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        Abstract



        Parcel lockers (PLs) are gaining recognition for their role in improving last-mile logistics efficiency and sustainability. They provide a reliable, eco-friendly solution by reducing failed deliveries and optimising logistical operations. However, their relationship with accessibility—both in terms of the user's ability to access the parcel (e.g., convenience) and its spatial distribution, a fundamental criterion for companies —remains an area requiring further investigation, particularly across urban, suburban, and rural contexts.


        This review examines studies from 2000 to 2024 to evaluate how PLs contribute to accessibility and identify different adoption factors across context, urban and non-urban (e.g. peripheral, rural). Total 48 research papers were analysed to assess trends, challenges, and opportunities related to PLs accessibility.


        Findings highlight contrasting perspectives between end-users and logistics providers on parcel locker accessibility. While PLs enhance convenience through 24/7 availability, widespread distribution, and on-demand service, challenges remain in peripheral areas due to unequal distribution, digital literacy barriers, and integration issues within logistics networks. Logistics efficiency and user equity must be balanced to ensure sustainable and inclusive last-mile delivery solutions.


        It highlights that accessibility and proximity are notably influencing the implementation and acceptance of parcel lockers. Rural accessibility remains a challenge. Digital divides, cultural barriers, and weak logistics integration create significant obstacles. To maximise the benefits of PLs networks, future research should focus on equitable last-mile strategies, enhanced stakeholder collaboration, and integrated urban planning approaches, ensuring that parcel lockers contribute to a more inclusive and sustainable logistics system.
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      1. INTRODUCTION


      The e-commerce sector has significantly transformed consumer shopping and goods transportation [1], with last-mile delivery (LMD) playing a crucial role in this evolution [2]. The COVID-19 pandemic accelerated the adoption of Parcel lockers (PLs), driven by the surge in e-commerce and the demand for contactless delivery. The COVID-19 pandemic has also brought about changes in the spread of so-called weak demand areas, i.e., those areas with low transport demand that often lack public transport services and that have transport needs not only for passengers but also for small quantities of goods [3, 4]. New service management policies and requirements have recently emerged, particularly regarding the reception of goods that generally do not exceed 20 kg (classifiable as small and medium-sized) [5, 6].


      The rise of digital platforms has increased delivery volumes, diversified goods availability, and heightened the demand for faster, more reliable services [7, 8]. However, this expansion has also exacerbated environmental concerns, as more delivery vehicles contribute to congestion and emissions, raising sustainability challenges [9, 10]. Companies are prioritising eco-friendly logistics solutions, investing in route optimisation and innovative last-mile strategies [11].


      The term 'last mile' refers to the final stage of delivery, typically from a distribution centre to the consumer. PLs are closely linked to LMD as they offer an alternative to direct-to-door shipping, helping to reduce inefficiencies such as failed deliveries, high transport costs, and urban congestion. By consolidating shipments at fixed locations, PLs allow logistics providers to optimise delivery routes and increase drop density. However, PLs often function as intermediate collection points rather than true end-points, since the consumer must still retrieve the parcel. This distinction is crucial when evaluating their contribution to LMD, as it shifts part of the last-mile burden to the user. PLs have emerged as a key solution to enhance accessibility, efficiency, and sustainability in last-mile logistics [12, 13]. However, as the adoption of PLs expands across urban, suburban, and rural contexts, several critical research questions remain unanswered, including their role as an accessible solution for customers, both in terms of being a digital-friendly tool and providing access to physical lockers. Addressing these gaps is crucial to developing context-sensitive and equitable last-mile delivery strategies [14, 15].


      Parcel lockers have experienced rapid global growth, particularly in Europe, with Poland leading the way with over 39,000 units and InPost expanding to 46,000 units across the continent. DHL and DPD also expanded their networks by nearly 50% and 63%, respectively, in 2024 [15].


      With DHL operating 12,500 lockers in Germany (reaching 90% of the population), InPost managing more than 23,000 units across Europe, and Amazon offering lockers in major global markets, parcel lockers have become a key component of the evolving last-mile delivery landscape. Public-sector initiatives, such as Croatia’s national network and New York City’s LockerNYC program, reflect growing interest in their role for inclusive urban logistics [15].


      While PLs enhance efficiency, reduce emissions, and offer convenience, limitations such as unequal accessibility, digital literacy requirements, and integration challenges in non-urban e.g., peripheral, rural areas persist. Since PLs act as intermediaries between transport networks and digital systems. Their placement requires strategic planning to balance efficiency, user needs, and equity.


      Therefore, the aim of this research is to survey the extant literature pertaining to the intersection of PLs and accessibility in both urban and non-urban contexts, and subsequently, to determine topics of interest among researchers, research gaps, and opportunities for future research.


      The transition from human-received boxes (e.g., collection and delivery points, other kiosks for receiving parcels) to non-human-received collection points (such as automated lockers) has introduced not only new technological demands but also modular flexibility in the design and deployment of parcel lockers [16, 17]. In this context, existing literature on LMD has highlighted the role of PLs as well as alternative delivery solutions, such as collection and pickup (C&P) points, emphasising critical gaps in research and implementation [18, 19]. Studies have shown that parcel lockers have the potential to reduce emissions, traffic congestion, and delivery times, while improving customer convenience [20, 21]. However, challenges related to equitable access, network optimisation, and environmental impacts remain underexplored [22, 23].


