch several CD pilots but none of the pilots were scaled up or 89 

replicated in different cities. 90 

 91 

Lack of knowledge on the CD business model is a major problem. Because CD has a relatively short 92 

history in business practices, only limited research in the literature addresses this topic. Arslan et al. 93 

(2016) developed a model to investigate the potential of using excess capacity of ad hoc drivers to 94 

deliver parcels. The study demonstrated that potential saving of driving distances up to 37% can be 95 

achieved. Archetti et al. (2016) conducted similar research to analyse a setting whereby occasional 96 

drivers are crowdsourced to complement a traditional delivery service, and they present a heuristic 97 

solution approach combining variable neighbourhood search and tabu search. Kafle et al. (2017) 98 

suggest a crowdsource-enabled system for urban parcel relay and delivery, where cyclists and 99 

pedestrians are crowdsourced to help truck carriers undertake the last-leg parcel delivery and the first-100 

leg parcel pick up. The authors concluded that the new system can reduce the total travel miles and 101 

delivery costs. Li et al. (2014, 2016), Ghilas et al. (2013), Masson et al. (2014) and Fatnassi et al. 102 

(2015)  addressed crowdsourcing of passengers to deliver parcels, either by taxi or by public 103 

transportation. These studies all demonstrate the great potential of improving the existing logistics 104 

system. Rougès and Montreuil (2014) conducted an exploratory study for the development of a 105 

framework to address CD on a higher level. The study introduces a typology of existing CD and 106 

presents a preliminary understanding of their value creation processes. The authors point out that 107 

future research should focus on better comprehension of the business models, including the challenges 108 
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and success factors. They also observed the necessity of conducting simulation experiments to 109 

quantify the potential of CD. Finally, there is also a lag on conceptual framework development to 110 

guide the resolution of CD issues especially in the context of last-mile city logistics.  111 

 112 

Other relevant recent publications concerning CD are the followings. Arslan et al. (2018) investigated 113 

the possibility of using ad hoc drivers to create a dynamic pickup and delivery network and concluded 114 

that the new network can make the last-mile delivery more cost-effective. Basık et al. (2018) looked 115 

into the fairness issue of CD for fair task allocation. They developed a new model for task allocation 116 

called “F-Aware” and claimed that it is a better way of task allocation compared to the traditional 117 

methods. Castillo et al. (2018) used a contingency theory lens to understand how crowdsourced 118 

logistics performs in terms of logistics effectiveness. Mario et al. (2019) proposed a CD initiative  119 

based on free-floating bike-sharing systems and claimed it a viable support and supplement for the 120 

local postal services. Dai and Liu (2019) developed a workforce capacity planning model for online-121 

to-offline logistics systems. They declared their research sheds light on cost control and efficiency 122 

improvement on O2O businesses. Punel et al. (2019) explored the push and pull factors affecting CD 123 

adoption using a structural equation method. The results revealed that CD is more likely for men, full 124 

time employed, younger respondents, and for areas of higher population density yet lower density of 125 

employment opportunities. 126 

 127 

This paper aims to fill the gap between the increasingly prevailing CD practices and the shortage of 128 

relevant scientific knowledge on the feasibility of integrating CD into conventional delivery networks. 129 

It specifically focuses on integrating emerging CD initiatives into the last-mile city logistics from a 130 

system-transition point of view to create social-economic-environmental values. A conceptual 131 

framework based on the classical multi-level socio-technical transition theory is developed as the 132 

guidance to facilitate the transition. A simulation-based study is conducted for the illustration purpose 133 

on the developed framework. 134 

 135 

The paper is structured as follows. Section 2 positions the CD models into the current last-mile city 136 

logistic system. In section 3, the conceptual framework is elaborated. In section 4, a simulation-based 137 

illustrative example is presented to demonstrate the usefulness of the conceptual framework and the 138 

potentials of CD innovations. Finally, discussion is conducted in section 5.  139 

 140 

2. Positioning CD models in the last-mile city logistics  141 
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Last-mile city logistics is a complex system that consists of different delivery networks1 where the CD 142 

initiatives start to play an active role (Crainic and Montreuil, et al. 2016). The conventional delivery 143 

network consists of two basic logistic models: “shipper-operated” and “carrier-operated” models (See 144 

Figure 1). As the goods shipper, many big stores and supermarkets operate their own logistic networks 145 

to deliver products to the customers, while others outsource this service to professional carriers such as 146 

DHL and UPS. Both models have a top-down structure where the logistic professionals are instructed 147 

by the companies to perform the order deliveries.  148 

Insert Figure 1 here 149 

As to the CD network, there are three basic models in the market: peer2peer (peer to peer) delivery, 150 

B2C (Business to consumer) shipping and B2C neighbour receiving points. The peer2peer delivery 151 

refers to item (or package) deliveries between individuals using ad hoc deliverers. It works in the 152 

“Uber” way that the individual shipper who wants to deliver an item to the individual recipient posts a 153 

bid via a digital platform (e.g., a mobile phone App). A random person/cyclist/driver accepts the bid, 154 

makes the delivery and gets the compensation from the shipper. The application of peer2peer delivery 155 

is beyond the scope of city last-miles and can also be used for long-distance or even international 156 

shipments. A distinct feature of the peer2peer model is that there is no organization involved in the 157 

transaction, only individuals (Rougès and Montreuil, 2014). This is opposite to the B2C model which 158 

has the retailers or carriers involved (e.g. Amazon, Walmart, DHL and Macy’s). With the B2C 159 

shipping model, companies try to find random deliverers to send their parcels in order to reduce 160 

delivery costs and lead time, especially at the last-mile stage (Dablanc et al., 2017; Arslan, et al., 161 

2016). Both the peer2peer and B2C shipping models are focusing on parcel “shipping”. However, 162 

another pain point for online shopping is parcel “receiving”. The predominating e-fulfilment model in 163 

the market requires the online shoppers to personally attend parcel reception, which result in 164 

significant amounts of failed first-time deliveries (Song et al., 2013). It has therefore triggered the 165 

implementation of unmanned parcel receiving methods such as reception box, pick-up points, parcel 166 

stations with lockers, collection-and-delivery points (e.g., Morganti et al., 2014; Wang et al., 2014). 167 

