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Abstract

Purpose: Policy implementation in the logistics sector might drive unexpected side-effects which sometimes
undermine the performance of key economic activities of logistics operators, especially in areas such as transport
service, sustainability of operations, etc. Especially for the latter, there is a lack of understanding how the sustainability
performance if retail logistics solutions is impacted on by policy implementation and, in turn, by operators’
responsive measures. This paper conducts a sustainability analysis of concrete innovative and already tested retail
logistics solutions addressing the research question “what are the effects of retail logistics solutions on total costs
and sustainability performance?”

Methods: The analysis relies on the development and application of an indicator-based framework based on the
key sustainability components (economy, environment, society) and enriched by the addition of the transport
component. The framework assesses three different scenarios together with a business-as-is one: Urban Consolidation
Centre, Tethering and Shared Bus accompanied with a Strengths-Weaknesses analysis. Data are provided by an
international food retailer operating within the city of Antwerp, Belgium, but conclusions can be generalized due
to wider applicability of measures and solutions examined.

Results: External costs analysis shows that higher degree of internalization is achieved in the line-haul transport.
Within an urban context, the measures that do not require significant initial investment and broad interventions
are assessed as the most sustainable in our analysis. Tethering is the solution that indicates the highest sustainability
score.

Conclusions: The impact of innovative and already tested solutions relies on a variety of factors: organizational, urban
context, type of goods transported, engagement of stakeholders, etc.. In any case, innovation is crucial for urban retail
logistics impacting on transport service, society, economy and environment. Any new retail business model should be
designed with respect to cost efficiency and through a socially acceptable transition path.
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1 Introduction
The urban context represents a geographical area of chal-
lenges for transport and logistics activities, both in terms
of logistics performance and sustainability. Around 74% of
Europe’s population lives in urban areas and this share is
expected to increase to 84% by 2050 [1]. The recently
published European Commission White Paper includes

objectives, actions and initiatives for the development of a
more competitive and sustainable transport system
through the achievement of CO2-free city logistics in
major urban centers by 2030 [2].
Urban freight transport serves wealth-generating activ-

ities like trade, industry, etc. [3]. It also ensures the supply
of goods in stores and thus it is an important compo-
nent for economic viability of the cities [4]. However,
freight vehicles’ movements burden the urban environ-
ment with additional road congestion and spatial con-
straints which serve as an impediment for the efficiency
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of freight operations and their level of service [5]. Apart
from the aforementioned impacts, there are environ-
mental implications (e.g., atmospheric emissions and
noise), societal issues (e.g. accidents and quality of life),
impacts on the economy and on the mobility (e.g. con-
gestion resulting in decreasing urban accessibility) [6].
The configuration of urban freight transport systems

has led to unsustainable levels of economic efficiency
and livability [7]. Transportation has a strong influence
on the environment, the economy and the society. The
call for incorporating sustainability into urban planning
is therefore imminent. There are many definitions of
sustainability and sustainable development; the World
Commission on Environment and Development [8] de-
fined sustainable development as: “Development that
meets the needs of the present without compromising the
ability of future generations to meet their own needs”.
Sustainability checks can be applied to any system to de-
scribe the balance within this system. Initially, sustain-
ability focused mainly on environmental issues, but
thereafter, the range broadened and now includes eco-
nomic and social issues.
A sustainable transportation system “allows the basic

access needs of individuals to be met safely and in a man-
ner consistent with human and ecosystem health, and with
equity within and between generations, is affordable, oper-
ates efficiently, offers choice of transport mode, and sup-
ports a vibrant economy, limits emissions and waste within
the planet’s ability to absorb them, minimizes consumption
of non-renewable resources, limits consumption of renew-
able resources to the sustainable yield level, reuses and re-
cycles its components, and minimizes the use of land and
the production of noise.” [9].
Sustainability has been addressed extensively in trans-

port due to the environmental, social and economic im-
pacts that this sector has [10, 11]. Jeon and Amekudzi
[12] studied sustainability initiatives in North America,
Europe and Oceania in the transport sector and beyond,
highlighting their outcomes. Other attempts to deal with
the sustainability assessment of transport operations
have resulted in the development of frameworks like
measures and indicators reflecting the sustainability
components [9, 13–15]. Indicator frameworks have been
developed that assess transportation impacts mostly on
mobility, safety and environment. The sustainability as-
sessment of freight transport systems is a complex
process due to their multi-dimensional character. For in-
stance, the sustainability assessment of the urban freight
system requires taking into account all stakeholders in-
volved [16]. Lee and Huang [17], argue that in order to
determine whether a city is moving towards sustainable
development, this can be achieved through the develop-
ment of a sound assessment framework to ex-ante and
ex-post assess the city’s mobility capacity. Macharis and

Van Mierlo [16] highlight that amongst the most critical
factors of sustainable urban mobility there are accessibil-
ity, economical welfare, health and safety, efficient use of
space, natural resources and pollution prevention. As for
assessment tools of the sustainability level in cities, a set
of performance indicators represents an efficient assess-
ment tool to properly evaluate measures and policies to-
wards optimized urban planning [18]. Such tools could
facilitate trend identification, policy rankings, evolution
monitoring and future forecasting [19].
The main objective of this paper is to conduct a sus-

tainability analysis of different urban retail logistics solu-
tions which, practically, have been examined as
innovative and traditional operational practices in the re-
tail industry. This is achieved by the use of a simple,
multi-dimensional framework incorporating the basic
components of sustainability (economy, environment,
society) together with an additional component that re-
flects the level of service. In order to estimate external
costs, two factors are used: distance covered within cities
and during the line-haul transport and a relevant exter-
nal cost factor that reflects the local circumstances. The
data in order to estimate the external cost impacts were
retrieved in Delhaye et al. [20] and estimated in Borbon-
Galvez et al. [21]. The external cost outcomes that were
estimated in Borbon-Galvez et al. [21] serve as the basic
input for the analysis together with a set of urban retail
logistics indicators that reflect societal impacts, handling
and delivery costs, environmental burden and level of
service. The results of the analysis bear witness of the
complexity of retail logistics within an urban context
and of the fact that sustainability of logistics, in terms of
economic and environmental concerns, goes hand in
hand with operational effectiveness and social uptake.
At first, the definition of sustainability is given and

also the relationship with transport efficiency is estab-
lished. A review of literature is also made with regards
to the impact of urban policies and measures on the sus-
tainability of retail logistics and also on evaluation tech-
niques that are used in order to assess the sustainability
of urban logistics operations. The main advantages and
disadvantages of each retail logistics solution are identi-
fied together with the introduction of the retail logistics
concepts. In addition, the background and the method-
ology of the analysis are described and the analysis itself,
the results of which are discussed and based on which
conclusions are drawn.

