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Abstract

:

Problems in urban areas at present are caused by the high traffic volumes of motor vehicles. Changing commercial behaviour into e-commerce reduces the need for individual customers to visit shopping centres and increases the need for freight transport to geographically dispersed consumers. In this case, one solution to reduce the number of lorry journeys may be collection points, such as a network of parcel lockers. However, the use of collection points has only a limited impact on reducing the number of cars on the streets because half of the journeys to parcel lockers are still made by car. This study assumes that consumers’ choice of how to collect their parcels depends on the available infrastructure and the time needed to reach the pick-up point, which depends on the distance from the place of residence/work/school. The purpose of this research was to analyse the location of collection points in relation to the alternative infrastructure and places of residence/work/school using Gdańsk, Poland, as an example. The analysis showed that collection points are usually easily accessible by car, are not always accessible by foot, and in only a few cases are easily accessible by bicycle.
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1. Introduction


One of the main obstacles to the sustainable development of urban areas around the world is the dense traffic of passenger cars and vans in cities, which causes excessive greenhouse gas emissions, vibration, noise, and dangerous situations, especially for pedestrians and cyclists. Other aggravating factors are the heavy dependence on passenger cars for covering even small distances and the persistently high motorisation rate [1,2].



Additionally, as e-commerce develops, the proportion of delivery vehicles on urban streets increases, which generates additional traffic throughout the day, not only at rush hour. Many studies have discussed the problem of the impact of e-commerce and new solutions for last-mile distribution on the environment and sustainable urban development [3,4,5,6]. Last-mile distribution related to e-commerce is complicated and costly [7,8]. Some research on e-commerce has studied solutions aiming to improve, economise, and optimise service from the point of view of both companies in the supply chain and end consumers [9]. One of the main points of interest for researchers is deliveries to retail collection points [10,11]. Networks of retail collection points are now being rolled out rapidly in many countries in order to increase consumer convenience and reduce delivery costs [12]. The European Commission has also drawn attention to the problem of e-commerce and its impact on sustainable urban development, noting the pro-ecological opportunities in modern solutions for optimising last-mile logistics, including the development of retail collection points [13].



Solutions aimed at reducing the undesirable consequences of high motorisation rates in cities may take two directions:




	
Those leading to changes in the method of mobility with the same number of journeys (public transport, cycling, and walking);



	
Those leading to a reduction in the number of journeys (like Internet of Things, e-documents, and other virtual products and services) or integrating two or more journeys into one.








The research presented in this article was based on the assumption that individual motorisation and motor traffic caused by the supply of goods and services are to some extent interchangeable. Figure 1 presents a diagram of the assumption of the interchangeability of car traffic needs in cities.



The traditional way to connect customers with commercial goods is to sell them in large shopping centres where customers can buy everything in one place. Such deliveries require the movement of larger vehicles with a certain frequency. Subsequently, each consumer has to find the goods themselves. If customers go to the market by car, this type of distribution favours the generation of individual motor traffic. As a result of the growth of e-commerce, the demand for home/office deliveries has vastly increased. Door-to-door deliveries in fact reduce the need for individual journeys to points of sale, but they generate more traffic from delivery vans travelling to reach far-flung end-customers.



Scattered destinations can be reduced to some extent by introducing collective parcel collection points. The following types of retail collection points can be used [12]:




	
Parcel lockers: these banks of secure lockers are generally found in places that are accessible from early until late in the day and can provide an adequate level of security, such as railway stations, supermarket car parks, and petrol station forecourts.



	
Parcel shops: staffed outlets, most commonly convenience stores, newsstands, or other shops with long hours, including florists, petrol stations, and other outlets.








Research in this field treats parcel lockers as an important link in the entire system of heterogeneous delivery methods for handling deliveries due to e-commerce [14].



In Poland, parcel lockers are an extremely popular solution for deliveries of online shopping. These are a solution that is becoming more and more popular among online customers every year. This is due to the greater flexibility offered by picking up packages after working hours [15]. Until recently, parcel lockers were second to online shopping delivery (with home delivery by courier following); since 2020, they have taken the top spot [16], and as a result of the social distancing recommended to protect against COVID-19 infection, parcel lockers have become the first choice for most online purchases. Deliveries to parcel lockers have become a very good alternative to purchases requiring contact between the carrier and the customer, and not only in Poland. For example, Koloni launched a smart locker that can reduce COVID-19 contagion by eliminating human contact during deliveries of parcels and food [17].