However, the capacity of those methods are not enough to fulfil the demand of the quickly growing 168 

parcel businesses in cities. Hence, companies adopting the third CD model, i.e. B2C neighbour 169 

receiving points, have been emerging to fill the gap (e.g., Homerr and VIATM). This model 170 

crowdsources the at-home neighbours to receive the parcels for the absent online shoppers. The CD 171 

models by nature have more bottom-up aspects because they rely the business on autonomous 172 

individuals who can combine the parcel delivery service with their daily routines.     173 

                                                 
1 Palletized product delivery (in a B2B environment) dealing with large-quantity transportation of bulky goods is not a subject for 

CD, therefore out of the research scope. The last-mile city logistics referred to in this research is the one dealing with small-size 

package/parcel deliveries specifically from the B2C E-commerce practices.   
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 174 

The B2C CD models have a larger potential in improving the last-mile city logistics than the peer2peer 175 

model because B2C deliveries account for the major volume of parcels in the cities. Therefore, the 176 

focus of this paper is on conceptualizing the transition of the urban parcel delivery system by 177 

incorporating B2C CD models2 into the conventional last-mile delivery network in the e-commerce 178 

environment. In the next section, a conceptual framework is developed to facilitate this transition.       179 

 180 

3. The conceptual framework for the transition of last-mile city logistics 181 

The fast growth of e-commerce imposes enormous challenges on last-mile city logistics (Savelsbergh 182 

and Van Woensel, 2016). As a result, a transition from the traditional top-down logistic system 183 

towards a hybrid system with more bottom-up aspects is demanded. A smooth transition requires the 184 

seamless integration of the CD initiatives into the conventional last-mile city logistic system with the 185 

engagement of individual citizens employing facilitating technologies. The bottom-up feature 186 

determines that such a transition is not only a matter of technological evolution but also social/practice 187 

transformation. In other words, it falls into the paradigm of the socio-technical transition.  188 

 189 

As to the socio-technical transition, the most frequently citied work are Geels (2002 and 2011) which 190 

adopt a multi-level perspective on transitions. In this research, Geel’s work is used as the theoretical 191 

foundation to develop the conceptual framework. The original Geel’s framework is adapted to fit the 192 

context of last-mile city logistics transition with CD innovations (Figure 2).    193 

 194 

Insert Figure 2 here 195 

The conceptual framework includes three levels/layers: the socio-technical landscape, socio-technical 196 

regime and niche innovations.  197 

 198 

The socio-technical landscape refers to the macro socio-technical context/factors that shape the 199 

surrounding environment of the transition. E-commerce pressure, trust and technology are the three 200 

factors considered in this research. The booming e-commerce is the ultimate exogenous driver to push 201 

forward the transition of last-mile city logistics. The pressure becomes larger and larger with the 202 

growth of online shopping practices which stimulates the last-mile city logistics restructuring with CD 203 

innovations. During this restructuring process, the prominent social factor that determines the success 204 

of CD integration is “trust” (Rougès and Montreuil, 2014). It does not only refer to the interpersonal 205 

trust between the crowdsourced deliverers and online shoppers but also the general confidence of the 206 

companies on the feasibility of the CD business models. The more trusts are in place, the more 207 

commitments from the practitioners can be expected and therefore the more likely a successful 208 
                                                 
2 For easy notation, in the following text when referring to “CD model”, it means the “B2C CD model”. 
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transition will happen. Technology is another factor that plays a key role in configuring the hybrid 209 

logistic system with CD innovations. It is necessary to point out that the technology referred in the 210 

“big arrow” is the “general technology” that differs from the “industry-specific technology” referred in 211 

the hexagon at the level of socio-technical regime. The “general technology” lays down the exogenous 212 

technical landscape to build “industry-specific technology”. For example, the 5G technology can 213 

increase the internet speed by 100 times compared to the current 4G, which will lead to a fundamental 214 

revolution for all industries. It is therefore a general technology. As a comparison, the Track & 215 

Tracing technology for parcel delivery is a specific logistic technique whose development depends on 216 

the general technological landscape (e.g. 5G). It is therefore an “industry-specific” technology.    217 

 218 

The existing socio-technical regime (i.e., the left-hand hexagon) refers to the current status of last-mile 219 

city logistics in which the conventional parcel delivery system has been long-established. The 220 

established six forces keep the socio-technical regime in its current steady state. The industrial players 221 

(i.e., retailers and third-party carriers) are used to their traditional way of doing the business and 222 

reluctant to move out of their comfort zone. The market/user preference has also the inertia. The 223 

online shoppers may feel uncomfortable with dramatic delivery service changes. The culture of being 224 

involved in CD has not yet been developed. It is still very unusual for people to actually participate in 225 

CD, either as online shoppers or crowdsourced deliverers. The policies for city last-mile logistics are 226 

still based on the old system. Governments have not yet issued new supporting policies to facilitate 227 

CD development, neither via subsidies nor direct regulatory interventions. Finally, the science and 228 

technology development to address CD integration is still in the very initial stage. The current socio-229 

technical regime of the last-mile city logistics has been solidified, which makes the CD applications 230 

difficult to be adopted. Currently, there is hardly overlap between the conventional parcel delivery and 231 

CD networks.  232 

 233 

To change the current socio-technical regime with CD and facilitate the transition towards the new 234 

regime (the hybrid system), successful niche CD innovations need to be developed to demonstrate 235 

their potentials and gradually break through the old regime. It is necessary to note that the niche 236 

innovations are not standalone units. They interact with the socio-technical landscape and regime (as 237 

indicated by the small arrow-lines). Therefore, when designing such innovations, one must take into 238 

account the development phase of the socio-technical landscape and regime to deal with the phase-239 

wise restrictions. Based on this philosophy, we come up with “five basic principles” (i.e., small-scale 240 

pilot, community-based approach, low added network complexity, low additional investment level, co-241 

functionality) that should be followed to design niche CD innovations at the current stage of last-mile 242 

city logistics transition. The five basic principles are supposed to help increase the chance of success 243 

for the niche CD innovations which ultimately contribute to the regime/system transition on the larger 244 

scale.  245 
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 246 

Small-scale pilot 247 

Given low social acceptance, a general lack of experience and low technological development for CD, 248 

it is hardly wise to start with large-scale business applications at this stage. Instead, small-scale pilot 249 

projects should be run to test the feasibility of specific CD initiatives and cultivate a social 250 

technological culture with close involvement of practitioners and stakeholders. During this phase, 251 

lessons are learned and experiences are accumulated, which lays down the foundation for future 252 

upscaling. 253 

Community-based approaches 254 

To increase social acceptance and the related lack of trust, community-based approaches are the most 255 

appropriate. The “community” could mean a real social entity with spatial implications (e.g. 256 

neighbours in the same district) and could also mean a virtual group of people who are familiar to each 257 

other or share common values (e.g. a social media group, alumni associations). The main advantage of 258 

a community-based approach is that acquaintances or neighbours tend to trust each more  than they 259 

trust strangers from outside the community. This is supposed to improve the willingness of CD 260 

participation. Moreover, it is easier for companies to deal with a community than with random 261 

individuals because the associated uncertainty is much smaller. In this sense, the community-based 262 

approach can help to increase the confidence of business practitioners in CD. 263 

