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1. Introduction

Com'e bella la citta,

com'é grande la citta,

com'e viva la citta,

com'e allegra la citta....!

Piena di strade e di negozi

e di vetrine piene di luce,

con tanta gente che lavora,

con tanta gente che produce.
Con le reclames sempre piu grandi
coi magazzini, le scale mobili,
coi grattacieli sempre piu alti,

e tante macchine, sempre di piu.

Com’e bella la citta(Gaber, 1969)

At global level, the population is increasingly centrating in the cities. In Europe, around 75%hef
population lives in urban areas and it is foregeeimcrease up to 80 % by 2020 (EEA, 2010). Atdhme
time, the quality of life in the cities is decligrand urban pollution keeps increasing in termgasbon
dioxide and greenhouses gas emissions, waste,, @oddack of greenery (Alexandre, 1996; EEA, 2010)
Together with several social, economic and enviremtiad causes, at urban level, the food supply syste
notably impacts on overcrowding, social inequitpd eéhealth problems related to food accessibilitg an

pollution.
1.1Sustainability of the urban food system

The existing food supply system has recently irealiin critical disruptions such as food prices suof
2007-08 and climate change effects, and the coesegs of the global food crisis strongly affectednd
still affect — consumers in city environments, whéood access and food security have been seriously

threaten.

This lead to focus on remodeling the food productmd distribution systems, towards more sustainabl
food system including social, economic and envirental issues, all along the food supply chain.his t
1



scenario, cities appear as key actors leadingrémsition process (Morgan, 2010) addressing a tyade
problems related to urban food provisioning an@rcannected with health, transport, land use anodl lo

economic development.

The evolution of urban food strategies becomesaoblgiegrowing interest and the multifunctional cheter

of the agri-food system is now viewed and valuedhiore strategic terms because it is deeply relaitu
burgeoning public health costs, exploiting natuesources and influencing local economic develapme
for example (Morgan & Sonnino, 2010). Food systamesinextricably linked to other community systems,
including transport, land use, and waste manageimenthese interconnections are still mistreated an
organic data and information are missing.

Urban food planning is a field of research thatasv rapidly growing. The main scope of food plasnsrto
understand the role of cities as food policy actansl their real and potential impacts on the reaion
economy (see for example the Policy Guide on Conmyamd Regional Food Planning, produced in 2007
by the American Planning (APA), and the Associatiba Association of European Schools of Planning
(AESOP), which in 2009 decided to establish a nlegmiatic group about Sustainable Food Planning). It
deals with the development of integrated approathésod policy and with the definition of analyictools

to assess opportunities and barriers of innovdtiwd provisioning projects (Sonnino, 2010).

Cities inevitably require larger amount of food anéfeight transport system to deliver it. The mikation
trend and mobility implies that people gather itoaation which is remote from their sources of food
(Oedgen,1992). In addition to the vital role in tairing urban areas, urban freight transport i® als
recognized for its more unsustainable impactsaitiqular for its impact in air quality. This ertaan urgent
need to promote new policies on urban freight partsand food distribution. Among the variety ofligs
addressed by urban food strategies, one of the comstoversial issue relates to the need of deimdpan
urban food transport system on a social, econom@atl environmental sound basis. Although, the
governmental interest as well as the researchtdfiothe fields of food system sustainability andban
freight transport increased over the last yeamstetfare only few experiments in practice which aahs

making food transport in urban areas more sustinab

In a growing number of cities as San Francisco, Nevk, London, policy makers are thus setting detgr

of measures to better integrate food issues imthan policy agenda, and, together with the comtyarid
supply chain actors, are implementing innovativggmts dealing with provisioning and distributirapdl.

Most of these urban food strategies include sicgnift connections with city logistics and freigtdarsport
issues, in order: (i) to reduce the air pollutigm); to contribute to the enhancement of food ascasd
quality in urban environment; (iii) to improve thesources efficiency and cost effectiveness of the

transportation of goods, taking into account thiemral costs.



In the current scenario, where limited public reses are available and the persisting economits @itails
new significant investments, researchers and schalie@ looking for innovative solutions to faciléathe
urban food transport sustainability by renewing ible of the existing food supply chain actors.sTisi the
case of the wholesale produce markets, which aea@} providing marketing and logistics services to
suppliers, producers and urban retailers. The vglatdemarkets can identify additional logistics gs¥s and

becomeood hubscontributing to a more sustainable urban foodesys

To this extent | have identified the case of theodhmarket of Parma (located in North-Centre olyjta
Emilia Romagna region) as one of the most innoeatity logistics project for sustainable food distition

in ltaly and | built a methodological scheme to leste its impact in the ecological sustainabilityugban
level. The evaluation measures have been alsatéster more complex urban area, focusing on Baogn
whole market (Emilia Romagna region), that has dentified as potential successful replicationecas

Italy.
1.2 Research questions

The main research question of this study is:

How the urban food transport system affects théogozal sustainability of modern cities?

Four specific questions have been defined to frdmaén-depth analysis:

1 What are the food flows circulating in the city?wito estimate the demand of food requested by
city dwellers and city users? How to estimate tgpy of food offered by the different food retail
systems existing in the city?

The urban food metabolisnis investigated through the inbound flows of foodculating in the city,
according to a demand/supply perspective. Thisyshti@mpts at identifying a methodology and apytio
estimate the food flows intended both to “at horaatl “out of home” consumption, including the hidden
flows represented by the food waste generatedtating and consumption level. | apply this methlogy

to assess the urban food metabolism of two casiestiocated in the cities of Parma and Bologna.
2 What are the basic features of the urban food supphsport systen?s
The study focuses on the last part of freight @elivjourney for two food supply chains: independent
retailers and catering business as hotels, restsyafés (Ho.Re.Ca.). To this extent it detdutdast mile
in this case the “last food mile”, and the basiatdees of the transport and delivery system, swi&eh a

frequency, weight and type of vehicles.

3 What is the environmental impact of the urban fwadsport?



Among the various environmental impacts generatethb road transport, the research considers the ai
pollution. The pollutant emissions generated by uhgan food transport of the selected supply chans
calculated for the baseline scenarios and for tiemced transport efficiency scenarios in botlegitiThe
gas emissions estimated are: carbon dioxide (G@9gen oxide (NG), volatile organic compounds (VOC),
and particulate matter (PM). The effects of thesepallutants are diverse and numerous, they gémera
serious consequences for the health of human bheimgtuding pulmonary, cardiac, vascular, and

neurological impairments.

4 What are the potential actions on improving thedfté@nsport efficiency? Which logistics solutions

can be implemented by the wholesale produce maskattors of the food supply system?

Among the various city logistics initiatives, | iestigate the opportunity to the set an urban Oigtion
center (UDC) which is a logistic platform locatedd strategic node of the city, where the deliwedan be
rationalized and then performed by eco-friendly omrcial vehicles. In particular, | focus on the aiall
role of the existing wholesale produce market in cities, which can act @od hubsin the urban food

supply system by providing renewed logistic sersice
1.3 Outline of the thesis

This provides an outline of the thesis. This thesiatains two parts that together with this intrctéln
chapter and the last concluding chapter completePth.D. thesis (see Figure 1.1) entitled “Urbandfoo
planning, city logistics and sustainability: théerof the wholesale produce market. The cases wh&and

Bologna food hubs”.

