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Construction logistics is an influential participant in the overall urban freight network and a bottle neck for an efficient construction process. Especially in the urban area professionalization of its management may reduce negative impacts on the environment from which stakeholders, like construction companies, policymakers and residents, do profit. In order to shed light on construction logistics in the urban environment in particular, a two-step methodological approach was pursued, which reconciles scientific findings with consideration in policies for the first time. Therefore, the current state of research was investigated by performing a systematic literature review and applying bibliometric keyword co-occurrence analyses in the first place. Moreover, policy papers (grey literature) on urban freight transportation of the 20 biggest cities in the DACH-region (Germany, Austria, Switzerland) were analyzed for their consideration of construction logistics in an initial case study. The results demonstrate limited consideration with only four cities paying deliberate attention within their overall logistics policy concepts and just one city providing construction logistics-specific policy recommendations. This is in line with the findings that although construction logistics in the urban environment is an emerging topic in academia, it is currently underrepresented in the context of urban logistics research. Therefore, combined results suggest insufficient translation of research findings into actionable policies despite existing literature providing possible ways to design future policies, e.g., by supporting decision-making. In conclusion, strategic management of construction logistics in the urban environment should be paid more attention to from both policy and academia in proportion to its environmental and socio-economic effects as well as its impact on the whole construction process. In that regard, predominately robust empirical data is needed in order to legitimate effective and sustainable concepts for urban construction logistics for both public and private actors.
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1 INTRODUCTION
Urban construction sites are particularly challenging for construction management and especially its logistics. Traffic-related delays in deliveries and damaging of stored material on-site due to on-going construction activities may interfere with a coordinated construction process (Lundesjo, 2015). Due to limited storage options on construction sites, just-in-time deliveries are pursued to avoid material storage by adaptation to punctual needs (Sommer, 2016). Consequently, most individual transports do not utilize their full capacity. Studies have shown that the occupancy of construction-related inner-city transports was below 50% on average (Vrijhoef, 2018). In addition, the multitude of transportation vehicles are estimated to constitute to around 20%–35% of the overall urban freight traffic (Brusselaers et al., 2020), to 38% of CO2 emissions of overall urban freight transportation (Leerkamp et al., 2020) as well as to noise pollution, congestion and other environmental and socio-economic impacts (Fredriksson et al., 2022). Although these numbers by estimation still need further specification, the significant impact of construction logistics on the urban environment is evident (Vrijhoef, 2018; Janné, 2020; Brusselaers et al., 2021).
Looking at the bigger picture, freight transportation in urban areas in general cause around 25% of overall transport emissions and more than 69% of inner-city accidents (European Commission, 2011; Rizet et al., 2016). These impacts on the sustainability of a city have created awareness in public (Leerkamp et al., 2020), an on-going trend of logistics initiatives from various stakeholders in urban areas in order to professionalize urban logistics management and reduce its implications (Kin et al., 2017) as well as an increase in scientific research (Hu et al., 2019; Arvianto et al., 2021). Today, there is a broad base of scientific studies available especially in the field of city logistics. To name a few examples, there are systematic literature reviews on urban logistics research giving insights into the status quo and trends of research (Lagorio et al., 2016) and thematic reviews from the governmental perspective providing ideas for a better measurement and monitoring of the performance of city logistics (Lindholm, 2013). Moreover, there are reviews with the aim of comparing city logistics challenges and solutions for more and less developed economies (Arvianto et al., 2021) or reviews providing scientometric analyses by visualizing current research clusters, collaborations and connecting keywords (Hu et al., 2019).
However, given the impact construction logistics has both on the construction process and the urban environment, research that investigates and discusses the relevance of urban construction logistics from different perspectives is still rare. The few scientific literature reviews available focus on specialized topics within the construction logistics field. First of all, Janné (2020) analyzed articles within the research topics of Supply Chain Management (SCM), logistics and third-party logistics (TPL) for construction sites and highlighted the increased importance of supply chain orientation and cooperation within the logistics context, especially with third-party logistics. Moreover, Tetik et al. (2022) compared industrial logistics practices with construction logistics based on literature and provided ways for construction industry and research on how to gradually improve logistics practices. In addition, digital perspectives for construction logistics and construction SCM are recurring motifs in literature reviews. This includes Whitlock et al. (2018), who linked Building Information Modelling (BIM) with construction logistics based on literature thereby providing knowledge on the synergies of BIM and the management of construction site logistics as well as directions for future research. Furthermore, Chen et al. (2021) conducted a literature review to identify enabling criteria for construction supply chain coordination and inter alia focused on digital technologies like linked databases or automated monitoring technologies.
However, all of these reviews focusing construction logistics do only scratch the surface of urban construction logistics and its special challenges. To bridge this gap, this paper performs a scientific literature review specifically targeting construction logistics in the urban environment. In addition, not only the perspective of research on construction logistics management, but also the perspective of policy and governance is presented. For this, policy papers on city logistics of the 20 biggest cities in Germany, Austria and Switzerland (DACH-region) were investigated towards their consideration of construction logistics as an initial case study. By performing this two-part approach, the paper aims at providing insights into the current representation of construction logistics in research and policy on the one hand, but also at finding common denominators to establish sustainable urban construction logistics in the future. Therefore, the following research questions (RQ) were addressed.
1) What is the current relevance of construction logistics and construction transportation in policy?
2) What is the current state of research regarding construction logistics in urban areas and is it adequately researched in light of the current challenges?
3) What are the current innovations that need to be (further) addressed, both scientifically as well as from policy and decision makers that can lead towards a more sustainable management of construction logistics in the urban environment?
2 METHODOLOGY
To answer these research questions and for analyzing the role that construction logistics play in the environment of urban policy and governance as well as in academic research, two literature-based approaches were utilized, namely, the analysis of strategy and policy papers of public authorities on the one hand and the analysis of scientific publications on the other.
2.1 Analysis of strategy and policy papers of public authorities
To acquire knowledge on the role that construction logistics play in urban policy and governance (RQ1), policy concepts, strategy papers and guidelines (also referred to as grey literature) on the topics ‘construction logistics’, ‘city logistics’, ‘freight transportation’ and ‘urban mobility’ of the 20 most populous cities of the DACH-region (Germany, Austria and Switzerland) were qualitatively reviewed.
Since these types of documents are not listed in scientific databases and had to be acquired individually, the completeness of the set of documents was ensured by corresponding with the responsible departments of the examined cities. In addition, the documents needed to meet formal inclusion criteria in order to gather a comparable dataset. First of all, documents had to be officially written, commissioned and published by the local authorities of the examined cities. Nevertheless, documents co-authored, authorized and/or funded by the related public institution were considered as well. Beyond that, the documents needed to be publicly available. Finally, the specific focus on the topics mentioned above was fundamental.
After the acquisition of the grey literature, these documents were qualitatively reviewed and systematized into categories representing the level of consideration of construction logistics within the respective concept of each city respectively in order to map its current relevance to the policy making institutions. Apart from the categorization, the content of these concepts, in which construction logistics was considered, was described in detail.
2.2 Analysis of scientific publications: Qualitative systematic literature review in combination with selected scientometric tools
In order to shed light on the current state of research regarding construction logistics in the urban environment (RQ2) and, building on that, to be able to discuss whether or how research is addressing the challenges that cities are facing, existing scientific literature was reviewed systematically.
Methodically, Systematic Literature Reviews (SLR) have been used in previous literature-based studies, for example, to elucidate challenges and innovative solutions (Arvianto et al., 2021) or trends (Hu et al., 2019) in city logistics research. SLR are tools to answer defined research questions based on a clear and structured process of searching for literature regarding a topic of interest (Snyder, 2019). However, given the diversity of the logistics research disciplines under investigation that feature a variety of different types of studies and study designs, the low level of comparability was a limiting factor. Therefore, a SLR process seemed to be not fully applicable for this very study. Instead, a qualitative SLR was conducted, in which a strict systematic process was applied to collect all literature essential to the topic of interest while a qualitative approach was used to assess it (Snyder, 2019). In addition, meaningful tools of scientometric analyses were utilized to systematically extract information of the research field on the meta level. These scientometric tools are capable of analyzing literature based on publication metrics like keywords (Leydesdorff and Milojević, 2012).
