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Abstract

This communication presents four contrasted and-cemdcatured scenarios of retail location and
distribution, and compares them on the bases df boad occupancy rates and greenhouse gas
emissions. Two main families of scenarios are @efirretailing land-use scenarios, based on the
location of the different retailing activities of eity, and end-consumer delivery organisational
scenarios, based on the definition of new servioedeliver end-consumers, at home or to reception
points. Those scenarios are simulated using amgreted approach combining inter-establishement
goods transport flows, shopping trips and end-coresweliveries. The simulation approach is able to
show the relation between several aspects of iregaileployment (store location, catchment area’s
supply, urban retailing planning policies) and boghstream distribution of goods to retailers and
downstream usage of private vehicles for shoppiihough scenarios are extreme and near-
caricatured, they are able to identify the limitel dorces of the different retailing strategiesunban
zones.

1. Introduction
City logistics aims to study the urban part of thgistic chain and more precisely freight
movements (in their different form) in order to wed costs, externalities and nuisances
related to urban goods transport. Several methadsapproaches are found in literature
(Taniguchi et al., 2001; van Binsbergen and Vis2802; Anderson et al., 2005; Ambrosini
et al., 2008; Craninc, 2008; Gonzalez-Feliu, 20Q8ak, 2008). However, most works focus
on final deliveries to retailers, and not on thieeotpart of the urban supply chain, that of end-
consumer movements (Russo and Comi, 2006; GonEaliaz-et al., 2010). Three main types
of flows can be related to goods transport in urbagas (Ségalou et al., 200@)ter-
establishments movemer(lEM) are related to freight distribution betwe#re different
activities, i.e. the exchange of goods betweenbbskanents;end-consumer movements
(ECM) can be defined as the trips where the pumshagoods are transporter near the
consumer’s location, anatban management moveme(ttMM) include all flows related to
the logistics activities of the city and its infragtures (waste management, building, road
and network construction and maintenance, postaices, household and enterprise moving
actions, etc.). The first group of urban freightuaments has been one of the most studied
subjects in city logistics research. The secondigr@aommonly studied in other fields but
often not modelled as a part of the global urbaight distribution chain, is however an
important component in terms of traffic volumescaiding to Gonzalez-Feliu et al. (2009a),
shopping trips represent in France between 10%2&#f@ of the total person trips, depending
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on the day of the week, and almost half of thel t@d occupancy issues (in km.PCUs, i.e.
Private Car Units) of urban goods transport flolmsterms of pollution, the urban transport

of goods, including end-consumer movements, prcsiumgout 25% of the total GO

emissions for transport, 35% of the Némissions and 40 to 50% of the solid particleg.[14

Moreover, shopping trip behaviour is directly rethto retailing land-use policies and to new
services to consumers, like e-commerce and proxirdelivery distribution services.
Furthermore, those actions have also a direct itnpacdeliveries to retailing activities,
showing that the link between IEM and ECM is crugiaurban logistics. It is then important
to estimate the impacts of such policies and astiom the overall urban goods transport
system, i.e. that which combines IEM, ECM and UMMws. However, UMM being

indirectly related to the other two flows, can bedsed in a second time.

The aim of this paper is to propose and examine éotreme scenarios and estimate the
impacts of the actions they represent on both toaftic flows (in terms of rad occupancy
issues) and greenhouse gas emissions. First,rthubasion methodology used to estimate the
impacts of the scenarios on urban goods flows ésgmted. Second, the proposed scenarios
are described. Third, the four scenarios are sitedl and the results compared and
discussed. Finally, as a conclusion, the main gthenand limits of the analysis are

presented, as well as further developments.

2. Freight transport flow estimation: a global approad
As shown above, urban goods transport includes thategories of flows (Ségalou et al.,
€006):

* Inter-establishment movements (IEM), which incluflesght distribution deliveries
and pickup trips, for all economic activities ofetlurban area. So, not only the
retailing distribution is concerned by IEM, but alickup and delivery operations
related to commercial activities and its relateshsport flows. According to Ségalou
et al. (2004), they represent about 40% of thd to@d occupancy issues of urban

goods transport.