Figure 1.1 Outline of the thesis

Chapter 1

Introduction

gzgirl] Chapter 2 Chapter 3 Chapter 4
the f ragme ork Urban food City logistics for
w planning food products Methodology
Zart| - th Chapter 5 Chapter 6
nalyzing the Parma’s study Bologna’s study
urban food transport case case
systens
Chapter 7

Final remarks




PART | Setting the framework

Chapter 2. Urban food planning
This chapter examines the literature on sustaimalnf urban food provisioning and distributing

policies. | investigate the current food systemmadern cities by using the concept of urban food
metabolism. | identify the food flows which chamize our cities with particular emphasis on the
retailing system organization.

Chapter 3. City logistics for food products
This chapter examines the factors that determieauthan distribution schemes for the independent
retailers and Ho.Re.Ca. operators. | explore than rpatterns of the urban food delivery system,
according to the specific features of the two feagply chains examined. Special focus is on “last
mile” logistics and urban distribution centersatelig to the role of the wholesale produce manket i
the urban food supply chain.

Chapter 4. Methodology
This chapter develops a framework for estimatirggftil amount of food circulating within the city.
The purpose of the framework is to identify bastwk of food demand and supply. In the second
part, | propose a structure to describe the urlb@zod ftransport. Finally it is presented the
methodology Copert 4, that has been applied tanest the pollutant emissions by the food

transport system.

PART Il Analysing the urban food transport system

Chapter 5. The Emilia-Romagna context anccttyeof Parma — Case study 1
In this chapter, a brief introduction of the coritek Emilia Romagna is provided. Next, | apply the

defined methodology to detect the urban food meisinpthe urban food transport patterns, and its
environmental impact on urban air quality. The Hgoproject on food distribution and transport is

presented, focusing on the role of the wholesabelymre market as logistics provider. Then | provide
an estimate of the environmental impacts achiewethb project in terms of pollutant emissions
reduction.

Chapter 6. The city of Bologna- Case study 2

This chapter examines the urban food metabolism, ftlod transport performance and the air
pollution it generates at urban level. On the basdishe Ecocity model, | provide a preliminary

assessment of the potential environmental benedigsiting by the implementation of a urban
distribution center in the Bolognha wholesale praducarket area. Two optimization scenario are
developed in order to estimate the air pollutiortrdase in case of adoption of city logistics

measures.



Chapter 7. Final remarks
The final chapter provides with the key findingstloé research that answer the research questions,

by specifically highlighting opportunities and hars to add the function of urban distribution @znt
to the wholesale produce market. In line with theuifts achieved by the study, at last, there are
presented the opportunities for policy makers’ maplons and research cues to be develop at

academic level.
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2. Urban food planning

Food supply is one of most fundamental aspecth@fnaterial basis for social life and, indeed sitai
constant routine function in all the urbanized stes, taken for granted most of the time by those
directly involved (Pothukuchi et al. 1998). Howeveritical disruptions in the urban food supply teys
recently occurred and raised the attention onrb#iciencies in the current corporate food regimagerms
of ecological criteria fulfilment. Under the foodrisis effects, additional concerns about secuaityl
sustainability of the agri-food system arisen ardegated a debate on remodeling the food produation
distribution systems. Discussions are mainly relabethe way we produce and distribute food as codity
and to the several vulnerabilities of the food dygystem. The high dependence of the agri-footbsemn
fossil fuel, the need to adapt it to climate chartge food security and the land conflicts are safthe
main issues on the debate floor, where the disotssae the community, policy makers and food suppl
chain actors. In this scenario, cities have acquireew role in order to respond to the new ecoldgind

political challenges.
2.1Cities role in the agri-food system transition

The urban food provisioning is a growing concere tiwma number of complex interrelated processestwhi
are modifying the global agri-food system, withetir consequences on the everyday life of urbadeets.
Among the relevant phenomena leading to the présmmiition in the food system, there are the fpode
surge of 2007-08, the effects of climate changdoma production and distribution chains, and thgida
urbanization in both developed and developing atesjt The scenario build by the interconnectiohs o
these transitional phenomena is defined with thpression ohew food equatiofMorgan & Sonnino, 2010)
and identifies the current complex trends that reeeesponse by reconfiguring the global food priowisig

frame.

Different interpretations about the evolution ofpitalistic agri-food paradigm emerged during thetla
decades (Lang,1999; Goodman, 2010). In recent y#dasdebate has been fuelled by a growing public

opinion awareness on health and environmental tsfigfcthe food supply, generating pressure oronati
9



and international governing bodies to address faaity and to regulate the food sector. Todayfidld of
food provisioning is one of the most controversiadl it is clear that global and national regulat@gime
largely failed to achieve sustainability objecti&onnino, 2009). Now there is public consensusititiee
fact that traditional patterns of economic develeptrare no more sustainable, leading to confligts the

carrying capacity of the planet, in terms of pofiatagrowth, pollution and consumption of resources

The concern about the economic growth and theectldépletion of non-renewable resources arisemgluri

the 1970’'s, when researchers focused their attemtio evaluating the impact of human consumption of
resources. The common agree to decouple economwettyifrom environmental degradation has led the
research of ‘management rules’. Ehrlich, describihg U.S.A. scenario, identified the relevance of

governing these issues at national or federal landlstated:

“Not only don't we have a population policy. We ddrave a consumption policy either. We are thetmos
overpopulated country in the world. It's not thenmher of people. It's their consumption.”
Ehrlich (1971)

In this context, the new food equation set theeba® redefinevhat is intended for ‘food sustainable
system’ andwho is the most adequate driver to the transition.s€htpics are particularly hard because,
first, sustainabilityis a complex and multi-dimensional concept, sebngconomic, social and ecological
values (Thompson et al., 2007). Secondly, variatisra at different levels (i.e. business sectatjtitional
planners, consumers) are involved in the food c¢hareating articulated nets and highly fragmented
connections at both local and global scale. Sinpplty the current global context presents theoreliitits,
practical obstacles and political barriers thatgehe definition of effective and shared solutitmsards a

more sustainable food system.

Far from finding an unique way to foster the sumthility of the global agri-food system, most okth
authors agree on the importance of internalizirey ¢dbsts that are externalized in the food supphirnch
mainly represented by environmental and healthcasés (Pothukuchi, 2009; Morgan et al., 2006; Prett
al., 2001). This goal can be reached, for exanthl®ugh taxes, incentives, and advantages pronimted
governments. However, due to the fact that theectirmgro industrial system is almost entirely dejeen on
fossil fuel energy, and the externalities are gateerin every stage from food production to transpion to
food preparation and storage, identifying a commegulatory process to reduce the external codtscat

and global level seems to be a visionary approach.

Furthermore the capitalistic agri-food system isndwted by the economic interests of large companie
producing, processing, and retailing food on aamati and global scale (Morgan et al., 2009), halimged
interest on internalizing environmental costs oa fbod supply chain. Although, due the pressure on

remodeling the system shown by consumers (certairswmers, particularly educated, middle class),
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business companies are adopting renewed approasistainability. This trend is particularly evident
urban areas, where the biggest concentrations w$utoers, looking for healthy and accessible food,
influence the market and the type of busiheksresults that the urban communities, in a campEntary
action with governing bodies, can foster the tri@msito more sustainable food system with policg an
measures. Thus, cities appear to be the naturahambere the redesign of the food system take place
through the definition of urban food plans whicltlude interests and needs of consumers, retaitets a

producers in the regional area.
2.1.1  Urban food governance

In a growing number of cities in Europe and in oAtmerica, there are disquieting trends relatethéo
rising rate of obesity, food insecurity and foodess, that forced municipal governments to devrs¢egies
guarantying public health and equity issues forutEan population. Moreover other factors, i.e.cpiality
and waste management, which are less directly avethevith food, but strongly influencing urban Jife
have been object of special attention in urbancgdaigenda of the past decade. To address theskemb
many city-governments identified an holistic apmtodo sustainability based on health, environmemnt a
equity concepts, and developed urban food planshnihiclude policy measures on transport, land use a

economic development, for example.