 264 

low added network complexity 265 

Bounded by insufficient track and trace technology and low business acceptance for CD, at this stage, 266 

CD innovations should avoid adding too much complexity to the existing delivery network to reduce 267 

the barriers for business adoption. For example, in an ideal situation, allowing transhipments between 268 

deliverers can enlarge the pool of potential CD deliverers. However, realizing that requires 269 

technological advancement of parcel track and trace systems, and the complexity of the delivery 270 

network would be significantly increased. Therefore, considering the current situation, the CD 271 

delivery network should be kept as simple as possible by avoiding complex routings, e.g. 272 

transhipments and multiple drop-offs by one crowdsourced deliverer. 273 

 274 

Low additional investment levels  275 

In order to reduce barriers for business application, the required level of additional investment for CD 276 

should be restricted at this stage of incorporation. Therefore, leveraging existing assets is more 277 

appropriate than investing in new assets. In terms of physical infrastructure, retailers can use the space 278 

in existing stores and supermarkets as distribution points instead of constructing new dedicated urban 279 

distribution centres. Regarding the IT infrastructure, collaborating with existing CD apps/websites 280 
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may be an option to reduce the risk of capital lock-in for retailers compared with building up a self-281 

owned digital platform dedicated to CD. 282 

 283 

Co-functionality 284 

The principle of co-functionality is the core of a sharing economy. The aim of using CD in last-mile 285 

logistics is not only to reduce cost. It is encouraged more by social environmental considerations such 286 

as traffic congestion and GHG emissions. However, economic incentives do not always go hand in 287 

hand with social environmental motivations. Sometimes, they are even moving in opposite directions. 288 

For example, drivers using the Uber app could utilize their empty capacity for last-mile deliveries in 289 

cities. If they treat this service as a profitable business and proactively search for delivery 290 

opportunities, it will not help to solve the traffic problem because the delivery journeys are 291 

deliberately created. The principle of co-functionality requires the crowdsourced deliverer to combine 292 

the parcel delivery with an ex ante planned tour, instead of creating a completely new tour to earn 293 

money. In other words, CD initiatives motivated purely by economic incentives need to be avoided. 294 

 295 

To quantitatively test the validity of the five “basic principles” and therefore demonstrate the usability 296 

of the conceptual framework, in the next section a simulation-based illustrative example of a niche CD 297 

innovation that fits the current situation of last-mile city logistics is presented.  298 

 299 

4. The simulation-based illustrative case study 300 

The simulation study investigates the feasibility of integrating CD with the conventional delivery 301 

method to tackle the challenges of e-grocery last-mile logistics. 302 

e-Grocery retailers currently face high home delivery costs as a result of the requirement for special 303 

handling, cold storage, and short delivery time windows. These requirements lead to additional costs 304 

in transportation, labour, fleet of vehicles, and fuel consumption. High logistical costs are translated 305 

into high delivery fees, which most customers are unwilling to pay (Galante et al., 2013). High 306 

delivery fees, in turn, force e-grocers to establish longer time slots or inconvenient pick-up solutions to 307 

improve cost efficiency (Syndicate Plus, 2014; Nielsen, 2017). However, e-grocery shoppers usually 308 

want their products to be delivered as soon as possible and preferably delivered at home, thus 309 

prolonged delivery time windows or inconvenient pick-up settings can easily rule out their options on 310 

online groceries. Such issues hamper the growth potential of the e-grocery industry (Nielsen 2017; 311 

Galante et al., 2013; Huang and Oppewal, 2006) and offer opportunities for applying CDs. 312 

The idea of the simulation study was to use outgoing traditional (offline) customers to deliver grocery 313 

parcels to their neighbour e-grocery shoppers in a dual-channel supermarket setting. Following the 314 

five basic principles for integrating CD in last-mile logistics,  a hypothetical case that fits the current 315 

situation of last-mile logistics is presented. 316 
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First, the case is a trial, which restricts its scope in a neighbourhood, consistent with the requirement 317 

of a small-scale pilot. Second, the case exploits the advantage of neighbour ties to increase the trust 318 

factor in CD. It accords with the notion of a community-based approach to valorize the benefits 319 

created by the “sense of community”. Third, the case applies the simplest CD routing where the 320 

crowdsourced deliverer can only take one parcel for one drop in the neighbourhood, and no 321 

transhipments between deliverers are allowed. It therefore complies with the request for low added 322 

network complexity. Fourth, the case caters for the requirement of low additional investment level 323 

because the supermarket uses its existing store as the distribution point and no heavy investments are 324 

required to develop sophisticated and dedicated IT infrastructure for CD. Finally, the principle of co-325 

functionality is also followed because the crowdsourced deliverers are combining delivery with an 326 

existing journey. 327 

The starting point of the delivery journey is the brick-and-mortar grocery retail store, represented by a 328 

hypothetical supermarket. The model follows the same logic as that presented in Arslan et al. (2016). 329 

The CD is seen as an order-delivery alternative where spontaneous deliverers replace the fleet of 330 

vehicles owned by the retailer or third-party logistics. The model rests on the collaboration of the 331 

supermarket’s outgoing clients as deliverers. By leveraging their journey home trips, the supermarket 332 

serves online grocery orders for the neighbourhood. 333 

Grocery parcels have to be delivered within a certain lead time or so-called time window. In Figure 3a, 334 

the time window ranges from the earliest departure time to the latest arrival time. Thus, it includes the 335 

matching and delivery time. The matching time is defined as the maximum time a grocery parcel can 336 

wait to be matched with a crowdsourced deliverer, and the last part includes the travel time and home 337 

delivery. To complete a single grocery parcel delivery, the deliverer has to make one stop at his/her 338 

neighbour’s home before reaching his/her own final destination, represented by Figure 3b. After the 339 

task is accomplished, the deliverer receives a small economic compensation or a discount for their 340 

own shopping. In order to ensure that all e-grocery orders are fulfilled on time, the model includes 341 

conventional home delivery as a backup plan. That is, when a grocery parcel is unmatched at the latest 342 

departure time, the supermarket’s vehicle will complete the task. 343 

Insert Figure 3 here 344 

4.1 The simulation model  345 

The simulation model is developed in the Enterprise Dynamic programme (version 9; Enterprise 346 

