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erode cost competitiveness [2]. Furthermore, whether 
public or private, investments in environmental measures 
must be economically viable [2]. Thus, using the concept 
of green logistics, the pursuit of aligning economic and 
environmental sustainability has become a core agenda 
for research and practice [3, 5, 6]. Building on this con-
cept, stakeholder initiatives have steadily pressed for 
stronger environmental sustainability in logistics, while 
recognizing the economic dimension. Incentives include 
lower costs for companies, e.g., via improved energy effi-
ciency and tax cuts, and increased sales by meeting cus-
tomer demand for green offerings [7].

Amidst these tensions, the last mile of logistics plays 
a pivotal role. This role is caused by the poor economic 
and environmental performance, as well as the chang-
ing nature of this final leg of the logistics chain [8–11]. 
Because it interfaces directly with end customers, it 

1  Introduction
Logistics is one of the most difficult economic activities 
to decarbonize, without jeopardizing highly specialized 
supply chains and economic prosperity [1–3]. The logis-
tics sector is highly cost-driven [4]. Price and service 
expectations shape transport mode and provider choices, 
while investments in environmental sustainability can 
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furthermore strongly shapes customer satisfaction. We 
investigate the last mile as all routine logistics activities 
related to the delivery of goods and services to their final 
address, starting from a central location in proximity to 
the recipient’s address (e.g., a warehouse or hub) to the 
doorstep of the end customer [2, 8, 9].

The broad dissemination of e-commerce has shifted the 
characteristics of last mile logistics [2, 8, 9]. While cus-
tomers in the past went to a central location in their prox-
imity to obtain goods, they now increasingly have them 
shipped to their doorstep for matters of convenience 
[12, 13]. Beyond the customer’s perceived convenience, 
less mobile, aging populations increase the demand for 
goods but also services provided close to the customer’s 
household, e.g., homecare [12, 14]. Consequently, cen-
tral locations of retail shops for clothes, grocery stores, 
but also medical and caregiving facilities are increasingly 
replaced by doorstep provisioning, and providers now 
must increasingly deal with customers not being present 
at the doorstep [8].

Furthermore, changes in the spatial dispersion of cus-
tomers impact last mile operations [15]. The urban pop-
ulation currently accounts for 55% of the world’s total 
population and is expected to grow to 68% by 2050 [16]. 
Opposed to that, the increasingly sparse population den-
sity of rural areas causes long distances between central-
ized locations and individual customers [17].

Addressing the laid-out challenges through exist-
ing structures will negatively impact the economic and 
environmental sustainability of last mile logistics opera-
tions [9]. In urban areas, current cost drivers in customer 
household shipping and service provisioning are traffic 
jams and a lack of parking spaces [9]. Researchers and 
policymakers have further raised environmental con-
cerns about the traffic impact and land use of last mile 
operations in urban areas due to a higher total number 
of vehicles [9, 18]. In rural areas, increasing vehicle dis-
tances traveled per customer impact economic and envi-
ronmental sustainability [19–22].

Thus, there is an urgent need for last mile logistics 
innovations [10, 23, 24]. Municipal authorities and logis-
tics providers must promote and implement innovations 
that meet the needs of last mile changes and minimize 
the impact on the environment. This has led to the emer-
gence of various proposed innovations for food, packages, 
and service provisioning [8, 9, 23]. Increasing emphasis is 
also put on broadly distributed consumers [19–22]. But 
the growing number, complexity and potential invest-
ment costs of last mile innovations cause uncertainty. 
Companies under high cost pressure are reluctant to 
invest in innovations and infrastructure investments face 
long depreciation times [4]. This uncertainty requires 
careful consideration. It is imperative for decision-mak-
ers to base strategic decisions on reliable assessments of 

the potential impacts of different last mile logistics inno-
vations. Testing various logistics innovations in different 
environments through small-scale pilot projects is not a 
viable option. Pilots face high implementation costs and 
legal requirements [25, 26]. Thus, foresight methods are 
applied to refine future visions and develop strategies 
based on evidence, expertise, interaction, and creativity.

Within foresight methods, we identified a discern-
ible gap of foresight studies that compare and assess 
the impact of applicable last mile logistics innovations 
against each other and across different area types. By 
addressing this gap, more effective planning of logistics 
initiatives in different area types can be executed [27]. 
Thus, we formulate our Research Question (RQ) as:

What are the economic and environmental impacts of 
last mile logistics innovations in different area types and 
how can this knowledge assist decision-makers in strate-
gically planning logistics initiatives in urban and rural 
contexts?

To answer our RQ, we implement the Delphi method 
[28, 29]. This technique is prevalent in foresight studies 
and is designed to collect and refine expert opinions on a 
specific topic [30, 31]. We choose the Delphi method as it 
is a favored method in environments where there is high 
uncertainty and limited available information, that allows 
for asynchronous expert interaction while minimizing 
power struggles [32]. The Delphi method furthermore 
is a cost-efficient resource approach that provides timely 
results [31].

We apply an upfront scanning activity and expert con-
sultation to identify thirteen last mile logistics innova-
tions. We then assess these for different area types using 
the Delphi method. We engage four panels of experts 
from different sectors with different purposes, including 
academic and scientific research, logistics companies and 
consultants, public administration, and planning, and 
non-governmental organizations (NGOs). Through this 
research approach, we provide a twofold contribution. 
First, through the collective expert assessment, economi-
cally and environmentally sustainable last mile logis-
tics innovations are identified and strategic implications 
derived. Second, we study inter-observer reliability [33, 
34] by collecting data from four expert panels from dif-
ferent sectors.

2  Literature review
To assess logistics innovations, researchers have applied 
quantitative, semi-quantitative, and qualitative methods 
of foresight [35, 36]. Among quantitative methods, mod-
eling and simulation methods have been used [37–40]. 
However, quantitative methods are resource-intensive 
[41]. They often necessitate highly disaggregated, local-
level data and methodological complexity, making gener-
alization difficult [39, 41, 42].
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Furthermore, quantitative methods can only account 
for what can be quantified in a credible way. Thus, they 
can only provide partial insight into a complex mass of 
uncertainties [35]. Balm et al. [41] highlight the need for 
broader frameworks that incorporate social, economic, 
and environmental dimensions and emphasize that tech-
nologies do not exist to obtain robust empirical data for 
everything. Hence, researchers apply qualitative and 
semi-quantitative methods that build on subjective data 
to address particular aspects of uncertainty which are 
hard to quantify [35, 36, 43].

Scholars have used qualitative literature reviews for 
foresight, aggregating innovations for last mile logis-
tics [9, 44]. However, within these literature reviews, no 
systematic assessment of the applicability has been con-
ducted. We find that this gap has been addressed through 
semi-quantitative methods. Semi-quantitative methods 
apply mathematical principles to quantify subjectivity by 
weighting opinions and probabilities [36]. For example, 
José Holguín-Veras et al. [45, 46] combine a qualitative 
survey with a semi-quantitative multi-criteria analysis. 
They foresee the most effective urban freight manage-
ment interventions and provide a ranking that guides 
adoption.

The Delphi method has also been applied for foresight. 
Melander [11] studies in a review the use of the Delphi 
method in the transportation sector. Results show it is 
dominantly used to assess projections about different 
future scenarios.

For example, von der Gracht and Darkow [47] study 41 
projections for the logistics services industry for the year 
2025 that are both likely and disruptive. One projection 
is that customer demands for convenience, simplicity, 
promptness, and flexibility turn logistics into a decisive 
success factor for customer retention. The study filtered 
these projections through desk research and expert 
involvement. Results were assessed by experts in terms 
of their probability of occurrence (from 0 to 100%), their 
impact (5-point Likert scale) and desirability (desirable, 
not desirable). One panel of 30 experts was drafted.

Peppel et al. [48] investigate 17 projections for the last 
mile in 2040, including projections about technologies, 
e.g., mobile parcel lockers replacing stationary ones. Pro-
jections are derived from a literature review followed by 
expert workshops and refinement as well as a pre-test. 
Experts were asked to rate projections on a 7-point Lik-
ert scale, based on probability (not probable to very prob-
able), impact (very weak to very strong), and desirability 
(very undesirable to very desirable). Furthermore, for 
the named technology projections, experts were asked 
to choose at least one expected area of use among unde-
fined rural areas, small-/medium-sized cities, and large 
cities. The authors build one panel of 36 experts.