Urban food strategies have been defined in citeesSan Francisco, New York, Toronto, London, Belo
Horizont€. Among various examples on urban food strate@as, Francisco deserves special attention for
the broad network of stakeholders that worked togyein defining the criteria of sustainable urbaod
plan. The community, the city-government and trafohain actors set upaal hoccommittee to coordinate
urban and peri-urban forces involved in urban fpamisioning. On 9 July 2009, Gavin Newsom, the bray
of the City and County of San Francisco, issue&eecutive Directive on Healthy and Sustainable Faood
San Francisco, which elaborated a plan SF FoodBled— revealing the guiding principles of the urba
food plan approach. The plan contains 16 mandatotigns that are time limited and that foreseericzie

and multi-dimension implementation.

In Italy, local policies on food planning are st#blated cases, addressing single issues as-datecfrom
small producers or public procurement of sustamdbbdd. The only example of administrative body athi
officially recognized in the urban planning agenbda significance of food to health, well being dadal

economy is represented by the District of Pisat theated a political space for these issues. ik ftod

! It is the case of organic, local and direct-safedf products, that increased the market sharegitet decade both in
Europe and in the U.S.

2 More documentation about the pioneer urban foetpis presented imternational Planning Studie§olume 14,
Issue 4, 2009 Routledge.
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community path are involved the University of Pide civil society, the producers, the retailerd ather

food system actors. The ultimate scope is the tiefnof thePiano del cibdor the district of Pisa.

The challenge for municipal governments is to bezdood chain innovators by facilitating accessdodf
by consumers and creating conditions to ensuresimants needed to increase sustainable food sapply

city level under hygienic, healthy and environméptsound conditions (UN-FAQO, 2010).
2.1.2  (ities as food chain innovators

Policy response on food security and ecologicatasuebility of cities is important and urgent, kihie
complexity of urban system requires integrated laaldnced solutions at local, regional and natidens|.
Indeed, the quality of life of city dwellers is atigly connected with the urban food system, in fabas
direct implications on the health of individualsh docal economy performance, local land use and
transportation, preservation of agricultural lasdljd waste problems and quality of local wateraaid soil
(Pothukuchi et al.,1998). Thus, the contemporatyanrfood strategies are more than just reduce food
insecurity and implement “feed the cities” polici#sdeals with creating new economic opportunities f
small farmers and retailers, fostering individuadacommunal health, enhancing environmental frigndl
programs at urban and peri-urban level (Morgan &rfiwo, 2010; Marsden, 2006). These initiatives $ocu
on an ecological approach and set objectives basebe triple-bottom-line: environmental, econonaingd

social sustainable development, in order to guagahigher standards of urban life.

An integrated and territorial mode of governancectitletects emerging alternatives to the globalised
system is th€peri-)urban foodscap@pproach (Johnston et al., 2009), focusing onnthe geography of
food and including heterogeneous socio-economicsamib-spatial dynamics considered to be intritgic
the community food systems. The (peri-) urban foags, as represented by Winskerke (2010) in figure
shaped by three interrelated and mutually reinfigysiocietal axis: (i) sustainable supply chainsretzcivil
society axis); (ii) public food procurement (statafket axis); and (iii) urban food strategies (civi
society/state axis). According to this approache telationships between food, health, environment,
transport, etc. are investigated and new strategiasbe devised by the public sector and civil etgcio
address societal problems, and include sustaibab@lspects in the conventional food companies

management.

Even before devising the urban food strategiesatidns, policy makers need to determine who has th
food planning functions within the municipal goverant, since this issue has not be addressed &idoeh

until now. It is not an easy task to identify théséing or potential city institutions which coulgk the most
appropriate to set the urban food strategies, dumterrelated actions between food system androthe
community services like housing, transportatiomdlaise, and economic development. Some proposal,
formulated by Pothukuchi and Kaufman (1998), idexdi the opportunity to create department of food

within the local government body, or to charge @dd planning functions the city planning agencytiBo
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solutions are still far to be systematically addpley local governments, anyway more and more cities

started food policy councils and now discuss uffioad plans at institutional level.

Figure 2.1 The Peri-Urban Foodscape
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2.2 Assessing the urban food metabolism

The modern city has frequently been presented agenconnected space of flows dependent on trerreadt
input of energy, materials and information. Howether urban environments is affected by its surraund
environmentand also affects that environment. In this perspectilie city is part of a broader ecological
system and itself can be considered as en ecosystdra investigated by using an ecological lensk@?t et

al., 2001, Gliessman, S. 2001), which detects fieets of urbanization on human and environmengaillth,
including social and economic understandings. Qlmmgig the city as an urban ecosystem, scholars
developed urban sustainability assessment tookvatuate material consumption and waste disposal of
given urban setting. These tools are i.e. matédal analysis, life cycle assessment, urban metsimoand

the ecological footprint (EF).
2.2.1 Urban metabolism

Among the means of understanding of the sustainddlelopment of cities, different models base an th
concept of “urban metabolism”, hereafter UM, (Wolmd965), which conceives the city as a living

organism, assessing that:

The metabolic requirements of a city can be defiaedhe materials and commodities needed to

sustain the city’s inhabitants at home, at workg ah play... (Wolman, 1965: 179)
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Exploring the analogy of the metabolic processesrghnisms, UM can be defined as the sum totahef t
technical and socio-economic processes that oocatties, resulting in growth, production of energynd
elimination of waste (Kennedy et al., 2007). Instmision, cities are characterized by an inwardvflo
feeding the internal processes, and by an outwaed eonstituted by the sink of wastes and emissitns
surrounding environment (see Figure 2.2). The urbgstem is described as a ‘black-box’, where the
transformations take place. In practice the studgnoUM requires quantification of the inputs, auttpand
storage of energy water, nutrients, materials aadt@s in terms of functional relations. It goeshwt
saying that the metabolism of most ‘'modern’ cisesssentially linear, and urbanities show stilv foncerns

about the origin and the destination of resourlmegs.

Figure 2.2. The linear urban metabolism
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An UM model focuses on the key urban processestlaid metabolic consequences, in terms of material
flow analysis stock and flow, in relation to seegcdemand of the inhabitants of an urban regiom Th
definition of a urban ecosystem is reached throagtystemic approach which includes all the vargmble
contributing to recreate the complex urban strGtwith interlinkages and implication for its foaghergy,
and goods use. The crucial factors constituting utzan form are: density, morphology, transportatio
technology, and climate (Kennedy, 2007). In additidifferent areas in the city (i.e. peri-urbantrics, city
centre district, industrial sites, etc.) are chamarzed by different kind of functions and servieesl they are
influenced by different types of metabolism (Gar@a08). The resulting UM scenario provides a broad
knowledge about consumption patterns, generatiomaste and contaminants, and capacity of respdnse o

city to external shock. This representation oriemb&an planners to more sustainable developmeiatnact
2.2.2  Urban food metabolism

Most of urban metabolism studies describes theuress flows referring to the whole and comprehensiv
model of city sustainability, however it is relevan this study to understand the specific patterihthe
urban food system. The relationship between foadl @ban space can be investigated by the concept of

“urban food metabolism”, according to the Bohledaption of UM concept to the urban food system 499
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It could be seen that, whereas the whole UM sydtambeen widely addressed, some topics such as food
supply system, together with the considerationuoicfions and services provided by the urban foanch
have been mistreated in most of the previous stuthefact, the models generically descrihethe kinds if
resources and imports go iall the kinds of wastes and exports go out, but timerirworkings are not
systematically and specifically investigated. Tinend can be explained by the fact the analysenafirban
food metabolism system implies to bring togethernde range on data referring to economic, politieaid
social dimensions, which are usually viewed apand, in some cases, the lack of data for urbanlleve
strongly limits the opportunity to complete thesed®ls. Moreover, there are additional problemaisties
about quantifying and weighing the elements and ftoers of the urban system in their interaction.
Although, the greatest potential of studying thbam food metabolism is that urban food system @an b
described as a functional unit, encompassing @iffeprocesses and broadening the knowledge of iwhat
often described as a black box, the city (Wolm&85).