2 Urban policies and their impact on the
sustainability performance of the retail sector
In the recent Top of Mind ranking of The Consumer
Goods Forum (2011), corporate responsibility (including
sustainability) was ranked as one of the most important
company image influencing factors by retailers. Large
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retailers are the ones who often have a high level of control
in supply chains, so they are in a position to implement
sustainability standards in their supply chains [22, 23].
Erol et al. [24] conducted an in-depth review of the

existing literature on sustainability research in grocery
retailing. Carter and Rogers [25] used conceptual theory
building to develop a framework for sustainable supply
chain management. Seuring and Muller [26] create a con-
ceptual framework for sustainable supply chain manage-
ment, focusing on developing two strategies. Brammer et
al. [27] analyze how to manage international, sustainable
supply chains using a systematic literature review. Accord-
ing to those authors, retail is the third most analyzed sec-
tor in the research on international sustainable supply
chains. Finally, Carter and Easton [28] provide an over-
view of the recent literature on sustainable supply chain
management. Quak and de Koster [29] consider social
responsibility and environmental sustainability to a higher
extent in their research. Moreover, even within a certain
sustainability dimension, the research sometimes focuses
on very specific aspects of that dimension. For instance,
Thompson [30] mostly discusses energy savings as the
principal pillar of environmental sustainability dimensions
relevant to retailers [31]. Mitropoulos et al. [32, 33] per-
form a sustainability assessment of different types of vehi-
cles for passenger and freight transport using Life-Cycle
Analysis through a concrete indicator-based framework.
Urban freight policies and measures initiated both as

publicly-oriented initiatives and as private operational
models have a wide range of impacts in different areas.
Papoutsis and Nathanail [34] recorded different urban
freight solutions and their impacts on several sectors
such as environment, society, economy and transport
performance. Behrends et al. [35] addresses this com-
plexity of the urban logistics context by providing an
indicator-based framework which evaluates impact and
performance of urban freight transport taking into ac-
count the variety of actors in the supply chain. Browne
et al. [36] focus on night-time delivery restrictions. The
results showcase considerable cost increases for retailers
due to night-time restrictions, lower distribution costs
and higher journey reliability. However, this had a nega-
tive impact on residents due to noise nuisance and light
disturbance.
Public policies that address sustainability concerns

could include the implementation of time-windows.
Quak and de Koster [37] present the economic and en-
vironmental impact of time windows on different Dutch
retail chains. It is generally observed that an increase in
the length of a time-window results in a significant cost
reduction for retailers and minimization of associated
environmental impacts. Harmonization of the time-
windows between municipalities could also assist the
achievement of higher social uptake and better

sustainability effects without unnecessarily impacting on
the environment and the retailers’ profit. In this regard,
imposing a new time-window scheme or shrinking exist-
ing time-window usually causes an increase in retailers’
distribution costs. Groothedde and Uil [38] assess ve-
hicle size restrictions and find these restrictions to in-
crease costs for Dutch retail significantly. Coordinated
goods distribution systems have proven to indicate more
efficient deliveries for retail and transport operators in
terms of improved vehicle utilization, alleviated traffic
conditions and a more eco-friendly culture of the deliv-
ery operations. There are many other literature sources
where authors review implemented urban freight mea-
sures designed both as public policies and as logistics so-
lutions of private operators [39–50].
The use of a distribution center in the city of Gro-

ningen results in more vehicle movements for the food
retail leading to more environmental burden and less
sustainable operations in environmental terms [51].
The total impact on economy and environment de-
pends on the retailer’s logistics concept. Retailers who
bundle many deliveries in one trip may encounter
higher impact than the retailers who include only a few
deliveries in one trip [6].
In the next section, a Strengths-Weaknesses analysis

of logistics solutions tailored for being applied in the
urban retail context is developed. The section intro-
duces the measures, the external costs of which are
calculated in section 4 under the methodological ap-
proach. The external costs are calculated per urban
policy and per urban logistics concept and the results
feed the sustainability analysis that takes place in the
subsequent chapters, shaping the indicator-based sustain-
ability evaluation framework. The reason external costs
are used as the core of our sustainability framework is be-
cause the logistics operations create a range of external-
ities causing impacts mainly on society (infrastructure
damage, environmental pollution, mobility obstacles etc.)
which urge people and, principally, authorities to allocate
budget towards mitigating them. Eventually, the impacts
of external costs are economic, environmental and overall
social.

3 Strengths-weaknesses analysis of retail logistics
solutions applied in urban context
In this section, a Strengths-Weaknesses (SW) analysis is
conducted for three alternative retail logistics concepts. The
pros and cons of the introduction of an urban consolidation
center, the tethering concept and the shared bus initiative is
described. It is assumed that all of them are introduced in
order to improve the retail deliveries of FMCG.1

Below, each concept is briefly described before investi-
gating its SW aspects:
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3.1 Urban consolidation centre
Urban consolidation centres (UCC) are constructed and
operated with view to improving the performance of urban
freight deliveries. The main idea of this initiative is to bun-
dle goods stemming from different shippers and share cap-
acity of both infrastructure (storage area) and vehicles. In
parallel, more conducive regulatory frameworks are de-
veloped to ease cooperation of involved stakeholders.
Expected outcomes of this kind of initiatives are the reduc-
tion of costs and truck-kilometres as well as mitigation of
CO2 emissions and energy consumption [21].
Advantages of consolidation centers include the poten-

tial to achieve higher capacity (and resources) utilization
because of the goods bundling and mitigating the driving
time of delivery trucks in congested roads. The higher
volume/weight utilization leads to the reduction of unit
costs of transportation for the ‘last-mile’ distribution
(economies of scale are achieved) [7]. Consequently, the
number of vehicle kilometers is expected to be reduced,
just like the number of freight vehicles in the network.
The use of alternative modes of transport is promoted
and is becoming more feasible i.e. indicating electric ve-
hicles as the one that matches better to an urban con-
text. Finally, constant checking of the consolidated cargo
increases stock transparency.
However, there might be a lack of direct interface be-

tween shippers and customers, and suppliers would pre-
fer to have a direct view of final consumers in order to
measure and adjust their productivity and evaluate cus-
tomer satisfaction [34]. Furthermore, cargo may have
already been consolidated before reaching the urban con-
solidation center and thus, trying to channel cargo flows
in the urban consolidation center may create inefficiencies
regarding cargo consolidation. High initial investment and
operational costs could serve as an impediment towards
attracting stakeholders.
Public subsidies could be a step towards resolving such

issues but even national governments need to be con-
vinced on the effectiveness of supporting such initiatives.
A potential lack of enforcement or regulations for vehi-
cles may hamper the establishment of cooperative
schemes. Also, plans of urban consolidation centers
sometimes fail because there is a lack of ex-ante assess-
ment. For small cities, operation of an urban consolida-
tion center may result in boosting supply over local
demand and, in turn, lead to under-performing of the
operators. Similar issues arise when there is a monopoly.
As far as large cities are concerned, the demand level
may not be met especially in storage requirements. Fi-
nally, an erroneous location of the center may result in
increasing costs of transportation. The number and type
of involved stakeholders and the goods transported is
also an issue that could determine whether the initiative
is successful or not [7].