Delivery to parcel lockers has gained popularity due to the independence and flexibility the customer has in picking up their package and the greater choice of collection points offered [18]. Additionally, in October 2016 a new service of collection points was introduced in a chain of popular convenience stores in Poland.



Such distribution solutions generate lower costs for the supplier. Delivery is faster [8] and may to some extent reduce the number of vans on the streets or the length of their trips, as various studies have shown [19,20]. However, this type of delivery requires the consumer to be involved in the process of obtaining their goods. If the end customer carries out their part of the logistics process by car, this solution will not reduce car traffic in the city [21]. Such a solution could potentially have a positive impact on urban sustainability if consumers travelled some other way to obtain their package than by car or if they always combined the collection of packages with their other journeys (for example, commuting to/from work). Another solution indicated in the research is using cargo bikes for the final stage of delivery [22].



The general thesis that parcel lockers are able to reduce the number of cars on the streets, provided that consumers collect their parcels whilst on other journeys or that they reach the collection point through some other means than by car, was also a contribution to research conducted by a team from the Maritime University of Szczecin, Poland [18]. However, the study conducted in Szczecin found that most consumers reached parcel lockers by car.



With such results from the existing research, the next question is how to change customers’ behaviour and how to encourage them to travel to collection points without using a car. The basic hypothesis is that the layout and infrastructure of cities determine the mobility of its residents. This hypothesis is based on the idea that the city is a system and that the behaviours (processes) exhibited in the system are conditioned by the structure of the system. This systemic perspective dictates that a system’s structure shapes individual actions and creates the conditions enabling particular types of behaviour [23]. The structure of cities as a decisive factor in the mobile behaviour of residents has been the subject of many studies. The influence of a city’s structure on mobile behaviour, which determines the emission of greenhouse gasses, has also been investigated, including through looking for relationships between a city’s structure and the effects of greenhouse gas emissions [24,25]. Research is also being conducted at the level of the impact of infrastructure on behaviour, including mobile behaviour. Other urban studies have also focused on this idea [26,27,28,29]. As quoted by Montgomery, Jan Gehl stated that he and his team have discovered that if road space increased, the number of cars on the road would increase too. Thus, if there were more bicycle lanes, more bicycles would be ridden around the city, and if more space was made for people, more people would take to the streets, which of course would lead to the emergence of public life [28]. ‘When we look at the history of cities, we can clearly see that urban design and structures have an impact on people’s behaviour and the way cities operate’ [27].



With this assumption, it can be postulated that in order to induce pro-ecological behaviour among residents—which would consist of limiting the use of personal cars in urban spaces—attention should be paid to the location of collection points (parcel lockers), including the infrastructure available at all facilities that require the mobility of residents. With these assumptions in mind, we undertook research on the location of parcel lockers and other collective collection points (newsstands and convenience stores) in relation to roads and alternative types of infrastructure (cycling and walking lanes).



The following sections of the article discuss the questions and research hypotheses, the research processes carried out, and the methods used. The results of the survey and GIS analysis are then presented. The article concludes with a discussion of how the results can be useful to stakeholders who can, through their decisions, influence sustainable urban development.




2. Materials and Methods


A flowchart of the study is presented to better illustrate the individual stages of the study (Figure 2).



Due to the fact that the study was intended to cover one city, the first step was to examine to what extent the behaviour of e-commerce customers in choosing a method for collecting parcels was consistent with the findings of the cited studies for the whole of Poland [15,18]. For this purpose, a small pilot study was conducted on an available sample of academic teachers and students from the University of Gdańsk (UG). The survey was aimed only at people who declared that they shop online. As e-commerce reports show that the main group of people buying online are those with a higher education [30], studying a group of university employees and students was justified.



The survey was in the form of an online questionnaire that was sent to email addresses from a database of 600 employees’ addresses from UG research units. The link to the questionnaire was also placed on the UG fan page. A total of 169 returned questionnaires were received. The questionnaire pertained to behaviours related to the choice of delivery mode when shopping online and of collection when a delivery other than direct home/office was chosen. The main questions asked were as follows:




	
How do the respondents reach the collection point (by car, bicycle, on foot)?



	
Do they combine parcel collection with other reasons for travel (to/from work, shopping, or recreation)?