Within a flows analysis framework, Bohle assertst tthe series of connectivities between the foquplsu
chain and the city can be depicted as nodes ot-oyiput systems, where the transformation protaess
place. Thus, for the sake of simplicity, the urlb@aod system can be disaggregated into four typesubf
systems: production, supply, distribution, as veslla consumption of food. Therefore a specific budia
process for food is identified within the UM modahd the central issue investigated deals with the
“efficiency” of the urban food system, in providimgiality of life, or, more specifically, food sedyrto

vulnerable urban groups (Bohle, 1994).

According to the World Bank (2004), the food systeas to guarantee city dwellers with food avaiiapil
food access and food use. If translated into a fd@in perspective, these elements can be idehiifith

the phases of supply, distribution and consumptibnfood products. These sub-systems are deeply
embedded in the whole food local and regional systeand generate highly complex and fragmented
processes. Their structure and functioning areuémited by: market prices, food production and trade
organization, typologies of market channels, higrms of traders, commercial distribution syster. (i
traditional, modern, alternative formats), constumpipatterns, income and employment variables (@&ohl
1994). Hence, the goal of the urban food metaboksndy focuses on the identification of existing or
available services, functions, and planning andctitral aspects related to food, with the aim dfnileg,

afterwards, variables to quantify them.

2.3 Detecting the urban food flow

The food flow analysis provides a snapshot of tbe bf food products through the urban environmés.
such, it allows the categorization and measuremérthese flows in a variety of ways (by distributio

channel, type of consumption, etc.), allowing tthentification of main determinants of food requisthby
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city population. The total food requirement estiesathe circulating quantity of food, including thiglden
flows, i.e. food waste, and it can be combined \lith application of sustainability indicators siashthe

Ecological Footprint to measure the environmemtgdact of these flows.
2.3.1  Consumers: driving force in the urban food system

With intensive urbanization, the food systems maeey large volumes of food through a variety of
channels, entailing complex economic, social antb@l interconnections. In the urban environmehis
food flow depends on the balance between food awétly (production and distribution) and urban
consumers' demand (consumptibi@onsidering that the conventional agro-food climable to supply food

in large quantities and to ensure year-round awiitha of most of the food products, we can sayt ttie
urban food market is mainly driven by the consumeeds and the urban food styles. The urban food
demand is shaped by city consumers dietary patterdigheir expenditure and consumption behavioighvh
varies for different consumer groups, accordinghtir cultural backgrounds, socio-economic statud a

lifestyles.

In recent years, urban food demand not only ineeagorldwide, but changed with shifts in consumptio
patterns determined by a number of individual-esdaand external factors. Indeed, the urban enviemim
entails important changes in lifestyles, econonttivdies, exposure to marketing and reference grou
influences (Delisle, 1990). As consequence, foodchmse patterns changed and are still evolving:
consumers shop less often and in increasingly laiged retailer stores, on-line shopping is becamin
popular, certain consumers groups are looking fality and healthy food through farmers markets and
direct sale, and almost all individuals, no mattdrat their age or socio-economic status, consurod fo
outside the home. For example in Italy, food constimn at home is slowly increasing or even stagugti
but eating out from home is increasing fast with thpid development of catering sector (Peta, 2089)
commerce gains market share and the farmers magélets incremented of 8% in 2008 (Swg & Coldiretti,
2009).

In order to better understand the complex andwdaied urban food supply chain and to investighé

kinds and the amounts of food consumed, two maierohenants are identified:
— Food expenditure patterns

Household food purchase and individual consumpgian influenced by food prices, family income, food
habits and cultural taboos, nutrition knowledge amlertisement, tastes and preferences. A strong
component of new consumer product demand is fepBbhibme food preparation and consumption. Pressed
by time and a limited interest in food preparatibausehold increasingly demand frozen and chiltexti$

and pre-cut, pre-prepared meat, fruit and vegetabldiese trends are also reflected in the growing

% We consider ‘urban consumers’ city residents ampfe who travel, live, use the city (see chapteZiy users).
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percentage of household expenditures spent onféndgroe. On the supply side, in fact, we observisiag

number of food services businesses and institutafaterias in urban locations.

— Dietary patterns

Diets are determined by a number of individual andironmental factors. Ecology, culture, income and
other socio-economic status variables, are stratgrichinants, moreover individual attitudes andstijkes

are also central to food choices. Urban diets hait evolution are not uniform world-wide, but sotmends
appear to be universal, as they have been simitdoderved in vastly different settings, as theaase of
meat consumption and the preference for processmtsfand snacks prepared outside the home (Delisle,
1990). Recently, the growing sensibility to thelgyand the safety of food products, shown in jaitar by

the global North middle class, influences new gegterns including higher quantities and varietefresh

and local products (Morgan et al., 2006).
2.3.2  Hidden Flows: food waste

In the urban food system analysis, there are hididevs which have not been systematically investéda
until now. In our perspective, a hidden flow is floed losses that occurs when providing, distrilitand
consuming the food products in a given environnmentthe city. If goods and resource hidden flowsus
in almost all the commodities supply chains (seeThtal Material Analysié) in the case of food supply,

this phenomenon is even more relevant, due todhishable nature of food products.

Food waste is the difference between the food @ms®th from retail establishments or brought in from
outside the community and the food actually ingeedt®@od waste is created when perishable food that has
not been used soon enough is disposed, when irepdstions are removed during food preparation, and
when food is left on the plate after a meal. Fo@s$tes are disposed into MSW, given to a food bank o

rescue program, composted, or added to the sewwmsyhrough a disposal devigearvin, et al. 2000).

In recent times, food waste raised the attentigoublic opinion, and both academic and instituti@eators,
and it became field of research in most of indaBied countries. Typically, scholars developedregated
estimations related to the country food supply clfffRAP, 2008; Segre et al., 2010), depicting gjtetnte
assessment of the type and consistency of foocevgasterated at every stage of the national sugptem.
However limitations inherent the food supply dataniper food loss estimates for the consumer, retad,

foodservice sectors at local and regional level.

* According to the Total Material Requirement analy(8rigenzu, 2003), the hidden flows are thoseemials or waste
that do not enter the financial economy. To thepsaof our investigation, we translate this condegdbodstuffs which
actually enter the supply chain, but whose tradialis not provided at retailer and consumer Isvélood losses in the
retailing sector usually merge in “inventory shidgle costs”, which are identified as loss due takage, damage,
spoilage or theft, therefore no direct and effextivonitoring of food waste is assured. At consuampstage, the
typical consumer behavior is someway similar tortitailer management approach, not being awarkeofdal cost of
the wasted food.
17



2.3.3 Measuring the ecological impact of the urban food flow

To indicate environmental sustainability, there asgious models and indicators which expresses the
relationship between humans and the natural enwvieot. The linkages between the consumption of
resources, population growth and industrializatextinological development and how this relatesuo o
impact on the global environment have been setguthrlich et al. (1971). The model assesses tlat t
impact of a human population on the environmentlmathought as the product of the population’'s, sige
affluence, and the environmental damage inflictgd the technologies used to supply each unit of

consumption, and it can be simplified as:
Impact = Population x Consumption

A methodology developed on the basis of this foarialthe Ecological Footprint, which sets the niater
flows in the context of sustainability and providemeasure of the ecological pressure associatadhese
flows, by communicating this information in a wayat is easily understood by decision makers and the
general public.Developed in the early 1990s by William Rees andthidaWackernagel, ecological
footprinting has risen to prominence as an indicafeenvironmental sustainability, and has beeriegat
global, european, national and regional levElee components usually analyzed in the ecologmatpkint

are: direct energy, materials and waste, food gotdransport, water.