Spickermann et al. [34] study 16 projections about 
the city infrastructure developing towards multimodal 
mobility, e.g., public authorities missing out on promot-
ing multimodal mobility collaborations. The authors start 
with internal workshops, followed by database searches, 
and expand these by consulting external experts to derive 
projections. Experts were asked to rate the probability of 
occurrence on a scale from 0 to 100% and the desirability 
on a 5-point Likert scale, where 5 represents very high. 
Based on previous researchers’ arguments to include 
a diverse set of viewpoints [49], the authors build pan-
els based on surface-level selection criteria. The authors 
differentiate three panels, i.e., industry experts, public 
authorities, and customers. Findings are investigated for 
consensus and dissensus on projections within the panels 
and across panels.

Lastly, Meyer et al. [4] focus on technology foresight, 
not scenarios, for sustainable road freight transporta-
tion. Experts were asked to assess 14 technologies includ-
ing electric trucks, pipeline networks, drones, and local 
3D printing. The authors first drafted a long list based 
on reviewing the literature, conducting workshops and 
performing a pre-survey. A short list was then extracted 
based on whether it was a tangible technological solu-
tion, the impact on sustainability, and the number of 
mentions. Technologies were assessed based on expected 
mass adoption in years and the impact on sustainability 
on a 5-point Likert scale. Experts were asked to provide 
commentary on the chosen adoption time as well as the 
sustainability dimensions (economic, environmental, and 
social). The authors find that the literature and the study’s 
participants tend to prioritize environmental sustain-
ability over social sustainability, but argue that all three 
impact each other.

Our literature review identifies only two studies that 
apply the Delphi methodology to assess and compare tan-
gible innovations [4, 48]. The existing literature has made 
little use of the Delphi method as a resource-efficient 
means that navigates complex uncertainties through 
subjective data. When Delphi methods are used for fore-
sight, experts are asked to rate a selection of the following 
indicators: probability, expected market adoption, desir-
ability, impact, economic, environmental, or social sus-
tainability. Following the concept of green logistics, we 
prioritize economic and environmental sustainability as 
well as probability. Within that scope, we aim to expand 
the understanding of the impact of different area types on 
last mile innovations, which previous research has only 
touched [48]. With the outlined focus, we follow scholars 
studying green logistics innovations [3, 5–7, 10] and their 
call to assess the impact of green initiatives on environ-
mental and economic sustainability and the factors that 
drive adoption [7]. Lastly, we study inter-observer reli-
ability by building different Delphi panels [49, 50].
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3  Methodology
The Delphi method allows a group of experts that have 
insights above and beyond representative samples to find 
consensus on questions of “what could or should be” [31]. 
The Delphi method enables interaction among experts 
through iterative rounds, compared to surveys. But it 
minimizes interaction issues associated with expert pan-
els by allowing experts to interact anonymously [32, 35, 
36].

We position our Delphi study as a confirmatory assess-
ment activity after an initial scanning activity [31, 35], 
prevalent in Delphi studies [4, 34, 47, 48, 51, 52]. We first 
conduct a detailed literature review and then add expert 
consultations to identify main issues around the par-
ticular theme of innovations in last mile logistics. After-
wards, we distribute Delphi questionnaires and analyze 
responses to assess the likelihood of occurrence and the 
possible impacts of these innovations [31, 35]. To provide 
structure to this research scope, we build on the three-
stage Delphi procedure [31, 53, 54], displayed in Table 1. 

3.1  Exploratory stage
The Exploratory Stage starts with internal project work-
shops in step 1 [31]. These are part of a five-year project 
of a research consortium aiming to improve last mile 

logistics. The consortium identifies the challenges of last 
mile logistics described in the Sect. 1.

Following the workshops, we engage in the second step. 
We adapt search strategies as laid out by vom Brocke 
et al. [55]. Thus, we first build an understanding of the 
subject matter [55] by conducting a Google Scholar key-
word search. As presented in the previous section, we 
use probability of occurrence as first Key Performance 
Indicator (KPI) [4, 34, 47, 48, 51, 52] and scan the litera-
ture for possible area types [48], last mile logistics inno-
vations, and economic and environmental KPIs for the 
assessment in three long lists [4].

We then proceed to design the Delphi questionnaire 
in step 3 [31]. Design decisions are made in two internal 
workshops of the research consortium. The first focuses 
on the item short list. To mitigate the risk of partial 
responses and high dropout rates, we adopt the sugges-
tion of Okoli and Pawlowski [56] to select between 20 
and 25 items for Delphi studies, recognizing item num-
bers scholars used, e.g. [4, 41, 47, 51, 52, 57].

To distill a short list, members of the research con-
sortium discuss the evident range of last mile innova-
tions and KPIs and conflicts between precise, numeric 
and broader defined items on the long list [39, 41]. The 
consortium agrees that all items on the short list must 

Table 1  Delphi process (adapted from Skinner et al. [31], Hallowell and Gambatese [54] and Day and Bobeva [53], expanded with 
literature search based on vom Brocke et al. [55])

noitazilitUnoitallitsiDyrotarolpxE
egatSegatSegatS

Delphi Internal project Literature search Pilot study Expert selection Execution of Evaluation and
Steps stluserfotroperydutsihpleDspohskrow

rounds

Tasks - Identify eco-
nomic and
environmental
challenges in last
mile logistics

- Define Research
Question (RQ)

- Identify area
types

- Identify logistics
innovations

- Identify KPIs for
assessment

- Define and con-
solidate area
types, logistics
innovations and
KPIs

- Design Delphi
questionnaire

- Internal Delphi
study pilot test

- Knowledge
resource nomi-
nation worksheet

- Define stake-
holder panels

- Delphi rounds
- Analyze results

and test consen-
sus

- Iterate n-times
until consensus

- Analysis of Del-
phi results

- Visualize consol-
idated results

- Derive implica-
tions for mu-
nicipal planning
and political
decision-makers

Results - RQ - Long lists of area
types, logistics
innovations and
KPIs

- Revised area
types, logistics
innovations and
KPIs

- Four panels of
potential experts
and contact data

- Final logistics in-
novations

- Logistics so-
lutions assess-
ments

- Final report of
Delphi study re-
sults
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have a clear meaning and must be easy to interpret. Fur-
thermore, for the KPIs, experts are expected to make 
assumptions about the overall impact rather than precise 
estimations of numerical values, and KPIs must assess a 
distinct aspect of economic or environmental sustain-
ability. Lastly, to reduce the long list, we define within the 
research consortium that last mile logistics innovations 
for the short list should be expected to be reasonably fea-
sible to implement, be to some extent distinct from one 
another, and have a positive impact on distances covered 
by cars, trucks, and light commercial vehicles per cus-
tomer, as such innovations are expected to improve eco-
nomic and environmental sustainability.

The process reduces the aggregated results in the long 
list from 39 to 11 last mile logistics innovations. In addi-
tion to probability, six KPIs are selected out of 36. Lastly, 
one area classification consisting of three area types is 
selected out of three options. Items that are included 
and rationales for that are displayed in Table 2. A fur-
ther explication of the search and selection process is 
provided in Appendix A, detailed definitions of items in 
Appendix B.

In the second workshop, the rating scale is discussed. 
As pointed out in the Sect. 2, studies have employed dif-
ferent scales to rate indicators. We aim to use the same 
scale for all indicators, thus making the rating scales fast 
to understand for the experts. Building on related work 
and method papers, e.g. [4, 41, 47, 51, 52, 57, 73], we thus 
opt for a Likert scale. For Delphi studies, scholars have 
suggested using between 4 and 7 options [73]. Reflecting 
that a neutral impact on KPIs is a relevant option when 
assessing economic and environmental sustainability 
impacts, we included a center value [33, 73–75]. Differ-
entiating ratings and clearly expressing the opinion are 
arguments against and for more options on a Likert scale 
[33, 73–75]. Thus, we test both a 5-point and a 7-point 
Likert scale in the subsequent pilot study. All rating 
options are named: 1 represents a “negative effect,” 2 a 
“slightly negative effect,” 3 “no effect,” 4 a “slightly positive 
effect,” and 5 a “positive effect.” The 7-point Likert scale 
provides a more nuanced positive and negative impact 
assessment.

Following scholars, a free-text field is furthermore 
included where participants are asked to give reasons for 
their rating, so that the researchers can better compre-
hend ratings [4, 41, 47, 51, 52, 57]. Lastly, we include a 
mandatory contact information field. Thus, only experts 
who participated in earlier rounds can be invited to sub-
sequent rounds, to avoid changing panel memberships 
[48]. Contact information was not shared among panel 
members.