» End-consumer movements (ECM) are nowadays maimghaging trips by car, but
with the development of new practices, like homkvdees, e-grocery, direct circuit
B2C services, pickup points development, etc., thélysoon include a variety of
flows and can sometimes substitute IEM flows in téreninal part of supply chains.

They represent about 50% of road occupancy isSégalou et al., 2004)

* Urban management movements (UMM) are those retatedl logistics activities of
the city that are not necessarily related to corsiakactivities or that are linked to

the development and maintenance of the city. Thia fi@vs are those of building,
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road and network maintenance activities, followgdnuaste collection, management
and recycling activities. Other flows concern hdwdd and enterprise moving
actions, postal services (both official and infohmaepresentation activities and
reparation services to private or professional asts, among others. By
subtraction, all those flows represent about 10%heftotal urban goods transport

movements, in road occupancy issues.

Moreover, the sum of those three types of flowstfetotal urban goods transport flows)
represent about 20% of the total road occupancyPQW. and 25% of greenhouse gas

emissions (Ségalou et al., 2004).

As seen above, |IEM and ECM represent about 90%eofdtal urban goods transport flows
and about 18% of the total urban transport flomseyl are of different nature (IEM are
mainly trucks of 3.5T or more, whereas most ECM mogvadays trips of inhabitants by
private car), but they share the same space (wdmas and streets) for both running and
parking. It is then important to combine them inrdaque model to simulate the impacts of
urban logistics planning actions, as shown in Rumsd Comi (2006). However, current
works remain conceptual, with few real applicatioRer that reason, we have recently
proposed an approach to include ECM into existlEg frameworks (Gonzalez-Feliu et al.,
2010). We present here the integration of bothstgah IEM and an ECM model), as the

continuation of the work presented in GonzaleztFetial. (2009a).

The integrated framework is then composed of twodutes, one for IEM simulation
(FRETURB) and one for ECM simulation (STG).

FRETURB is data production and diagnosis frameworldecision support in urban freight
distribution that presents different functionabtigsérardin Conseil and LET, 2000). It is able
to estimate the IEM demand for a given urban aféen, it can estimate road occupancy
rates by running vehicles. More information is give Gérardin Conseil et LET (2000) and
in Ambrosini et al. (2008). The model has been bcated from logistic behaviours
observation, for several surveys in the late 1998mbrosini et al., 2008). Organisation and
management of the logistic chains have been arthlgseording to a large typology of

establishments (116 types according to the nafutee activity and their size).

The STG framework is a new shopping trip estimatinodel built from the following

definition of private car shopping trips: for eaphrchasing activity, two related trips are
defined, one ending at the shopping activity angl dther starting at it. First of all, the
demand is estimated considering that the shoppésgirdition is chosen according to the
commercial zone attractiveness, which depends encttimmercial supply, the type of
purchase and the available modal choices (GonEaia-et al., 2010a). The novelty here is

that the trip distribution is not made using a sieal trip estimation method (like in
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Gonzalez-Feliu et al., 2009a,b, 2010a) but usingtehment area model based on the notion

of attractiveness (Gonzalez-Feliu, 2010Db).

The integrated simulation framework works as foowConsider a city, divided into
representative zones. Each zone is defined by tata dets: one defines the economical
activities of the zone and the other characterisepopulation. From the first data set, the
FRETURB tool calculates the IEM vehicle flow excbas between zones for freight
distribution and collection, and gives to the STGdel the composition of each commercial
area. The STG module calculates analogously private shopping trips. After that, these
flows are integrated in order to calculate the roadupancy issues of running vehicles, for
both IEM and ECM flows, in total number of km.PCbr fireight-related vehicle trips, to
calculate the congestion level. Finally, £€missions and local pollution rates can be also
obtained by considering the characteristics of diféerent vehicles (professionals and

individuals) in the considered city.

Zones :

Common geographic zoning,
Establishments characteristics Inhabitants
- type of activity y v - population
- number of employees Enriched data on - households
- location in urban space FRE TURB commercial STG - vehicle ownership
(existing model) activities (new model)
’\_‘4 Data on vehicles ’_‘
Urban freight . . End-consumer
.. in usage : .
logistic s vehicle
movements - professionals movements
l Results
INTEGRATION Impacts of urban logistics,
and INTERACTION brocme:
| congestion, pollution

Figure 1. Chart of the integrated simulation model (adapiedn Gonzalez-Feliu et al.,
2009a)

This framework is applied to the urban area of Lyoear 2 000 000 inhabitants), using the
information provided by the 2006 household surnayéring 454 towns and near 830 000
households), and the 2005 SIRENE directory, thnal exhaustive firm register, providing

establishments NACE among other information.