The food components includes the total food flowhimi a given area, considering the impact generbyed
the whole food supply chain for food consumed i llome and eaten out by the residents. On a literat
review, we observe that is the food one of the melglvant components in the cities ecological faotp

which usually accounts for 30% of city residenttat impact.

Alternative estimation of urban food flow and idative impact have been draft by Barlez (2007) Ritidn
et al. (2008) calculated long-term nitrogen flovesaciated with the food imports into the Paris.cCithey
detected the decreasing “food-print”, or area neglito support the nitrogen food metabolism of Rari

despite the increasing per capita nitrogen consompt

2.4 The urban food provisioning

The consumption and production of marketed foodspegially separated. Production is generally imlru
areas and consumption primarily in urban areasc€yal1994). This dichotomy become a steady and
peculiar element of our communities since the itdhlsrevolution has taken off, and the consequeaptd
urban expansion produced an equally rapid losgi¢w@tural land in peri-urban areas. In fact, tkaito the

technological changes in farming, transportatioth faod preservation and processing, food came frare
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distant places and from farms that were intensiweilfivated (Lerz and Jacobsons in Pothukuchi gt al
1998). Thus, the evolution of global food systeadiéo a process in which cities progressively disected
from the natural resource-base of their surrourglisngd from the productive systems that were adsokcia
with it (Pothukuchi et al.,1998). Even if the fosgistem become less and less visible, food itsetf wand
still is — abundant and easily accessible in mampesmarkets, food outlets, restaurants and fast péaces

in cities of the global North. As results, city idents and urban policy-makers generally take thod f
system for grant, and the food issue is not peeces problematic as housing, crime or transportati

Although this is no longer the case.

2.4.1 The urban food distribution system

The urban food supply chain is a complex systenadaivities, functions and relations where the actor
influence in a mutual way their decisions, and whdie local and regional infrastructure, faciliteesd laws
determine the supply chain performance. The adatordved in the urban food supply system are ecaaom
agents (e.g. producers, wholesalers, retailerd)liQinstitutions (e.g. city and local governmengsiblic
food marketing boards, Ministry of Agriculture, Nitry of Transport) and private associations (gagers,
transporters, shop owners and consumers (Aragrah@dé, 2001). Economic, social, legal, societadl an
nutritional factors weight on the decision processirban players, modifying market conditions amide

definition processes.

The goal of the urban food supply system is to Eneities to meet their food requirements, accaydothe
quality, quantity and hygienic conditions of theadbcontext (Bohle, 1994; Aragrande, 2001). In aities,
constraints are represented by a variety of consampnodels and food purchasing patterns typical of
multicultural and multiethnic cities, moreover liations are caused by obsolete infrastructure acititfes.
According to Aragrande (2001), all these elementiiénce the capability of the food supply chain to
respond to the city needs, which can be evaluatéetins ofefficiency referring to three main attributes:

- qualitative and quantitative: the capacity to sypplcity with the quantity, variety and quality of

food products required by the urban consumers;
« economic: the capacity to supply the required formtiucts at the lowest possible cost

- temporal: the capacity to ensure stable food seppver time.

To detect the food flows within the city and asgbedr efficiency, the whole system can be groujpetivo
subsystems: (i) the “food supply to cities” subsysthat includes all activities required to prodtmed and
bring it to cities: production (including urban fibgroduction), imports as well as processing, gra
packaging, transport etc.; and (ii) the “urban foligtribution” (UFD) subsystem that includes alirfml and
informal activities required to distribute food hih an urban area: wholesale, intra-urban transpodt
retailing (formal-informal and traditional-moderetailing, restaurants, street food, etc.). Conogrrthe
UFD, the food flows coincide with the market routetween wholesalers and retailers, caterers avdl fo

businesses at city level, as showed in the simplifliagram Fig. 2.3. The representation illustrétesrole
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of the wholesale trading system enabling farmetssappliers to sell in small quantities and puraigady
traders and wholesalers to be made in bulk. Tipsesentation is rather accurate for fruit and velgles
supply, nonetheless the marketing process for pseck food is more complex and usually entails the

participation of a wider range of players in thedahain (processors, importers, agents, distobutenters,
etc.).

Figure 2.3 The urban food distribution process péiined representation.

Source: Tracey,1994

The main players of the UFD system can be grouptrthree categories, according to the functioey th
play (Aragrande, 2001):

— WholesalersProduce and food products wholesale markets aneneocial and logistic nodes in the
food supply chain. The operators generally are ywecs, assemblers, importers, wholesalers,
processors and service providers (credit, stoliafgrmation and extension).

— Urban transport actorsA variety of actors realize the last part of tram$@nd delivery service in
the urban area, connecting wholesale (or distidinutenter or processors site) to retail sectorsyTh
are carriers, shippers, third party logistics pdevs, suppliers, producers, customers, i.e. food
services owners and retailers

— Retailers and food serviceShere is a wide and complex range of food busirsegsehe urban
environment, with different types of business, sgryvproducts. The receivers of food products and
fruit and vegetables are traditional/modern distiin outlets, alternative markets and flea matkets

restaurants, hotels, cafés, institutional and caowygafeterias.

20



Despite this simplified representation, the foogmwu and distribution chains are very articulatedfact
there are some actors which play different roldiff&rent phases, i.e. the wholesaler who delileesgoods

to the customer, or the shopkeeper who pick upabestuffs in his own.
2.4.2  Current trends in the urban food distribution system

In the last decades, the food retail industry leabaped itself at different levels, resulting iwde corporate
chains capturing a larger share of the retail ma®llin, 2003). In the urban area, this proce$s o
consolidation and growth entailed changes in tha fdistribution system with fewer, more concenttate
shopping centres, supermarkets and hypermarketse tdetriment of the grocery stores and publickestzt

In the past years, in our cities it was common lieepve two main scenarios: in the inner city theese
fewer and smaller grocery stores, with higher @ritean in their suburban counterparts, where, aseie
there was abundance of conventional distributiotletas (supermarkets, hypermarkets), offering higher

amounts and wider variety of foods at convenienaep (Dixon et al. 2007: 124-125, Luceri, 2009).

Nowadays, an innovative trend is appearing in thkah corporate retailing system, and a growinmber

of retailer choose to opesuperettg in the inner urban areas (Aiello, 2009; Peder20i10). These small
stores have an average sale area of Z5@nces are typically higher than at a supermaaket only one or
two choices are available. Even if supermarketdtiisa prevailing role in the retailing sector ésge 50%

of the market share in food Italian supply chasyperette model is increasingly popular. This bessn
model aims to respond to the current conflictinguessts expressed by different categories of urban
consumers with limited opportunity to so shoppingchar, i.e. elderly people, working single, low-amee
families. In fact, the shopping trends show an éasing interest for convenience food, but also more
popularity of healthy and local food and a prefeeefor ready to cook, ready to eat products (Morgfaal.,
2006).