Proceeding with step 3, we conduct a pilot study within 
the research consortium [31, 76]. It ensures that the level 
of detail is appropriate, the panelists’ role is defined and 

the instructions are easy to follow [54]. The pilot study 
and the later rounds in Stage 2 were conducted via an 
online questionnaire. We design the questionnaire to 
sequentially move through the area types, starting with 
urban areas and ending with rural areas with sparse 
population. The obtained feedback from the pilot study 
reveals that participants feel more comfortable with the 
5-point Likert scale. The stated reasons are that it is cog-
nitively easier to differentiate the options and that partic-
ipants argued it is noticeably faster to give a rating on the 
5-point Likert scale. We build on this finding to reduce 
dropout rates. Lastly, probability was renamed to imple-
mentation potential and obtained different rating values, 
as both confused participants. Thus, the respective scale 
starts at 1, i.e., “no”, 3 “neutral”, and ends at 5 “high.”

The Exploratory Stage ends with the selection of 
experts. Scholars have recruited experts from different 
domains of knowledge and backgrounds [4, 11, 33, 77], to 
improve the reliability through different perspectives [33, 
49, 78]. But authors have argued that in heterogeneous 
panels continuing dissensus is likely, due to conflicting 
views [33, 79]. We hence aim to study inter-observer reli-
ability by building multiple panels with different perspec-
tives and establishing consensus within these panels [33, 
34, 49, 50]. We select the organizational background as 
criterion for the panel creation. Differences in surface-
level expert selection criteria, i.e., occupation and organi-
zational background, have been found to lead to different 
response behaviors [49]. This way, we reduce risks and 
issues associated with exploring topics of interest from 
one instead of multiple, potentially rivaling, perspectives. 
Furthermore, we are able to compare results across the 
different selection criteria [78].

We identify potential panels based on a knowledge 
resource nomination worksheet [31]. Accordingly, poten-
tial panelists are written down based on the literature 
review and the individual networks of the members of 
the research consortium. Then, following [31, 34, 49], 
focusing on the surface-level characteristics of the poten-
tial members, rather than the members themselves, the 
organizational background was documented. From this 
list, four distinctive organizational domains were identi-
fied, for which additional experts were then sought.

Panel 1 represents experts from research institutes and 
universities. Panel 2 includes logistics service providers, 
logistics consultants, and experts from the retail sector. 
Panel  3 includes experts in urban and transportation 
planning in public administration of municipalities and 
regions, federal ministries, and federal agencies (Federal 
Ministry of Transport and Digital Infrastructure, Federal 
Environment Agency, Office for Regional Land Develop-
ment (UBA)). Panel 4 contains experts from associations 
and NGOs (e.g., Federal Logistics Association (BVL), 
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Table 2  Overview of items and their rationale. Detailed descriptions documented in Appendix B
Item Rationale
Area Types Literature review [48] successfully apply three area types rural areas, small-/medium-sized cities and large cities. But workshop 

decided clearer defined and differentiated area types required, i.e., urban areas, semi-densely populated rural areas, rural areas with 
sparse population [58].

Costs Literature review [59, 60] and confirmed in the internal workshop, vital for assessing the feasibility of a logistics innovation.

Acceptance Literature review [12] and confirmed in the internal workshop, explains the willingness of the local community to adopt new logis-
tics innovations and hence success/failure.

Economic 
Efficiency

Literature review [61] and internal workshop, aggregation to represent the economic viability of the logistics innovations from the 
operator’s perspective. It acknowledges that the successful implementation of logistics innovations ultimately depends on the 
adoption by operators.

Traffic Impacts Literature review [62, 63] and confirmed during workshop, existing congestion-based conflicts impact emissions and noise. Re-
duced congestion and vehicle-distances traveled per customer can reduce need for additional infrastructure.

Land Use Literature review [61, 62] and confirmed during internal workshop, provision of transport infrastructure for a logistics innovation 
makes the area unavailable for ecospheres and decreases the attractiveness of a location for a number of activities.

Local Emissions Literature review [63–65] and confirmed in the internal workshop as a key environmental measure when assessing the environmen-
tal impact of a logistics innovation.

Implementa-
tion Potential

Literature review [4, 34, 47, 48, 51, 52] and adapted in the internal workshop, Delphi studies dominantly identify probability as 
crucial comprehensive indicator for likelihood of implementation.

Micro Hubs Literature review [66] and confirmed in the internal workshop, can potentially serve as transshipment points that enable a shift to 
low-emission last-mile deliveries, e.g., cargo cycles.

City Hub Literature review [8, 61], relevant as it similarly provides closer positioning of transshipment infrastructure to the final delivery area. 
Differs as it requires a singular large area for facilities and the city hub is not as close to customers as micro hubs. Thus relevant 
addition.

Self-Service 
Parcel Lockers

Literature review [9] and confirmed in the internal workshop, relevant as it aims to overcome the inefficiencies, due to customers 
not being home. Aims to reduce effort for postal service providers by allowing batched delivery to a single, conveniently reachable 
facility.

Parcel Boxes 
for Residential 
Buildings

Literature review [67, 68] and confirmed in the internal workshop, similar to Self-Service Parcel Lockers it targets inefficiencies due 
to customers not being home. But relevant difference is that no batched deliveries to single facility are feasible, but deliveries take 
place at home address and increase convenience for customers.

Neighbor-
hood Pooled 
Shopping

First (generative) Delphi round, the community-based logistics approach differentiates itself from the others, as it is customer 
driven. The customers-driven aggregation of trips could have potential positive impacts on distances per customer but conflict with 
revenue interests of logistics companies.

Receiver-driven 
Bundling

First (generative) Delphi round, suggested and included as a counterpart to Neighborhood Pooled Shopping. It is also a communi-
ty-based approach, but customers do not pool their out-of-house shopping but pool deliveries at one recipient’s address.

Online Grocery 
Shopping

Literature review [69] and expanded by internal workshop. Growing market shares and unclear perceived impacts of single cus-
tomer trips to grocery store opposed to grouped grocery deliveries in different area types make this item relevant to study.

White Label Literature review [70] and confirmed in the internal workshop, potentially improves operational efficiency and vehicle-distances 
traveled per customer by improving efficient resource utilization [70].

Shared Fleet 
Business

Literature review [71] and expanded by internal workshop, could benefit fleet operators to improve economic and environmental 
sustainability through reduced goods-vehicle kilometers but potential constraints about acceptance and convenience (operating 
own fleets) make it a relevant item to study.

Care and Share Internal workshop, rooted in Shared Fleet Business and White Label, with particular emphasis to the research motivation of in-
creased homecare, thus the consortium designed a particular innovation for care providers.

Underground 
Transport Tubes

Literature review [72] and expanded by internal workshop, infrastructure intensive innovation that requires non of the listed above-
ground vehicle options and differs from other solutions. Can thus have substantially different ratings on economic and environmen-
tal sustainability.

Combined 
Cargo and Pub-
lic Transport

Literature review [9, 67] and confirmed in the internal workshop, promises to reduce vehicle-kilometers by leveraging existing infra-
structure, especially for combining passenger and freight flows. Offers economic viability through efficiency gains and environmen-
tal benefits from reduced logistic operator vehicle use. But factors like transported volume, current road transport efficiency, timing 
and the necessity of road pre- and post-haulage require expert assessment in the Delphi before making large potential investments.

Autonomous 
Delivery Robots

Literature review [9, 48] and confirmed by internal workshop, allows for different trip planning as there is no need for human drivers, 
but also potentially controversial as it requires customers to collect delivery.
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Agora Verkehrswende, German Association of Towns 
and Municipalities(DStGB)).

3.2  Distillation stage
Following Day and Bobeva [53], a first Delphi round is 
initiated for external validation of the Delphi question-
naire. This generative round allows few selected domain 
experts to further refine items and suggest extensions if 
needed, but does not count for consensus finding. It thus 
differs from the subsequent assessment rounds [53].