Dynamics is a discrete event simulation software platform developed by INCONTROL Simulation 347 

Solutions to design and implement simulation solutions). The system consists of 22 atoms. As 348 

mentioned in the previous section, the retailer has a dual-channel setup. Hence, two sources are 349 

distinguished in this Enterprise Dynamic system. The first source corresponds to the supermarket 350 
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atom, which represents the offline channel. At the exit, outgoing clients make the decision to 351 

participate or not in the crowdsourcing programme. Those who are willing to collaborate are 352 

considered as potential deliverers (PDs). PDs proceed towards the next atom, the pick-up point. 353 

Outgoing clients who are not interested in participating in this delivery programme leave the system 354 

immediately through the clients’ home atom. In the second source, the website atom represents the 355 

online channel. After e-customers register and complete their purchases, the e-order is generated done. 356 

The processed e-order passes right away through the packing atom. The grocery parcel (GP) is then 357 

ready to be delivered within the time window assigned for the service. 358 

PDs and GPs converge at the matching server. Two scenarios may occur: pair matched or unmatched. 359 

When the matched scenario happens (i.e. a PD and a GP appearing in the system simultaneously), the 360 

CD is carried out and the GP leaves the system after it reaches the neighbour’s home. If no immediate 361 

match is available, the GP will stay in the system (i.e. waiting for a future match) until it reaches its 362 

latest departure time. If the unmatched scenario happens, the GP will be delivered by a backup vehicle 363 

from the supermarket.  364 

Other assumptions taken into account in this simulation model are as follows: 365 

• All customers and e-orders are independent. The elapsed time between two arrivals (inter-arrival 366 

time) for both the supermarket and the website sources follow a negative exponential distribution 367 

(NegExp). 368 

• The time it takes to deal with a product (service time) follows a negative exponential distribution 369 

(NegExp). 370 

• Orders get served one after the other (FCFS= first come, first served). 371 

• Each crowdsourced deliverer can only deliver one parcel. 372 

 373 

4.2 The illustrative case formulation 374 

 In this section, a representative supermarket is used as an example. The inputs are based on the 375 

literature, reports and from the website of a popular Dutch grocery retailer with on/offline grocery 376 

shopping (Ecommerce News, 2018). 377 

Neighbourhood size 378 

The Netherlands is a highly urbanized country, and on average it has 220 supermarkets per million 379 

inhabitants (Gorczynski and Kooijman, 2015). Therefore, for this case, it is assumed that the 380 

supermarket serves a neighbourhood population of 4550 inhabitants. 381 

Online grocery shopping penetration 382 
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Around 15% (2.5 million) of Dutch people shop for groceries online (Gorczynski and Kooijman, 383 

2015). Therefore, it is assumed that 683 of the 4550 inhabitants are shopping for groceries online. It is 384 

also assumed that online grocery orders can be delivered only from the 1476 regular-size stores owned 385 

by the most popular Dutch retailers with availability of on/offline grocery shopping (ah.nl, 2018; 386 

statista.com, 2018). Small stores have been excluded from this case study. 387 

Supermarket’s opening and peak hours 388 

The supermarket is opened from 08:00 to 22:00 hours on weekdays (based on the information from a 389 

major Dutch on/offline grocery retailer). In reality, it can be observed that the flow of incoming clients 390 

is considerably higher after working time. To mimic this situation, a peak period of 2 hours is 391 

introduced from 17:00 to 19:00 hours when the number of visitors is doubled. 392 

Deliverers and e-order arrivals 393 

The visitor flows in the offline and online channels are estimated from the survey outcomes made by 394 

Syndicate Plus in 2014. According the survey, around 70% of customers visit grocery stores weekly or 395 

more often and the remainder less than that or once a month. Taking an average figure, it is assumed 396 

that 70% of inhabitants visit the supermarket within a week. 397 

With regard to the arrival of e-orders, around 70% of e-customers place an order once a month or less 398 

and the remainder purchase more frequently (e.g. weekly). On that basis, it is assumed that e-orders 399 

are placed monthly. Table 1 shows the calculations for the supermarket figures. As a result, it is 400 

expected that around 640 customers visit the supermarket and 85 e-orders are processed per day. 401 

Insert Table 1 here 402 

Delivery time window 403 

The selected delivery lead time equals the time window offered by the most popular Dutch e-grocery 404 

retailer: 2 hours. The time is recorded immediately after an e-order is packed. By considering that 405 

inhabitants live within 10 minutes of the supermarket (Van der Slikke, 2015; Syndicate Plus in 2014), 406 

deliverers are expected to complete the CD within 15 minutes (ride time 10 minutes + door delivery 5 407 

minutes). 408 

Crowdsourced and backup delivery fees 409 

The economic compensation assigned to the CD task is €5 (the rate used by TringTring in Amsterdam). 410 

The backup delivery fee is more expensive. The study bases this fee on the average cost of serving an 411 

e-shopper with home delivery in the Netherlands: €13 (Gorczynski and Kooijman, 2015). 412 
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Crowdsourcing participation 413 

As stated above, the success of CD relies on fruitful recruitment of participants. According to the 414 

survey, more than 60% of respondents would be willing to participate in a CD (Punel and 415 

Stathopoulos, 2017). The survey does not indicate whether the 60% is online or offline participation 416 

willingness. A rough but plausible assumption has been made that the online participation rate should 417 

be higher than the offline participation. 418 

In the default setting, it is assumed that 70% of the online grocery shoppers agree to being involved in 419 