The challenge for conventional retailer is to deséggbusiness solution which responds both to paiod
quality demand requests, balancing economies ¢ scivantages with specialty selection cbd#toreover
there at least two additional sets of constraintsckv entail the superette development: i) enviromiale
sustainable distribution services and stores, duéhé¢ current emphasis on these issues shown by the
consumers (Aiello, 2009) and ii) physical and dueall constraints occurring in the inner city aresbere
traffic congestion, transport regulations and ofs&olinfrastructures hamper the logistics servi€@satk,
2008).

A relevant example of this process is represenyeithd Emilia Romagna region’s retail distributiorstem.

The conventional retail sector shows a small beady growth in the market share, with an increasing

® The term “superette” intends a grocery store, arily self-service, offering all five major superrkat departments,
but smaller than a supermarket - having a sellieg af about 250-300n
® Transformations in the retailer food supply cHaémome common in recent years, particularly inhfr®duce supply
chain, through the inclusion of innovative spesiadiuppliers at local level (Dreier et al., 200&)dtey, 2008).
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number of convenience stores in the main citieghef region (Fanfani et al., 2010). By contrast, the
independent sector (small groceries, independertt &ores, public markets) is suffering of a desirea
market share, covering only the 36% of the whole aeea, but representing the 91% of the total arnof
food sale points (Osservatorio regionale del coneioer2010). The negative trend performed by the
traditional sector selling performance is engendidrg a variety of factors as urban dwellers congionp
and purchase patterns, lower prices offered byldlge retailing corporations, and, not least, iasneg
economic costs of supplying and distributing snogiéintities of products in urban environmeftginly

costs related to transport and logistics services)

With special regard to the fruit and vegetablgspuchain, we observe that decline in groceryestand
public markets in inner urban areas also parall#ilediecline of wholesale produce markets (WPMs3, td
their strong commercial relationships with the itiadal and independent sector and their limiteespnce

in the corporate retailing system. However, som& trends are shown at local level in Europe anthe
North America, where WPMs redesign their role idtohg renewing services as commercial and logistic
actor in the urban food distribution system. In sowkases, the restructuring process started by the
conventional retail system foresees a shorter gugmin, mostly addressing fruit and vegetables laodl
products, and thus include the wholesale produadehavith its primary function of “market placg€see
King et al, 2010, Morley,2010).

In other contexts, the WPM takes part to urbardfptanning projects and additional services related
urban food distribution and transport are impleradrite. San Francisco, London, Parma. Special esigpha
is given to the relationship between WPM and catesector, as hotels, restaurants and cafés (HoeRe.
In this case, the WPM usually performs or faciétatogistics activities, acting as consolidationtee and

optimizing the delivery services to these receivers

" Centralized distribution and economies of scalefdad transport represent a significant profit niarin the
conventional retailing sector (Hingley, 2008).
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3. City logistics for food products

Considering that urbanization implies that peomacentrate in areas (i.e. cities) which are aparhfthe
source of food, consumer products, and waste dispgportunities, urban community requires urbaodso
transport (UGT) to sustain it (Quack, 2008). Moreover, UGT is & kactor which contributes to local
economic vitality, urban life quality, accessilyiliand attractiveness of local community (Quack, &00
OECD, 2003). The relevance of UGT is now more avidean ever because, due to the rapid urbanization
and to the increasing movements of goods and peojties in the world are facing difficult problems
including traffic congestion, environmental issuagffic accidents, and energy consumption relatiog

urban traffic.

As result, it is crucial to manage the urban distiipn system and to conciliate economic efficiemgth
environmental and social sustainability. This tesgarticularly hard in case of food products ltigs since
perishable goods category entails additional pacebnstraints, as short lead tirad, hoctransport vehicles

and facilities, and articulated supply and disttitnu chains.

3.1Last mile in urban areas

City logistics incorporates the “last mile” or “final mile” of ¢hfreight delivery journey, identified as the
small scale distribution of goods in urban enviremt This part of the freight transport systemfierothe
most expensive since economies of scale diminishn fthe point the vehicle has left the road network
(Lewis, 2005) The “small order problem” consists in deliveriggdacollections often comprising a small
number of parcels, and hence commercial vehiclesatg below their maximum carrying capacity (Quack,

2008) and empty runs accounts for a significant giatotal kilometers-vehicles.

® The OECD defines the urban goods transpofThse delivery of consumer goods (not only by retailt also by other
sectors such as manufacturing) in city and subura@as, including the reverse flow of used goodsims of clean
waste.”(2003).
° Eisele et al. (2000) describe as CityLogisticsall. co-ordinated measures comprising logisti¢emion anddelivery
activities of logistic service providers in urbareas that aim at theduction or prevention of commercial traffic atsl i
negative externaffects.”
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This freight atomization results by the demandrbfam distribution sector: the receivers usuallytheelarge
numbers of businesses, shops, commercial and ssrdictivities representing the economic structdre o
urbanities. Their goods provisioning process haoime even more problematic due the recent charfges o
structure of transported goods (e.g. the increasmpgrtance of flexibility in time and place) andamges in
production and storage strategies (e.g. just-ir-tamliveries: higher delivery frequencies, limitstdrage
space). The resulting scenario is a variety oficled circulating within the city without co-orditan.
Figure 3.1 shows typical urban transport pattenas tall for synergies: each vehicle serves magotspof

the city (some even several cities) within the samuge, delivering or collecting only small consigents at
each stop.

Figure 3.1Urban transport patterns calling for synergies

Source : COMIU, 1996

Since urban congestion arises and leads to timemamey losses, companies show interest in newignfut
achieving more efficiency in the delivery processpecially by reduced vehicle miles travelled agsk|

heavy vehicle traffic in sensitive areas (Hess85)9

The business side is not the only one concernatiédoyrban freight transport problems. Politiciand tcal
administrations (lead by the public opinion foree¢ aware of these critical issues, which have @oa)
environmental and social consequences in the difleaiCity planners look for strategies which mdkeight
transport more efficient, more sustainable and kegsensive, through a combination of economic and
ecological incentives (Spinedi, 2009). Severaliatites of city logistics are proposed and actually
implemented in some cities including advanced méfion systems, cooperative freight transport syste
load factor controls, new freight transport systemi€. One of these actions is the creation of urba
distribution centers (UDCs) which are logistic fidatns located at the edge of the city and whichrealuce

the current inefficiency by bringing together diffat parties engaged in “small orders” distributiton
collaborate in joint-deliveries (McKinnon, 1998hdeed, UDC success depends on the cooperation among

the various actors of the city logistics system,cwhare the receivers (i.e. shop owners), carréard

24



transport operators, local authorities and res&ldvibreover a certain frame for city logistics, ggivby the
local and regional economy, the transport infrastme, the surrounding environment and legal corf
strongly entails the UDC'’s potential contributiam the city logistics optimization process. This qbax

network is shown in figure 3.2.

Figure 3.2 Main Actors Relations and Effects inaurlireight transport
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The opportunity to develop an UDC has to considdramly the need of various actors to collabordgive
work together (public private partnerships are radéd¢), but also the physical structure of the aorba
environment in terms of accessibility by the regilcaind national transport system (by road, raitateetc.),
local infrastructures, and existing facilities aedminals. This aspect is crucial because withiiesiand is
not an issue anymore. As common feature of citieglirope, we observe that urban land for logistics
activities is not more available and, thus, thesfaw chances that logistics operators locate teeaininals

in the vicinity (Dablanc, 2010). Most likely theigin of their trip will be at more than 50 milesoim the
inner city generating an increase in the vehiclesriravelled. However, a response to this urbad teficit
for logistics activities arises by the identificati and renovation of existing premises/terminalgirttaa
logistics potential as urban distribution platfommt expressed so far (see Vaghi, 2009). We congide
case of the wholesale produce market, especiallpdoshable goods but also for other supply chaa®ne
of the most relevant potential players in this scen

3.1.1 Transport and logistics for food products

In the global marketplace, time and place represgmtamental variables, as explained by Henskett:
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“When is aefrigeratornot arefrigeratof. . . When it is in Pittsburgh at the time it &stted in Houston.”