3. Proposed scenarios and computational experiments

In order to analyse the impacts of different plagnor management actions on urban goods
transport flows, we propose to simulate four casded extreme scenarios. Those scenarios
result from the generalization of current practicesetailing and although their deployment

as on the proposed scenarios is unrealistic thpyesent the limits of the four actions



proposed. For that reason, we think it is importemtsimulate and analyse them. The

scenarios can be grouped into two families.

The firs family represent the action of public authes on retailing land use. They are then
two cases of pushing the deployment of differentnfo of retailers to the extreme. They are
obtained from data extracted from the French SuresyUrban Goods Transport and defined
via conversion tables (Gonzalez-Feliu et al., 2003 scenario 1, we assume that all
retailing activities are concentrated in 15 bigippleeral commercial centres. The urban forms
associated to those commercial centres are agghbeckerretailing areas containing
hypermarkets and supermarkets with a gallery ofpdementary small retailing activities.
Inhabitants need then to reach those zones to thakepurchasing activities, mainly by car.
In scenario 2, only proximity retailers are allowéd the city. No hypermarkets or
supermarkets are defined, but a wide variety ofllsatares and complementary retailing

activities, spread in the territory at the pro-ratéhe population.

The second family represents the development (ireme situations) of different proximity

delivery services already proposed by differerdilieg activities. To estimate them, we use
the ratios of Alligier (2007), who determined thaimcharacteristics of home delivery routes
in France. Then, we suppose 15 distribution depastead of current hypermarkets and big
surfaces. From those points, that act as intermetbgistics platforms, two main strategies

to deliver the households are possible. In scer@rail households are directly delivered by
the principle of current household deliveries. termsario 4, a spread network of reception
points were people can take their commands. Thexssption points are located at the prorate

of the population.

For each scenario, only one type of household gupphtegy is allowed (in scenario 1
supermarkets, in scenario 2 proximity retailersséenario 3 home deliveries and in scenario

4 proximity reception points.

4. Results and discussion

The proposed scenarios are simulated using theemiex method. We also simulate a
reference situation, that of Lyon in 2006. For IEM take into account only the last transport
flows (i.e. the direct deliveries to retailing asiies, which represent about 20% of IEM). We

report the results in Table 1:



Table 1.Main results of simulation

Km.PCU Km.PCU Km.PCU CO; equivalent
Last transport| ECM TOTAL
IEM

Reference 2,7 26 28,7 6150 t/week
Mkm/week Mkm/week | Mkm/week

All Hypermarkets -87% -3% -11% -16%

All proximity stores +90% -87% -63% -56%

All home deliveries -87% -85% -85% -86%

All pickup points -87% -95% -93% -92%

The main results show that the decisions in urbd&mning and the choices of the
stakeholders We observe that, in terms of traffetgnario 1, which seems intuitively a bad
scenario, allows however a total saving of abo@b lith respect to the reference situation.
The main contributor is the IEM family, becauseodalising retailing activities in specific
points in peri-urban locations has as effect a els® of the upstream supply-chain costs
(because of both the concentration of retailingvaigs and the fact they are closer to
production and distribution activity zones); doweaim transport flows have a small
decrease, which is explained by the fact that singpat commercial centres and malls is in
general longer in distance but allows a concewinatind a decrease of the frequency, which
seem to well compensate the distance increasea@énhas a big impact on both flows, but
in an opposing way. Whereas ECM flows decreaselhidEM ones increase even more.
However, since in the reference scenario the censitlIEM are about 10% of ECM flows,

the total decrease remains interesting (about 63%).