The operative research framework of the qualitative SLR process included four main phases following the framework of Cerchione and Esposito (2016). First of all, a search strategy with suitable keywords was formulated that addressed the underlying issue and research questions adequately. Then, a systematic search for literature was performed and the obtained publications were processed towards generating the literature dataset for further investigations. Diverse scientometric analyses were performed on the final dataset next in order to gather a generous overview of the research field. In the end, a qualitative full-text review of specifically selected publications was conducted in order to elaborate on the research findings comprehensively. In the following, these four main phases are described further in detail.
2.2.1 Search strategy
The overall study aimed at reviewing the current state of research on construction logistics in the urban environment and its affiliated policy measures. Therefore, the keywords “construction logistics”, “city/urban logistics” and “policy/governance” were chosen to represent the necessary research fields that relevant literature needs to be acquired on to answer RQ2 and RQ3 as well as to be able to refer back to RQ1 in the discussion. Furthermore, using these keywords alone and in combination was expected to give valuable insights into interdependencies and topics of mutual interest across the disciplines.
2.2.2 Systematic literature acquisition and processing of the dataset
The set of literature for the literature review was acquired from a total of two different journal databases, namely, the databases ‘Web of Science’, ‘SCOPUS’ and ‘EBSCO Host’ in order to increase the likelihood to identify and include all relevant scientific publications related to the topic of interest. For literature acquisition, a search in the bibliometric tags ‘title’, ‘abstract’ and ‘keywords’ was performed for the relevant search terms 1) ‘Construction Logistics’, 2) ‘City Logistics’ and ‘Urban Logistics’ and 3) ‘Policy’ and ‘Governance’ alone and in all combinations possible. The seven resulting search strings are depicted in Table 1.
TABLE 1 | Search strings utilized for the systematic acquisition of literature on the three research disciplines under investigation.
[image: Table 1]For processing, the obtained literature of the individual searches was exported search string-wise into the reference management software Zotero and duplicates were removed. After that, publications for the final survey were selected by eliminating all publications from the data sets that met conventional exclusion criteria (Vilela et al., 2017; Hu et al., 2019; Salim et al., 2019) depicted in Table 2.
TABLE 2 | Exclusion criteria for literature selection.
[image: Table 2]To summarize, an overview of the acquisition and processing procedure following the PRISMA principles (PRISMA, 2023) as well as an exemplary presentation for one of the seven search strings are displayed in Figure 1. For practical reasons, the literature base for the ‘policy/governance’ section was obtained from only one database and not processed using the exclusion criteria due to its large number of results. The obtained seven datasets of publications allowed for selected scientometric analyses and the qualitative literature review next.
[image: Figure 1]FIGURE 1 | Overview of the acquisition and processing procedure following the PRISMA principles (PRISMA, 2023) (A) and exemplary presentation for the search string 4 “(“Construction Logistics”) AND (“Urban Logistics” OR “City Logistics” OR “City” OR “Urban”) (B).
2.2.3 Scientometric analysis
For this study, an overlap analysis of the three selected research topics and a co-occurrence analysis based on keywords were adequate to facilitate answering research questions RQ2 and RQ3.
By means of the search strategy, publications being affiliated to more than one research field, indicating an overlap of research interest across the disciplines, were identified at first. The findings were illustrated using a Venn diagram that shows the logical relation between the datasets (Figure 1A).
For further insights into the literature of the overall topics and of the overlapping section, the dataset of literature was then further analyzed using the VOSviewer program for bibliometric mapping (van Eck and Waltman, 2010). By displaying co-occurrences of individual keywords, interrelated topics become visible and research clusters can be identified as studies like those of Hu et al. (2019) have shown. Therefore, the keyword co-occurrence analysis can also act as a valuable reference point for the subsequent qualitative in-depth literature review.
2.2.4 Qualitative literature review of selected publications
Apart from the quantitative scientometric analysis of the scientific publications, literature on the intersections of the ‘construction logistics’ field with the other two research fields ‘city/urban logistics’ and ‘policy/governance’ was qualitatively reviewed. For synthesizing an in-depth understanding of literature within the specific subfields, publications were read and clustered content-wise in an iterative process aiming to provide an overview of current findings and concepts and map down research gaps and perspectives for future research.
3 RESULTS
3.1 Analysis of policy and governance concepts of the 20 most populous cities of the DACH-region
Strategic concepts on logistics in the urban environment of the 20 most populous cities within the DACH-region were analyzed towards the level of consideration of construction logistics to map its relevance to policy making institutions. In addition, the concepts, in which solid consideration was given, were outlined to give an insight on current ideas of municipalities meeting the grand challenges of construction logistics in their respective city.
In 16 out of 20 cities examined (80%), considerations on construction logistics were completely absent (Figure 2, no consideration) or the term was mentioned but without further specification (low consideration). Three cities, corresponding to a share of 15%, provided specific ideas on construction logistics within their overall concept on logistics (medium consideration), focusing, for example, on possibilities of using transportation modalities other than trucks (Berlin/Germany), restricted time slots for entering the city and considerations regarding the consolidation of material flows by utilizing central logistics strategies (Stuttgart/Germany) or the use of electric vehicles (Dresden/Germany). The only city providing concepts concentrating on construction logistics itself (high consideration) was Vienna (Austria).
[image: Figure 2]FIGURE 2 | Categorization of the 20 most populous cities of the DACH-region according to their level of consideration (no, low, medium, high) of the topic “construction logistics” within the cities’ overall logistics and urban mobility concepts (bar chart, left y-axis). Average construction activity within the cities of one category, represented by the average number of construction permits issued over 4 years (2016–2020) per 100,000 inhabitants (line chart, right y-axis).
In general, there was no trend observed between the construction activity within the cities represented by the number of construction permits per 100.000 inhabitants, highlighting that there is no significant correlation between the construction volume in a city and the level of considering construction-related logistics within a cities’ strategy. Those cities providing concepts with medium and high consideration of construction logistics offer the following ideas in detail.
In the concept provided by the City of Berlin in Germany (Senatsverwaltung für Umwelt, 2021) three major courses of action regarding construction logistics in the urban environment were presented. First of all, especially the inland waterway transport using the river Spree was taken into consideration for managing logistics in the construction sector. Apart from using different modalities of transportation, the estimated amount of traffic caused by a construction project was mentioned to prospectively be considered more strongly during the process of issuing building permits. The additional submission of sustainable logistics concepts for the respective construction site was suggested as well. Finally, collaborative decision making integrating all participating stakeholders for creating innovative delivery systems in the urban area were proposed including the construction industry by mentioning Construction Consolidation Centres (CCC) as an example for pooling different material flows together for inner-city deliveries. Despite these first attempts of advocating construction logistics management and solutions, the City of Berlin reported awareness that there is still no sufficient picture of where construction logistics activities reside geographically within the city and stated that further (statistical) information is needed. Therefore, the city acknowledged that including all stakeholders is necessary in order to optimize inner-city transportation processes. The suggested ideas for construction logistics management in Berlin would require mutual comprehension of construction and construction logistics processes from both public and private stakeholders.
Historically, a first pilot project using the river Spree and the railway infrastructure for transportation already took place for building the ‘Potsdamer Platz’ around the turn of the millennium and had proven successful in terms of decreasing the number of trucks and emissions. However, this kind of logistics solution has not made it into the city’s construction logistics practice yet.
For reducing the negative impacts of construction logistics on the urban environment, the City of Stuttgart (Germany) proposed the development of integrative construction logistics concepts in close coordination and collaboration of developers and the municipality (IHK Stuttgart, 2012). Exemplarily mentioned were both the introduction of CCC for integrating large numbers of autonomous material flows and restricted time slots for construction transportation vehicles entering the city. Especially the latter was seen as fundamentally important since the majority of construction-related logistics activities in Stuttgart has been shown to operate within the peak of the cities’ rush-hour traffic especially adding to congestion and risk of accidents. Apart from proposing solutions for managing construction logistics activities in the concept, the City of Stuttgart additionally presented the action of distributing leaflets for interested developers comprising relevant information, for example, about recommended routing, congestion times and specific authorization procedures. Although the City of Stuttgart sees the need for action, none of the innovative concept ideas, except for the information leaflets, have been put into practice yet.