      
        

        1.1. The Parcel Lockers in the LMD


        Parcel lockers are automated, secure storage units designed to facilitate last-mile delivery by allowing users to collect or return parcels at their convenience. Strategically placed in urban, suburban, and transit-accessible locations, they offer 24/7 access and reduce failed deliveries, making them a flexible alternative to home delivery [24, 25].


        Lockers typically consist of modular compartments of varying sizes. A standard configuration may include small lockers (e.g., 10×15×60 cm), medium lockers (e.g., 20×45×60 cm), and large lockers (e.g., 40×60×60 cm), although exact dimensions vary by provider and system. Most lockers accommodate parcels up to approximately 20–25 kg. Oversized items, such as large electronics, furniture, or goods requiring special handling,often fall outside standard locker capacity and must be delivered by other means.


        The permitted storage duration ranges from 24 to 72 hours, after which uncollected parcels are returned or incur storage fees. Some systems allow users to extend pickup windows via app-based platforms.


        Parcel lockers are especially useful for individuals who lack secure home delivery options or who are frequently away during delivery times [26]. While carrying large parcels home may be inconvenient, users often prioritise security and flexibility, particularly if lockers are located near workplaces or transport nodes [27, 28].


        Compared to traditional “PO” or “pick-on-off” options, which require access to postal services during limited hours, and supermarket pickup points, which depend on staff availability, parcel lockers offer automated, round-the-clock functionality. They also support multi-carrier delivery in some networks, enhancing interoperability [29, 30].

      


      
        

        1.2. Aim and Scope of the Research


        Through the analysis of parcel lockers' spatial distribution across various urban environments, this study assesses their impact on user accessibility and evaluates whether such systems help mitigate or, conversely, reinforce mobility disparities and logistics-related inequalities.


        Active accessibility concerns user proximity to lockers, while network accessibility reflects their spatial distribution, impacting service equity, particularly in underserved areas. Digital accessibility has grown in importance with PINs, QR codes, and app-based authentication, potentially excluding less digitally literate users.


        Parcel lockers serve as intermediaries between logistics and digital platforms, reshaping supply chains. While traditional accessibility studies focus on transport, digital and communication aspects remain understudied [31, 32]. Logistics firms increasingly integrate accessibility into location strategies, balancing efficiency, users’ needs, and equity [33, 34].


        This literature review serves as the primary research tool to achieve this aim. This review was conducted using a critical analysis of resources from the Web of Science (WoS) and Scopus databases. Given the critical role of accessibility in last-mile logistics, this study investigates how spatial location affects [35, 36] parcel locker accessibility across different territorial contexts [37]. The paper addresses the two research questions (RQs), following the approach in a previous study [38]:


        (1) “How does the accessibility and spatial location of parcel lockers vary across studies and territorial contexts?”, and


        (2) “What criteria of different domains (socio-economic, environmental, economic, behavioural) influence the implementation of parcel lockers in different urban and non-urban settings?”.


        The added value of this paper lies in its comprehensive approach to sustainable urban logistics, particularly its focus on accessibility and its identification of trends in the development of LMD. The findings contribute to a broader understanding of how parcel lockers can play a pivotal role in achieving sustainability in logistics. The structure of the paper is as follows: after this introduction, Section 2 describes the methodological procedure. In Section 3, the results are described, following discussion in Sections 3.4 and 3.5. The paper concludes with a section, Section 5, that describes the limitations and further perspectives of the research.

      

    


    
      

      2. MATERIALS AND METHODS


      To structure the case study analysis, a review protocol was developed to guide the identification, selection, and analysis of relevant studies according to similar studies in the field [39, 40], as outlined in Fig. (1). By analyzing the literature, the study identifies key spatial, social, and technological factors that influence the accessibility of parcel lockers.


      To bridge the gap between academic research and the operational perspective of the logistics sector, this study adopts an innovative approach by integrating gray literature, e.g., corporate white papers, policy documents and articles from specialised logistics and transport journals.


      The review method is designed to identify, evaluate, and integrate high-quality and relevant studies addressing predefined research questions. This approach enables researchers to tackle broader questions that single empirical studies cannot fully address. To ensure accuracy and reliability, the literature review follows these key stages:


      I) Defining the research scope clearly, outlining the thematic focus on accessibility, spatial optimisation, and sustainability in urban and non-urban last-mile delivery contexts, aligning with the study's objectives.


      II) Planning the review, developing a detailed plan, including research questions, inclusion/exclusion criteria, and identification of databases (Web of Science and Scopus) for data collection.


      III) Identification of relevant works, conducting a thorough search using well-defined keywords, ensuring all potentially relevant studies are captured.


      IV) screening and eligibility assessment applying the inclusion/exclusion criteria to filter works based on relevance, quality, and alignment with the study’s objectives. Abstracts and full texts are reviewed to ensure the selected studies directly address the research questions.


      Literature papers have been collected through an extensive search of electronic databases, including Scopus and Web of Science. The inclusion criteria that have been applied to the search results are in Table 1.


      
        Table 1 Inclusion criteria adopted for the literature review.


        
          
            
              	S. No.

              	Inclusion Criteria
            

          

          
            
              	1.

              	Peer-reviewed articles (Title, abstract, and keywords on a clear focus/object of the research) and Gray literature
            


            
              	2.

              	English language
            


            
              	3.

              	Focus on last mile deliveries; parcel lockers (or collection points, delivery, pickup points)
            


            
              	4.

              	Focus on urban, peripheral, and rural areas.
            


            
              	5.

              	Focus on spatial location, accessibility (or proximity)
            


            
              	6.