James L. Heskett, Nicholas A. Glaskowsky, Roberti¢, 1964

This statement is correct in general for the corsugoods distributed in the global commodity markeit
it is even more evident in case of food productsictvare perishable and require timely delivery eactful
handling - including temperature control and caplirto preserve the quality and to prevent spoilddmis
food, especially fruit and vegetables, is differsom other commodities and nead hoclogistics channels
able to guaranteeing product quality requirementdirie with international regulations and markedesi

expectations.

The relevance of perishable goods logistics hagased considerably over the years, concurrently thie
agri-food market and trade globalization, and, assequence, the food transportation and logististsc
accrued too (USDA, 2006). The whole food transpimmachain transportation covers a relevant rolniwi
the full costs of supplying food products, whiclklirde labor, packaging, energy, profits, éccording to
the study of the USDA, transportation representtttie biggest part of the total food marketingl,béls
depicted in the figure 3.3.

Figure 3.3 Components of the food dollars in 2006
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Due to the current economic crisis, there are gimmmitments by the supply chain operators ataiedu
transport costs, together with higher margins fadpcers and reduced transport externalities. Alghahe
process of planning, implementing and controllifiiceent, effective flow and storage of perishalgieods
requests additional cooperation among all the fduain actors, because many subsystems of logestecs

undergoing a process of “fragmentation” limititng implementation of a comprehensive planningeggat
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In fact there is an increasing demandfiafquent deliverieswithin systems of just-in-time and ‘quick
replenishment’, that creates continuous flows aidgoto and from food companies. Moreover the nagtbw
time-windowsjn which goods need to be delivered, pose newantges to the planning and coordination of
distribution. Technological developments, econongressures, and the improvement of transport
infrastructure have together shaped customers’ aapens concerning quality of service, prompting
companies to adopt more customer-oriented produsti@tegies, and further reinforcing the trendeaais a
‘flow society’ (Defra, 2005).

3.1.2  Renewing the role of wholesale market

To enhance UFD efficiency and to improve the nekwof producers, suppliers and retailers, city-
governments provide infrastructure, facilities guiblic utilities where marketing and logistics aities take
place. This is the case of fruit and vegetableslegade markets. Historically, they covered the aile
network shaping agerit the urban food supply system, grouping local aegional producers, and
assuring direct links with urban retailetdere there is a brief description of wholesale raiskscope
edited by J. D. Tracey-White (1994) in the “Wholeddarket - Planning and design manual”.

The fundamental objective of wholesale markets is\prove efficiency in the food distribution
pipeline. By centralizing transactions at a sinlgleation, reducing the period for transactions, and
separating wholesale and retail functions in th&trilbution system, wholesale markets promote
greater transparency and better price formatiorotigh a clearer interplay of supply and demand.
Storage and handling conditions are also enhantaatling to significant reductions in post-harvest
losses (by about 30 percent in European experierspgcially in the case of perishable

produce.[...]

Wholesale markets were built adjacent to city @s)ttocated at a focal point of the inter-city
transport facilities and close to the main retagjliareas. Population growth, changes in urban land-
use patterns and the development of modern trahspsems have all had an influence on the

suitability of existing and proposed wholesale reaidites.

According to this description there are two crugiaints which are still crucial almost ten yeareda(i) the
WPM'’s contribution to thefficiencyin the urban food supply chain — mainly for frand vegetables — and
(i) its strategic locationin the city environment. These points represeatkby elements having direct

effect both on the urban food planning strategies@ WPM's market performance.

The challenge deals with re-design WM’s managenigngiving priority to the current requests about
market efficiency for sustainable food and sustalmdogistics at urban level. Concerning the maiked
management services, the main components are codmladn, network design and telematics, while

concerning the sustainable logistics, the serviwas to facilitate greater capacity vehicles, outhofirs
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delivery, optimization of delivery route, havinglaect impacts as lower carbon footprint, bettercaiality

and less congestion (Palmer, 2007).

Shifting from a traditional WPM to a renewed markgPM, new organizational concepts that are now
discussed by researchers under the model knowregienal and/or alternativéood hubs(FH). FHs

potentially represent an organizational model mantpagggregated food supply for the urban context,
providing adequate volumes and services, and imguddditional environmental and social dividends

associated to the sustainable food systems. Thidngodefinition proposed by Morley and Morgan is:

Food Hubs are partnership based arrangements tbatdinate the distribution of a range of food prothu

from producers of a uniform provenance to converaior hybrid markets.
Morgan & Morley, 2009

FH can be an existing supply chain infrastructptaying a new or renewed role as alternative
intermediaries, FH can be wholesaler led, retdddr public sector led, producer cooperative leddpcer-
entrepreneur led’he FH core components are:

— Aggregation/ Distribution — Wholesale

— Active coordination

- Permanent facilities

According to Palmer, successful wholesaling regquaiegood balance between small-scale and large-scal
suppliers and a diverse mix of customers to protheebest marketing option for each grower’s frAg.the
supply base continues to consolidate, alliancest rhasbuilt with large national and regional supply
organizations while at the same time, relationsimpst be maintained with small, high quality proehsc
Among the WPM customers, there is a growing nunolbeetail chains. Servicing the supermarkets reggpuir

a high level of quality assurance, supply planntrejsport, logistics and business managementoBirast,
servicing the independent stores requires attemtiatetail and developing good personal relatiqushand

logistics service too.

There are crucial components such as marketinghargtional and technical elements which deterrtiiee
performance of the wholesale market at both comialeanid logistics levels. Going further in this dde

function perspective, the FH should be able togratte logistic urban networks and to provide s&wito
achieve a high degree of collection in the goodwdl, in order to supply efficient transport frone ttmarket
area to the city centre. By doing so, the FH day the logistics role ofirban distribution centefor food

products (it can be only fruit and vegetables, piddly, for other food and non- food products)yvimg as
principal advantage the alleviation of local enaimeental and traffic concerns in urban areas byessing in

the load factors of commercial vehicles dedicatefbdd deliveries.
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3.2Urban food distribution’s environmental impact

Reducing the transport inefficiencies is partidylairgent because transport — mainly road transpag
responsible for about a quarter of the EU's greesh@as emissions. The European Environmental Agenc
(EEA) estimate that 12.8% of overall emissions geeerated by aviation, 13.5% by maritime transport,
0.7% by rail, 1.8% by inland navigation and 71.3¢94&ad transport (2008).

Concerning pollution at urban level, road transgtioh is the largest source of local air pollutasiish as
carbon monoxide (CO), sulfur dioxide (§Coxides of nitrogen (NOXx), volatile organic conyoals (VOCS),
and particulate matter (PM). These emissions anergéed by cars, light and heavy commercial vegjcle
account for 40-80 % of air quality problems inestand megacities both in developed and in deiredop
countries (Ghose, 2004).