Similar to the City of Stuttgart, the City of Dresden (Germany) deemed solutions like consolidation centers for the construction industry important to investigate (Landeshauptstadt Dresden, 2015). Moreover, the city’s concept suggested investigating the utilization of electric vehicles for construction transportation.
All in all, for the cities Berlin, Stuttgart and Dresden that mentioned construction logistics within their overall concept on logistics in the urban area (medium consideration), construction activities were perceived as a disruptive factor within the planning of overall inner-city transportation. Consequently, mitigation strategies for reducing the impacts of construction logistics within the respective city were called for.
In that respect, out of all cities investigated Vienna (Austria) was the city where construction logistics has been considered most within the urban logistics environment by providing two strategy concepts concentrating on construction logistics itself (high consideration).
The first concept was a guideline for the environmentally sustainable realization of a construction project specifically focusing on construction logistics, giving input to developers on how to reduce its environmental impact, for example, by decreasing the construction traffic volume (Stadt Wien, 2004).
The guideline proposed measures and concepts in the course of different types of construction sites and for different phases of the construction process. These measures included, for example, the recommendation of preparing a transportation concept pointing out the possibilities of using modalities of transportation other than trucks like train and ship, time management of material deliveries or utilizing a CCC. In addition, specific measures, for example, for sorting, recycling and disposal of waste on-site but also for protecting the surrounding neighborhood from noise and dust emissions were addressed. By illustrating the measures in certain case studies, the City of Vienna demonstrated both the reduction of CO2 emissions by up to 91% using trains for the transportation of pre-fabricated concrete elements (Mischek, 2004) and the prevention of 35% of waste transports when sorting materials correctly and using adequate landfills (ÖKOTECHNA, 2003). Furthermore, particular attention was paid to CCC’s. In comparison to the other cities’ concepts, Vienna gave specific ideas on CCC setups and provided feasibility assessment indicators for the location of a CCC. Importantly, the city of Vienna also recognized that ways for financial compensation of the external costs for realizing a CCC need to be investigated in the future.
The second concept published by the city of Vienna concerning construction logistics management was a guideline that addresses the procurement procedure of both public and private actors by providing standardized tendering text modules for sustainable construction logistics practices (Wien and Brezansky, 2017). Furthermore, checklists to monitor the specific measures in the realization phase of construction projects are provided. The guideline presents measures for reducing both transport pollutant and noise emissions and for optimizing waste management by assessing multimodal transportation or the possibility of material consolidation, coordinating transportation via delivery-planning tools or providing concepts for minimizing the burden placed on residents. Similar to the first concept, the measures proposed were specifically allocated to different types of construction projects such as building construction, underground or road construction.
All in all, the analysis showed that considerations on construction logistics played a minor to non-existent role in policy and governance on logistics of the majority of the 20 most populous cities of the DACH-region. First considerations regarding construction logistics in the urban environment were given by a couple of cities, focusing mainly on solutions like CCC’s and trimodal transportation. However, ideas on how to operatively implement innovative construction logistics solutions were lacking. In addition, most of the recommendations are not implemented yet.
Especially given the impact that construction logistics have environmentally and socio-economically, the current state of scientific literature was analyzed next to get insights into construction logistics in the urban environment from a research-based point of view.
3.2 Analysis of scientific literature on construction logistics in the urban environment
A quantitative search for scientific literature on the keywords “Construction Logistics”, “City/Urban Logistics” and “Policy/Governance” alone and in combination was performed in order to identify publications on construction logistics and especially those that are cross-linked with the other selected topics of interest. Figure 3 shows the results of the overlap analysis. Both a quantitative and a qualitative in-depth analysis of the obtained scientific literature were conducted.
[image: Figure 3]FIGURE 3 | Overlap analysis of the results of a quantitative literature search on depicted keywords using the three scientific databases ‘Web of Science’, ‘Scopus’ and ‘EBSCO Host’ (A) and the corresponding matrix showing the percentages of overlap (B).
3.2.1 Overlap analysis of mutual literature across research disciplines
With 171 articles in comparison to 2,168 articles identified, the research base on construction logistics is almost 13 times smaller than that of city logistics, classifying it as a niche topic. Within research on construction logistics, 16.9% of articles were shown to have a connection with city logistics proving that the urban environment is one of the predominant topics that research on construction logistics is dealing with. This indicates that the research field of construction logistics recognizes the need to pay attention to the urban environment. However, from the perspective of city logistics only every 100th (1.3%) research paper was referencing construction logistics. Given the impacts that construction logistics have on the urban environment, e.g., accounting for more than a third of all carbon emissions caused by urban logistics transportation (Leerkamp et al., 2020), there is an imbalance between its relevancy on the city and its scientific attention from an urban point of view.
When comparing the scientific literature bases of the two investigated logistics fields in terms of their respective consideration of policy and governance aspects, research on city logistics seems to pay more attention to it (304 out of 2,168 articles corresponding to 14%) than research on construction logistics (10 out of 171 articles corresponding to 5.8%) in general. However, when focusing on the share of literature on construction logistics that specifically overlaps with city logistics and hence construction logistics in the urban environment (29 articles), policy aspects were considered in 9 out of 29 articles (corresponding to 31%), which is more than twice as much as in comparison to city logistics itself. Given the relatively small data set of publications on construction logistics research, this analysis does not claim to fully bring quantitative evidence, but the relative trend is readily apparent that policy and governance play an important role in research on construction logistics in the urban context. Nonetheless, the scientific literature basis on construction logistics, especially in a city logistics context, is small in terms of absolute numbers and is hardly noticed as part of it.
3.2.2 Keyword co-occurrence analysis
Adopting scientometric methods, like keyword co-occurrence analyses, has given valuable insights into, for example, the city logistics research field on a meta level in recent years (de Carvalho et al., 2019; Hu et al., 2019). To gather a better understanding, identify research clusters and unveil emerging topics of the scientific literature in the construction logistics field and at the interplay of urban/city logistics and policy/governance, a co-occurrence analysis of the indicated keywords in the set of publications was conducted using the VOSviewer program for bibliometric mapping (van Eck and Waltman, 2010).
Figure 4 and Figure 6 display the resulting keyword co-occurrence networks of the whole construction logistics literature dataset and the partial literature dataset of publications at the overlap with city/urban logistics and policy/governance, respectively. Keywords with a threshold higher than three (whole construction logistics literature) or two (partial literature of the overlaps) occurrences within the datasets are displayed as a node in the network which becomes larger in size, the more often the keyword is used. Moreover, keywords appearing together in one publication are connected via a link. The more often two individual keywords occur together in one publication, the higher the link-strength, indicated by increased line thickness, is. Eventually, the sum of all links multiplied by the individual link-strength results in the total link strength of a keyword.
[image: Figure 4]FIGURE 4 | Co-occurrence analysis of the indicated keywords within the 171 publications in the research field of ‘construction logistics’ (A) (see appendix for a full-scale version) and an overview of the most relevant keywords ranked by number of occurrence (B). The colour scale indicates year of publishing of the underlying publication that the keywords are affiliated to.
As shown in Figure 4B, the keyword construction logistics presents itself with an occurrence of 96 and a total link strength of 447. Around this core keyword representing the research field, five research sub-clusters were identified based on the keyword co-occurrence analysis. These clusters are focusing on logistics management on site (cluster 1) with keywords like material storage or site layout, lean construction management (cluster 2) (lean production, efficient construction), supply chain management (cluster 3) (supply chain operation reference models, construction companies), digitalization (cluster 4) (building information modelling, information management) and last but not least sustainability and logistics in the urban environment (cluster 5) (city logistics, sustainable development). What is striking is that the keywords in cluster 5 were utilized most recently in terms of publication year of the respective publication according to the bright coloration of nodes and links. Therefore, addressing aspects of sustainability and the urban environment are currently the latest and emerging topics under investigation in the field of construction logistics.
This finding coincidences with a quite rapid increase in publication activity for research on construction logistics starting in 2017 as depicted in Figure 5 (dark grey line). Around half of all publications (54%) in the field that were published between 2000 and 2021 have been released specifically in the past 4 years. In comparison, the onset of the increase of publication activity in the research field of city logistics was around 5 years earlier, namely, in 2012 (bright grey line), albeit the increase was not as rapid. When specifically analyzing the publication activity of literature targeting the overlap of construction logistics and city/urban logistics, there is a significant increase apparent starting around 2018. More than 60% of the publications in this dataset were published in the 3 years until 2021, underlining the clear trend of construction logistics in the urban field being an emerging topic derived by the keyword co-occurrence analysis.