CD. First, most e-grocery customers are aged between 25 and 44 years (Syndicate Plus in 2014), 420 

which is the same age group that leads acceptance of CD (Punel and Stathopoulos, 2017). Second, the 421 

level of acceptance is enhanced by the level of trust generated when the deliverer is someone who 422 

belongs to their neighbourhood. Finally, the supermarket’s reputation gives customers the confidence 423 

that GPs are delivered on time and undamaged at a lower fee. 424 

Regarding the offline channel, it is assumed that 20% of the outgoing clients could actually participate 425 

in CD. The reason for considering a low percentage is that in practice, many factors can influence the 426 

real participation level of outgoing clients, even if they are willing to cooperate. For instance, the 427 

outgoing clients might not have enough time to complete the task at that moment, may be concerned 428 

about the size/weight of the GP, do not have adequate transport, etc. 429 

The parameter values used in the base scenario of the simulation study are listed in Table 2. Moreover, 430 

the service time for the products in the atoms such as pick-up points, order generation, packing, 431 

matching, CD and backup vehicle have been set at values ranging from 1 to 5 minutes. Although the 432 

assigned values could differ in reality, those parameters are irrelevant for the comparison of different 433 

delivery systems. 434 

Insert Table 2 here 435 

4.3 Experiment setting  436 

In total 36 experiments were carried out, including the base scenario and sensitivity analysis scenarios 437 

(Table 3). The parameters that are subject to the sensitivity analysis are presented in Table 4. The 438 

inter-arrival times (parameters 1, 2, 3) are calculated by backward induction based on the total number 439 

of deliverers and e-order arrivals (Table 2). To get the deliverer arrivals per hour, we distributed the 440 

total number equally (except for the peak period) through the 14 time slots that make up the 441 

supermarket schedule (Table 5). Similarly, e-order arrivals are distributed equally in the 12 hours of 442 

same-day service. The number of simulation runs conducted for each scenario was 100. The average 443 

values for the output parameters are reported. 444 
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Insert Table 3 here 445 

Insert Table 4 here 446 

Insert Table 5 here 447 

4.4 Simulation results 448 

4.4.1 Base scenario 449 

The key performance indicators (KPIs) considered in the evaluation of the CD model are the matching 450 

rate and the total delivery costs. The matching rate is defined as the percentage of GPs that are served 451 

by the crowdsourced deliverers. Thus, the higher the matching rate, the more robust the CD integrated 452 

model is. 453 

The reason why we selected those two KPIs is because they have close relationships with cleaner 454 

production and the feasibility of CD adoption. First, CD is by nature a more sustainable way of 455 

delivery in last-mile logistics (i.e. substantially less GHG emissions) as long as the principle of “co-456 

functionality” is followed, because combined grocery shopping reduces the total number of journeys 457 

required for traditional grocery shopping. As more combined grocery shopping journeys are 458 

performed by the crowdsourced deliverers, GHG emissions will reduce during the practice of grocery 459 

shopping. In this sense, the KPI “matching rate” (i.e. the percentage of parcels delivered by the 460 

crowdsourced deliverers) captures the aspect of sustainability (cleaner production). Second, economic 461 

feasibility is the key to ensure the acceptance of the CD concept by the businesses. If the integration of 462 

CD can reduce the total delivery costs, then the companies are more willing to adopt it and the goal of 463 

sustainability (cleaner production) can be realized.  464 

Table 6 lists the default values of the six targeted parameters assigned to the base scenario. Table 7 465 

shows the simulation results for the initial values. The matching rate achieved is around 69%. 466 

Regarding the economic implications, delivering all GPs the conventional way would have cost €1118, 467 

and the cost for the hybrid delivery model was €646. That is, the introduction of the crowdsourcing 468 

concept allows savings of about 42%. 469 

Insert Table 6 here 470 

Insert Table 7 here 471 
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4.4.2 Scenario I: Increasing crowdsourcing participation 472 

The first scenario deals with the variability of parameters 5 and 6, i.e. crowdsourcing participation of 473 

outgoing clients and e-grocery shoppers. As can be observed in Table 8, the values for the online 474 

participation rates vary from 70% to 100%. In addition, these values were tested under different levels 475 

of offline crowdsourcing participation (5%, 10%, 20% and 30%) to analyse their relationship and 476 

impact on the matching rate. 477 

Insert Table 8 here 478 

Table 9 presents the outcomes obtained for the first scenario. Two patterns can be observed. The first 479 

pattern is found when the offline participation rate ranges between 5% and 10%. A great improvement 480 

in the matching rate is observed from around 35% to 64%. From Figure 4, it can be observed that 481 

increasing participation in the online channel does not have a big impact on the KPIs. 482 

Insert Figure 4 here 483 

Insert Table 9 here 484 

The second pattern covers the experiments where the offline participation is 20% and 30%. Here, the 485 

matching rate increases considerably. It starts at 69% and increases continuously when more e-486 

customers choose CD. When the online participation is 100%, the matching rates are around 100%. 487 

This implies that almost all GPs can be delivered through CD, which would minimize the delivery 488 

costs substantially and lead to the highest savings rate, above 60% (in comparison with the 489 

conventional model). 490 

Figure 5 plots the shortage or surplus of PDs at each participation level. The dashed line marks the 491 

tipping point of the CD model for this case study. It explains the presence of the two trends mentioned 492 

above. At lower levels of offline participation (5% or 10%), the PDs recruited are not sufficient to 493 

serve all GPs assigned to the CD mode. In contrast, when the offline participation reaches values equal 494 

to or above 20%, there is a surplus of PDs. 495 

Insert Figure 5 here 496 

4.4.3 Scenario II: Delivery time-window reduction 497 

The second scenario deals with changes in the values of parameters 4 and 5 (Table 4). The shortening 498 

of the parameter delivery time window to 1.5 and 1 hour is analysed at different offline crowdsourcing 499 
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participation levels (5%, 10%, 20% and 30%). Then, outputs are compared with experiments in which 500 

the delivery time window had an initial value of 2 hours (Table 10). 501 

Insert Table 10 here 502 

The main findings are that the reduction in the delivery lead time affects the performance measures of 503 

the CD model negatively, which is summarized in Table 11 and plotted in Figure 6. The impact is 504 

almost unnoticed when the delivery time window is shortened from 2 to 1.5 hours, especially for 505 

experiment runs 5a, 7a, 8a. The negative performance of the matching rate could vary from 0% to 4%. 506 

For the last time window resize (to 1 hour), there is a tendency towards a more pronounced 507 

deterioration in the overall performance. The matching rate deterioration ranges from 4% to 13% in 508 

comparison with the outcomes of scenarios where the delivery lead time is set at 2 hours. 509 

Insert Figure 6 here 510 

Insert Table 11 here 511 

The decrease in the matching rate for shorter delivery time windows depends on the level of deliverer 512 

recruitment. The lower the number of PDs, the less likely the matching process becomes. For instance, 513 

for 70% online participation, the number of GPs assigned to the crowdsourced system is around 60 (85 514 