We contact experts until we reach five completions in 
each of the four panels. Thus, we obtain relevant feed-
back in a timely manner. For any extensions to be added, 
suggested items must be within the scope of the distil-
lation criteria previously defined. Following scholars’ 
recommendations to appreciate participation and the 
experts’ time invested in providing input [31], we agree 
within the research consortium that more rather than 
fewer suggestions should be added. The experts endorse 
the area types, KPIs, and logistics innovations and sug-
gest two logistics innovations. After discussion within the 
research consortium, all are added to the short list. Nei-
ther conflicting suggestions are made nor is the set limit 
of 25 items exceeded. The final short list, consisting of 23 
items and rationales for inclusion, is displayed in Table 2. 
The detailed descriptions of the items are documented in 
Appendix B.

In the subsequent assessment rounds, the thirteen final 
logistics solutions are then assessed by the four pan-
els based on the seven validated KPIs for the three area 
types. The assessment rounds are initiated by distributing 
the questionnaire to all identified experts via email [31, 
33].

During the assessment rounds, the aim is to itera-
tively refine the experts’ assessments until a consensus 
is reached. We calculate consensus within the individual 
expert panels (intra-panel), not across the expert panels 
(inter-panel), to study inter-observer reliability [33]. After 
one round is closed, the consensus is measured based on 
the Coefficient of Variation (CV) (see Eq. 1 and Table 3) 
[80, 81]. While consensus is not a strict requirement in 
Delphi study outcomes, e.g. [34], it provides a valuable 
measure of agreement among panelists on the issues 
under examination. 

	
CV = σ

µ � (1)

Thus, we define ex-ante stop criteria for the assessment 
[31]: Conduct iterations until the CV for all items is not 
greater than 0.5, indicating consensus. Else, if for all KPIs 
with a CV above 0.5, for two rounds in a row, the stan-
dard deviation does not decrease by more than 20%, we 
conclude lasting disagreement [80, 81].

If ex-ante stop criteria are not met, another Delphi 
round is conducted. To reach consensus, the mean Lik-
ert scores and standard deviations of all ratings are cal-
culated and shared among experts [81, 82]. This allows 
the experts to adjust their responses based on the collec-
tive input. In assessment round 3 of our Delphi study, we 
reach ex-ante defined consensus for all items.

For all four panels, decreasing numbers of participants 
are observed, in line with panelists’ fatigue and dropout 
rates, e.g. [56]. The number of participants is displayed in 
Table 4.

3.3  Utilization stage
In the Utilization Stage we comprehensively evaluate, 
visualize, and report the results of the Delphi study [31]. 
While data from dropped-out participants is used to vali-
date ex-ante stop criteria during the Distillation Stage, 
the final data analysis is based only on the consensus data 
from round 3.

Building on Spickermann et al. [49], we investigate the 
inter-panel and intra-panel consensus. As we achieve 
consensus for all items in all panels, we start with a 
descriptive investigation of inter-panel commonalities 
between the obtained consensus. It is followed by an 
investigation into intra-panel consensus where panels dif-
fered in their consensus. Recognizing the few responses 
within the panels, we limit ourselves to descriptive tech-
niques for intra- and inter-panel analysis.

Using the 1092 resulting consensus ratings from all 
panels, we then conduct a critical synthesis of findings. 
We use, among others, the coefficient of determination 
r2 to investigate inter-panel patterns in ratings. For the 
data analysis, we build on RStudio.

4  Results
Across all panels, a notable reduction in the coefficient of 
variation (CV) can be observed from the first to the third 
round. This reduction reflects a convergence of expert 

Table 3  Coefficient of variation and consensus decision rules 
based on [80]
Coefficient of variation Decision rule
0 < V ≤ .5 Good degree of consensus. No need for 

an additional round.

.5 < V ≤ .8 Less than satisfactory degree of consen-
sus. Possible need for an additional round.

.8 ≤ V Poor degree of consensus. Definite need 
for an additional round.

Table 4  Number of participants per panel and round
Panel Round 1 Round 2 Round 3 Round 4
Panel 1 5 24 14 11

Panel 2 5 14 9 8

Panel 3 5 28 16 12

Panel 4 5 29 17 6
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opinions and a higher level of agreement as the Delphi 
rounds progressed. We find that the initial expert judg-
ments were already considerably robust, as mean values 
remained considerably stable. The iterative Delphi pro-
cess thus served more to refine the level of consensus 
than to significantly alter the direction of the assess-
ments. We observe this for assessments far from the 
center as well as for values close to neutral. As the CV 
decreased, in some cases experts who assessed an initial 
slightly positive rating switched to a slightly negative rat-
ing and vice versa.

Panel 1 of experts from research institutes and univer-
sities had consistent mean ratings in the first two Delphi 
rounds of about 3.2, slightly increasing to 3.3 across all 
assessments in the third Delphi round. This is the high-
est mean in the third Delphi round of all panels. Panel 
2, from logistics service providers, logistics consultants, 
and experts from the retail sector, had a consistent mean 
of 3.1 over all three rounds. Panel 3, consisting of experts 
in urban and transportation planning in public adminis-
tration of municipalities and regions, federal ministries, 
and federal agencies, had an initial mean of 3.1 in the first 
two rounds, which decreased slightly to 3.0 in the third 
round. Lastly, Panel 4, experts from associations and 
NGOs, had low ratings in the first round, starting at a 
mean of 2.4, moving toward the final ratings with a mean 
of 2.6.

In the resulting data of the third Delphi round, we 
observe in the 1092 consensus ratings that the implemen-
tation potential across all last mile innovations has a high 
correlation with the sum of economic KPIs (r2 = 0.66). 
Further, a low correlation with the sum of environmen-
tal KPIs (r2 = 0.22) is observed. Also, we find a high 
correlation between the KPIs local emissions and traffic 
impact (r2 = 0.69), and costs and economic efficiency 
(r2 = 0.75). Further, impacts by area types are evident in 
the data. We observe that all panels have a tendency to 
assess the logistics innovations worse from urban to rural 
areas. This pattern is especially dominant in Panel 2 and 
Panel 4.

Investigating the data for the respective logistics inno-
vations we find that Underground Transport Tubes earn 
the poorest ratings in terms of implementation poten-
tial across all area types and panels. Poor ratings were 
given especially for the economic KPIs. In urban con-
texts, Panel 2 and Panel 3 give Underground Transport 
Tubes high environmental KPI ratings, while Panel 1 and 
Panel 4 rate this innovation as average among the other 
innovations.

There is furthermore inter-panel consensus about the 
low implementation potential of Autonomous Deliv-
ery Robots. While Panel 1 and Panel 2 assigned medio-
cre economic and environmental ratings, Panel 3 and 
Panel 4 rated them with considerably poor economic and 

environmental assessments. Experts especially assessed 
the costs and economic efficiency to have a rather nega-
tive impact and, with the exception of Panel 1, also con-
sidered it to have a rather negative impact on acceptance.

Opposed to that, Parcel Boxes for Residential Buildings 
and Online Grocery Shopping consistently rank among 
the highest in implementation potential across all area 
types, except for rural areas in Panel 4. Even though, 
across all panels, the scores for economic and environ-
mental KPIs are not outstanding compared to those of 
other last mile innovations.

Combined Cargo and Public Transport received mostly 
mediocre ratings for each area type across panels. Except 
that Panel 1 assessed high ratings for rural areas, whereas 
Panel 4 assessed very low ratings for rural areas.

Micro Hubs see a decreasing implementation potential 
rating from urban areas to rural areas, not only in abso-
lute but also relative terms. Among the logistics innova-
tions, Micro Hubs were assessed as having a rather high 
implementation potential in urban areas, but among the 
worst in rural areas. The panels assessed the positive 
impact on traffic and local emissions to decrease as the 
population density decreases, with the economic indica-
tors also deteriorating.

In a similar vein, Panel 2 and Panel 3, assessed a rela-
tively decreasing implementation potential for Self-Ser-
vice Parcel Lockers compared to other innovations, while 
it ranked consistently high for Panel 1 and consistently 
mediocre for Panel 4.

Neighborhood Pooled Shopping was consistently 
assessed to have a positive impact on economic and 
environmental KPIs. For semi-densely populated rural 
areas and rural areas, Neighborhood Pooled Shopping 
was found to have among the highest implementation 
potential. In urban areas, Panel 2, Panel 3, and Panel 4 
assessed other innovations to have a higher implementa-
tion potential.