[image: Figure 5]FIGURE 5 | Relative share of publications published per year in the research field of “construction logistics” (dark grey line), “city logistics” (light grey line) or at the overlap (black line) in the time period between 2000 and 2021.
According to Figure 6 illustrating the keyword co-occurrence analysis for the literature dataset of the overlapping topics, there are three thematic clusters observed. First of all, cluster 1 addresses decision making regarding construction logistics setup’s (CLS) in the urban area, like CCC. Apart from that, the impact assessment of construction logistics in the urban environment (cluster 2), like the assessment of, for example, greenhouse gas emissions, and approaches for optimization (cluster 3), e.g., construction logistics schedules, are in the focus of research according to the keywords.
[image: Figure 6]FIGURE 6 | Co-occurrence analysis of the indicated keywords within the 29 publications at the overlap of the research fields of ‘construction logistics’ and ‘city/urban logistics’ (A) (see Appendix for the full-scale version) and an overview of the most relevant keywords ranked by number of occurrence (B).
All in all, research on construction logistics, especially at the interface of city/urban logistics, is gaining importance and is coming to the fore, relatively. However, the construction logistics field is lagging behind city logistics research. To get a better understanding of the existing literature and further contribute to answering RQ2 and RQ3, an in-depth qualitative analysis of the literature was performed next.
3.2.3 In-depth content analysis of literature
The literature search has identified a set of scientific publications in the research field of construction logistics and has especially identified those 37 that specifically address construction logistics in regard to either policy/governance (10), city/urban logistics (27) or both (9). These publications were qualitatively reviewed next.
Although three individual intersections were identified upon keyword relations, the in-depth content analysis of the literature at these overlaps revealed that the content of the publications is closely positioned in general. Roughly differentiating, publications at the intersection of construction logistics and city logistics were paying attention to sustainable practices for construction logistics in the urban environment as well as its IT-based optimization, while those publications on the triple overlap of construction logistics, city/urban logistics and policy/governance were especially focusing on tools and methods for decision making and stakeholder involvement. Apart from that, the one publication that was found at the intersection of construction logistics and policy/governance was focusing on the greenhouse gas (GHG) footprint of transports of construction sites. All in all, the three data sets of literature on the search term overlaps were generally small in terms of absolute numbers. Therefore, it was concluded that a segregated content evaluation making generous assumptions on predominant topics at the overlaps would not be tenable given the obtained dataset and would in general fall too short to reflect the state of research. For this reason, the following literature review will incorporate all identified publications on the intersections without further contextualizing the affiliation to a certain overlapping section.
Construction logistics itself can be divided into four process areas. These include procurement logistics, on-site logistics and disposal logistics as well as the cross-sectional process of coordinating and controlling logistical information (German Lean Construction Institute, 2022). In that regard, the examined literature mainly focused on the process of procurement logistics, the transportation of supplies to the construction site and the resulting interactions with the urban environment.
First, there is evidence that the execution of construction logistics presents itself with particular characteristics, for example, in comparison to city logistics. By collecting data of transport activities related to construction on four construction sites in Luxembourg City (Luxembourg), Paris (France), Valencia (Spain) and Verona (Italy) over 8 months respectively, Guerlain et al. (2019a) showed that there are significant differences in construction-related logistics patterns in comparison to generic urban freight transportation of, for example, retail, food and services. For instance, the supply chain validity appeared to be temporary, not permanent, the vehicle sizes were heavy goods vehicles (HGV) instead of large goods vehicles (LGV), or the digitalization of the delivery process was low. In addition, construction logistics activities do not only adversely affect the environment but also the budget of the construction project from a management perspective if not handled appropriately (Brusselaers et al., 2021). Last but not least, construction logistics processes and strategies do not only include, but also affect a vast number of stakeholders, ranging from municipalities and developers, over (sub)contractors and logistics providers to local citizens nearby (Fredriksson et al., 2021). Thus, managing construction logistics is facing a special challenge to bring together different interests and needs (Fredriksson and Huge-Brodin, 2022).
For addressing these issues, there is common consensus in the literature that the professionalization of construction logistics management and the utilization of innovative construction logistics setup’s (CLS) is a key to reducing transport-associated negative socio-economic and environmental impacts of construction logistics in the urban environment. These can be differentiated between asset-based, like electric vehicles, and non-asset-based CLS, which are purely organizational and used to coordinate logistics, like a checkpoint (Janné and Fredriksson, 2019).
The CLS mentioned and investigated most frequently is the Construction Consolidation Center (CCC), also referred to as Construction Logistics Center (CLC), that allows for storage of materials and consolidation of transports on the last mile thus attempting to reduce the number of deliveries to one or multiple construction sites and enables for well utilized just-in-time deliveries (Allen et al., 2012; Guerlain et al., 2019a; Dhawan et al., 2020; Janné, 2020; Moussaoui et al., 2021; El Moussaoui et al., 2022). The possible reduction of the number of freight vehicles and emissions, when potentially introducing a CCC in the logistics supply chain, had already been demonstrated artificially by computational simulation (Dell’Amico and Novellani, 2017; Guerlain et al., 2019a; El Moussaoui et al., 2022). Furthermore, especially for urban development projects, the implementation of a CCC has proven to facilitate the construction process (Janné and Fredriksson, 2019) and a comparison case study from a residential project showed, that there are also benefits in reducing environmental emissions (El Moussaoui et al., 2022). All in all, integrating a CCC as a CLS was attributed great attention and great potential to address the challenges of construction logistics especially in the urban environment.
However, the identified literature was found not to focus on respective innovative CLS’s per sé but especially on understanding motivations, objectives and expectations of different stakeholders towards urban CLS’s and providing methods and tools for decision support to find adequate CLS’s for specific construction projects in the urban environment.
Concerning this matter, the lack of knowledge within public decision making institutions towards requiring CLS’s (Brusselaers et al., 2021) on the one hand and the lack of research on governance mechanisms for these CLS’s (Janné and Fredriksson, 2019; Morel et al., 2019) on the other hand were seen as critical for a sustainable management of urban construction logistics. That is why developing tools and methods for evidence-based decision making are at the forefront of current studies.
For instance, based on pilot construction sites in four European cities that were utilizing CCC’s respectively, Guerlain et al. (2019b) have developed and tested a set of Decision Support Systems (DSS) addressing public and private actors. These proposed systems allow, for example, for the specific assessment of construction logistics-related impacts based on combining defined policy measures, namely, vehicle sizes, requirements for vehicle emission standards and the introduction of a CCC, in a participatory approach that provides immediate results for each scenario possible. Moreover, cost-benefit analyses for introducing a CCC or the possibility to find its most beneficial location within the city are offered.
Interestingly, amongst other results, it was discovered that implementing a CCC solely does not guarantee improvements regarding environmental and health impacts (Muerza and Guerlain, 2021). Consistent with that, other studies conducted on a CCC for a construction project in Stockholm revealed that there were cases in which the mandatory and sweeping execution of construction logistics via a CCC even led to an increase in transportation activity (Janné and Fredriksson, 2019). Thus, finding appropriate and beneficial CLS’s depend on a variety of external conditions. In case of a CCC, especially the specific logistics profile and the complexity of both the construction site and the respective urban area are seen as crucial factors to determine the need and adequacy of this type of CLS (Guerlain et al., 2019b).
Simultaneously, stakeholder awareness and involvement are perceived as central aspects for developing and achieving sustainable construction logistics due to the variety of different interests and needs.
For this purpose, a better understanding of the interdependencies of urban planning and construction logistics planning is necessary (Morel et al., 2019) and can be gained via conceptually modelling the interdependencies between the different actors (Fredriksson and Huge-Brodin, 2022). Especially when thinking about the different sources of information for sustainable logistics planning and coordination in the urban environment, knowledge about the roles and stakeholders are necessary (Fredriksson and Huge-Brodin, 2022). Amongst others, especially the separation between public policy making and practice as well as the insufficient knowledge of the other function are hindering the process towards sustainable construction logistics (Morel et al., 2019). Therefore, it is of importance to integrate all stakeholders in early planning stages of construction projects already (Fredriksson et al., 2021) and in the course of planning an appropriate CLS (Muerza and Guerlain, 2021).