	
How far would they be willing to go to a collection point to retrieve a parcel (distance expressed in time: up to 5 min, up to 10 min, up to 20 min, or over 20 min)?








The subsequent analysis of the location of collection points was aimed at investigating whether the location of parcel lockers in relation to the transport infrastructure is such that it could support alternative methods of travelling to parcel lockers. Therefore, the detailed research questions concerned the location of the parcel collection points in relation to road, bicycle, and pedestrian infrastructure. The following research questions were formulated:




	
What proportion of collection points is directly accessible by car?



	
What proportion of collection points is directly accessible for the bicycle infrastructure?



	
What proportion of collection points has direct access to public transport stops?



	
What proportion of collection points has direct access to pedestrian infrastructure?



	
What level of accessibility is there for walking to collection points in the urban tissue (residential, commercial, and industrial areas)?








The analysis was carried out with the use of GIS software tools. To prepare a map layer with collection points, a field inventory was carried out using the collector application, attributing the appropriate characteristics to each point. The analysis was limited to the administrative borders of the city of Gdańsk (Figure 3). The database of addresses of collection points in Gdańsk was obtained from the websites of the operators (InPost for parcel lockers, Paczka w RUCHU by the Polish Post for newsstands, and Żabka for convenience stores).



The following indicators were used to study the availability of the collection points from particular types of infrastructure (Table 1):



Car accessibility was determined by the possibility of legally stopping the car directly at the parcel locker long enough for the parcel to be picked up. Walking accessibility was expressed by the possibility of reaching the collection point safely and legally on foot. Therefore, we checked in the field whether a pavement was connected with other pedestrian routes leading to the parcel locker. In order to determine bicycle accessibility, a map of bicycle routes and paths which allowed bicycle traffic from the website of the city of Gdańsk was used; four zones (Euclidean distance) were then designated from the roads allowing bicycle traffic: up to 10 m, up to 50 m, up to 100 m, and areas over 100 m (Figure 4).



Of course, pedestrians are physically able to go anywhere, even where there is no pavement. However, there may be barriers and pedestrians may feel insecure. Although pedestrians in Polish cities are accustomed to constantly overcoming infrastructural barriers, as mentioned in the introduction, a condition for the sustainable development of cities is spaces that are generally favourable to pedestrian and bicycle traffic. Cyclists are also able to reach many places—even without the appropriate infrastructure—as they can also physically move around streets and pavements. However, in this study we only considered access to collection points that was fully in compliance with the traffic code so as not to exacerbate spatial conflicts. Moving by bicycle leads to conflicts between cyclists and pedestrians and between cyclists and drivers. This conflict mainly occurs over space on the streets, which is particularly visible in Poland [31].



Next, the area of urban tissue (residential, commercial, and industrial) with pedestrian accessibility within 800 m of a collection point was delimited. This defined the area not covered by pedestrian access at the most acceptable distance).




3. Results


Due to the survey results being similar to those of other studies [32], it can be concluded that the results and the conclusions we drew based on them are correct. This survey revealed that consumers in Gdańsk very often choose a parcel locker or a newsstand as their preferred method of delivery for their online purchases. This means that the parcel does not reach the consumer directly; thus, consumers have to move towards the parcel to pick it up. It is therefore important to consider how consumers travel to accomplish this. Table 2 contains the most important results from the survey.



The survey showed that among the methods of delivery chosen for online shopping, the most popular choice is courier delivery—almost 80% of the respondents chose courier delivery to their door. The difference is minor, as over 79% of the respondents chose delivery to a parcel locker. Newsstands were the third most frequently chosen. Only one of the respondents indicated convenience stores as a collection point, so this type was omitted in the discussion of the results.



The survey showed that 47% of the respondents who chose to use a parcel locker usually walk there (always or almost always), but again the results are similar: more than 46% of them usually get there by car, and among the respondents who collect parcels at a newsstand, 41% declared walking to pick up a parcel and 22% typically travelled to the newsstand by car. Nearly half (47%) of the respondents stated that car accessibility to the collection point was important or very important for them. Reaching a parcel locker by bicycle was selected by nearly 12% of the respondents, while cycling to a newsstand was selected by 7%.



Nearly half (29%) of those questioned declared that they travel solely to pick up parcels, whilst others pick up parcels during other trips—mainly to/from work or school or for shopping or recreation (e.g., walking a dog). The pilot study, as well as other studies, found that e-commerce using collective collection points generates additional trips around the city and that half of these trips are made by car.