Further engaging with the detailed assessment of 
individual findings in each panel, we make the follow-
ing findings. In Panel 1 (Fig. 1), for urban areas, Shared 
Fleet Business, Care and Share, and Receiver-driven Bun-
dling excelled in the environmental KPIs with summed 
means of 12.0, 11.6, and 11.5, respectively. They obtained 
an implementation potential of 3.5, 3.4, and 3.1. Worst 
rated in terms of environmental KPIs were Online Gro-
cery Shopping (8.7), Micro Hub (9.1), and City Hub (9.3). 
The implementation potential was rated at 3.7, 3.6, and 
2.9. Ratings for semi-densely populated rural areas were 
rather homogeneous, with only Underground Transport 
Tubes receiving exceptionally poor economic and envi-
ronmental ratings. Lastly, White Label received consis-
tently high economic and environmental assessments, 
albeit being assessed as having the lowest implementation 
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potential in urban areas and relative mediocre implemen-
tation potential in the other two area types. 

In Panel 2 (Fig. 2), for urban areas, White Label received 
the highest rating for economic and environmental KPIs 
(12.0, 12.4) with an average implementation potential of 
3.4. Similarly, Care and Share received 10.8 and 11.4 with 

an implementation potential of 3.0. In contrast, Online 
Grocery Shopping received 9.4 and 10.0, with an imple-
mentation potential of 4, while Underground Transport 
Tubes were rated with low economic ratings (8.0) but 
high environmental ratings (12.0) and an implementa-
tion potential of 2.4. In semi-densely populated rural 

Fig. 1  Consensus results of Panel 1, ranking based on implementation potential. Combined cargo and public transport (CCPT), Parcel Boxes for Residen-
tial Buildings (PBRB), Self-service Parcel Lockers (SSPL)
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areas, multiple solutions obtain high scores for economic 
and environmental KPIs, mostly differing in their imple-
mentation potential, i.e., Online Grocery Shopping (3.6), 
Receiver-driven Bundling (3.2), White Label (2.8). Fur-
thermore, Care and Share and City Hub both received 
poor economic ratings (7.0). Shared Fleet Business is 

rated mediocre in urban areas but receives relatively poor 
economic assessments in the other two area types com-
pared to other solutions. 

For urban areas, Panel 3 (Fig. 3) dominantly considered 
last mile innovations with high environmental ratings 
to have low implementation potential, e.g., Shared Fleet 

Fig. 2  Consensus results of Panel 2, ranking based on implementation potential. Combined cargo and public transport (CCPT), Parcel Boxes for Residen-
tial Buildings (PBRB), Self-service Parcel Lockers (SSPL)
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Business, Neighborhood Pooled Shopping, or Underground 
Transport Tubes. In contrast, Parcel Boxes for Residential 
Buildings and Self-Service Parcel Lockers received high 
economic ratings (both 10.8) and the highest implemen-
tation ratings (4 and 3.4), while having substantially lower 
environmental KPI ratings. For semi-densely populated 

rural areas and rural areas, overall rating patterns are 
similar to Panel 1 and Panel 2, albeit Care and Share and 
Parcel Boxes for Residential Buildings obtained consis-
tently high scores in the implementation potential. In 
contrast, in semi-densely populated rural areas, Self-Ser-
vice Parcel Lockers had a higher relative implementation 

Fig. 3  Consensus results of Panel 3, ranking based on implementation potential. Combined cargo and public transport (CCPT), Parcel Boxes for Residen-
tial Buildings (PBRB), Self-service Parcel Lockers (SSPL)
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potential rating than in rural areas. White Label was 
assessed to have a strong environmental rating (10.5) but 
poor economic rating (9.4) and a low implementation 
potential (2.1) in urban areas. For the other areas, these 
values decrease consistently, but the relative implementa-
tion potential rank improves. 

In Panel 4 (Fig. 4), for urban areas, Care and Share 
received the highest environmental rating (10.8) and 
a mediocre economic rating (9.4) with a relatively low 
implementation potential (2.8). The economic and envi-
ronmental ratings were significantly worse for the other 
two area types, albeit Care and Share having the third 

Fig. 4  Consensus results of Panel 4, ranking based on implementation potential. Combined cargo and public transport (CCPT), Parcel Boxes for Residen-
tial Buildings (PBRB), Self-service Parcel Lockers (SSPL)
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and second highest implementation potential, respec-
tively. Opposed to that, Shared Fleet Business and 
Receiver-driven Bundling also received decreasing ratings 
but dropped in their relative implementation potential. 
Furthermore, for semi-densely populated areas and rural 
areas, only White Label received a neutral implementa-
tion rating (3), while other logistics innovations scored a 
negative rating. In both area types, White Label received 
the highest overall environmental scores (9.3 and 9.6, 
respectively) and the highest economic scores for rural 
areas (8.4). 

5  Discussion and implications
5.1  Last mile innovations
The results from the individual Delphi panels show inter-
panel consensus for some last mile innovations. Parcel 
Boxes for Residential Buildings and Online Grocery Shop-
ping rank, with partial exceptions in Panel 4, constantly 
high in implementation potential, even though other 
innovations have higher economic and environmental 
ratings. Based on existing literature that convenience and 
simplicity have become a major success factor in logistics 
[13, 47], we argue that this is due to high acceptance rat-
ings. Furthermore, Ranjbari et al. [83, 84] find for parcel 
boxes a slight but substantial drop in the amount of time 
delivery vehicles stayed at the curb, as well as a statisti-
cally significant decrease in the amount of time spent 
inside the building. Considering poor land use assess-
ments, we argue that for the large-scale adoption, spatial 
constrains must be resolved to position boxes. We sug-
gest that layouts of new residential developments dedi-
cate ground-floor space for Parcel Boxes for Residential 
Buildings.

In this regard, due to the low ratings, we furthermore 
argue that to make Autonomous Delivery Robots a viable 
logistics innovation, not only must costs come down, 
but more convenient processes for the handover are also 
required, as currently the customer must unload the 
robot [9].

For Underground Transport Tubes, experts expressed 
skepticism in the free-text field about the feasibility of 
integrating these complex systems into existing urban 
landscapes. Literature supports these findings, as the 
costs of building and maintaining underground networks 
are steep, often requiring significant investment that cit-
ies may find challenging to justify [85]. A relevant per-
spective emerged from two experts, who suggested that 
the innovation could be more viable and beneficial when 
planning new cities or districts. In these cases, the nec-
essary infrastructure for Underground Transport Tubes 
could be integrated from the outset.

Especially Micro Hubs drop in implementation poten-
tial in absolute as well as relative terms toward rural areas 
across all panels. We observe in some panels similar 

trends for Self-Service Parcel Lockers. Based on the litera-
ture [9], we argue that the absence of a critical customer 
mass in combination with high required investments 
causes the decrease in ratings for costs and economic 
efficiency. We furthermore argue that these innovations 
cause inherent conflicts in environmental KPIs. Panels 
assess favorable ratings for traffic impacts and emissions 
but noticeably lower ratings for land use. Creating new 
space for Micro Hubs and Self-Service Parcel Lockers by 
converting green space harms biodiversity. Furthermore, 
scarce space in densely populated urban areas leads to 
implementation challenges.

We argue that land use is furthermore a cause for the 
low-ranked implementation potential of City Hubs in 
urban areas. This becomes evident when comparing the 
KPI ratings to other solutions and to City Hubs in less 
densely populated areas. Literature acknowledges the 
implementation challenges, especially in terms of loca-
tion selection and stakeholder collaboration [86, 87]. 
Hence, effective space planning and reuse of existing 
buildings are essential for Micro Hubs and City Hubs in 
densely populated urban areas.

Neighborhood Pooled Shopping was assessed better for 
semi-densely populated rural areas and rural areas than 
for urban areas. We argue that for urban areas there is a 
notable trend of lower car ownership rates among resi-
dents [88] and a lack of community organization [89, 90]. 
Especially the urban social fabric, characterized by its 
relative anonymity and less cohesive community dynam-
ics, presents challenges to the adoption of community-
centered logistics practices [89, 90]. Social neighborhood 
initiatives, supported by social platforms, could enhance 
community structures for Neighborhood Pooled Shop-
ping in urban areas and also establish Receiver-driven 
Bundling.

However, the panels express in their consensus incon-
sistent or different opinions about various pooling inno-
vations, i.e., Receiver-driven Bundling, Shared Fleet 
Business, White Label, and Care and Share. While the 
first one obtained mostly positive assessments for eco-
nomic indicators, the second one was assessed as rank-
ing high for environmental indicators. For Care and 
Share, the economic, environmental, and implementa-
tion potential KPIs spread widely and ranks are very dif-
ferent, especially in semi-densely populated rural areas 
and rural areas. This could indicate unfamiliarity with the 
terms and hence inconsistent interpretation, even though 
a definition was provided. In a similar vein, even though 
White Label is a much more established concept, assess-
ments differ.