For this purpose, one recurring methodology in literature is the multi-actor multi-criteria analysis (MAMCA) that facilitates collaborative decision making of all stakeholders by systematically structuring the complex process. Since its development (Macharis, 2007), its adaptation to the context of construction logistics in the urban environment (Macharis et al., 2016) and its on-going refinement via conducting case studies (Brusselaers et al., 2021; Fredriksson et al., 2021) took place. Foremost the complexity of decision making due to the multi-actor field with diverging interests and often limited knowledge about construction logistics processes have been demonstrated by utilization of the MAMCA. However, especially for governance and local authorities collaborative and multi-criteria decision making play a vital role in supporting the still fragmented decision making process towards sustainable construction logistics and might help to overcome financial, organizational or policy barriers (Brusselaers et al., 2021).
Although DSS tools or the MAMCA method have proven to be able to identify appropriate CLS for specific construction projects in favor of sustainable urban construction logistics, the initiation of such CLS still represents a serious obstacle due to resistance of stakeholders within the construction logistics supply chain (Janné, 2020). Reasons for that are seen in formal barriers, like, for example, the lack of political attention and consequently the lack of direction from a strategic level that would foster innovation as well as informal barriers, like the lack of sense of urgency and missing knowledge about possible benefits of innovative logistics management (Morel et al., 2019). In case of CCC’s, studies have shown that there is a discrepancy between the drivers for the implementation of a CCC and drivers for its utilization (Morel et al., 2019; Brusselaers et al., 2021; Janné and Fredriksson, 2021). While the implementation of CCC’s is currently mainly society-focused and stimulated by the aim of reducing the impacts on citizens, environment and traffic as well as to elevate the attractiveness of the city, the utilization of CCC’s is driven by possible economic advantages for the end-users such as the reduction of the number of deliveries to or storage of material on the construction site as well as the improvement of just-in-time call offs that translate into an efficient and undisturbed production process. Therefore, viable business models, the cost of utilization and benefit balance between initiator, service provider and end-user were seen as critical factors for acceptance and utilization especially by private actors (Janné and Fredriksson, 2021).
In current CLS projects, this lack of acceptance is enhanced by an indirectly created „forced costumer role” of construction companies (Eriksson et al., 2021). The obligation to use the CLS especially originates from the interest of public institutions, like a sustainable logistics process, diverging from the ones of the construction companies, like an increase in productivity as well as an obligation for the construction companies to use and pay for the CLS when tendering for the construction project (Eriksson et al., 2021).
By now, one key element that is missing in research though, is the availability of broad and robust empirical data and accurate methods for predictive simulation of effective costs and benefits of sustainable CLS’s, especially on an urban-wide level. For logistics patterns in the construction industry, the lack of data and poor data quality was recognized (Guerlain et al., 2019b; Sezer and Fredriksson, 2020) and the need for data collection (Brusselaers et al., 2020) as well as data sharing (Morel et al., 2019) was given high priority for future research and practice. Acquisition of data is thereby facing particular difficulties, since data on transportation and construction logistics processes are spread among various stakeholders due to the fragmented nature of the construction industry and are yet not fully digitalized (McKinsey, 2016; Schnell et al., 2022). Furthermore, data collection over time is intrinsically not required these days and available documentations are missing essential information, e.g., on the suppliers locations or the routing of the delivery vehicle (Brusselaers et al., 2020). As a consequence, applying estimations becomes necessary when calculating, for example, associated transport emissions (Sezer and Fredriksson, 2020). However, lacking the capability to evaluate the economic, environmental, and social impacts of transport solutions evidently is a primary concern for creating an effective transport strategy, measures or tools (Guerlain et al., 2019b; Sezer and Fredriksson, 2020).
In favor of being able to calculate implications of construction logistics and innovative CLS in the urban environment accurately, data collection methods, which do not interfere with the on-going construction activity and thereby cause additional effort for participants, are seen as vital (Sezer and Fredriksson, 2020). To derive real-world costs and benefits of CLS’s within the construction process and urban environment, more real-world pilot projects need to be initiated and evaluated (Morel et al., 2019).
Brusselaers et al. (2022) proposed an approach for a sustainability assessment framework based on external cost calculations, like congestion or accident costs, as well as Life Cycle Assessment of the on- and off-site activities of urban construction logistics and therewith compared different transport modes and vehicle types in Brussels (Beglium) (Brusselaers et al., 2022). To create a data base, on-board units, a GPS tracker within heavy goods vehicles, were used. Furthermore, the researchers used the same data source to run an in-depth environmental impact assessment for the HGV driving through the territory of Belgium and displayed that more than one-fourth of the HGV’s traffic in Belgium is generated by construction activity, resulting in over a million euros of environmental and other external costs per month (Brusselaers et al., 2023). Another method to gain a better understanding of the implications of construction logistics is provided by Rönnberg et al. (2022) who recorded noise and particle pollution data on-site with low-cost sensors to give planners and decision makers for construction sites and logistics a better understanding of these external factors.
For initiating innovative CLS, public authorities can be assigned a special responsibility, e.g., by including requirements for sustainable construction logistics in the tendering process or in policy documents or strategy papers of the corresponding urban area and thereby foster innovative practice from private construction or logistics companies (Guerlain et al., 2019a; Morel et al., 2019; Brusselaers et al., 2021). However, detailed information on how these sustainable public procurement processes could be implemented are not readily available for public authorities and adequate policy recommendations which integrate the characteristics of diverse municipalities, e.g., different infrastructural prerequisites (Venås et al., 2020; Fredriksson and Huge-Brodin, 2022).
Diverging from the procurement logistics, the solutions for the challenges associated with urban construction logistics are sought for from the on-site perspective in some papers. In these scenarios, the interior and exterior storage spaces on-site are also a limiting factor for material procurement and need to be taken into consideration when calculating an optimal trade-off between minimal logistics cost and minimal schedule criticality (Said and El-Rayes, 2013). From the perspective of construction companies or construction sites, methods like stochastic programming or simulations to increase the safety of logistics transportation (Olia et al., 2013) or to optimize logistics processes for prefabricated materials (Hsu et al., 2020), but also to optimize delivery schedules (Nolz, 2021) and logistics cost (Son et al., 2021) could provide information about favorable transport solutions in the urban area and facilitate the enhancement of sustainable construction logistics practice.
4 DISCUSSION
According to the analysis of the policy concepts from the 20 biggest cities in the DACH-region, strategic thoughts on construction logistics are currently underrepresented or not present in most cities. At the same time research on construction logistics in the urban environment clearly is an emerging topic when taking the results of the literature review into account. To this point, research primarily focused on the supply of building materials to the construction site and its induced impacts on the urban environment as well as on the general sustainability assessment, especially of CLS. However, in the majority of cases, decision making in favor of the latter, is not yet based on quantitative metrics and hitherto on reliable data on construction logistics due to its unavailability.
Therefore, the results point out that data acquisition and data collection of various construction logistics processes is one important aspect to further progress the in-depth evaluation and optimization of urban construction logistics. While there are current approaches for measuring and predicting implications of construction logistics in the urban environment (Janné and Fredriksson, 2021; Brusselaers et al., 2023) as well as the induced effects of CLS (Guerlain et al., 2019b; Berroir et al., 2021; Brusselaers et al., 2021; Muerza and Guerlain, 2021; El Moussaoui et al., 2022), more data on the construction logistics process, e.g., loading rates of the vehicles (Brusselaers et al., 2022), would help to reduce the need of assumptions and deviations. Setting up concepts for standardized data acquisition could be a way to guide construction companies and providers of logistics services towards recording data in a reasonable manner for all parties involved. Since data sets from various project types and locations would become comparable then, this would allow for a better assessment of the construction logistics and effects of CLS with wide-spread implications for both companies and policymakers. In addition, introducing standardized technical terms for building materials would enable a better comparability of, e.g., delivery management systems and would therefore facilitate the predictability of construction logistics activity. Moreover, the exchange of logistics data, which is currently spread among various stakeholders of the construction logistics process, needs to be achieved (Fredriksson and Huge-Brodin, 2022). For this purpose, integrating the perspectives of all stakeholders and thereby information along the construction supply chain, like, e.g., construction material specialized dealers, is necessary (Vidalakis et al., 2011). In urban retail logistics, data exchange has already proven to improve especially the ecological behavior of the predominant stakeholders and build a basis for public institutions to determine subsidy (Maggi and Vallino, 2016). In regards to the construction industry, this collaborative and interdisciplinary work is also aimed for by using building information modelling (BIM). For construction logistics, BIM could provide a platform not only for interdisciplinary and standardised data exchange, but also for a stronger link of the different construction logistics processes, e.g., on-site and off-site logistics (Magill et al., 2020; Whitlock et al., 2021; Placzek et al., 2022).