              	Papers published after 2000 and up to December 2024
            


            
              	7.

              	Databases: Scopus / Web of Science
            

          
        


      


      Several different keywords/search terms have been used including “parcel locker*”, “collection point*”, “mobile depot*”, “self-collection”, “pack-station*”, “pick-up point*”, “neighbourhood locker*”, “click and delivery point*”, “spatial location”, “proximity”, “accessibility”. The use of “*” ensures the collection of articles with both the singular and plural terms.


      The combination of these keywords has also been applied as a search criterion using Boolean AND (e.g., last mile deliveries AND accessibility) and OR (e.g., parcel locker* OR pickup point*, spatial location OR proximity) operators. The search was limited to English-language articles, and accessibility or proximity (in terms of spatial location); no limitations to the geographic area and time were adopted. Studies have been conducted in various fields of the databases, including transportation, economics, business and management, environmental and social sciences, and engineering.


      To capture the complexity of urban environments across studies, the selected keywords included terms such as location, spatial, proximity, and accessibility. Specific terms like city, urban, or rural were intentionally avoided to prevent creating an overly narrow sample. Additionally, we incorporated three different dimensions of accessibility: spatial location, which focuses on identifying optimal locker placement to facilitate deliveries for commercial vehicles; proximity, which emphasises the user's convenience in accessing the parcel lockers; and accessibility, which takes a broader perspective, including aspects like eco-friendly use and overall usability. The review considers studies published after 2000, taking into account the early growth in the e-commerce market.


      [image: ]
Fig. (1)


      Literature review flow.


      [image: ]
Fig. (2)


      Number of studies (per domain) and year of publication.


      Following a detailed review of titles, abstracts, and keywords, the initial search yielded a total of 227 articles: 117 publications from WoS and 110 from Scopus. After applying the inclusion criteria during the screening phase, 173 articles were excluded. In the final analysis phase, 96 articles were assessed in-depth, with additional exclusions leading to a final selection of 48 articles. This refined set of studies forms the basis for the insights presented in this review (Fig. 1).

    


    
      

      3. RESULTS


      This section presents the results of the literature analysis, which are divided into two main sections: the first part includes the analysis of studies, such as the temporal rise of pickup points, the most frequently used keywords, and the main methodologies adopted in the reviewed studies. The second part focuses on the analysis of studies in terms of findings. Then, the main research areas in line with the RQs have been identified.


      
        

        3.1. Literature Evidence


        The first part of the analysis shows that from 2017 to 2019, the number of publications remained low and relatively stable, with a slight decline around 2018 and 2019. However, from 2020 onwards, research interest began to grow, showing a gradual increase.


        Fig. (2) illustrates the distribution of publications across different domains. Between 2017 and 2020, output was minimal, with only one paper per year, primarily in economics and engineering, and transportation analysis. A notable upward trend has been observed in 2021, reaching three publications, followed by a further rise to five publications in 2022.


        A notable shift occurs in 2023, as research increasingly focuses on business and management, with publications rising sharply to 15, and continuing to grow in 2024, reaching around 19. This upward trend reflects a growing academic interest in PLs, particularly their role in last-mile delivery from the customers’ perspective. Recent studies emphasise the spatial distribution and accessibility of PLs, exploring their relationship with urban density, transportation infrastructure, and consumer behaviour. While early research focused on the economic implications of PLs' placement, new works integrate spatial analytics, urban planning, and multimodal transportation. The surge in publications from 2022 onward highlights the expanding relevance of PLs in optimising last-mile logistics, improving accessibility, and advancing sustainable urban mobility. This growth is driven by the convergence of urban sustainability goals, logistical efficiency demands, and social equity concerns.


        [image: ]
Fig. (3)


        Frequency of keywords across studies.


        As cities embrace models like the 15-minute city and greener mobility systems, research increasingly examines how PL infrastructure can support these transitions. Furthermore, the rise of data-driven planning, advances in location optimisation tools, and an awareness of spatial inequalities, especially in peripheral and rural areas, have positioned accessibility as a key issue in creating equitable and resilient logistics systems.


        Fig. (3) describes the common keywords that emerged. It highlights the prominence of key themes in the last-mile delivery research. “Parcel lockers” and “last-mile logistics” dominate, reflecting their central role in optimising urban logistics and e-commerce efficiency. Keywords like “innovation” and “sustainability” emphasize the growing focus on technological advancements and environmental concerns in delivery solutions.


        Accessibility plays a significant role in the context of last-mile delivery, particularly in optimising parcel locker locations and urban logistics. While not as prominent as “parcel lockers” or “innovation” in the chart, it is implicitly linked to themes like “spatial accessibility,” “urban freight,” and “sustainability.” Accessibility ensures that delivery solutions are equitable, user-friendly, and strategically placed to benefit diverse populations, underscoring their importance in improving overall logistics efficiency and customer satisfaction.


        Table 2 shows the common methodologies used, grouped as qualitative, quantitative, and mixed methods approach.


        Qualitative approaches [41] include studies based on case studies, theoretical frameworks, interviews, open-ended surveys, direct observation, or participatory methods (e.g., Delphi). These approaches aim to explore user perceptions, behavioural barriers, decision-making processes, and socio-spatial contexts in depth.


        
          Table 2 Methodology adopted in the studies retrieved for the literature review [13-71].