Scenarios 3 and 4 give over-dominate the othersteoarios, obtaining better results for two
reasons. The first is that they concentrate alld&ination of goods at retailing level in 15
points of the city’s periphery, allowing a good wetlon of upstream flows (IEM). Indeed, in
both cases, IEM reduction is similar to that of reré 1. The difference is made in
downstream flows (ECM). Scenario 3 allows a reducidf about 85% of road occupancy
issues (at both ECM and total levels), whereas &te#d allows a better reduction (95% at
ECM level and a global reduction of 93%). Both fesware outstanding the other two
scenarios and show the potential of e-commerce nodtimity deliveries. The main
difference is made by the fact that in scenaridediveries are under-optimised with respect
to scenario 4 (since home deliveries presentlsgliconstraints that do not allow to load the
vehicles to the best of their possibilities, whismot the case for reception point deliveries,

which the level of goods aggregation is 10 to 2@es higher). In any case, both scenarios (3



and 4) present utopic results that have to be degaas what they are: the simulation of

extreme situations.

In terms of greenhouse gas emissions, we obsegtd slifferences that do not change the
essence of the results. The best situation rensamsario 4, and the second best scenario 3,
with similar results. Regarding scenarios 1 and& pbserve that the gains for scenario 2 are
about 7% worse than for road occupancy issuesfargtenario 1 about 5% better. This is
due to two main facts: the first is that the maimtcibution to greenhouse gas is made by
trucks, which are (for small retailers) old and liaderms of environmental and greenhouse
gas emissions. Moreover, in scenario 2, the maasaof both deliveries and shopping trips
are the central parts of the city and the mainbited parts of the urban area, which have
small streets where vehicles circulate a low spdadd then pollute more than in urban
highways). Concerning scenario 1, to reach commkogntres, both trucks and cars prefer
using main roads and urban highways, and speedsgirer and more constant, which has a
direct impact on reducing CO2 emissions. Althoughuits show that scenario 2 is much
better than scenario 1, and both scenarios areregirthey also show that the bad vision of

peripheral retailing areas has to be re-examinguidmote a good usage of those structures.

The limits of those analyses are that scenarioseameme, and non-realistic. They show
however the potential of the 4 strategies testad, show the need of combining them in a
way to profit on their synergies to give an equiadiffer or retailing in an urban area having

a good impact on the environment.

5. Conclusion and further developments

In this communication we proposed four extreme aden to analyse the limits of land-use
and distribution policies and their impacts on wrlgoods transport. Via an integrated
framework that takes into account both IEM and E@dlv, we have simulated the four
proposed scenarios (household supply respectivel{l) peripheral commercial centres,
proximity retailers, e-grocery with home deliveriaad (4) e-grocery with deliveries to
proximity reception points. This is a « physicapproach; in other words, the economic and
social costs have not been directly evaluated,sioguon impacts on road occupancy and
greenhouse gas emissions. It is important to noae only the last transport to retailers
considered, so it will be needed to extend it tare urban goods movement field. Results
show the big advantage of e-grocery strategiesclwluiver-dominate the only retailer
location scenarios. However, those scenarios drersg, and in the case of e-grocery, they
are based on a total sharing of logistics, dividihg urban area into zones and having a
shared B2C distribution system, which is not réiglisowadays. This shows the potential of

e-commerce (mainly e-grocery) if two conditions aret: the first is to combine e-grocery
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with a good location of logistics facilities; thecend a total collaboration with stakeholders
to share deliveries and vehicles (in the sense aifz&lez-Feliu and Morana, 2010 and
Gonzalez-Feliu, 2011). New simulations, with a m@alistic configuration, need then to be
made to state on the potential of those approaahdsto find a synergic combination of
strategies. Last but not least, it is importandiéain good quality data for both shopping trip

and proximity distribution characterization.

Future developments of the proposed research areisefour direction. The firs concerns
Modeling issues for ECM, and consists on completirgSTG model with a more coherent
distribution model and making it independent of #pplication situation (in other words,

finding a model that can be applied to any contgitt standard data and calibrating it). The
second concerns the scenarios, as stated aboywopvale more realistic situations and
explore the different combination of strategiese Third is that of socio-economic issues,
including in the simulation framework outputs are@mic and social costs, rto have a
sustainable development vision. The fourth conc@muximity deliveries simulation, and

aims to provide more realistic simulations at bdibktribution system organization and
consumer’s behaviour. A first simulation has beexden(Durand et al., 2010) and will be

completed and extended.
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