Pooling innovations reduce inefficiencies and provide 
cost savings by reducing the vehicle distances traveled 
per customer. Furthermore, new revenue opportunities 
can be generated [71]. However, based on our findings, 
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we argue that a better understanding of rationales for 
ratings and consensus within and across the individual 
panels is required. Notably, stakeholders from the pri-
vate sector (Panel 2) assessed high ratings for White 
Label across all KPIs in urban areas, while all other pan-
els assessed no or limited implementation potential for 
this innovation in urban areas. And Panel 4 (stakeholders 
from NGOs) assigned the highest-ranked implementa-
tion potential to White Label in semi-densely populated 
rural areas and rural areas, while the other panels assign 
mediocre ranks for implementation potential.

A better understanding will improve the process of 
designing incentives, frameworks, and policies. This will 
foster green pooling solutions. Understanding the opera-
tional and economic feasibility of these innovations will 
be crucial for their successful implementation to achieve 
environmental sustainability goals [71]. Especially stake-
holders from public organizations (Panel 3) appear cau-
tious about the implementation potential of pooling 
innovations in urban areas.

One approach is to combine underlying motivations of 
Online Grocery Shopping and Neighborhood Pooled Shop-
ping. A grocery bus, providing mobile shopping facili-
ties for daily household goods, is piloted in a rural area 
in Germany [8]. The bus stops at neighborhoods with-
out direct access to grocery stores, consolidating shop-
ping trips. To predict the viability of such pooling pilots, 
quantitative methods that analyze customer segments are 
potentially more suitable foresight methods.

Our study’s inconclusive findings for Combined Cargo 
and Public Transport resonate with the literature. De 
Langhe et al. [91], Pietrzak and Pietrzak [92], and Vajihi 
and Ricci [93] have discussed the conditions under which 
urban freight transport by tram can be successful. They 
emphasize the importance of factors such as transport 
volume, efficiency, timing, and socio-economic bene-
fits. Literature suggests that while Combined Cargo and 
Public Transport can enhance economic and environ-
mental sustainability, particularly when combined with 
passenger transport, its success is contingent on tailored 
approaches to avoid disruption in passenger operations. 
Based on our ambiguous findings, this may be more fea-
sible in less densely populated areas but could also be 
hindered by insufficient provision of public transport.

Lastly, we cover the observation of decreasing rat-
ing values for less densely populated areas. Few of the 
investigated logistics innovations are assessed to provide 
positive impacts in terms of economic and environmen-
tal KPIs in rural areas. Thus, critically evaluating the 
studied logistics innovations, we identify a lack of inno-
vations for rural areas. We argue that this is due to the 
poor economic performance of logistics when a critical 
mass is absent [9]. As we find the implementation poten-
tial to correlate with economic sustainability, last mile 

innovations that address the worsening economic out-
look for logistics activities in rural areas are missing. Fur-
thermore, environmental sustainability does not appear 
to have a sufficiently high impact on implementation 
potential. Pressure from regulatory bodies or customers 
to mitigate negative externalities does not appear high 
enough to force the implementation of environmentally 
sustainable last mile innovations [8]. We argue that this 
represents an unsatisfactory gap. The logistics indus-
try will be severely affected by the demographic change 
in rural areas [17] and decarbonization efforts [8]. Thus, 
innovations must be identified and prioritized that bet-
ter address these issues than the ones currently proposed 
and studied in this paper.

5.2  Delphi study design
Ex-post, our findings show that most of the used KPIs 
present meaningful differences. We found multiple logis-
tics innovations expected to reduce local emissions but 
negatively impact land use. However, we find a high cor-
relation between traffic impacts and local emissions. For 
the economic sustainability KPIs, we found a similar pat-
tern. While acceptance was meaningfully different in rat-
ings compared to the other KPIs, we find high correlation 
between economic efficiency and the costs KPI. It is thus 
relevant to study economic and environmental sustain-
ability through different indicators [41], but one cost- or 
profit-related KPI and one traffic or local emissions KPI 
is sufficient to incorporate profitability and traffic emis-
sion aspects.

Furthermore, we observed differences between urban 
areas and less densely populated areas. But the differ-
ences between semi-densely populated rural areas and 
rural areas with sparse population were less relevant to 
our overall findings. We contribute to scholars designing 
similar studies that the most urgent green logistics chal-
lenges in last mile logistics exist for densely populated 
areas with spatial constraints and sparsely populated 
areas without a critical mass of customers. Focusing on 
these areas reduces the item lists while addressing mean-
ingful challenges of green last mile logistics.

In this regard, the interpretation of minor differences in 
ratings for some KPIs proved difficult. Thus, on the one 
hand, we suggest including sufficiently different items. 
On the other hand, we argue that a 7-point Likert scale 
might be more helpful to identify meaningful differences 
when a rating should be given, which can be negative, 
neutral, or positive. Applying a 7-point Likert scale is 
within the suggested range from scholars, e.g. [31]. But 
researchers must consider that it can take panelists more 
time to rate items on a 7-point than on a 5-point Likert 
scale.

Furthermore, the implementation of different panels 
proved fruitful. While Panels 1–3 assigned similar total 
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mean scores over all KPIs, the fourth panel was signifi-
cantly more critical. One explanation could be that the 
experts in Panel 4, recruited from NGOs, have a strong 
practical background yet remain very critical towards 
any promised benefits of innovations. Panel 3 in partic-
ular emphasized the economic KPIs when assessing the 
implementation potential. This might be due to negative 
associations of stakeholders from public authorities that 
private companies prioritize economic rationales over 
environmental concerns. As our study design did not aim 
to make statistically relevant comparisons between pan-
els, we encourage scholars to conduct further research 
on different survey response patterns from various stake-
holder groups. This can lead to improved stakeholder 
involvement and holistic assessments of logistics inno-
vations. Another suggestion is to conduct a two-stage 
Delphi study, where first consensus within stakeholder 
groups is obtained. This can then be shared with the 
other stakeholder groups to find consensus between the 
parties’ opinions through the exchange of arguments, 
leading to a potential domain-consensus.

6  Limitations and conclusions
Applying the Delphi method has limitations. The con-
sensus of a Delphi panel is non-representative of the 
theoretical population of interest. It carries the advan-
tage that the external validity to the theoretical popula-
tion of interest must not be enhanced, and thus statistical 
significance tests are not applied. But it is problematic to 
generalize the consensus of a non-representative group 
to the larger population [78]. The consensus cannot be 
considered to be statistically representative for all logis-
tics researchers, logistics service providers, transport 
planners in public administrations, or NGOs (i.e., Panels 
1–4).

A further limitation of Delphi studies are the preven-
tive measures taken to avoid panelists’ fatigue. As schol-
ars suggest selecting between 20 and 25 items to be used 
in Delphi studies without too long elaborations of each 
item [56], it makes Delphi questionnaires limited in the 
amount of information and items to include. Thus, our 
selection of the area types, KPIs, and logistics innova-
tions, as well as the explanations, cannot be exhaustive 
and fully comprehensive. This limits our study in partic-
ular with regard to social sustainability. It is a common 
limitation of green logistics, as only two dimensions of 
the triple bottom line of sustainability are studied [2, 4, 
6, 10].

Still, Delphi panels produce significant, fruitful benefits 
for research and practice, as these panels build consen-
sus through thoughtful considerations, tying together the 
collective wisdom of expert participants to forecast the 
future in a cost-effective and timely manner [31, 78].

Thus, our study enhances the understanding of logistics 
innovations. It sheds light on the varying effectiveness of 
these innovations across different areal contexts, under-
scoring the necessity for tailored strategies rather than a 
one-size-fits-all approach. Hence, we encourage scholars 
to expand the body of literature with further assessments 
of logistics innovations.

In urban areas, various innovations demonstrate con-
siderable potential for enhancing economic and environ-
mental sustainability, especially when convenience and 
simplicity are given. These innovations could be a focus 
for policymakers and service providers. Further research 
optimizing costs, emissions, and land use could increase 
the implementation potential. In rural areas, our study 
reveals a limited number of feasible innovations. Last 
mile innovations with high implementation potential that 
are environmentally sustainable or applicable in rural 
areas remain an area for further exploration, reflecting 
a need for innovations that can reconcile lower demand 
with the pursuit of environmental sustainability and 
economic efficiency in logistics. Furthermore, further 
research should emphasize, in depth, the social sustain-
ability of last mile innovations.