          
            
              
                	Methodologies

                	References
              

            

            
              
                	Qualitative

                	[18, 22, 36, 41]
              


              
                	Quantitative

                	[13, 14, 16, 17, 19, 20, 21, 25, 26, 27, 28, 29, 34, 42, 44, 45, 46, 47, 48, 49, 50, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 67, 68, 69, 70, 71]
              


              
                	Mixed Methods

                	[13, 35, 43, 51]
              

            
          


        


        The “Quantitative” approaches involve the use of numerical data and statistical techniques to examine measurable phenomena and relationships between variables. These include regression models, discrete choice models, SEM, GIS analysis, cluster analysis, optimisation models, and simulation tools, which focus on descriptive and exploratory research. These studies analyse behaviours, experiences, and contextual factors in last-mile delivery through non-numerical data. They often rely on methods like interviews, case studies, or observational approaches to provide in-depth insights into user experiences and adoption barriers.


        Quantitative research dominates the field [42]. These studies use numerical data and statistical methods, including structural equation modelling SEM, optimisation models, and field experiments. They explore various topics, including spatial optimisation, user adoption, and the environmental impacts of parcel locker systems. By leveraging measurable data, these studies provide robust evidence for decision-making in logistics. The third category combines both qualitative and quantitative techniques, such as integrating statistical modelling with stakeholder interviews or participatory spatial planning. A detailed summary of the reviewed studies is provided in Table 2 [13-71].


        The mixed-methods category combines qualitative and quantitative approaches [43]. These studies integrate numerical data with contextual insights to examine complex phenomena, such as cost-benefit analyses and stakeholder engagement in logistics planning [44]. By blending methods, they offer a comprehensive understanding of the challenges and solutions in urban logistics [45, 46].


        This categorization highlights the diversity of methodologies in the field, with quantitative approaches being the most prevalent. It also emphasises the complementary roles of qualitative and mixed methods in capturing user experiences and addressing multifaceted logistics challenges (Table 2).

      


      
        

        3.2. Research Areas


        The second part of this literature analysis focuses on addressing two key research questions: RQ2: “How does the accessibility and spatial location of parcel lockers vary across studies and contexts?” and RQ3: “What criteria influence the adoption of parcel lockers in different urban and non-urban settings?” By examining the final sample, the analysis identifies three thematic areas based on the most frequently discussed topics in the literature: location preferences and accessibility [47], equity and socio-demographics, and location optimisation approaches [48, 49]. These themes highlight how parcel lockers function as both spatial and digital infrastructure while addressing gaps in equity, usability, and distribution strategies across diverse asettings, as shown in Table 3.


        
          Table 3 Main research areas [13-71].


          
            
              
                	Research Area

                	References

                	No. of Papers
              

            

            
              
                	Accessibility Preferences

                	[19, 20, 21, 25, 29, 36, 37, 47, 48, 49, 50, 51, 58, 59, 62, 69, 70]

                	17
              


              
                	Equity and Socio-Demographic Aspects

                	[17, 18, 41, 44, 52, 53, 54, 55, 56, 57, 61, 65, 64, 68, 71]

                	15
              


              
                	Location Optimisation Approach

                	[13, 14, 16, 22, 26, 27, 28, 34, 35, 42, 43, 45, 46, 60, 63, 67]

                	16
              

            
          


        


        
          

          3.2.1. Accessibility Preferences


          Studies [50, 51] indicate that the optimal placement of parcel lockers depends on a range of spatial characteristics, including proximity to public transportation hubs, the availability of complementary services, and the density of surrounding urban or suburban areas [52].


          In urban contexts [53], accessibility is primarily shaped by population density and the availability of multimodal transport systems, emphasising the need to place lockers near transit hubs or high-traffic areas. In contrast, non-urban contexts present unique challenges where proximity to main transport corridors and regional accessibility becomes more critical. For example, lockers placed in suburban or rural areas often require strategic positioning near arterial roads or regional service centres to accommodate lower population densities and ensure accessibility for diverse users [54, 55]. The literature emphasizes the importance of striking a balance between spatial accessibility and logistics efficiency [55], ensuring that parcel lockers are both convenient for users and feasible for delivery operations [56, 57]. Optimal placement must consider walking distance, multimodal integration, and land use compatibility, as shown in studies that apply accessibility indices and simulation-based models [58, 59].

        


        
          

          3.2.2. Equity and Socio-demographic Aspects


          Equity and socio-demographic factors play a significant role in shaping the accessibility and adoption of parcel lockers. The literature [60-62] highlights how socio-economic conditions, such as income levels, residential patterns, and digital literacy, affect the ability to use parcel locker services. For example, low-income and marginalised communities may face significant barriers if parcel lockers are disproportionately placed in affluent neighbourhoods or high-density urban areas, leaving peripheral or underserved regions without adequate access [63-65].


          To address these disparities, equitable distribution strategies are critical. These strategies aim to ensure parcel lockers are accessible to diverse population groups, including individuals in rural or economically disadvantaged areas. The integration of equity into spatial planning is essential to reduce service availability gaps, enabling broader adoption and supporting sustainable last-mile delivery systems [66, 67] that serve all demographics effectively. Additionally, ensuring that digital infrastructure and user interfaces are inclusive is vital for bridging the digital divide [68-70], particularly for populations with lower levels of technological familiarity.

        


        
          

          3.2.3. Location Optimisation Approaches


          The third thematic issue focuses on the development of advanced quantitative methodologies to optimise the placement of parcel lockers in both urban and non-urban settings. Studies emphasise the use of spatial decision-making models, optimisation algorithms, and Geographic Information Systems (GIS) to address the complex logistical challenges associated with parcel locker placement.