3.2 Tethering scenario
This innovation emerges from a situation when urban
logistics schemes use large commercial vehicles while ac-
cess restrictions allow only light commercial vehicles or
electric vehicles to enter the urban area. The tethering
would be an innovative opportunity to use retailers’ large
supermarkets in the outskirts of the urban areas, as ful-
filment or replenishment centres for retailers’ outlets in
hardly accessible urban areas [21].
Tethering would allow retailers to face newly emerging

access restriction schemes quite inexpensively (i.e. com-
pared to setting up different delivery schemes), storing,
assorting, handling, and/or cross-docking for the urban
retail outlet at the retailers’ supermarket facilities. This
would then allow shifting cargo from large to light com-
mercial vehicles, access urban areas and achieve reduc-
tion of lead times (i.e. compared to common business
models), without substantial investments and thus, low
final delivery costs and increased returns. Tethering pro-
vides full connectivity as the retailer’s distribution sys-
tem is fully connected from a supply chain perspective
as well as a store associate and store assignment per-
spective. Moreover, customer satisfaction and company
image might increase.
More opportunities are also being generated. Apart

from the potential to reduce the cost base through
shared functions between retail stores, from a supply
chain perspective, leverage could be given to retail out-
lets (supercenters) to drive logistics savings. In addition,
this new concept could promote e-commerce by enab-
ling digital access to many more items offering the
chance to pick them up or deliver them the same day
[52]. Sales growth could also be increased as a result of
the expanded assortment of goods [53].
However, from a distribution perspective, it is expected

that for the small retail stores, the last mile would be very
expensive for delivering a small number of pallets and the
FMCG. This might necessitate a different approach; the
retailers should diversify the way they treat different types
of products: the fresh ones might need to be shipped
directly to the retail outlet but, for example, the tethering
scenario would be more beneficial for the dry products.
Finally, for the slow-moving items, the existing delivery
model would not change. The large retail outlets serving
as supercenters could also act as mini-distribution centers
that could not keep up with the volume of goods moving
through the back rooms.

3.3 Shared bus
Another tested logistics opportunity is the use of the
urban public transport systems for freight delivery. Pre-
vious analyses like the Mumbai box case and the mixed
passenger and freight have described the convenience in
terms of costs and capital investments [53, 54].
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This model envisages the mixed transport of passen-
gers and goods through the urban public transport sys-
tem (public transport modes – buses). This implies an
agreement between the retailer and the public transport
management authority towards leasing the loading cap-
acity of city buses [21]. Usually, the authority establishes
cooperation agreements with more than one shipper so
as to achieve economies of scale and achieve high load
factors through efficient goods bundling. In our case, the
cost model regards the retailer as the only partner of the
authority. The unloading and loading of goods from the
buses to the delivery vehicles - Masson et al. call them
city freighters which could be electric vehicles/tricycles -
is performed by specialized personnel hired (or already
employed) by the retailer. Finally, the vehicles that per-
form the last-mile distribution could be owned by the
retailer - in this case, an increase is recorded in the ini-
tial investment costs - or leased by the retailer for the
goods deliveries. The latter implies extra costs with
regards to vehicle leasing and employing human re-
sources (drivers). For simplicity, we assume that a re-
tailer would opt for outsourcing the last-mile deliveries
service instead of choosing further capital investments.
The presence of a UDC2 owned by the retailer or re-
tailer’s large market outlets with ample space for logis-
tics activities operating under the tethering model is
required to facilitate goods bundling.
Tangible impacts of the introduction of such services

could be the mitigation of total number of freight
vehicle-kilometers and the concomitant mitigation of
CO2 emissions. The utilization of buses could also be in-
creased, offering maximum return on investment and
create a new revenue stream for the public transport au-
thority. If depots are used which will be preferably lo-
cated outside the urban area, possibly near to the major
motorways, then the service could be strengthened and
the burden of the carriers could be relieved. Conse-
quently, the environmental and social benefits would
also increase. It should be also stressed out that local
governments should foster such initiatives through tar-
geted interventions and contribution that would allow
for higher savings (in terms of arranging urban road traf-
fic, removing regulatory constraints, etc.).
If this new measure is combined with the introduction

of time windows, special attention should be paid to the
level of service as shorter time windows may lead to in-
creasing the number of last-mile operating vehicles and
bus utilization. High upfront investment costs are
needed in order to build or adjust transshipment spaces,
hire personnel for goods handling both at bus terminals
and at bus stops, etc. Social uptake should also be under
investigation because the image of buses (and their level
of service) is expected to change. Finally, there is an
issue concerning the type of goods that should be

transported (fragile, sensitive, etc.) and their size. Bus
capacity is limited and its availability depends on several
factors such as passenger demand, bus route and so on,
and, thus, conflicts could be created between the re-
tailer’s demand and existing supply. Public transport is
mainly a transport service for passengers and it should
operate mostly with respect to passengers’ needs.
Besides that, there are some side effects that might

hamper the passenger service. Combining the freight
and passenger service might lead to punctuality and reli-
ability issues both for good delivery and for public trans-
port service due to delays in goods unloading, lower
speed, network differentiation, etc. This is because dif-
ferent range and types of drivers determines the public
transport service compared to final goods delivery. A
driving factor behind both services is cost, but for the
goods delivery may be the most important while for pas-
senger transport is one of the most important ones to-
gether with reliability, comfort, speed. Etc. As such,
transport authorities aiming to satisfy the needs of their
clients (who are passengers and private companies)
might need to increase service prices, jeopardizing the
potential benefits derived for the freight sector. Conse-
quently, the value added of these mixed types of services
might disappear. Further elaboration on this type of ser-
vice is conducted by Trentini et al. [55, 56] indicating
economic parameters as well.