The second part of the study—i.e., the spatial data analysis—made it possible to measure the extent to which the location of collection points encourages people to travel by car and to what extent it can encourage or discourage people from choosing alternative travel methods. Figure 5 shows a map of the collection points and the accessibility to various types of infrastructure.



In Figure 5, the collection points with direct access to bicycle infrastructure are marked in green. Yellow indicates the points that are directly accessible by public transport (located at public transport stops). Points that are accessible only by car are marked in red (not even pedestrian routes, such as a pavement, are nearby).



In addition, the survey established that 23% of the respondents were willing to travel only a maximum of 5 min for a parcel. More than half of the respondents were willing to travel 10 min for a parcel (56%) and 21% even further. It was assumed in the study that 10 min of walking is about 800 m. As shown in Figure 6, most of the area of residential, commercial, and industrial tissue is covered by a network of parcel collection points within a 10 min walk (800 m). However, 22% of the area most used by residents does not have access to a collection point within walking distance.



In summary, the spatial analysis revealed the following points.



	
The vast majority of parcel collection points are very easily accessible by car, which certainly encourages customers to travel by car to collect parcels.



	
A large number of parcel machines are located in places intended only for vehicle users (car washes or petrol stations).



	
The lack of adequate cycling infrastructure at the vast majority of collection points may to some extent discourage people from cycling to pick up a parcel.



	
Newsstands are located along pedestrian routes more often than parcel lockers, which are also very often used for cycling; despite this, most newsstands are also easily accessible by car.



	
Newsstands are located at tram and bus stops more often than parcel lockers.



	
The vast majority of journeys to collect a parcel can be combined with ones for other purposes, such as commuting to/from work/school and shopping.



	
Potentially all collection points are within walking distance (10 min or 800 m) of residential, commercial, and industrial areas.







4. Discussion and Conclusions


Many studies have focussed on the location of collection points in places where consumers are concentrated [33]. Thus, the collection point locations ‘follow’ the potential user. Lachapelle et al. indicated that parcel lockers should be available primarily to vehicle users. Collection points should have close, convenient, and bountiful parking nearby; be close to higher-level road infrastructure; and should more frequently be located at petrol stations or shopping centres, where collecting a parcel may be combined with other purposes [34]. A previous study on this topic was conducted in car-dominant Australian cities. This article proposes the reverse of this view—i.e., enabling users to change their behaviour by creating favourable accessibility to alternative infrastructure.



The location of the collection points is based on an arm’s length and according to local land lending legislation. If cities’ authorities have an integrated, multi-faceted policy of restricting motorisation; use more tools than simply ‘no traffic’ signs; and create restricted parking zones, private companies could be involved in promoting such city policies. More and more companies are willing to act to encourage sustainable development. One such action could be to pay attention to the location of collection points—not only in terms of serving as many potential customers as possible in a given location, but also in terms of the availability of alternative infrastructure. In fact, parcel lockers are clearly located in a convenient way for vehicle users. Very often there is a car park right next to the parcel locker and no pavement.



The issue of location changes the perspective somewhat towards pilot research on mobile lockers. Parcel lockers that can be moved during the day depending on demand can also be moved in relation to the infrastructure. Ultimately, however, location is always a physical presence at some point in space. In cities where free space is limited and space on the streets is valuable and intended for many users, it is not always possible to find available space [35]. It is most likely that special spaces will have to be created to will allow mobile lockers to be parked at certain times. The locations of such parking zones for mobile lockers should be determined in the light of the availability of means of transport other than cars.



The presented study is the starting point for further analyses. Determining the conditions in which pedestrians can walk is very important in order to include customer’s foot mobility in handling e-commerce deliveries. The 10 min—i.e., 800 m—distance used in this study, which was accepted by the largest group of respondents, is very sensitive to the remaining personal and external conditions of walking, including infrastructure. Infrastructural conditions and barriers can have a huge impact on people’s willingness to travel on foot. Apart from factors independent of the infrastructure, such as weather, physical condition, or other personal aspects, pedestrians may encounter obstacles that make it difficult to reach the parcel locker by walking or even discourage them. These factors include the slope of the land; accessibility to pedestrian infrastructure along the entire route; the number of intersections, including those with traffic lights; barriers in the form of other buildings or fenced spaces; and barriers in the form of high-speed roads without crossings. [36]. All of these barriers can lengthen the route or reduce a customer’s feeling of safety, which can discourage pedestrian mobility. For example, the research team of Xu Junping et al. studied micro-level street data and their impact on pedestrian travel [37].