Appendix A: Additional elaborations to study 
design
We adapt search strategies as laid out by vom Brocke et 
al. [55]. After obtaining an initial understanding of the 
subject matter by conducting a Google Scholar keyword 
search, we define the goal of our search [55]. As explicated 
in the main text, we differentiate between different area 
types [9,48] and the assessment based on the implemen-
tation potential and economic and environmental indica-
tors, without social indicators [4]. Thus, we scan the litera-
ture for possible area types, last mile logistics innovations, 
and Key Performance Indicators (KPIs) in three long lists.

For Delphi study items, the risk of panelists fatigue [56] 
must be recognized, and for literature scans, coverage 
must be weighted against feasibility [55]. These two fac-
tors define, on the one hand, the amount of literature to 
screen upfront [55] and, on the other hand, the number of 
items to include within the Delphi study [56]. The first and 
second author conduct an efficient literature review and 
apply filters to ensure a feasible number of results [55]. 
We limit the initial search to a basket of high-quality jour-
nals focusing on transportation, i.e., the European Trans-
port Research Review, Journal of Transport Geography, 
Transport Policy, Transport Reviews, Travel Behavior 
and Society, Technological Forecasting & Social Change, 
and Transportation Research Part A, C, D, and E. We 
search the basket with alterations of the search strings 
((”Economic” OR “Environmental”) AND “Impacts”) 
AND ((”Rural” OR “Urban”) AND “Logistics” AND “Last 
Mile”) AND (”Innovations” OR “Novel” OR “Future”) in 
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title, abstract, or keywords, and filter for literature that 
either describes area types, last mile innovations, or KPIs 
to measure the impact of these in the title or abstract. If 
this is found to be true, the full paper or relevant sections 
of it are assessed. To enrich the literature basket, the first 
and second author iteratively screen the titles of forward-
and backward-cited literature in the papers judged rele-
vant. Furthermore, Google Scholar searches are added to 
broaden the basket and obtain relevant further concepts.

From the resulting literature, items are grouped if differ-
ent terms describe similar items. This procedure leads to 
three results for area types, 36 for KPIs and 39 for last mile 
logistics innovations.

Results are then first screened by the first and second 
author to determine if they fit the research aim. As ini-
tial screening is conducted by two researchers, only hard 
criteria are used to reject any items on the long list. All 
area types are kept on the long list. KPIs are rejected if 
they assess non-environmental externalities, e.g., accident 
numbers, social sustainability, e.g., “social consciousness”, 
macroeconomic indicators, e.g., “economic development” 
or if they are clearly too broad, e.g., “sustainability” or 
“impact”. Through this, 8 KPIs are removed. For logistics 
innovations, the following are removed in the first screen-
ing round: innovations meant for long distances, e.g., 
“truck platooning”, innovations without connection to 
economic and environmental sustainability, e.g., “White 
Glove Services”, road infrastructure improvements as 
these are not considered disruptive innovations within 
our Delphi study and regulatory measures, as these are 
also out of scope. This way 12 last mile innovations are 
removed.

In the second screening round, which is conducted 
in a workshop with the research consortium, a further 
condensation of the items takes place. For the area type, 
a definition of too-small areas is rejected, e.g., macro- 
(city), meso- (street), micro-perspective (one entity), as 
well as the distinction between densely populated urban 
areas and depopulated rural areas, which is considered 
too broad. Thus, as described in the main text, rural areas, 
small-/medium-sized cities, and large cities are chosen 
with a more explicit definition.

For KPIs, the experts are expected to make assump-
tions about the overall impact rather than precise estima-
tions of numerical values, and KPIs must assess a distinct 
aspect of economic or environmental sustainability. Fur-
thermore, under the consideration of the restricted num-
ber of items for the short list, the short list for KPIs is fur-
ther reduced. Some are considered to be out of scope, by 
discussion within the consortium, e.g., illegal parking as a 
cost factor or cause for traffic impacts, and noise, because 
other environmental sustainability impacts are considered 
more important. One member of the research consor-
tium furthermore suggests using “environmental break-

even point” [94] as a KPI. However, the multiple dimen-
sions of this KPI lead to inconsistent interpretations and 
a negative perception among the members of the inter-
nal workshop. Then, a number of indicators are grouped 
together to reduce KPIs. For example, probability includes 
expected mass adoption, and acceptance includes service 
quality improvements, convenience, public acceptance, 
final user acceptance, and stakeholder acceptance. As 
described in Sect. 3, probability was then later renamed 
for implementation potential. These actions lead to the 
seven distinct KPIs: implementation potential, land use, 
local emissions, traffic impacts, costs, acceptance, and 
economic efficiency.

For last mile innovations, the internal workshop as well 
cuts items from the long list. As explained, innovations 
for the short list should be expected to be reasonably 
feasible to implement, be, to some extent, distinct from 
one another, and have a positive impact on distances cov-
ered by cars, trucks, and light commercial vehicles per 
customer, as such innovations are expected to improve 
economic and environmental sustainability. Thus, we did 
not include loading bays. We assessed this innovation to 
have little to no positive impact on the vehicle distances 
traveled as drivers usually opt for second-row parking. 
Furthermore, we do not include cargo bikes, as these are 
considered to be only viable together with micro hubs or 
city hubs, which makes the latter more relevant to study. 
Electric vehicles are not included as they are not consid-
ered an innovation in terms of disruption but rather an 
evolution. Other innovations are filtered out due to a lack 
of expected economic viability, e.g., crowd-shipping due 
to the similarity of expensive courier services or feasi-
bility, e.g., drones due to noise, safety risks and negative 
environmental sustainability estimates [95]. Hence, the 
ten logistics innovations derived from literature are Self-
Service Parcel Lockers, Autonomous Delivery Robots, 
Combined Cargo and Public Transport, Underground 
Transport Tubes, Parcel Boxes for Residential Buildings, 
City Hub, White Label, Micro Hub, Online Grocery Shop-
ping, and Shared Fleet Business.

Appendix B: Delphi study items

Area types
Urban Areas with Dense Population: Following [58], 
urban areas are defined and explained to experts to 
encompass first, all district-free cities (major cities) with 
more than 100,000 inhabitants. Second, all districts char-
acterized by a population share in large and medium-
sized cities of at least 50% and a population density of 
more than 150 inhabitants per square kilometer. Third, all 
districts without a large or medium sized but with a pop-
ulation density of more than 150 inhabitants per square 
kilometer.
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Semi-densely Populated Rural Areas: An area is con-
sidered a semi-densely populated rural area in [58], if the 
population density in the given district is less than 150 
inhabitants per square kilometer, but the population share 
in large and medium-sized cities is at least 50%. Addition-
ally, districts fall into this category if their population share 
in large and medium-sized cities is less than 50% and their 
population density, excluding large and medium-sized 
cities, is at least 100 inhabitants per square kilometer.

Rural Areas with Sparse Population: This category 
includes areas where the population share in large and 
medium-sized cities is less than 50% and the population 
density, excluding large and medium-sized cities, is below 
100 inhabitants per square kilometer as defined in [58].

Key performance indicators
Costs Encompass both the impact of implementation 
costs and ongoing operational costs of the logistics inno-
vation for the entire system, i.e., private as well as public 
sector investments and operation costs [59,60].

Acceptance The appeal of a logistics model to potential 
customers and stakeholders. It is indicative of the model’s 
potential success [12,96].

Economic Efficiency The economic viability for opera-
tors to implement the given logistics solution based on 
investment calculations (derived from research consor-
tium workshop).

Traffic Impacts The impact of the logistics innovation 
on traffic on existing infrastructure. All forms of traffic 
impact, e.g., also motorized and bicycle traffic, should be 
taken into account. [62,63].

Land Use The impact of logistics innovations on physi-
cal space, encompassing necessary infrastructure such 
as micro-hub containers, loading zones, and warehouses 
[61,62,62,97].

Local Emissions The general external emissions to be 
expected from a logistics innovation, these can include 
but are not limited to greenhouse gases, noise, and light. 
It covers all expected emission resulting from a logistics 
innovations’ implementation locally, i.e., on the cities’ or 
area scale [64,65,98].

Implementation Potential The experts’ assessment of 
the probability of successfully implementing the respec-
tive logistic solution. This factor is favored and con-
strained by the estimations of the other factors. It indi-
cates the experts’ general assessment of the logistics 
solutions’ potential for successful implementation and 
operation [4,47,48,51,52].