4 Methodological approach
The cost effects of policy implementation should be in-
tegral part of the logistics cost structure of economic op-
erators of the private sector. Public authorities design
and implement policies to serve a variety of needs and
goals set of public interest. When it comes to the urban
environment, cities investigate different options of in-
ternalizing the transport externalities caused by the
transport operations of the private sector as part of eco-
nomic activity. Such policies can being additional costs
to operators urging them to take investment actions or
re-design their operations. For instance, policies like
Low Emission Zones or alternative road charging mech-
anisms generate additional cost burden for operators. In-
evitably, operators ought to incorporate these cost
elements into their existing cost structure and to go
after new service models to address these side effects
and tackle, if possible. The logistics concepts described
in the previous chapter comprise some of the many lo-
gistics measures that a shipper or a service provider can
design and put in motion with view to optimize cost-
efficiency of supply chains.
The methodological approach pursued in the paper

implies the use of external costs of freight transport as
the main drivers of sustainability performance. To this
end, authors estimated external costs of transport and
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fed a sustainability-oriented framework consisting of a
variety of indicators. The framework was developed to
capture the sustainability performance of retail logistics
demonstrated as economic, environmental, social and
service impacts.

4.1 External costs
Externalities can be defined as changes in welfare caused
by economic activities without these changes being
reflected in market prices [57]. The most important ex-
ternal costs categories identified in the literature are acci-
dents, noise, air pollution, climate change, infrastructure
wear and tear and congestion [58, 59]. The external costs
generated by economic activities (i.e. transport) are closely
associated with the sustainability concerns as described in
the previous chapter. In fact, the lower the external costs
are, the most sustainable the activity is. This is supported
by the principle that there is lower negative economic im-
pact and thus, fewer resources are needed to compensate
for the loss.
The analysis of external costs takes into account six

categories which are also mentioned by Ricardo-AEA
[60]. The analysis made in [20] regards – among else – a
cost estimation of the external costs produced by the lo-
gistics activities of an international food retailer operat-
ing also within the city of Antwerp. The retailer is a
large known supermarket company that has many times
led by example with regards to introduction of success-
ful logistics solutions and owns a wide network of retail
outlets especially within Belgium but also in the South-
east Asia, southern Europe, etc. The analysis is based on
the assumption that retailer’s DC is located around
50 km far from the Antwerp urban area. For the sake of
the analysis, it was assumed that the trip starts when a
truck is leaving the regional DC and ends after deliver-
ing the last pallet when the trailer gets empty. Therefore,
trips back are not taken into account. The background
set for the study implies the introduction of a LEZ3 in
the city of Antwerp which has been implemented by
February 2017, and a road charging policy that has
already been introduced and impacts on transport costs

of freight vehicles. To this end, we investigate the cost
impacts of specific urban retail logistics concepts: the
operation of an urban consolidation center, a tethering
scenario of retail outlets and a shared buses scenario as
solutions in order to tackle the cost impacts of the ap-
plied policies. The latter implies the use of public trans-
port to ship the goods from the city outskirts close to a
final drop-off point. The methodological approach
followed in order to estimate the external costs gener-
ated by the delivery trips in the city of Antwerp and the
line-haul transport (the distance between retailer’s distri-
bution center and the city of Antwerp) uses data which
are recorded and adjusted.
Innovation is a track with broad application to the

urban retail sector and relevant solutions are designed in
order to mitigate the additional costs that might be gener-
ated to retailers through the introduction of new policies.
The desirable outcome is that cost savings achieved offset
the excessive costs that policy implementation brings out.

4.1.1 Low emission zone
In Antwerp, starting from February 2017, a Low Emission
Zone (LEZ) policy has been introduced for vehicles not
complying with Euro norm from 4 to 6. Thus, a retail
company that operates within the core city area has three
options: adopting Euro 4–6 vehicles to be exempted from
road charges, paying a higher road charge, or avoiding
compliance and, thus, receive fines. The figure below indi-
cates the area in which the LEZ constraints will be im-
posed (Table 1). The LEZ is a special geographical area
where special charging schemes are applied for vehicles
entering this area (Fig. 1). The aim of this policy is to miti-
gate the air pollution and environmental burden in special
urban cores. Thus, only vehicles which are compliant with
the regulation (usually modern ones or technologically ad-
vanced – cleaner) are allowed to enter this area.

4.1.2 Road charging
The administrative regions of Belgium have decided to re-
form the traffic tax. This implies that the use of a truck

Table 1 LEZ charges for the city of Antwerp

In € Period Normal tariff Reduced tariff Increased tariff

N2
Category
Light freight vehicles
Weight 3.5–12 ton

Day 30 35

Week 50 40 60

Month 130 70 160

3-Month 350 180 440

6-Month 700 360 870

N3
Category
Heavy freight vehicles
Weight > 12 ton

Year 1380 700 1730

Source: [76]
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will be imposed a tax instead of its ownership. So, in order
to compensate for the external costs created by the use of
such vehicles, a per kilometer charge of road transport has
been introduced since April 2016 for Heavy Goods Vehi-
cles of more than 3.5 tons Gross Vehicle Weight. In the
picture below (Fig. 2) we can see the road links in the Bel-
gian territory that are subject to road charging.
The rates (Table 2) have been fixed based on three

parameters:

� The Gross Vehicle Weight: the kilometer charge
is due for trucks of more than 3.5 tons of Gross
Vehicle Weight.

� The Euro emission norm: this is the emission norm that
categorizes the level of pollution of the truck (Euro 1–6).

� The type of toll road: all roads in Belgium are toll
roads. Most of them are charged at zero-tariff.

Although the study [20] makes a reference to data
from 2000 to 2008, a specific methodology was used in
order to update the values. The logic relies on the ap-
proach km cost factor x kilometers covered. The local
congestion factor is already incorporated in the cost fac-
tor illustrating local traffic conditions. This entails that
the cost per kilometer is higher when the average level
of congestion in and around Antwerp is also higher
compared to other cities of same geography, spatial con-
text, economic characteristics and demographics. The
study refers to regional data input from traffic, environ-
ment, road infrastructure, noise generated by traffic con-
gestion, visual implications, climate, and develops along
different types of transport modes (freight heavy and
light, passenger). For the sake of our analysis, we assume
heavy trucks circulating in the regional road network
and lighter ones for urban delivery. Adjustments have
been conducted where possible to reflect the actual
business-as-is.

� at first, the evolution of external costs per unit of
measurement was identified in terms of % increase/
decrease in the years 2000 to 2008.