          For instance, multi-criteria decision-making tools evaluate factors such as demand patterns, population density, accessibility, and cost-efficiency to identify optimal locations for parcel lockers. These frameworks are designed to enhance user satisfaction, minimise logistical inefficiencies, and integrate parcel lockers seamlessly into broader urban and regional transport systems. Moreover, optimisation models consider environmental impacts, such as reducing delivery-related carbon emissions, by strategically locating lockers to minimise the distance travelled by commercial vehicles.


          In rural and suburban areas, location optimisation approaches often focus on overcoming spatial inequities by prioritising connectivity and regional access. For example, GIS-based methods have been used to model underserved areas and identify gaps in parcel locker coverage, enabling planners to address disparities while enhancing overall system efficiency. These approaches align with the broader goal of improving both spatial and digital accessibility, ensuring parcel lockers serve as inclusive infrastructure in last-mile logistics [71].

        

      

    


    
      

      4. DISCUSSION


      This section critically examines the key findings from the literature review, structured around the three thematic areas: accessibility preferences, equity and socio-demographics, and location optimisation for different contexts, to highlight emerging gaps and propose directions for future research.


      
        

        4.1. Accessibility Preferences


        A recurring theme is the importance of spatial characteristics and accessibility in determining the optimal placement of PLs [22]. Proximity to residential areas (e.g., neighbourhoods), transit hubs (e.g., metro and bus stations), and commercial zones plays a key role in enhancing accessibility and encouraging user adoption [42]. Lockers positioned in high-traffic areas, e.g., commuter routes or near shopping centres, significantly improve their utility and convenience for users [46]. Their integration with public transit systems can facilitate trip-chaining, where users combine parcel collection with other daily activities, helping to reduce dedicated trips, improve accessibility [47], and lower emissions.


        While studies [46, 47] highlight PL efficiency in urban settings, others [48] reveal challenges in rural areas, where low population density limits economic feasibility and infrastructure gaps hinder accessibility.


        High-density urban areas provide an advantageous setting for PL deployment, driven by higher demand and improved operational efficiency [49, 50]. Urban settings often offer the population density required to maximize locker usage and reduce per-unit operational costs. At the same time, safety and usability remain significant considerations in these environments. Features such as proper lighting, clear signage, and clean, well-maintained surroundings contribute to user satisfaction and inclusivity [51].


        Sparse population densities in suburban and rural areas, higher operational costs, and a preference for home delivery in these regions limit the widespread adoption of parcel lockers. Additionally, the lack of integration with multimodal transport networks further complicates their deployment in less dense areas.


        A study found that Moroccan consumers are motivated to shop online based on factors such as the temporal and spatial flexibility of lockers, competitive pricing, and the quality of retailer websites [52]. However, barriers like delivery risks, privacy concerns, and product security significantly affect online purchasing decisions.

      


      
        

        4.2. Equity and Socio-demographic Aspects


        A relevant contribution of this study lies in highlighting emerging aspects related to spatial equity within last-mile delivery, as discussed in the second thematic area. While not yet fully established in the literature, these aspects are gaining attention and deserve further exploration. Equity and socio-demographic considerations are fundamental in shaping the accessibility and adoption of parcel lockers. Research demonstrates that factors such as income levels, age, digital literacy, and residential distribution significantly influence user behaviour and access to PL services [19]. As shown in a previous study, the absence of lockers in such areas may reinforce spatial inequities, especially where car ownership is limited [25]. This underscores the need for equitable distribution strategies to ensure that lockers are not disproportionately concentrated in affluent or densely populated neighbourhoods. Communities in underserved or low-income areas, for example, often rely on strategically placed lockers near supermarkets or transit hubs to bridge accessibility gaps [51-54].


        The 15-minute city model, for example, can enhance the effectiveness of parcel lockers by promoting sustainable commuting towards these smart warehouses. PLs become more visible, accessible, and frequently used, benefiting from high pedestrian flows and integration into daily routines. This proximity reduces failed deliveries, encourages low-impact collection modes (such as walking, and cycling), and supports a more equitable distribution of last-mile infrastructure, particularly in underserved neighbourhoods. To create a truly inclusive 15-minute logistics network, planning must account for marginalised groups, including individuals with disabilities, older adults, and low-income residents. While progress has been made in improving accessibility to daily services, logistical equity remains a relatively underexplored dimension [55]. The analysis of families in Greece and Italy found that availability, safety, and security are critical factors influencing the use of PLs, particularly for younger demographics. Accessibility is also a behavioural choice. A study [56] has shown how the relative attractiveness of locker services, compared to other delivery options, directly affects user adoption and location preferences. While parcel lockers are often studied in terms of location efficiency [57] and cost reduction, a significant gap remains regarding their potential alignment with the 15-minute city model, which promotes dense, mixed-use, and walkable urban environments. It has been suggested that integrating lockers into this urban planning framework could improve accessibility for a wider demographic and address persistent gaps in underserved communities [58].


        Research highlights that income disparities, digital literacy gaps, and limited access to banking or smartphone-based authentication systems can hinder the adoption of PLs among marginalised groups [59-61]. Digital accessibility is acknowledged, but further research should explore usability challenges, especially for less digitally literate users. Dependence on PINs, apps, and authentication systems may create barriers in adopting certain demographics, impacting both accessibility and inclusivity [62, 63].