× 0.70). However, with 10% offline participation rate, only 48 and 40 GPs are successfully assigned to 515 

CD for the time windows of 1.5 and 1 hour, respectively. Conversely, at levels equal to or above 20% 516 

(tipping point) of offline participation, the number of GPs delivered by crowdsourced deliverers is 517 

around 60 and 55 for time windows of 1.5 and 1 hour, respectively. 518 

Consequently, the costs savings are affected in the same way. Shortening of the delivery time window 519 

from 2 to 1 hour reduces the savings to 8% and 3% for offline participation of 10% and equal to or 520 

above 20%, respectively. 521 

4.4.4 Scenario III: Online orders growth 522 

The last scenario investigates the impact of the future growth of online shopping. Inter-arrival times 523 

are altered for different offline crowdsourcing participation levels (5%, 10%, 20% and 30%) as shown 524 

in Table 12. The growth rates for the online channel considered in this scenario are 5%, 10% and 15%, 525 

and the offline shoppers decrease accordingly, which results in a recalculated inter-arrival time. 526 

According to the findings in Table 13, having more GPs to deliver with fewer PDs would not hamper 527 

the CD operation in all cases (no significant decline). When the offline participation is as low as 5% or 528 

10%, the number of PDs becomes insufficient to serve all the e-orders. For instance, in a 15% online 529 
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growth rate scenario, the shortage causes a decrease of around 10% and 6% in the matching and cost 530 

saving rates, respectively. However, when the offline participation reaches 20% or above (tipping 531 

point), the increasing e-orders no longer put pressure on the CD model. As plotted in Figure 7, the 532 

matching rates for these cases remain almost unchanged. 533 

Insert Figure 7 here 534 

Insert Table 12 here 535 

Insert Table 13 here 536 

5. Discussion 537 

5.1 The conceptual framework 538 

In this paper, we have developed a conceptual framework to facilitate last-mile city logistics transition 539 

with the emergent CD models in the B2C ecommerce context. The framework addresses the system 540 

transition with the basis that refers to the classical theory of multi-level socio-technical transitions. 541 

This framework pinpoints the key issues for CD integration and proposes five “basic principles” to be 542 

followed when designing the intervening CD innovations under the current socio-technical landscape 543 

and regime. It can be used as a high-level guideline to assist policy making towards a more sustainable 544 

and inclusive city logistics system. As the first work to promote CD integration in the last-mile city 545 

logistics system, this conceptual framework paves the way for further in-depth analyses on the 546 

potentials of different crowdsourced innovations that ultimately contribute to the system transition.   547 

 548 

5.2 The illustrative case study  549 

To demonstrate the usefulness of the conceptual framework, a simulation-based illustrative case 550 

following the guidance of the framework is presented. In that illustrative case, a crowdsourced-551 

delivery model is proposed as a home-delivery alternative for e-grocery shopping. The case is built 552 

upon the five “basic principles” for niche innovations proposed by the framework where the rules of 553 

small-scale pilot, community-based approach, low added network complexity, low additional 554 

investment level, co-functionality are closely followed.  555 

 556 

Based on the initial figures in the base scenario, the outputs revealed that an appreciable matching rate 557 

of approximately 70% can be achieved. The principal reason behind this is that food retailers have a 558 

large number of frequent visitors (weekly) compared with a smaller group of occasional e-customers 559 

(monthly). Hence, the number of PDs is substantially larger than the number of GPs to be delivered. 560 

Furthermore, matches between the destination of deliverers and GPs are more likely to happen because 561 

the delivery area is limited to the neighbourhood of the clients. 562 
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 563 

Moreover, a more extensive evaluation of CD against different crowdsourcing participation levels was 564 

conducted to pinpoint a range of possible matching rates. In the best scenario, 100% of  the deliveries 565 

of GPs can be accomplished by crowdsourced deliverers. On the other hand, in the worst case scenario, 566 

the matching rate barely reaches 34%, leading to adoption of a hybrid delivery model (conventional + 567 

crowdsourced modes). 568 

 569 

From the analysis of various scenarios, four main observations have been made. First, as some studies 570 

have already stated (Arslan et al., 2016; Van Cooten, 2016), the robustness of the CD model depends 571 

on satisfactory recruitment of participants, specially from the deliverer side. Our results confirm the 572 

importance of attracting a minimum level of PDs for the feasibility of CD operations. For this case 573 

study, the tipping point is at a level of 20% of offline crowdsourcing participation. When the number 574 

of PDs equals to or surpasses that level, it is possible to achieve favourable outcomes for any given 575 

level of online crowdsourcing participation. The full engagement of e-grocery shoppers and offline 576 

participation around 30% allow the best matching rate for the CD model (100%). 577 

 578 

In addition, a shorter delivery time window is beneficial, not only for online customers but also for the 579 

quality and integrity of GPs, especially when parcels contain perishable products. The CD model was 580 

tested for two cutbacks in the time windows: 1.5 and 1 hour. The results show that the matching rate 581 

responds to a reduction in delivery lead time, particularly when the time window is shortened from 2 582 

to 1 hour. The worst outputs were identified when delivery time windows are reduced to 1 hour, and 583 

only 5% or 10% of the GPs are delivered by the crowdsourced deliverers. The performance measures 584 

of the model can be mildly affected when more PDs join the system. In general, applying a more 585 

responsive delivery policy is favourable for narrowing the time window to 1.5 hours. To apply a 1-586 

hour time window, the crowdsourcing participation level of outgoing clients has to be at least 20%. 587 

 588 

Third, experts predict a promising future for the e-grocery industry. Therefore, increasing growth is 589 

expected for the online channel, which translates to fewer customers visiting the supermarket. We 590 

evaluated the performance of the crowdsourced model when e-orders grew at rates of 5%, 10% and 591 

15%. The outcomes revealed two trends. An unfavourable picture arises when offline crowdsourcing 592 

participation barely reaches 10%. Matching and saving rates decrease up to 10%. However, when the 593 

system recruits higher levels of outgoing clients (20% or above), the CD model remains robust, and its 594 

performance measures are almost unchanged. Consequently, the growth of potential demand for the 595 

online channel is not as a significant threat to the proposed model as the unsuccessful recruitment of 596 

participants. 597 

 598 
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Finally, although the simulation process yields promising results for the CD model, it is not possible to 599 

achieve a 100% matching rate. In those cases, the conventional system of home delivery must be used 600 

as a backup option to prevent the risk of leaving unmatched e-orders unattended. Hence, we suggest a 601 

hybrid delivery system, especially in the current (early) stage of CD implementations when 602 

participation rates in both channels may not reach the desired threshold levels. 603 