� Then, an average value was generated indicating an
annual rate of increase or decrease of the external
cost impact between these years.

� It was assumed that for the years after 2008 and
until 2014, the same trend is recorded and, after an
extrapolation of values and an update of values to
2014, the external cost impact for the year 2014 was
estimated. As the data collection process and
analysis took place during the year 2016, it has not
been able to incorporate validated data of the year
2015, exploiting, in turn, the latest and most reliable

Fig. 1 LEZ area in the city of Antwerp [76]

Fig. 2 Road charging in the Flanders [77]
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data available (− 2014). The outcome of this
procedure was an updated cost factor per km.

� Finally, in order to derive the final external costs for
each category, the external costs per kilometer were
multiplied by the number of kilometers covered in
each logistics solution (scenario) both for line haul
and urban transport. Τhe amount of distance
covered by trucks for each solution is based on the
literature and on the retailer’s estimations in
accordance to the location of DCs,4 retail outlets
and its operational model (year 2016).

The analysis involved both the line-haul transport
(from regional distribution center to retail outlets) and
urban context (delivery trip). It has also been performed
for all different urban retail logistics initiatives and for
the six external cost categories. The level of detail was
the highest possible as different types of vehicles were
taken into account for different urban networks (in geo-
graphical terms) and the analysis for air pollution in-
cluded a breakdown of pollutants: SO2, PM2,5, CO2,
N2O, CH4, VOS, NOX, etc. Data and results were also
validated using relevant literature [61–66]. The external
cost impacts of this analysis provide feedback on the
sustainability analysis conducted in a next chapter.
External costs disrupt the market mechanism and, as

such, one needs to pass on the external costs of

transport to the user. The market economy lacks mecha-
nisms to pass on such costs to the producer of transport
services. The aim is to impose a charge that corresponds
to the marginal external cost. Charges can be imposed
in order to compensate for external costs. The level of
this charging should be proportionate with the external
costs. This idea is known as internalization of/charging
for external costs. The main benefit of such levies to
compensate for externalities is not necessarily financial.
The purpose of these levies is not to finance new infra-
structure investments but to be collected by the govern-
ment and re-invested or used in several ways.
In order to capture the degree of internalization of

(marginal) external costs by the policies that are imple-
mented (LEZs and road charging) we compared the
amount of external costs that are produced per trip
(line-haul transport and urban area) with the revenues
that are expected to be created through these two
mechanisms. The method was based on the calculation
of the total external costs per trip – stemming from the
table above for BAU (Business-As-Usual) – and the
total cost that would be incurred to retailers by the
implementation of the policies (which is per trip). It is
assumed that both the road pricing and the LEZ mech-
anisms aim exclusively at fully internalizing the costs of
externalities created by the goods transport and the
comparison is being made per trip. Figure 3 presents

Table 2 Road charging rates in Belgium (€/km)

Flanders, Wallonia and Brussels Highway Brussels urban area

3.5–12 tns 12–32 tns > 32 tons 3.5–12 tns 12–32 tns > 32 tons

Euro 0 0.146 0.196 0.200 0.188 0.263 0.292

Euro 1 0.146 0.196 0.200 0.188 0.263 0.292

Euro 2 0.146 0.196 0.200 0.188 0.263 0.292

Euro 3 0.126 0.176 0.185 0.163 0.238 0.267

Euro 4 0.095 0.145 0.149 0.132 0.207 0.236

Euro 5 0.074 0.124 0.128 0.109 0.184 0.213

Euro 6 0.074 0.124 0.128 0.099 0.174 0.203

Source: https://www.viapass.be [77]

0
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8

10
12
14

BAU BAU & LEZ BAU & LEZ &
Road charging

UCC Tethering Shared Bus

Internalization degree of external costs

Urban context Line-haul context LEZ Road charging

Fig. 3 Analysis of internalization effect of external costs (€ per trip)
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total external cost per trip (DC to urban delivery)
which is estimated multiplying the cost per kilometre
factor of external costs with the total (line-haul plus
urban) distance covered. And this is estimated per dif-
ferent scenario (business as usual/BAU including pol-
icies/BAU including policies and logistics measures
designed to offset additional costs).
The results indicate that:

� The logistics solutions that are promoted seem to
have broader impact on the external costs generated
in the urban leg of transport.

� The road pricing rate of the road charging policy
applied to the line-haul transport are assessed as
more effective as it outweighs the external costs
generated under all scenarios.

� LEZ charges cannot offset the external costs
generated within urban transport leg. In general,
taking forward innovation that aims at mitigating
external costs could assist corresponding revenues
outweighing external costs.

� Higher compensation is achieved under the Shared
bus scenario and lower is achieved under Tethering
scenario.

� Tethering is assessed as the most sustainable
scenario in terms of external costs produced (less
vehicle-kms covered) so fewer charges are also
imposed (as they reflect cost per km covered).

4.2 Sustainability framework and analysis
In order to develop the sustainability framework for the
assessment of logistics solutions initiated by retailers op-
erating within an urban context, we use sustainability as
an overall context that contains three pillars: economy,
environment and society [34]. Another fourth pillar is
added: transport, which depicts the principle of introdu-
cing sustainability in retail operations without sacrificing
effectiveness and high level of service. The pillar ‘Trans-
port’ has also impact on the other pillars: for example
high congestion level implies higher delivery costs,
higher level of pollution in urban areas and less attract-
iveness of the urban environment.. In the case under
analysis, the distance-oriented indicators were used to
calculate the external costs. In general, the other indica-
tors that we use are not correlated with distance-
oriented indicators or external cost indicators. This
could be explained by the fact that there are common
grounds between the social and environmental dimen-
sion as well as by the fact that transport generates exter-
nal and internal costs; As such, it is difficult to fully
avoid overlapping in similar cases. However, in order to
estimate sustainability performance, a lot of diverse fac-
tors are co-factored and, thus, the final scores are
differentiated.