        Additionally, the spatial distribution of lockers may disproportionately favour higher-income areas, exacerbating accessibility inequalities. Addressing these challenges requires targeted strategies, such as integrating PLs into public spaces, transit hubs, or community centres in underserved areas [63]. Future studies should explore how socio-economic factors intersect with digital accessibility and infrastructure planning to ensure a more equitable distribution of parcel lockers across different population groups. While urban areas benefit from high-density placement, rural and suburban regions face significant adoption barriers, including lower population densities, higher infrastructure costs, and limited multimodal transport access, all of which impact deployment feasibility and service equity.

      


      
        

        4.3. Location Optimisation Approaches


        Decision-making models, such as the Spherical Fuzzy Analytic Hierarchy Process (SFAHP), Real-Time Spatial Delphi (RTSD), and GIS-based tools, are increasingly employed to refine location strategies and address complex logistical challenges. These models prioritise accessibility, operational efficiency, and user satisfaction, enabling planners to identify optimal locations that balance these criteria. It has been found that the quality of customer service provided by self-service technologies for last-mile delivery, which utilize automated parcel lockers, plays a crucial role in shaping user satisfaction and adoption. This suggests that technical performance must be complemented by attention to user experience and service accessibility. This study examines parcel lockers in terms of accessibility and spatial distribution; however, cost-effectiveness is key to their large-scale deployment. Urban PLs benefit from economies of scale, while rural areas face lower demand and higher costs.


        Additionally, spatial optimisation methods focus on balancing urban and rural needs by adjusting placement strategies to reflect population density and demand intensity. Dynamic systems, such as mobile parcel lockers (MPLs), further enhance accessibility by adapting to real-time demand variations. Techniques like K-means clustering and location-routing integration have demonstrated success in minimising delivery distances and improving customer satisfaction [59].

      


      
        

        4.4. The Spatial Location of Parcel Lockers: Main Factors and Literature Gaps


        The placement and accessibility of PLs are determined by several critical factors, which play a central role in their adoption and success. The main factors include:


        Proximity to users is consistently identified as a primary factor influencing the adoption of PLs, but rather than being a trivial observation, recent studies offer quantified evidence to support this relationship. From an environmental perspective, positioning lockers in areas that minimise vehicle movements helps reduce traffic congestion and carbon emissions. Locating PLs within high-density urban areas, near public transportation hubs, or integrated into 15-minute city frameworks aligns with broader sustainability objectives by enabling multimodal travel and reducing reliance on private vehicles.


        For example, a study has shown that PLs located within 300 to 1500 metres from the residential area or a workplace significantly improve the likelihood of use [27].


        
          

          4.4.1. Support for Multimodal Transport


          Some studies suggest that lockers should also cater to cyclists and pedestrians to encourage sustainable transport modes. However, current implementations often prioritise car accessibility, particularly in suburban areas [36]. Proximity to train stations is positively correlated with higher taxi demand, likely related to the needs of long-distance travellers. This effect is not merely due to distance, but to the alignment of locker locations with users’ daily mobility patterns. As illustrated, strategically situating lockers in high-traffic areas such as supermarkets, commercial centres, or transportation hubs enables users to incorporate parcel collection into their regular routines; a phenomenon known as trip-chaining [44, 45]. This integration reduces the need for dedicated travel to collect parcels, thereby enhancing convenience, increasing adoption, and supporting more sustainable travel behaviour. Spatial density and urban characteristics: High-density areas, such as urban centers with higher population density and foot traffic, are preferred for locker placement due to their higher demand and operational efficiency. Lockers in these areas serve larger user bases and minimise last-mile delivery distances. Interestingly, in suburban and rural areas, as lower-density areas, lockers must balance accessibility with cost efficiency. A greater distance between lockers (e.g., 20 kilometres in rural regions) can still provide adequate coverage if they are placed near community hubs or main roads.


          Integration with transportation networks: the public transit accessibility, i.e. the locations near bus stops, train stations, or park-and-ride facilities (i.e. bike according to [61] are particularly effective in urban settings, as they support trip-chaining, where users incorporate parcel collection into their commuting routines.


          During the evening peak hours (17:00–19:00), the taxi demand pattern resembles that of the morning peak, with long-distance bus terminals, bus stations, and parking and bike sharing areas remaining key areas of demand. Notably, parking areas frequently serve as pick-up points for passengers during this time, possibly associated with evening activities and entertainment [62].

        


        
          

          4.4.2. Accessibility Features


          The design and safety show novel interpretation of PLs. Well-located, secure, and easily navigable locker locations enhance user trust and adoption. Accessibility features, such as ramps and disability parking, are essential to ensuring inclusivity. Another relevant aspect is the operating hours. Lockers with 24/7 availability or extended access hours are preferred, as they enable users to collect parcels at their convenience [63].

        

      


      
        

        4.5. Socio-economic and Demographic Factors


        In this group, many aspects in common with current studies emerged, such as equity and inclusion in LMD. Younger users and large households exhibit higher usage rates, driven by their greater reliance on e-commerce, technological adaptability, and frequent package deliveries. Previous literature emphasised that factors such as reliability, timeliness, accessibility, and completeness are essential for supporting electronic exchange practices, as they contribute to evaluating both economic benefits (e.g., reduced coordination costs) and environmental advantages (e.g., decreased transportation impact). The spatial location of PLs remains a relevant and complex issue for companies, enhancing their delivery profits. Studies on optimisation focus on dynamic planning. Incorporating real-time data and demand variations into locker placement strategies ensures optimised use, particularly in urban settings with fluctuating delivery volumes.