 604 

5.3 Conclusion  605 

 606 

Based on the simulation results, we derive the following conclusions: 607 

• The integration of CD into existing last-mile delivery networks following the proposed five basic 608 

principles has great potential for improving last-mile logistics from both the economic and 609 

environmental points of view. 610 

• To successfully implement CD, a critical scale of potential delivers (i.e. the offline participation rate) 611 

is essential. 612 

• CD cannot totally replace the traditional parcel delivery system, and therefore a hybrid delivery 613 

network is recommended. 614 

 615 

5.4 Limitations and Future Research 616 

There are also limitations for the developed conceptual framework and illustrative case study. Firstly,  617 

the conceptual framework is still quite abstract. It can be very useful to guide strategic plans of the 618 

last-mile city logistics system with CD initiatives but can not provide tactical or operational 619 

suggestions on specific issues faced by the practitioners.  620 

 621 

Secondly, the case study is kept simple for illustrative purposes. Although extensive sensitivity 622 

analyses have been conducted, data and assumptions may not be sufficiently precise. Moreover, as a 623 

standalone numerical example, it cannot cover all relevant aspects of CD integration. However, the 624 

general pattern of the results is adequate and demonstrates the potential added value of CD for last-625 

mile logistics.  626 

 627 

Future research should concentrate on developing tactical and operational CD measures based on the 628 

proposed conceptual framework to provide practical suggestions and protocols for improvement of 629 

last-mile logistics. More qualitative and quantitative studies investigating different concepts of CD 630 

with various settings should be conducted to test the pros and cons of the hybrid system with CD 631 

integration. Finally, more marketing and sociology research should be conducted to find effective 632 

transition pathways for involving more participants to join CD and create the critical scale for 633 

businesses. 634 
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E-order arrivals Deliverer arrivals 

Total population  16,900,000   Neighb. Population  4,550 
 

Penetration online rate 15%   Week visit rate 70% 
 

 
2,535,000   

 
3185 per week 

Supermarket stores 1476   
 

640 per day 

e-orders per store  1717 per month 
   

 
429 per week 

   

 
85 per day 

   
Table 1. Deliverer and e-order arrivals calculation. 

 

Neighbourhood Population 4550 

Opening hours 08:00 - 22:00 

Peak hour period 17:00 - 19:00 

Supermarket’s visitors per day 640 

E-orders per day 85 

Delivery time-window  2 hrs 

Delivery time 15 min 

Crowdsourced-delivery fee  € 5 

Backup-delivery fee  € 13 

Online crowdsourcing participation % 70 

Offline crowdsourcing participation % 20 

                                            Table 2. The basic parameter values in the base scenario 

 

Scenarios Parameter altered 

Base scenario   

Scenario I 5 & 6 
Scenario II 4 & 5 

Scenario III 1,2,3 & 5 
Table 3. General experiments design  

 

 

 

 

 

 



 Parameter 

No3. 

Parameter  

1 Deliverer inter-arrival time (mins) 

2 Deliverer inter-arrival time - peak hour (mins) 

3 E-order inter-arrival time (mins) 

4 Delivery time-window (hours) 

5 Offline crowdsourcing participation % 

6 Online crowdsourcing participation % 

Table 4. Parameters subject to sensitivity analysis 
 
 
 

 
ARRIVAL RATE INTER-ARRIVAL TIME 

OPENING HOURS Deliverer E-order Deliverer E-order 

08:00 - 08:59 40 7 1.5 8.58 

09:00 - 09:59 40 7 1.5 8.58 

10:00 - 10:59 40 7 1.5 8.58 

11:00 - 11:59 40 7 1.5 8.58 

12:00 - 12:59 40 7 1.5 8.58 

13:00 - 13:59 40 7 1.5 8.58 

14:00 - 14:59 40 7 1.5 8.58 

15:00 - 15:59 40 7 1.5 8.58 

16:00 - 16:59 40 7 1.5 8.58 

17:00 - 17:59 80 7 0.75 8.58 

18:00 - 18:59 80 7 0.75 8.58 

19:00 - 19:59 40 7 1.5 8.58 

20:00 - 20:59 40 
 

1.5 
 

21:00 - 22:00 40   1.5  

 
640 84 

  
Table 5. Deliverer and e-order inter-arrival times  

 

 

 

 

 

 

 

 

 

 



Experiment/Parameter 1 2 3 4 5 6 

Base scenario 1.50 0.75 8.58 2 20 70 
Table 6.  Parameter values for the base scenario. 

 
 

Total Potential Deliverers 129 

Performing the crowdsourced-delivery 59 

Unmatched deliverers 71 

Total Grocery Parcels 86 

 Crowdsourced-delivery 59 

 Backup-delivery 27 

Matching Rate 69% 

Total Delivery Cost with conventional model (A) €1,118 

Total Delivery Cost with hybrid model (D=B+C) €646 

Crowdsourced-delivery cost (B) €295 

Backup-delivery cost (C) €351 

Savings Rate with hybrid model = (A-D)/A 42% 

Table 7. Performance results for the base scenario (per day) 
 

Experiment/Parameter 1 2 3 4 5 6 

Base scenario  1.5 0.75 8.58 2 20 70 

1a     5 70 

1b         5 80 

1c     5 90 

1d         5 100 

2a 
    

10 70 

2b         10 80 

2c 
    

10 90 

2d         10 100 

3a 
    

20 70 

3b         20 80 

3c     20 90 

3d         20 100 

4a         30 70 

4b 
    

30 80 

4c         30 90 

4d 
    

30 100 

Table 8: Experiment design for scenario I 
 

 
Table 9. Simulation results for scenario I 

 

Online participation 70% 80% 90% 100% 70% 80% 90% 100% 70% 80% 90% 100% 70% 80% 90% 100%
Total Potential Deliverers 32 32 32 34 64 64 64 64 129 130 129 129 191 193 194 192

Performing the crowdsourced-delivery 29 30 30 32 50 54 57 58 59 67 74 84 59 68 75 85
Unmatched deliverers 3 2 2 2 14 10 7 6 70 63 55 45 132 125 119 107

Total Grocery Parcels 85 85 85 85 84 85 83 86 86 85 84 85 85 86 84 85
 Crowdsourced-delivery 29 30 30 32 50 54 57 58 59 67 74 84 59 68 75 85
 Backup-delivery 56 55 55 53 34 31 26 28 27 18 10 1 26 18 9 0