Pillar 1: Economy – The economy portrays the evalu-
ation of an initiative with respect to economic resources
(investment and operational costs) used to put forward
this initiative and reflects its financial effectiveness.
However, there is a linkage between the economy and
the sustainability pillars. An unsustainable economy
leads to the environmental deterioration and affects so-
ciety usually disproportionally.
The indicators used under the category Economy are:

handling costs and Value of Time costs. The latter was
calculated using two components, the value of freight time
(which was equal for all four different alternatives as the
type of goods does not change) and the delivery trip time.
All values that are used were derived from [20].
Pillar 2: Environment It includes a wide range of com-

ponents, many of them falling also under the umbrella
of economy, such as external costs, and its categories:
air pollution, climate change, noise nuisance, etc. It is
one of the most over-arching principles of sustainability
as one of the most related sustainability criteria for the
assessment of urban retail logistics.
For our analysis, we used NOx, SO2, PM2,5 air pollut-

ants combined with CO2 emissions, climate change and
noise nuisance costs as estimated by [20].
Pillar 3: Society – When it comes to social concerns,

the sustainability check regards assessing the uptake
and acceptability of a solution and its effects on how
people perceive the urban environment in terms of
attractiveness of natural landscape, business opportun-
ities and the quality of life in general. Sometimes, social
factors are also considered the ones that have to do
with road safety and visual intrusion caused by traffic
or infrastructure damage.
The indicators that are used in our analysis regard part

of the external costs estimated by [20] (Fig. 3, Table 3),
such as infrastructure damage costs, accident costs and
congestion costs. Most of them could also be deemed as
environment-related costs, but for our case study it was
decided that they should be treated under a social per-
spective because of the strong impact of these external
cost categories on local communities. One could also ad-
dress air pollution costs in a similar way. Additionally, the
indicators “attractiveness of urban environment” and
“space occupancy” are incorporated in the analysis. The
former represents the extent to which a new measure is
socially acceptable in terms of visual intrusion, physical
nuisance, accessibility and other dimensions that fall
under the umbrella of urban livability. The latter investi-
gates to what degree the visual disturbance and the lack of
accessibility that are perceived when expanding logistical
operations taking place in urban areas affect the social
take-up of new policies or measures.
The data used in the two last-mentioned two social indi-

cators were derived by numerous researches [56, 67–75].
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Pillar 4: Transport – This pillar regards the assessment
of the performance of the transport and logistics opera-
tions without penalizing the sustainability of operations.
Key success points are: efficiency and reliability of urban
freight transport.
Transport efficiency and reliability are evaluated using

distance based performance indicators for the urban
context and (relevant) punctuality of deliveries are vari-
ables that are used. Data were retrieved from other
sources [20, 40, 56, 68–73].
Apart from the literature sources used to validate the

indicator values, some of them were also validated by re-
tail supply chain manager during the interviews.
For each one of the aforementioned sustainability pil-

lars, a set of assessment indicators is used that reflect
the context of each pillar. The indicator-based frame-
work is used to assess the alternatives which, in our case,
are the urban retail logistics concepts. Then each indica-
tor is evaluated according to each alternative.
Table 3 below presents the quantified sustainability indi-

cators for different urban retail logistics concepts. The
sustainability indicators are firstly separated into indica-
tors that have positive (+) impact, and indicators that have
negative (−) impact. Since indicators are expressed in dif-
ferent units, the aggregation of indicators into a single
sustainability category index per retail logistics concept
can be done by normalizing the value of each indicator for
each concept and by using eqs. 1 and 2 and then compar-
ing the normalized values by assigning weights [74].

Nþ
ij ¼

Iþij −I
þ
min; j

Iþmax; j−I
þ
min; j

ð1Þ

N−
ij ¼

I−min; j−I
−
ij

I−min; j−I
−
max; j

ð2Þ

Nþ
ij is the normalized indicator with positive impact

achieved by the ith alternative concept with respect to
the jth indicator. Iþij is the indicator value scored by the

ith alternative concept which is evaluated according to
the jth indicator, Iþmin; j is the indicator that indicates the

worst value (lowest when the indicator has positive

impact) achieved by the jth indicator and Iþmax; j is the

optimum (highest when positive impact) value of jth indi-
cator. Finally, as far as N−

ij is concerned, for instance,

I−min; j is the indicator which refers to the highest absolute

value of a specific sustainability indicator between the al-
ternative concepts, namely the highest negative impact.
The normalized values are dimensionless and range

from 0 to 1. As such, therefore the greater the absolute
value of the normalized indicator, the more sustainable
it is considered. Indicatively, the most sustainable vector
for each concept is Imax = (1,…1) and the least sustain-
able vector is Imin = (0,…0) where its components are
equal to the number of the sustainability categories (i.e.
environment, economy, etc.).
In order to aggregate the normalized indicators for

each sustainability category and to estimate the overall
sustainability score per each alternative concept, we use
the weighted sum method (WSM) [75].
The value of alternative Ai and its assigned weight wj

for each indicator j is expressed mathematically as:

V i ¼
Xn

j¼1
wjNij for i ¼ 1;…;m ð3Þ

In this analysis we assigned equal weights to each indi-
cator into a sustainability category and each of these sus-
tainability categories is assigned the same weight (0,25
for each one of the four pillars)..
The paper provides room for wider application of

weighted approaches. In general, weights reflect the stake-
holders’ and decision-makers’ preference. This applies
more when different stakeholders are actively involved
with conflicting interests so each different stakeholder
group comes with a specific varying weight forming po-
tentially part of a sensitivity analysis. Drawing the red line
around paper’s scope, this paper is structured addressing
retailers’ interest and operations focusing on service and
economic effects on their profile and partly on local com-
munities. Economic and service indicators illustrate solely
the retailers’ interests. On the other hand, social and other
environmental impacts affect society to a greater extent.
We assume that the logistics solutions used as scenarios
call for private investments; Moreover, policy

Table 3 External cost impacts per retail logistics solution and category of external costs (urban context) (in €)

Business as-is UCC Tethering Shared bus

External costs Accidents 0.516 0.560 0.490 0.630

Air pollution 0.486 0.304 0.266 0.342

Climate change 0.030 0.032 0.028 0.036

Congestion 1.823 0.960 0.840 1.080

Infrastructure 0.516 0.448 0.392 0.504

Noise 0.865 0.911 0.797 1.025

Source: own elaboration based on [20]
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implementation impacts private operators’ cost structures
and externalities are estimated based on the number of ki-
lometers driven by retailer’s fleet. In that regard, the paper
retains a single-stakeholder point of view where the
decision-making (i.e. which solution is more sustainable?)
concerns private sector as the only investor group. How-
ever, some input for the social indicators has been already
part of weighted analysis (i.e. attractiveness of the urban
environment and space occupancy).