        Ensuring that lockers are accessible to underserved populations (in peripheral or remote areas), including low-income or transit-dependent individuals, addresses disparities in service availability [64]. “Denied proximity” exacerbates logistical service inequalities, particularly when considering that parcel lockers function as decentralised micro-warehouses, designed to provide convenient access to deliveries. This disparity is especially pronounced in low-income neighbourhoods, where car ownership rates are lower, making proximity to lockers even more crucial for daily needs. The spatial distribution of parcel lockers is shaped by multiple urban and socio-economic variables, including population density, land availability, housing prices, urban infrastructure, community layout, and street network proximity [64, 65]. Ensuring equitable accessibility to parcel lockers requires a data-driven approach that accounts for these factors, helping to mitigate disparities and improve logistical inclusion across diverse urban environments.


        From an operational standpoint, the cost-effectiveness of PLs is maximized when they are placed in locations that increase delivery density and minimise travel distances for logistics providers. Deploying lockers in transit hubs, commercial centres, and residential clusters facilitates consolidated deliveries, improving efficiency and reducing operational costs. In low-density areas, however, achieving this balance becomes more challenging, requiring a data-driven approach to determine the most effective placement strategy. Future urban logistics planning should prioritise equitable distribution, ensuring that both high- and low-density areas benefit from improved access to sustainable delivery solutions.


        However, gaps persist in understanding the role of equity in non-urban areas, where spatial disparities can be more pronounced. There is also limited exploration of how socio-economic characteristics influence the success of PL deployments, particularly in rural settings [65, 66]. Notably, few studies have examined the specific needs of families, with most focusing on middle-aged or working-age populations. Addressing these gaps is crucial for ensuring that parcel lockers serve a broader demographic spectrum, including families and older adults, who may face unique mobility challenges. Despite these innovations, there are gaps in assessing the long-term impacts of these strategies and their integration into broader urban frameworks, such as smart cities. Moreover, the scalability of these solutions for non-urban contexts remains underexplored. Additionally, pick-up points have proven to be effective tools for mass consolidation and pooling, which are readily utilised by e-merchants to streamline operations. Optimal location is one of the inverse factors driving the (economic) choice of couriers [67, 68].

      


      
        

        4.6. Comparison Across the Different Location Contexts


        The location of parcel lockers varies significantly across studies and contexts, reflecting differences in urban density, user preferences, and logistical goals. Firstly, in urban areas, the PLs are commonly placed in high-traffic areas such as transit hubs, commercial centres, and residential complexes. Studies [25] highlight the preference for locations with high population density, multimodal transport accessibility, and proximity to workplaces. For example, in Vietnam, a study found that lockers near workplaces or residential areas are preferred for convenience and security [29]. In suburban settings, parcel lockers are often placed near shopping centres, community hubs, or park-and-ride facilities [36]. It emerges that cultural factors, as well as distance and accessibility, are the main determinants of choice according to [44], while regional factors shape location choices. While in rural areas, some studies [49, 51] emphasise that rural parcel lockers are typically spaced farther apart, averaging 20 kilometres between units, to accommodate lower population density. In Morocco, it has been noted that accessibility and competitive pricing heavily influence adoption [52]. These locations facilitate trip chaining and reduce last-mile inefficiencies, making them integral to urban logistics. Strategic placement in central community locations ensures coverage while maintaining cost-effectiveness. The placement also reflects regional consumer behaviour and logistical constraints.

      


      
        

        4.7. Further Research Recommendations


        The analysis highlights that while parcel lockers offer clear benefits in terms of operational efficiency and environmental sustainability, their effectiveness is highly context dependent. Research directions addressing the two RQs on parcel lockers focus on three key points: social sustainability, spatial optimisation, and policy programs.


        Regarding RQ1, the analysis shows that accessibility is influenced by a combination of spatial, demographic, and infrastructural factors, which vary significantly between urban, suburban, and rural settings. In dense urban areas, parcel locker usage increases when they are located near transit hubs, aligned with daily commuting routes, and concentrated around commercial centers In suburban and rural contexts, lower population density and car dependency limit access, often requiring innovative placement strategies to ensure coverage. Furthermore, socio-demographic characteristics, such as age, income, and household composition affect users’ preferences and their capacity to benefit from parcel locker services. These differences highlight the need for context-sensitive approaches to spatial planning and last-mile logistics. The next points offer an overview of the RQ2:


        
          

          4.7.1. Spatial Optimisation


          Strategic placement near public transport, commercial hubs, and residential areas enhances accessibility and logistical efficiency. However, rural and suburban areas face significant accessibility challenges, as lower population densities reduce the financial viability of widespread locker deployment. The study finds that GIS and AI-driven models can enhance placement strategies, ensuring equitable distribution of services [43]. Additionally, lockers placed along commuter routes and transit hubs increase accessibility while reducing vehicle reliance, strengthening last-mile delivery networks.

        


        
          

          4.7.2. Social Sustainability


          Parcel lockers reduce emissions and congestion by enabling delivery consolidation, which minimises the number of individual drop-offs. However, their environmental benefits depend on location, as low-density areas require users to travel longer distances for pick-ups, potentially offsetting sustainability gains. Furthermore, energy-efficient solutions such as solar-powered lockers and automated systems could further mitigate the environmental impact.