Logistics innovations
White Label: Various courier, express, and parcel ser-
vice providers collaborate for a provider-neutral last-mile 
delivery. Orders from several CEP service providers are 
consolidated in distribution centers. In the next step, 

the detailed distribution of shipments from the distribu-
tion center into the delivery area is carried out by a joint 
provider-neutral CEP service. Vehicles based on the exist-
ing vehicle mix of CEP services are used for the result-
ing routes. I.e., any combination of internal combustion 
engines and electronic powered vehicles that are used 
today, in-line with the purchasing strategy for new vehi-
cles, that already are utilized today are used [70,99].

Micro Hub: Micro Hubs are established at decentral-
ized locations and enable the precise distribution of pack-
ages on the last mile. Their implementation is possible on 
smaller public and private spaces as a temporary setup 
or as a shared usage within (existing) properties. Ideally, 
the Micro Hubs receive a consolidated delivery only once 
a day. In the case of a temporary setup of a Micro-Hub, 
loaded containers or trailers are dropped off, and empties 
are picked up. Alternatively, easily accessible (existing) 
properties are used. The delivery of packages is carried 
out independently by each courier, express, and parcel 
service provider. The last-mile delivery to the recipients 
is carried out entirely with cargo bikes or other emission-
free small vehicles [66].

City Hub: City Hub refers to a centrally located, per-
manently installed logistics facility within the urban area 
that supports multiple courier, express, and parcel (CEP) 
service providers in organizing last-mile delivery. Serv-
ing as a substitute for the large distribution hubs typi-
cally located on the outskirts of the city, the City Hub 
allows for the closer positioning of transshipment infra-
structure to the final delivery area. Compared to Micro 
Hubs, City Hubs offer significantly larger capacities and 
serve broader delivery zones. Shipments from various 
CEP services are consolidated at the City Hub and then 
dispatched individually by the respective provider using 
light commercial vehicles from their existing fleets, newly 
acquired vehicles aligned with their procurement strategy, 
cargo bicycles, or hand-held transport methods. Outside 
of operational hours, delivery vehicles can be parked or 
charged on-site, supporting operational efficiency and the 
integration of electric vehicles (suggested during genera-
tive Delphi round).

Self-Service Parcel Lockers: The delivery of shipments 
to private recipients by CEP service providers is car-
ried out via an expanded network of parcel stations and 
branches rather than directly to the private address. The 
packages are collected at highly accessible central pack-
age pick-up points and made available for collection by 
the recipients. These pick-up points can be located, for 
example, at public transport stops, supermarkets, and 
public parking lots, thereby minimizing additional trips 
for recipients by integrating with their existing routines. 
In parallel, CEP services reduce the regular deliveries to 
the recipients’ residential addresses. There must be a suf-
ficiently high density of central package pick-up points so 
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that recipients do not require a motorized vehicle to col-
lect their packages [9,100,101].

Online Grocery Shopping: Is the online purchase of 
products that fall under grocery retail: From fresh, refrig-
erated, and dry foods to household consumer goods. 
Online grocery shopping is a delivery service through 
which customers can order groceries and other daily 
necessities via an online platform. The orders are deliv-
ered from a supermarket or a regional warehouse on an 
agreed delivery date. Deliveries are carried out by light 
commercial vehicles out of the existing fleet mix. Only 
one online grocery service delivers goods, avoiding the 
consolidation of products from different providers [69].

Neighborhood Pooled Shopping: Is a community-
based logistics approach in which multiple households 
coordinate the purchase and collection of everyday goods 
collectively. Instead of each household carrying out indi-
vidual shopping trips, one person takes over the procure-
ment for several neighbors. Either on foot, by bicycle, by 
car, or using a combination of these modes of transport 
(suggested during generative Delphi round).

Shared Fleet Business: Is a demand-driven transport 
service that enables multiple companies to access a shared 
fleet for conducting intra-urban business trips. The ser-
vice targets organizations that require regular transpor-
tation of personnel or small-scale goods, such as docu-
ments, laptops or compact tools, but lack the capacity 
or efficiency to maintain their own vehicle fleet. Partici-
pating companies book trips flexibly as needed, while a 
central service provider coordinates fleet usage and route 
planning. Unlike traditional vehicle-sharing systems, the 
Shared Fleet Business model focuses on business-related 
transport and includes logistics coordination services. 
Vehicles used within this model are typically light com-
mercial vehicles or passenger cars, and may include 
low-emission or electric options depending on the fleet 
operator. Digital platforms support real-time route opti-
mization and booking coordination, ensuring responsive-
ness to dynamic demand patterns [71].

Care and Share: Care and Share describes a demand-
oriented ride-pooling service specifically designed for 
organizations in the health and social care sectors. The 
service provides optimized and flexible transport options 
for conducting work-related trips within urban areas, 
supporting employees in reaching care recipients, medi-
cal appointments, or distributed workplaces efficiently. 
In contrast to conventional ride-pooling or public trans-
port services, Care and Share focuses on the specific 
operational requirements of social and healthcare insti-
tutions—such as time-sensitive visits, frequent route 
changes, or the transport of lightweight medical or care-
related equipment. Vehicles used in the Care and Share 
model are typically small passenger cars or light electric 
vehicles operated by a coordinating service provider or a 

dedicated municipal initiative. Digital platforms support 
real-time route optimization and booking coordination, 
ensuring responsiveness to dynamic demand patterns 
(suggested during generative Delphi round).

Underground Transport Tubes: A subterranean logis-
tics infrastructure designed to facilitate the automated 
movement of goods between a central warehouse, typi-
cally located on the periphery of the inhabited area, and 
various distribution hubs or industrial locations within 
the inhabited area. The system aims to streamline the pre-
last-mile delivery process by relocating bulk freight flows 
to underground pipelines or tunnels, thereby avoiding 
surface-level road networks. Shipments are first trans-
ported from regional logistics centers to the central ware-
house, from which they are distributed via underground 
transport tubes to decentralized urban hubs. From these 
hubs, the last-mile delivery is carried out using light com-
mercial vehicles from existing fleet mixes or environmen-
tally sustainable modes such as cargo bicycles depending 
on the cargo [72].

Autonomous Delivery Robots: Autonomous Delivery 
Robots refer to the demand-driven deployment of small, 
self-driving transport vehicles for flexible delivery ser-
vices. These autonomous systems are designed to meet 
various transport needs, ranging from dedicated parcel 
delivery, passenger transport to combined passenger and 
parcel transport, or functioning as mobile, self-navigating 
parcel lockers. The delivery process typically starts at a 
central warehouse, from which the autonomous robots 
operate directly to the recipients’ locations. The robots 
are designed for short-range, last-mile deliveries and are 
capable of navigating sidewalks or designated delivery 
lanes independently. Depending on the use case, they may 
operate individually or as part of a coordinated fleet [102].

Receiver-driven Bundling: It refers to a user-driven 
coordination model in which multiple households con-
solidate their deliveries at a single recipient’s address. The 
designated recipient accepts parcel deliveries on behalf of 
the participating group, and the other households pick up 
their shipments from that address. Ideally, the involved 
households live within close proximity, i.e., within walk-
ing or cycling distance. That way redistribution can occur 
without the need for motorized transport. By voluntarily 
coordinating delivery destinations, it is argued that the 
number of delivery stops required for CEP services can 
be reduced. This shall in turn contribute to lower vehicle-
distances traveled, decreased emissions, and improved 
efficiency on the last mile (suggested during generative 
Delphi round).

Parcel Boxes for Residential Buildings: Weather-
protected reception boxes installed on the premises of 
individual households or multi-unit residential buildings. 
These boxes are equipped with secure access mecha-
nisms—typically a door locked with a changing PIN code 
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or electronic authentication. It enables CEP service pro-
viders to deposit parcels without requiring the recipient 
to be present [67,68].

Combined Cargo and Public Transport The integra-
tion of passenger and freight transport within a single 
vehicle fleet, using existing public transport infrastructure 
for the delivery of goods. Public transport vehicles—such 
as buses, trams, or metro cars—are adapted or equipped 
to carry freight in addition to passengers, either within 
shared compartments or in designated cargo areas. The 
concept aims to utilize unused capacity during off-peak 
hours or in low-demand areas to transport small-volume 
cargo, such as parcels or goods destined for urban distri-
bution centers [91].
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