5 Sustainability check and discussion of results
The principal scope of this analysis was to indicate that
sustainability is a multi-dimensional and broad concept.
In urban retail logistics, which is considered a quite in-
tensive economic activity, a variety of stakeholders are
involved usually with conflicting interests and, thus, totally
different perspectives and goals. As such, the introduction
of both innovative and tested solutions into the urban re-
tail industry may create unexpected outcomes, far from
considered sustainable. To this end, there are a lot of tools
and techniques that facilitate a sound evaluation of pol-
icies (policy-makers) or solutions (mainly private sector)
and enable inclusion of many different factors into the
single evaluation mechanism. Examples of such mecha-
nisms are Cost-Benefit Analysis, Business Model Analysis,
Multi-Criteria Analysis, cost analyses, etc.
For the sustainability category ‘environment’, the urban

retail logistics concept that reaches the highest score is
Tethering. This category consists of external cost compo-
nents where the level of sustainability is proportional to the
total distance covered. To this end, one could assume that
the less the distance, the more sustainable the concept is.
That is true if the approach already incorporates the effect
of traffic congestion into the external costs factor. Accord-
ing to a relevant scale that is used in our case, Tethering
scores the optimum 1, whereas the shared buses scenario
scores 0. This is due to the fact that for all sustainability in-
dicators, the values reached by the Tethering scenario are
the most positive ones, as the external cost indicators
present a negative (−) impact. On the contrary, the shared
bus concept scores the weakest, namely it shows the high-
est external costs between all alternatives. The UCC and
the business-as-is concepts score relatively good results.
For the sustainability category ‘society’, the tethering

scenario is again the most favorable one. That is because
the interventions needed to be taken forward for this
concept (expanding the storage area of already existing
retail outlets, acquisition of more handling equipment
and hiring employees in these retail outlets) present the
lowest possible social disturbance. In addition, the con-
struction of a UCC or the use of existing infrastructure
as a UCC would change the level of urban livability in a
local context and, thus, would be challenging to achieve
social uptake. Furthermore, the shared bus concept

would change the image of the road network of the city
as many new transshipment locations would be intro-
duced along the network and delays could be observed
in some bus routes due to the increased handling time
of transported goods. From a social perspective, the
existing operational model of the food retailer is posi-
tively evaluated; this could be explained as people are al-
ways concerned about any potential negative changes
that new policies may bring to their level of livability.
As far as ‘economy’ is concerned, the internal costs

(out-of-pocket costs) were investigated. Two indicators
were used: handling costs and Value-of-Time (VoT) costs;
the latter cost category is related to the type of goods (de-
gree of decay) and the total transport time starting from
the regional distribution center. Although the shortest
handling time - and costs - are noted for the business-as-
is scenario, the introduction of a UCC is assessed as the
most sustainable cost-efficient alternative concept. Despite
the additional handling resources that are needed, the
cost-efficiency level could be very high if the initiative
attracted a lot of attention, many stakeholders were in-
volved and if there was an effective roll-out of this new
model. This could lead to impressive cost savings which
actually constitutes an assumption for this case study.
Tethering is also assessed very positively as an economic-
ally sustainable concept. That is because the transport
costs (as part of the logistics costs) are the ones which are
mostly affected by transport decisions [40].
Finally, ‘transport’ as a sustainability category implies that

apart from the efforts to achieve more environment-
friendly and cost-efficient operations, the operational effect-
iveness and the level of service should also be sustained.
The tethering scenario appears to be the most effective
one; that is because the existing level of service would be
less influenced by the change in the delivery model. It is es-
timated that the less effective would be the shared bus sce-
nario: changing the itineraries of the distribution fleet,
introducing new logistics spaces around the city context
and using the public transport network for delivering spe-
cial types of goods like FMCG could lead to more time fric-
tions, more delays, higher distances to be covered and, in
general, less seamless goods flows within urban networks.
Incorporating the partial outcomes for each sustainabil-

ity category, we draw the conclusion that, given the indi-
cators used and the assumptions taken, the most
sustainable retail logistics concept that is applied in an
urban context is the Tethering scenario (almost 90%). The
business-as-usual and the UCC concepts indicate almost
equal sustainability scores and the less sustainable alterna-
tive is the shared bus scenario which scores around 10%.
In order to achieve a more clear view of the results and

to make a cross-comparison between urban retail logistics
solutions and sustainability categories, Fig. 4 presents a
schematic overview of the sustainability check.
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Drawing fruitful conclusions require addressing the re-
sults of this analysis under a holistic sustainability prism.
The outcomes indicated tethering scenario as the most
sustainable one, as it implies the lowest degree of inter-
ventions scoring a minimum impact on social and eco-
nomic aspects. However, the input of our analysis was
based on data from local transport and traffic circum-
stances. This is more obvious under the external costs
indicators. The calculation of external costs requires
local data collection; the kilometer factor that is used
here stems from local traffic conditions, vehicle charac-
teristics, etc. So there is no room for generalization of
results. Furthermore, the analysis reflects business con-
straints: the business sector and its particularities are co-
factored into this analysis impeding further results
generalization. In particular, and taking as an example
the most sustainable scenario ‘Tethering’, anticipates the
use of a large retail outlet as a small DC in order to
shrink the lead times. The structural interventions that
are needed for the tethering option and are integrated
into our analysis are based on the data that the retailer
has provided and are intertwined with its operations in
Antwerp. In a different case and location, interventions
could be even more broad/limited resulting in different
outcomes and impact on sustainability.
Another factor that affects the analysis’ results is the

business case itself: the number of kilometers that the
delivery fleet covers within the city, the critical mass of
products that is consolidated in the UCC which im-
pacts on the load factor and, in turn, impacts on the
number of trips, the part of transport that is carried out
by public transport means under the shared Bus sce-
nario, etc. There is a variety of criteria that exist in our
case and define the red line; beyond that line, no
generalization can be safely achieved. Table 4 presents
each sustainability category index and the overall sus-
tainability index per alternative scenario.