        


        
          

          4.7.3. Policy Programmes


          The study finds that regulatory frameworks, financial incentives, and public-private partnerships are essential to expanding locker networks and ensuring their alignment with sustainability and accessibility goals. Emerging technologies, such as IoT-enabled smart lockers and AI-driven optimisation models, offer innovative solutions for enhancing efficiency and addressing user demand fluctuations. Additionally, embedding lockers in urban planning concepts like the “15-minute city” could further improve equitable access to last-mile logistics [58, 63].


          Concerning the RQs, the findings of this review reveal that parcel locker accessibility is not a uniform phenomenon but rather a dynamic interplay between urban structure, logistics strategy, and mobility systems. Accessibility, in both its active dimension (user reachability) and its spatial dimension (logistics company placement decisions), exhibits distinct patterns across urban and non-urban environments, shaped by land use, population density, and transport integration.


          In high-density urban areas, lockers naturally align with walkable environments. However, in suburban and rural settings, accessibility is fragmented, with car dependency and extended travel distances creating a logistical paradox: while lockers could reduce last-mile inefficiencies, their effectiveness is undermined by dispersed demand and insufficient multimodal access.


          Accessibility, spatial equity, and user acceptance vary significantly across different geographical settings, confirming that a one-size-fits-all model is not suitable. For example, user preference in Vietnam tends to favour lockers near residential or work areas for security and convenience, while in Morocco, affordability and accessibility are more influential. Rather than treating these as isolated observations, this study highlights the importance of designing adaptive and inclusive delivery models that reflect socio-spatial realities.


          To bridge these gaps, this study calls for further research on a hybrid spatial strategy that moves beyond conventional placement models, combining transit-oriented deployment, predictive analytics for demand forecasting, and adaptive locational clustering to maximize accessibility across diverse urban landscapes. Additionally, integrating parcel lockers into shared mobility ecosystems, leveraging smart-routing algorithms, and introducing flexible, modular locker systems could enhance adaptability in underserved areas.


          While PLs are often described as eco-friendly and beneficial for sustainability, these claims lack clear empirical validation [65-68]. Most studies highlight theoretical advantages rather than measurable impacts, making their actual contribution to sustainability uncertain. Factors such as location, user behaviour, and public transport integration play a crucial role in their environmental footprint [69]. To verify PLs as a sustainable innovation, future research should include lifecycle assessments and real-world impact studies, especially on vulnerable users [70, 71]. Future research could explore how public-sector initiatives such as subsidies, partnerships with national postal services, and integrated urban planning strategies can enhance parcel locker accessibility in underserved or low-density areas, as suggested in recent studies. These mechanisms may help address spatial inequalities not typically prioritised by private logistics operators.

        

      

    


    
      

      CONCLUSION


      This study highlights the evolving role of parcel lockers in urban and non-urban logistics, emphasising their impact on accessibility, sustainability, and policy development. Findings suggest that strategic placement near public transportation, commercial hubs, and residential areas enhances accessibility; however, challenges persist in rural and suburban regions, where coverage gaps limit service equity. These insights respond to RQ1, confirming that both spatial and socio-demographic variables shape the accessibility and adoption of parcel lockers. These findings align with previous studies that call for integrating resilience and customer/user-centric approaches into last-mile logistics systems, considering the last-mile delivery into digital-social and equity systems. Sustainability emerges as a key benefit, with parcel lockers reducing last-mile emissions and alleviating congestion through delivery consolidation. However, environmental advantages vary based on urban density and transport integration, highlighting the need for alternative mobility solutions such as cycling and public transit connections. While previous studies have primarily analysed parcel lockers in dense urban environments, our study expands the discussion by proposing context-sensitive solutions for suburban and rural settings, where accessibility remains limited. However, our study further highlights that digital accessibility, often overlooked in parcel locker adoption, represents an additional barrier, particularly for marginalised user groups.


      From a policy perspective, regulatory support, financial incentives, and emerging technologies like IoT-enabled smart lockers and AI-driven optimisation models are essential for improving service efficiency and expanding accessibility. These technologies also respond to RQ2, showing how intelligent systems can support dynamic locker allocation, predict demand fluctuations, and optimise user experience, particularly in high-density environments. While previous research has explored policy-driven deployment strategies, our findings emphasize the necessity of integrating parcel lockers into urban planning frameworks, such as the “15-minute city”, as this could further enhance sustainability and liveability [72].


      Future research should investigate the socio-economic impact of parcel lockers, particularly their role in promoting a circular economy and improving logistics resilience. Additionally, exploring policy incentives for equitable deployment and integrating smart technologies (e.g., IoT-enabled lockers) could enhance sustainability and accessibility. Unlike existing studies that primarily focus on efficiency and environmental benefits, our research suggests that addressing user behaviour, infrastructure adaptation, and digital accessibility will be crucial for optimising their role in sustainable logistics, ensuring the active accessibility for users as a daily-service, aligning with results from Raviv who found that optimising the network design of parcel lockers by balancing location, capacity, and operational costs can further enhance LMD efficiency while maintaining service quality. Looking ahead, the role of Artificial Intelligence (AI) and automation will be central to the future management of parcel lockers. Predictive analytics and machine learning algorithms can forecast peak usage times, enhance routing efficiency, and adjust locker capacity to accommodate seasonal or event-based fluctuations. These innovations, already being piloted in several logistics networks, will be critical for scaling up locker systems, improving user satisfaction, and integrating lockers into intelligent, sustainable, and inclusive last-mile logistics ecosystems. In this way, PLs system highlights the necessity to enhance the supply chain resilience [73-78].
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