Therefore, broad and robust empirical data sets on construction logistics could pave the way for a better assessment of CLS in terms of economic and environmental potential and could lead to an enhanced decision making method for clients, construction companies or logistics service providers as well as policymakers.
For clients, construction companies or logistics service providers, data will create the basis to establish new business models for sustainable CLS with economic profitability as well as reduced risk and uncertainties. Besides calculating the dimensions of a CCC for one or multiple construction sites more accurately, the costs and benefits for initiators, like clients, and users, like construction companies, could be more evenly distributed. A more cost-causative allocation of the total costs, which is also recommended by policy papers (Senatsverwaltung für Umwelt, 2021) and construction logistics research (Eriksson et al., 2021; Ekeskär et al., 2022) as well as a company-specific quantification of benefits is especially necessary due to the high deviation of logistical services needed for different construction tasks. Since the CLS is also used to improve the construction process on the construction site, considering the contractors’ perspective and benefits could strengthen the contractors’ identification with the CLS (Ekeskär et al., 2022). One example of successful cost allocation is shown in city logistics by Ciardiello et al. (2021), who developed an approach to allocate costs of urban consolidation centers among participating stakeholders and thereby achieve financial sustainability.
While business models might be less risk averse and flexible in terms of implementation, empirical data needs to confirm the beneficial effects for decision making of cities or municipalities. Therefore, a sound database and the consequent sustainability assessment could provide a valid basis to enact targeted policy measures, like using multi-modal transportation (Mommens and Macharis, 2014; Hu et al., 2019; Brusselaers and Mommens, 2022). Furthermore, a better understanding of construction logistics could lead to a higher importance of logistics processes in building certification schemes (Sezer and Fredriksson, 2021).
However, construction, construction logistics and especially policy often strongly depend on regional factors (Brusselaers et al., 2022). Construction logistics policymakers act in a multidisciplinary field and need to consider multiple levels of construction logistics prerequisites, like the available infrastructure and interests from various stakeholder groups in addition to the already fragmented industry landscape (Fredriksson and Huge-Brodin, 2022). Especially in the urban environment, elements like urban density, traffic, stakeholders or the existing infrastructure can limit or broaden the possibilities in policy decision making. These constraints force the need for an individual assessment of construction logistics on a regional level (Fossheim and Andersen, 2017) and to develop policies fitting the circumstances of the area of interest (Belfadel et al., 2021). In contrast, working inductively and translating results back to more comprehensive models or standardized approaches for urban areas with similar circumstances as well as the transferability of concepts and models are an essential part, especially in research, and also needed in urban logistics (Lindholm, 2013).
Last but not least, limited attention is currently paid to foresight research to intertwine future trends of urban development, logistics innovation but also upcoming trends in construction processes, like adaptive manufacturing or an increasing level of prefabrication. These challenges could heavily interrelate and change the way to design a sustainable urban construction logistics in the future and need to be stronger addressed by research.
Since only policy concepts from the DACH-region were analyzed in this first case study, results have to be put in further context in the future. National research from other countries than DACH could provide valuable additional insights on construction logistics schemes. Studying policy concepts from other geographical regions would allow to identify possible regional-specific issues and adaptations of policy concepts. It is also important to point out that the analysis was based on existing literature on construction logistics in the urban environment by using the qualitative literature review as a first approach for collecting and structuring the existing knowledge basis. Further studies should focus on giving greater insights into construction logistics research that could be adapted for the urban environment. Nonetheless, the literature review highlighted the relevance of construction logistics in the urban environment and opportunities to enhance the current research base.
5 CONCLUSION
This study provides evidence that strategic management of construction logistics in urban environments should be paid more attention to from both policy and academia in proportion to its impact on the whole construction process as well as its environmental and socio-economic effects. Besides a small level of recognition of construction logistics as part of the urban environment that could be improved, the current lack of data could be one explanation for missing policy measures regarding construction logistics since a potential empirical proof and legitimation is absent. While innovative concepts for construction logistics hold great potential for an optimized and sustainable urban environment, broad and robust empirical data and research is still needed in order to find ways into the policy concepts of cities and municipalities. Lastly, the multi-actor field requires enhanced multidisciplinary effort for efficient and sustainable urban construction logistics that has the potential to align cities with sustainability goals and the needs of modern societies.
AUTHOR CONTRIBUTIONS
PH and HJ contributed to conception and design of the study. PH organized the database, performed the analysis and wrote the first draft of the manuscript. All authors contributed to the article and approved the submitted version.
FUNDING
Supported by the Deutsche Forschungsgemeinschaft (DFG, German Research Foundation) under Germany´s Excellence Strategy—EXC 2120/1–390831618.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Allen, J., Browne, M., Woodburn, A., and Leonardi, J. (2012). The role of urban consolidation centres in sustainable freight transport. Transp. Rev. 32, 473–490. doi:10.1080/01441647.2012.688074
 Arvianto, A., Sopha, B. M., Asih, A. M. S., and Imron, M. A. (2021). City logistics challenges and innovative solutions in developed and developing economies: A systematic literature review. Int. J. Eng. Bus. Manag. 13, 184797902110397. doi:10.1177/18479790211039723
 Belfadel, A., Horl, S., Tapia, R. J., and Puchinger, J. (2021).Towards a digital twin framework for adaptive last mile city logistics, 6th International Conference on Smart and Sustainable Technologies (SpliTech) (Bol and Split, Croatia: IEEE),  (September 8-11, 2021), China. IEEE, 1. –6. doi:10.23919/SpliTech52315.2021.9566324
 Berroir, F., Guernaccini, P., Boje, C., and Maatar, O. (2021). Reducing construction logistics costs and embodied carbon with CCC and kitting: A case study, 935–944. doi:10.24928/2021/0120
 Brusselaers, N., Fufa, S., and Mommens, K. (2022). A sustainability assessment framework for on-site and off-site construction logistics. Sustainability 14, 8573. doi:10.3390/su14148573
 Brusselaers, N., Huang, H., Macharis, C., and Mommens, K. (2023). A GPS-based approach to measure the environmental impact of construction-related HGV traffic on city level. Environ. Impact Assess. Rev. 98, 106955. doi:10.1016/j.eiar.2022.106955
 Brusselaers, N., Mommens, K., Janné, M., Fredriksson, A., Venås, C., Flyen, C., et al. (2020). “Economic, social and environmental impact assessment for off-site construction logistics: the data availability issue,” in IOP conference series: Earth and environmental science . doi:10.1088/1755-1315/588/3/032030
 Brusselaers, N., Mommens, K., and Macharis, C. (2021). Building bridges: A participatory stakeholder framework for sustainable urban construction logistics. Sustainability 13, 2678. doi:10.3390/su13052678
 Brusselaers, N., and Mommens, K. (2022). The effects of a water-bound construction consolidation centre on off-site transport performance: the case of the brussels-capital region. Case Stud. Transp. Policy 10, 2092–2101. doi:10.1016/j.cstp.2022.09.003
 Cerchione, R., and Esposito, E. (2016). A systematic review of supply chain knowledge management research: state of the art and research opportunities. Int. J. Prod. Econ. 182, 276–292. doi:10.1016/j.ijpe.2016.09.006
 Chen, Q., Hall, D. M., Adey, B. T., and Haas, C. T. (2021). Identifying enablers for coordination across construction supply chain processes: A systematic literature review. ECAM 28, 1083–1113. doi:10.1108/ECAM-05-2020-0299
 Ciardiello, F., Genovese, A., Luo, S., and Sgalambro, A. (2021). A game-theoretic multi-stakeholder model for cost allocation in urban consolidation centres. Ann. Oper. Res. 324, 663–686. doi:10.1007/s10479-021-04013-3
 Dell’Amico, M., and Novellani, S. (2017). “A two-echelon facility location problem with stochastic demands for urban construction logistics: an application within the SUCCESS project,” in Proceedings - 2017 IEEE international conference on China, (Service Operations and Logistics, and Informatics, SOLI), 90–95. doi:10.1109/SOLI.2017.8120976
 de Carvalho, P., Kalid, R., Rodriguez, J., and Santiago, S. (2019). Interactions among stakeholders in the processes of city logistics: A systematic review of the literature. SCIENTOMETRICS 120, 567–607. doi:10.1007/s11192-019-03149-1
 Dhawan, K., Tookey, J. E., GhaffarianHoseini, A., and GhaffarianHoseini, A. (2020). “Optimising New Zealand construction consolidation centres: defining a research framework,” in Proceedings of the international conference of architectural science association , 835. Available at: https://archscience.org/paper/optimising-new-zealand-construction-consolidation-centres-defining-a-research-framework/.
 Ekeskär, A., Havenvid, M. I., Karrbom Gustavsson, T., and Eriksson, P. E. (2022). Construction logistics in a multi-project context: coopetition among main contractors and the role of third-party logistics providers. Constr. Manag. Econ. 40, 25–40. doi:10.1080/01446193.2021.2012815
 El Moussaoui, S., Lafhaj, Z., Leite, F., Laqdid, Y., Buhamdan, S., Brunet, F., et al. (2022). The assessment of pollutant emissions from transportation of construction materials and the impact of construction logistics centers. J. Manag. Eng. 38. doi:10.1061/(ASCE)ME.1943-5479.0001067
 Eriksson, V., Hulthén, K., Sundquist, V., Fredriksson, A., and Janné, M. (2021). The role of public actors in construction logistics: effects on and of relational interfaces. Constr. Manag. Econ. 39, 791–806. doi:10.1080/01446193.2021.1970785
 European Commission (2011). White paper: Roadmap to a single European transport area—towards a competitive and resource efficient transport system. 
 Fossheim, K., and Andersen, J. (2017). Plan for sustainable urban logistics – comparing between Scandinavian and UK practices. Eur. Transp. Res. Rev. 9, 52. doi:10.1007/s12544-017-0270-8