6 Conclusion
Urban freight systems represent areas with intensive
economic activities that create externalities and adverse
impacts on the urban environment. These externalities
require mechanisms to internalize them and especially
to the groups that create them in order to mitigate mar-
ket disruption. The generation of external costs of acci-
dents, air pollution, infrastructure damage, health issues
as a result of noise nuisance, etc., shapes an unsustain-
able context where additional resources are needed to
offset market imbalances. As such, a shift towards the
reduction of external costs fosters sustainability.
Urban retail supply chains are considered a generator

of externalities and attempts are made to incorporate
sustainability into decision-making in the retail industry.
That is because of the multi-dimensional nature of the
retail sector, the volatile demand patterns, the just-in-
time requirements and the type of retail goods. Yet,
more light has been shed on the logistics performance of
the urban retail distribution than on the side effects that
are produced in an attempt to maintain a high level of
service. Different operational models and cooperative
schemes with a view to achieving efficiency in deliveries
produce different magnitudes of externalities. In this
paper, a sustainability check has been made between al-
ternative concepts of logistics solutions that are applied
in the urban retail sector incorporating externalities into
the impact assessment.
Concerning the external costs part of this research, the

most sustainable initiative is the one which minimizes
the product €/km x number of kilometers. That is be-
cause the factor €/km depends on the types of vehicles:
two types are used in our analysis, a truck for the line-
haul transport and a lighter vehicle (5 t) for the urban
area under the different scenarios examined, leaving
apart the BAU. For all different scenarios, i.e. BAU,
UCC, tethering and shared bus, we use a single cost

Fig. 4 Sustainability map per retail logistics solution (urban context)
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factor for the line-haul transport. The same approach is
pursued for the urban transport leg where we use a dif-
ferent but fixed cost factor for these scenarios. In our
case, and as the cost factor does not change, the tether-
ing scenario is the one of which the transport leg show-
cases the shortest distance covered. Coincidentally or
not, the most sustainable alternative, taking into account
all the sustainability perspectives, is tethering; this
proves that in a wider context, economic sustainability –
under a broader perspective - and reduction of external-
ities can go hand-in-hand.
The results are indicative of the assumptions made

and the context in which the study has been developed.
However, as the public policies and the scenarios repre-
sent already tested measures with a wider applicability,
the outcomes of this research can be easily generalized.
UCC is a tested initiative sourcing back in 1970s. On the
other side, shared bus and tethering are quite fresh ideas
in the retail sector and their implementation has started
back in the 2000’s and 2010’s, respectively. In this regard,
the input, assumptions and results have yet to be vali-
dated. Their capacity in terms of logistics performance
and environmental alleviation relies also on the way they
are deployed by the different retailers as many of these
initiatives are in their testing period, and the urban con-
texts which accommodate them.
The urban consolidation center as a solution would

not be so attractive for potential stakeholders unless its
funding, for a significant period of time, is ensured.
Also, an issue of utmost importance is the fact that a
critical number of participating stakeholders should be
attracted, as well a critical mass of goods and a specific
type of them so as to tap full potential of the joint cap-
acity, as anticipated. The economies of scale achieved
would then increase its sustainability mainly in terms of
economy, environment and transport service. ‘Shared
bus’ is an ambitious idea but in our analysis, it achieved
the lowest sustainability scores. In fact, mixing trans-
port networks, introducing new logistics and transship-
ment spaces in the city, and the available capacity of
buses are three factors that could determine the trans-
port service, the social uptake and the economic per-
formance of the initiative. The latter because it impacts
the level of public transport service. The capacity of
public buses to accommodate the different types of
goods transported in the retail sector, and especially
fast-moving goods, or sometimes large-sized items gen-
erates further doubts on whether this is the right solu-
tion for the retail sector. Maybe a good alternative that
it is worth looking into is delivering parcels instead of
europallets using the public transport.
Another key conclusion that is drawn through this

analysis is that it is very challenging to attend sustain-
ability in the retail sector, and especially for the urban

areas. That is because the type of goods (usually sensi-
tive, FMCG, etc.), the loading units and their size and
the supplier-customer set up of the retail sector require
highly responsive delivery models, closer to the just-in-
time principle. However, in order to serve these needs,
and especially when introducing new delivery models for
even quicker response imply increased number of ve-
hicle movements, lower loading factors and, thus, less
sustainable outcome. In this regard, smarter solutions
are expected and innovation plays an important role in
this sector due to the nature of the common structure of
the retail delivery model. Instead, sectors that indicate
different structure of delivery models (due to different
types of goods, levels of demand, number of drop-off
points, organization of deliveries, etc.) like Ho.Re.Ca or
health care or parcel delivery may allow a more efficient
allocation of resources in order to achieve sustainability.
As a result of our analysis, the most sustainable initiative
is the one that calls for the most efficient and the lower
intervention so as to be implemented.
Struggling for achieving sustainable retail operations

in the cities is also another critical issue for retailers.
Sustainability per se, includes areas that are not of ut-
most importance for the retail companies. For instance,
these could be external costs, ‘social’ impacts on local
communities, air pollution, etc. As corporate responsi-
bility emerges more and more retailers become inter-
ested on efficient utilization of their resources, and thus,
mitigating externalities. Public policy holds a very im-
portant role; by the time that ‘polluter-pays’ principle is
legally and broadly imposed, operators would be com-
pelled to fundamentally reconsider the level of sustain-
ability in their operations. And this because they might
be legally forced to reduce the environmental footprint
of their operations in order to cope with new costs. In
general, sustainability culture in the retail sector could
be promoted mainly through the introduction – in the
form of regulatory or legal frameworks - of tailored
mechanisms that aim at internalizing the externalities
produced by retailers.
The internalization of externalities is a complex

issue that requires reasonable road pricing policies
and effectively organized mechanisms (i.e. police en-
forcement) in order to mitigate tax evasion (for road
charging or LEZ charges) or fraud. Based on the re-
sults of our analysis, we could draw a conclusion that
within urban areas it is difficult to achieve the fore-
seen level of revenues because of the multidimen-
sional nature of the drivers that generate externalities.
Congestion, air pollution and noise nuisance depend
on the time of day, any unexpected incidents taking
place in road network, policy implementation, etc.
However, surveillance and enforcement could be more
efficiently promoted. With regards to the regional
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transport, although the level of traffic could be more
effectively anticipated, surveillance is more difficult
due to the dispersion of traffic and the expansion of
the road network. The enforcement actions should be
accompanied with awareness campaigns in order to
properly disseminate the usefulness of those measures
to drivers. Finally, the road pricing policies and the
mechanisms towards the collection of taxes/charges
should be fair and transparent so as to achieve the
highest possible social uptake.
The outcomes of this research could also provide

feedback to future research agendas; this framework
could be further deployed using additional criteria, in-
dicators and perspectives; a life-cycle consideration
could incorporate indicators and measurements from
different time frames: operational phase of a measure,
manufacturing/construction phase of assets and
technological equipment, disposal, etc. As long as there
are measurements and indicators, one could gauge the
performance of a set of alternatives in order to back
decision-making. Looking forward, other key challenges
could emerge such as how to make specific types of
urban supply chains, i.e. e-commerce, Ho.Re.Ca, waste
management, etc., more efficient and resilient without
jeopardizing their ‘green’ profile.

7 Endnotes
1Fast-moving consumer goods
2Urban Distribution Centre
3Low Emission Zone
4Distribution Centres
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