GIS tools allow the multi-criteria modelling of locations in real spatial conditions, because with a data layer that inventories the existing infrastructure it is easy to determine the best locations for collection points. Creating a multicriterial model in a GIS environment that would help in making location decisions for parcel lockers considering the existing physical infrastructure and space is a subject of the author’s further research.



Other factors may also affect the way orders are collected from parcel lockers. Research on various scenarios of last-mile logistics organisation carried out in Turin showed that although the orders mostly arrive the day before the planning process, customers might express time delivery restrictions, requiring parcel delivery in a particular timeslot of the day. The capacities of the collecting points cannot be exceeded and all the orders must be delivered, reflecting the current practices in the market. Additional capacity can be bought on the spot market at a higher price [38]. Therefore, one delivery scenario may force consumers to pick up a parcel at a certain time in a specific place so as to avoid, for example, higher delivery costs. The time that the consumer has at their disposal may affect the method they use for collecting the parcel. In the event that the space of the parcel locker cannot be occupied for a long time, the consumer may be motivated to collect parcels at a certain period—e.g., on the way from work—because otherwise the longer presence of the parcel in the parcel locker may affect the additional cost of delivery. In this way, this can lead to reduction in urban travel dedicated to picking up parcels.



In an ideal scenario, an operator (carrier or seller) would engage in activities that support the sustainable development of the city and demonstrate this commitment with models for locating collection points not only according to the number of potential customers served or the volume of traffic at a given parcel locker but also to its accessibility to infrastructure not geared towards cars. In the minimum scenario, it is important that the operator at least takes into account the needs of users other than drivers.
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Figure 1. Interchangeability of car traffic and alternative travel methods. 






Figure 1. Interchangeability of car traffic and alternative travel methods.



[image: Sustainability 13 10661 g001]







[image: Sustainability 13 10661 g002 550] 





Figure 2. Stages of the analysis. 
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Figure 3. Collection points shown with an urban tissue map. 
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Figure 5. Parcel collection points in Gdańsk according to dominant type of accessibility. 






Figure 5. Parcel collection points in Gdańsk according to dominant type of accessibility.



[image: Sustainability 13 10661 g004]







[image: Sustainability 13 10661 g005 550] 





Figure 6. The cover of urban tissue with collection points within 800 m. 
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Figure 4. Streets allowing bicycles and zones representing distances of up to 10 m, up to 50 m, and up to 100 m, as well as pick-up points with direct bicycle infrastructure access. 
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Table 1. Indicators describing the characteristics of collection points.
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	Characteristic
	Description
	Indicator





	Type of collection point
	Type of collection point
	Parcel locker

Newsstand

Convenience store



	Car accessibility
	Infrastructure that enables legal and safe stopping directly at the collection point at the time of parcel collection
	1—Parking space

2—Parking space up to 50 m away

3—Permission to stop 1

4—Permission to stop up to 50 m away

5—No = 0



	Bicycle accessibility
	Infrastructure that enables legal and safe access to the parcel collection point by bicycle
	1—Bicycle paths

2—Roads with permission for bicycle traffic

3—No = 0



	Public transport accessibility
	A public transport stop (bus or tram) in the immediate vicinity of the collection point
	1—Public transport stop

2—Public transport stop up to 50 m away

3—No = 0



	Walking accessibility
	Nearby infrastructure that allows legal and safe access to the collection point on foot, using a pavement or other road with pedestrian traffic permitted
	1—Pavement

2—No = 0

3—Residential, commercial, and industrial areas of the city covered with collection points with a buffer of 800 m



	Possibility of combining parcel collection with other reasons for traveling
	Strong presence of other commercial services or educational or office functions at the collection point
	1—Yes/No = 1/0







1 The time allowed to stop is indicated by a road sign and is usually 5–15 min.
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Table 2. Most frequently chosen (always or almost always) means of collecting a parcel, divided into parcel lockers and newsstands.
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	Method of Access
	Parcel Locker
	Newsstand





	On foot
	47%
	41%



	By car
	46%
	22%



	By bicycle
	12%
	7%
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