 Fredriksson, A., and Huge-Brodin, M. (2022). Green construction logistics – A multi-actor challenge. Res. Transp. Bus. Manag. 45, 100830. doi:10.1016/j.rtbm.2022.100830
 Fredriksson, A., Janné, M., Nolz, P., de Radiguès de Chennevière, P., van Lier, T., and Macharis, C. (2021). Creating stakeholder awareness in construction logistics by means of the MAMCA. City Environ. Interact. 11, 100067. doi:10.1016/j.cacint.2021.100067
 Fredriksson, A., Sezer, A. A., Angelakis, V., and Gundlegård, D. (2022). Construction related urban disturbances: identification and linking with an IoT-model. Automation Constr. 134, 104038. doi:10.1016/j.autcon.2021.104038
 German Lean Construction Institute (2022). Leitfaden lean logistik. Available at: https://www.glci.de/static/d0ca7b25c62ebb36ba06eaa9fd46789c/GLCI-Leitfaden-Lean-Logistik-1.-Auflage.pdf.
 Guerlain, C., Renault, S., Ferrero, F., and Faye, S. (2019b). Decision support systems for smarter and sustainable logistics of construction sites. Sustainability 11, 2762. doi:10.3390/su11102762
 Guerlain, C., Renault, S., and Ferrero, F. (2019a). Understanding construction logistics in urban areas and lowering its environmental impact: A focus on construction consolidation centres. Sustainability 11, 6118. doi:10.3390/su11216118
 Hsu, P.-Y., Aurisicchio, M., and Angeloudis, P. (2020). Optimal logistics planning for modular construction using multi-stage stochastic programming. Transp. Res. Procedia 46, 245–252. doi:10.1016/j.trpro.2020.03.187
 Hu, W., Dong, J., Hwang, B., Ren, R., and Chen, Z. (2019). A scientometrics review on city logistics literature: research trends, advanced theory and practice. Sustainability 11, 2724. doi:10.3390/su11102724
 IHK Stuttgart (2012). Innenstadtlogistik mit Zukunft: Maßnahmen für einen funktionierenden Wirtschafsverkehr in der Stadt. Available at: https://www.ihk.de/blueprint/servlet/resource/blob/669346/3faea0610f6fb56755585a8b935f8f52/innerstaedtischer-wirtschaftsverkehr-internet-data.pdf. 
 Janné, M. (2020). Construction logistics in a city development setting. Linköping: Linköping University Electronic Press. doi:10.3384/diss.diva-170231
 Janné, M., and Fredriksson, A. (2019). Construction logistics governing guidelines in urban development projects. Constr. Innov. 19, 89–109. doi:10.1108/CI-03-2018-0024
 Janné, M., and Fredriksson, A. (2021). Construction logistics in urban development projects – learning from, or repeating, past mistakes of city logistics?Int. J. Logist. Manag. 33, 49–68. doi:10.1108/IJLM-03-2020-0128
 Kin, B., Verlinde, S., and Macharis, C. (2017). Sustainable urban freight transport in megacities in emerging markets. Sustain. Cities Soc. 32, 31–41. doi:10.1016/j.scs.2017.03.011
 Lagorio, A., Pinto, R., and Golini, R. (2016). Research in urban logistics: A systematic literature review. IJPDLM 46, 908–931. doi:10.1108/IJPDLM-01-2016-0008
 Landeshauptstadt Dresden (2015). Verkehrsentwicklungsplan 2025plus. Available at: https://www.dresden.de/media/pdf/stadtplanung/verkehr/VEP_2025plus_-_Ein_Ueberblick.pdf. 
 Leerkamp, B., Schlott, M., Aichinger, W., and Wittenbrink, P. (2020). Liefern ohne Lasten: Wie Kommunen und Logistikwirtschaft den städtischen Güterverkehr zukunftsfähiger gestalten können, 134. Agora: Agora Verkehrswende. Available at: https://www.agora-verkehrswende.de/fileadmin/Projekte/2019/Staedtischer-Gueterverkehr/Agora-Verkehrswende_Liefern-ohne-Lasten.pdf. 
 Leydesdorff, L., and Milojević, S. (2012). Scientometrics95, 141–157. doi:10.1007/s11192-012-0861-z
 Lindholm, M. (2013). Urban freight transport from a local authority perspective – A literature review. Eur. Transp. \ Trasporti Europei 54. 
 Lundesjo, G. (2015). Supply chain management and logistics in construction: Delivering tomorrow’s built environment. London ; Philadelphia: Kogan Page. 
 Macharis, C., Kin, B., Balm, S., and Ploos van Amstel, W. (2016). Multiactor participatory decision making in urban construction logistics. Transportation Research Record 2547, 83–90. doi:10.3141/2547-12
 Macharis, C. (2007). Multi-criteria analysis as a tool to include stakeholders in project evaluation: the MAMCA method. Transport Project Evaluation Extending the Social Cost-Benefit Approach 115–131.
 Maggi, E., and Vallino, E. (2016). Understanding urban mobility and the impact of public policies: the role of the agent-based models. Research in Transportation Economics 55, 50–59. doi:10.1016/j.retrec.2016.04.010
 Magill, L. J., Jafarifar, N., Watson, A., and Omotayo, T. (2020). 4D BIM integrated construction supply chain logistics to optimise on-site production. International Journal of Construction Management 22, 2325–2334. doi:10.1080/15623599.2020.1786623
 McKinsey, J. (2016). Imagining construction’s digital future. Available at: https://www.mckinsey.com/capabilities/operations/our-insights/imagining-constructions-digital-future. 
 Mischek, Z. (2004). Demonstrationsvorhaben Bahn statt Lkw im Rahmen des EU-LIFE-Projektes RUMBA. 
 Mommens, K., and Macharis, C. (2014). Location analysis for the modal shift of palletized building materials. Journal of Transport Geography 34, 44–53. doi:10.1016/j.jtrangeo.2013.11.001
 Morel, M., Balm, S., Berden, M., and Van Amstel, W. P. (2019). Governance models for sustainable urban construction logistics: barriers for collaboration. Transportation Research Procedia 46, 173–180. doi:10.1016/j.trpro.2020.03.178
 Moussaoui, S. E., Lafhaj, Z., Leite, F., Fléchard, J., and Linéatte, B. (2021). Construction logistics centres proposing kitting service: organization analysis and cost mapping. Buildings 11, 105. doi:10.3390/buildings11030105
 Muerza, V., and Guerlain, C. (2021). Sustainable construction logistics in urban areas: A framework for assessing the suitability of the implementation of construction consolidation centres. Sustainability (Switzerland) 13, 7349. doi:10.3390/su13137349
 Nolz, P. C. (2021). Optimizing construction schedules and material deliveries in city logistics: A case study from the building industry. Flex Serv Manuf J 33, 846–878. doi:10.1007/s10696-020-09391-7
 ÖKOTECHNA (2003). Demonstrationsvorhaben Ökologische Baustellenabwicklung im Rahmen des EU-LIFE Projektes RUMBA. 
 Olia, A., Genders, W., and Razavi, S. N. (2013). “Microsimulation-based impact assessment of the Vehicle-to-Vehicle (V2V) system for work zone safety,” in Proceedings, annual conference - Canadian society for civil engineering , 3034. 
 Placzek, G., Barking, L., and Schwerdtner, P. (2022). Entwicklung eines Level-of-Logistics-Konzepts zur Beschreibung des Fachmodells Baulogistik. Bauwirtschaft 1, 1–11. 
 PRISMA (2023). Prisma: TRANSPARENT REPORTING of SYSTEMATIC REVIEWS and META-ANALYSES. Available at: https://www.prisma-statement.org/(Accessed January 3, 2023). 
 Rizet, C., Cruz, C., and Vromant, M. (2016). The constraints of vehicle range and congestion for the use of electric vehicles for urban freight in France. Transportation Research Procedia 12, 500–507. doi:10.1016/j.trpro.2016.02.005
 Rönnberg, N., Ringdahl, R., and Fredriksson, A. (2022). Measurement and sonification of construction site noise and particle pollution data. Smart and Sustainable Built Environment 12, 742–764. doi:10.1108/SASBE-11-2021-0189
 Said, H., and El-Rayes, K. (2013). Optimal utilization of interior building spaces for material procurement and storage in congested construction sites. Automation in Construction 31, 292–306. doi:10.1016/j.autcon.2012.12.010
 Salim, H. K., Stewart, R. A., Sahin, O., and Dudley, M. (2019). Drivers, barriers and enablers to end-of-life management of solar photovoltaic and battery energy storage systems: A systematic literature review. Journal of Cleaner Production 211, 537–554. doi:10.1016/j.jclepro.2018.11.229
 Schnell, P., Haag, P., and Jünger, H. C. (2022). Implementation of digital technologies in construction companies: establishing a holistic process which addresses current barriers. Businesses 3, 1–18. doi:10.3390/businesses3010001
 Senatsverwaltung für Umwelt (2021). Verkehr und Klimaschutz (2021), 113. Integriertes Wirtschaftsverkehrskonzept Berlin. 
 Sezer, A. A., and Fredriksson, A. (2021). Environmental impact of construction transport and the effects of building certification schemes. Resources, Conservation and Recycling 172, 105688. doi:10.1016/j.resconrec.2021.105688
 Sezer, A. A., and Fredriksson, A. (2020). “The transport footprint of Swedish construction sites,” in IOP conference series: Earth and environmental science . doi:10.1088/1755-1315/588/4/042001
 Snyder, H. (2019). Literature review as a research methodology: an overview and guidelines. Journal of Business Research 104, 333–339. doi:10.1016/j.jbusres.2019.07.039
 Sommer, H. (2016). Projektmanagement im Hochbau. Berlin, Heidelberg: Springer Berlin Heidelberg. doi:10.1007/978-3-662-48924-6
 Son, P., Duy, N., and Dat, P. (2021). Optimization of construction material cost through logistics planning model of dragonfly algorithm - particle swarm optimization. KSCE JOURNAL OF CIVIL ENGINEERING 25, 2350–2359. doi:10.1007/s12205-021-1427-5
 Stadt Wien (2004). Richtlinie für eine umweltfreundliche Baustellenabwicklung - RUMBA. Leitfaden Teil 1-4. Available at: https://ecology.at/rumba.htm. 
 Tetik, M., Peltokorpi, A., Seppänen, O., and Holmström, J. (2022). Defining the maturity levels for implementing industrial logistics practices in construction. Frontiers in Built Environment 7. doi:10.3389/fbuil.2021.740086
 van Eck, N. J., and Waltman, L. (2010). Software survey: VOSviewer, a computer program for bibliometric mapping. Scientometrics 84, 523–538. doi:10.1007/s11192-009-0146-3
 Venås, C., Flyen, C., Fufa, S. M., Janné, M., Fredriksson, A., Brusselaers, N., et al. (2020). No or low emissions from construction logistics - just a dream or future reality?IOP Conference Series Earth and Environmental Science 588, 042003. doi:10.1088/1755-1315/588/4/042003
 Vidalakis, C., Tookey, J. E., and Sommerville, J. (2011). The logistics of construction supply chains: the builders’ merchant perspective. Engineering, Construction and Architectural Management 18, 66–81. doi:10.1108/09699981111098694
 Vilela, J., Castro, J., Martins, L. E. G., and Gorschek, T. (2017). Integration between requirements engineering and safety analysis: A systematic literature review. Journal of Systems and Software 125, 68–92. doi:10.1016/j.jss.2016.11.031
 Vrijhoef, R. (2018). “Improving efficiency and environmental impact applying JIT logistics and transport consolidation in urban construction project,” in Creative construction conference 2018 - proceedings China, (Budapest University of Technology and Economics), 552–559. doi:10.3311/CCC2018-073
 Whitlock, K., Abanda, F. H., Manjia, M. B., Pettang, C., and Nkeng, G. E. (2021). 4D BIM for construction logistics management. CivilEng 2, 325–348. doi:10.3390/civileng2020018
 Whitlock, K., Abanda, F. H., Manjia, M. B., Pettang, C., and Nkeng, G. E. (2018). BIM for construction site logistics management. EPPM-Journal 8, 47–55. doi:10.32738/JEPPM.201801.0006
 Wien, Ö., and Brezansky, D. A. (2017). Richtlinie umweltorientierte bauabwicklung. Available at: https://www.wien.gv.at/umweltschutz/oekokauf/pdf/bauabwicklung.pdf. 
APPENDIX A
[image: Figure A1]FIGURE A1 | 
[image: Figure A2]FIGURE A2 | 
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2023 Haag and Jünger. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fbuil-09-1202091-g003.gif
A