Matching Rate 34% 35% 35% 38% 60% 64% 69% 67% 69% 79% 88% 99% 69% 79% 89% 100%
Total Delivery Cost with conventional model (A) 1105 1105 1105 1105 1092 1105 1079 1118 1118 1105 1092 1105 1105 1118 1092 1105
Total Delivery Cost with hybrid model (D=B+C) 873 865 865 849 692 673 623 654 646 569 500 433 633 574 492 425

Crowdsourced-delivery cost (B) 145 150 150 160 250 270 285 290 295 335 370 420 295 340 375 425
Backup-delivery cost (C) 728 715 715 689 442 403 338 364 351 234 130 13 338 234 117 0

Savings Rate with hybrid model = (A-D)/A 21% 22% 22% 23% 37% 39% 42% 42% 42% 49% 54% 61% 43% 49% 55% 62%

Offline participation: 5% Offline participation: 30%Offline participation: 10% Offline participation: 20%



 
Experiment/Parameter 1 2 3 4 5 6 

Base scenario 1.5 0.75 8.58 2 20 70 

1a    2 5  

5a       1.5 5   

5b       1 5   

2a       2 10   

6a 
   

1.5 10  

6b       1 10   

3a    2 20  

7a 
   

1.5 20  

7b       1 20   

4a       2 30   

8a       1.5 30   

8b       1 30   

Table 10. Experiment design for scenario II 
 

 
Table 11. Simulation results for scenario II. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Delivery time 2h 1.5h 1h 2h 1.5h 1h 2h 1.5h 1h 2h 1.5h 1h
Total Potential Deliverers 32 33 32 64 65 64 129 128 128 191 193 192

Performing crowdsourced-delivery 29 29 24 50 48 40 59 59 54 59 58 55
Unmatched deliverers 3 4 8 14 17 24 70 69 74 132 135 137

Total Grocery Parcels 85 85 86 84 85 85 86 85 86 85 85 84
 Crowdsourced-delivery 29 29 24 50 48 40 59 59 54 59 58 55
 Backup-delivery 56 56 62 34 37 45 27 26 32 26 27 29

Matching Rate 34% 34% 28% 60% 56% 47% 69% 69% 63% 69% 68% 65%
Total Delivery Cost with conventional model (A) 1105 1105 1118 1092 1105 1105 1118 1105 1118 1105 1105 1092
Total Delivery Cost with hybrid model (D=B+ 873 873 926 692 721 785 646 633 686 633 641 652

Crowdsourced-delivery cost (B) 145 145 120 250 240 200 295 295 270 295 290 275
Backup-delivery cost (C) 728 728 806 442 481 585 351 338 416 338 351 377

Savings Rate w/hybrid model = (A-D)/A 21% 21% 17% 37% 35% 29% 42% 43% 39% 43% 42% 40%

Offline participation: 5% Offline participation: 10%ffline participation: 20ffline participation: 30



Experiment/Parameter 1 2 3 4 5 6 

0 1.500 0.750 8.580 2 20 70 

1a  1.500  0.750  8.580   5   

9a 1.580 0.790 8.160   5   

9b 1.650 0.825 7.722   5   

9c 1.725 0.863 7.293   5   

2a 1.500 0.750 8.580  10  

10a 1.580 0.790 8.160   10   

10b 1.650 0.825 7.722 
 

10  

10c 1.725 0.863 7.293   10   

3a 1.500 0.750 8.580  20  

11a 1.580 0.790 8.160   20   

11b 1.650 0.825 7.722   20   

11c 1.725 0.863 7.293   20   

4a 1.500  0.750  8.580    30   

12a 1.580 0.790 8.160   30   

12b 1.650 0.825 7.722   30   

12c 1.725 0.863 7.293 
 

30  

Table 12. Experiment design for scenario III 
 

 
Table 13. Simulation results for scenario III. 

 
 

Online orders growth 0 +5% +10% +15% 0 +5% +10% +15% 0 +5% +10% +15% 0 +5% +10% +15%
Total Potential Deliverers 32 32 29 28 64 60 59 56 129 123 115 112 191 182 176 169

Performing the crowdsourced-delivery 29 29 27 26 50 50 50 50 59 61 66 69 59 62 65 70
Unmatched deliverers 3 3 2 2 14 10 9 6 70 62 49 43 132 120 111 99

Total Grocery Parcels 85 89 94 100 84 89 93 100 86 88 94 100 85 90 93 100
 Crowdsourced-delivery 29 29 27 26 50 50 50 50 59 61 66 69 59 62 65 70
 Backup-delivery 56 60 67 74 34 39 43 50 27 27 28 31 26 28 28 30

Matching Rate 34% 33% 29% 26% 60% 56% 54% 50% 69% 69% 70% 69% 69% 69% 70% 70%
Total Delivery Cost with conventional model 1105 1157 1222 1300 1092 1157 1209 1300 1118 1144 1222 1300 1105 1170 1209 1300
Total Delivery Cost with hybrid model (D=B+ 873 925 1006 1092 692 757 809 900 646 656 694 748 633 674 689 740

Crowdsourced-delivery cost (B) 145 145 135 130 250 250 250 250 295 305 330 345 295 310 325 350
Backup-delivery cost (C) 728 780 871 962 442 507 559 650 351 351 364 403 338 364 364 390

Savings Rate with hybrid model = (A-D)/A 21% 20% 18% 16% 37% 35% 33% 31% 42% 43% 43% 42% 43% 42% 43% 43%

Offline participation: 30%Offline participation: 20%Offline participation: 10%Offline participation: 5%



 
Figure 1. The last-mile city logistic system  

 
Figure 2. The conceptual framework for last-mile city logistics transition with CD innovations adapted 

from Geels (2011)  



 
 

Figure 3a. Grocery Parcel delivery timeline adapted from Arslan et al. (2016) 
 

 

Figure 3b. The delivery scheme based on Arslan et al. (2016) 
 

 

 
Figure 4. Matching rate performance per level of crowdsourcing participation 

 

Original trip 
Crowdsourced trip 

Grocery parcel / 
Deliverer 

Deliverer’s Home 

Neighbour’s Home 



 
Figure 5. Shortage/surplus of potential deliverers 

 

 
Figure 6. Matching rate performance per delivery time window. 

 
 

 
Figure 7. Matching rate  performance for growth of the online channel 
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