e P
b e
=2 SRR
o e
[t U o |
L =
s — e
s s b

P ot 0 e
ey

. Contrucion | CiyLogitis & | poey
Lo Urbun g | Govervaes
e % ) sin
Sieees 3% e 1o
oo s <o <or e






OPS/images/fbuil-09-1202091-g004.gif
apeors Occurance [ otal ok
ey
T % o
[ )
[ g )
| TR Y
[oohomnmgmer |3 | w0
[emrcion o w
[smvoner » |
[ N T
E
ey T w






OPS/images/fbuil-09-1202091-g001.gif





OPS/images/fbuil-09-1202091-g002.gif





OPS/images/fbuil-09-1202091-t001.jpg
One 1 “Construction Logistics’
) “City Logistics” OR “Urban Logistics”
3 “Policy” OR “Governance”
Two 4 (“Construction Logistics”) AND (“Urban Logistics” OR “City Logistics” OR “City” OR “Urban")
5 (“City Logistics” OR “Urban Logistics”) AND (“Policy” OR “Governance’)
6 (“Construction Logistics”) AND (“Policy” OR “Governance’)
Three 7 (“Construction Logistics”) AND (“Urban Logistics” OR “City Logistics” OR “Urban” OR “City") AND (“Policy” OR “Governance’)






OPS/images/fbuil-09-1202091-g005.gif





OPS/images/fbuil-09-1202091-g006.gif





OPS/xhtml/nav.xhtml
Contents

		Cover

		Turning a spotlight on construction logistics for a sustainable urban environment—a review of current policy concepts and literature		1 Introduction

		2 Methodology		2.1 Analysis of strategy and policy papers of public authorities

		2.2 Analysis of scientific publications: Qualitative systematic literature review in combination with selected scientometric tools





		3 Results		3.1 Analysis of policy and governance concepts of the 20 most populous cities of the DACH-region

		3.2 Analysis of scientific literature on construction logistics in the urban environment





		4 Discussion

		5 Conclusion

		Author contributions

		Funding

		Publisher’s note

		References

		Appendix A









OPS/images/cover.jpg
& frontiers | Frontiers in Built Environment






OPS/images/fbuil-09-1202091-001.gif





OPS/images/fbuil-09-1202091-002.gif





OPS/images/fbuil-09-1202091-t002.jpg
clusion criteria for construction logistic related search terms

Language other than English

Published previous the year 2000

Less than 5 pages

Non-peer reviewed

Repeated articles (. conferences Procedia and Journal article, the latest of these publications in chosen)

Articles that do not dircctly relate to the keywords (e.g. construction processes in space)










OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
in Built Environment