The European Commission (EC, 2006) predicts thatiticrease in the volume of freight activity will
continue to drive C®emissions upwards, despite the expected efficiampyovements in terms of tonne-
kilometres per unit of GDP and energy use per tdmmeAccording to the White paper on transpdrthe
European transport sector has to reduce at ledst @0Ogreenhouse gas emissions by 2050 compared to
emission levels in 1990. In particular the urbamsport has to achieve a big shift to cleaner aadscleaner
fuels, phasing out ‘conventionally fuelled’ vehiglen urban transport and promoting a &@e movement

of goods in major urban centres by 2030.
3.2.1 Light commercial vehicles: use and performance

Most of UFD deliveries are operated by light comeredrvehicles (LCVs) and their activity has increds
substantially over time. This has come about assaltr of the suitability and versatility of LCVsrfa wide
range of goods and servicing tasks, and due tardfiic restrictions in city centers on heavy comaoie
vehicles. Even if this type of vehicle provides matdvantages in terms of logistics and organization
performance, it usually consume large quantitiefossil fuel, and also generates the release gifidri
guantities of pollutant emissions (PM, CO and N@dmpared to the petrol engine vehicles of the same
category* (see table 2.1). This substantial contributiomahmercial vehicles to air pollution is confirmed
by international findings that suggest that oldersedl vehicles, particularly vans, are responsfblea

disproportionate amount of pollutitin

2 The European Commission adopted the “RoadmaySingle European Transport Area — Towards a coniypetind
resource efficient transport system” in March 20COM(2011) 144.
11n 1989, the International Agency for ResearctCancer classified diesel exhaust as a probable mgarainogen.
12 |nternational studies reveal that a small numbepaorly maintained diesel and petrol vehicles dbote a
disproportionate amount of pollution. For exampieQalifornia, these vehicles are classed as ‘gpadlsiters’, and
although they represent only 10% to 15% of all glgs, they are estimated to be responsible for ri@e half of all
vehicle emissions.
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Table 3.1 LCVs Pollutant emissions — Petrol andsBliengine.

Type of LGV & Year Carbon monoxide Hydrocarbons Ozxides of nitrogen Particulates Carbon dioxide
Petrol LGV

pre 1994 136 96 94 19 111
1994-1997 20 3 19 2 140
1998-2000 5 2 16 1 143
2001-2005 + ! 7 1 136
2006- 3 1 5 1 128
Diesel LGV

pre 1994 10 19 8l 187 143
1994-1997 5 9 a3 51 143
1998-2001 5 9 &0 33 143
2002-2005 3 7 45 37 131
2006- 3 4 23 24 122

Mote: Petrol LGVs pre 1994 were without three way catalysts. Petrol LGVs have had three way catalysts since 1994,

(Source: DT, 2008)

As it is clearly shown by these data, the use 0¥£@s main solution to distribute food productsiiy area

need

a shift to environmentally less-damaging marfesansport and technological improvements in the

performance of road vehicles such as gains indfiigiency and catalytic converters.
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Defining urban food transport policies

Related to the food transport and logistics issaggpwing concern for the environmental and sasfifcts

generated by the urban haulage of goods has letldod national authorities, together with compsiaied

transport operators, to promote actions for an awpment of the associate logistics. Maunsell (2007)

proposes to focus on the four areas of intervention

the potential impact of consistent implementatibeasting best practice on food transport logsstic
efficiency;
opportunities for reducing the external impact$ooid transportation by improving local supply and

distribution networks;

opportunities for improving transport efficiencyraligh step changes in transport methods or

infrastructure; and

the potential impacts of changing regulations ajisiics.

Concerning these topics, the European Commissighlights five main approaches to the adoption of

environmental concerns in freight transport (Euesp€ommission, 2001):

1. reducing the impact of freight through cleamternative fuels and improved truck design;
2. driver training and behavior;
3. improving vehicle utilization by increasing lo&alctors, utilizing new information technology,
improving routing and collaboration between compani
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4. switching to more environmentally-friendly mogesd

5. city logistics

According to these objectives, it is urgent thaligyomakers at local, regional and national lea#nitify
policies and measures that compel companies to gehaheir actions and thereby become more
environmentally or socially efficient. These mea&suinclude traffic management schemes, land usegon
infrastructure developments, licensing and regoatierminals and distribution centres, road pgcand

taxation.

3.3 The gap: how to evaluate the urban food transport environmental efficiency

At present measurement methodologies helping pobder to depict urban food distribution functioning
and performance are missing. There is an urgerd teédentify these kind of tools, in order to aagt
processes of change and modernization occurrirtbansupply chain system and then identify integrate
policies and interventions which the community plars must adopt in the short, medium and long terms

order to meet urban food requirements adequatelypegserve life quality in urban environment.

Most of the existing methodological tools focus faight transport issuesr on food supply chain
sustainability issues. According to my preliminamyestigation, only few indicators, for the examphe
“food miles”, includeboth components in the research approach, rmonte — provides a comprehensive

scheme to detect the transport of food in urbaasare

City logistics evaluation topics deal with the distition rationalization policies and the assodag@al of
enhancing the quality of life in cities through wedd vehicular traffic and negative environmemgpacts.
Two questions are thus particularly relevant i tieisearch: (i) where and how to perform the casatdn

and coordination activities and (ii) what vehicid®uld perform the transportation activities (Cigi2007).

31



32



4. Methodology

To understand the key elements and the functionfripe food supply system in urban environment, we
refer to the “urban food metabolism” concept (Bohl@94), describing the city as a complex organisth
a the metabolic process, that transforms food flowsuman biomass and waste. In our study, the hicaie
been adapted to examine the urban relationshipgekatfood chain actors, citizens, and food flowsmf a
logistics point of view. Thus, we apply this modelexamine three sub-systems, such as the urbah foo
supply, the food distribution, and the urban foedndnd in two cities. In practice, the selected @sees we
investigate are: (i) the urban food provisioning, ttansport and (iii) consumption, and our metblogy is
intended to provide means to:

— estimate the daily food supply by the food busieesnd food services;

— estimate the daily food demand by the city popofkatind people temporary fluxes;

— evaluate the urban food transport performancanftependent retailers and Ho.Re.Ca. operators;

— evaluate the environmental impact of the urban fo@hsport, related to the different logistics

measures.

The identified approach enables at mapping theiegitnteractions and food flows, detecting theratiag
characteristics of urban food transport sector, evaluating its environmental impact in the urbasaa.
Finally, this methodology aims at defining a basial that help policymakers in assessing the enwiental
sustainability of different logistics measures tethto urban food transport. Following this applgatevo
case studies on urban food transport are examihedtities of Parma and Bologna located in the Bitey,
in the Emilia-Romagna region, which is NorthernyitdParma and Bologna are two medium-sized cities
which can be identified as twaverage cities, as representative as possible of urbanctstre and

organization in the contemporary Italian landscapel, eventually, in the European one.

This chapter is structured as follows. Section flirmes principal features of the urban food requieat,
such as demand and supply of food products by thelewcity. Section 2 describes the urban food

distribution system finalized to “at home” and “afthome” consumption, and the key concept of thst"
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food mile" is introduced in section 3. The develgminof the methodology to study environmental intpac
of freight transport is described in section 4.tBec5 and 6 describe the selection of case stuahesthe

data collection procedures. Finally, general assiomp are stated in section 7.

4.1 Mapping the urban food metabolism

In our research, we set the boundaries of invastigdo selected processes of the urban food sgstem
identified as demand, supply and transport of fesothin the city: we investigate how these flows are
interlinked and who represents the driving fordegarticular, we focus our attention on the lagssector
involved in the food distribution system, analyzihg role of the main actors and their relevandhenfood
distribution chain. Among the players, we centreciiy dwellers and city users, suppliers, retajlenarket
operators and logistics providers which take parthe food system and set the basis for the cibd fo

provisioning.

Cities are social and economic centers of commamiind generate a complex interrelation of funation
environmental and social aspects. Daily, peopleiggrfrom the peri-urban and regional areas trawehe
city for a variety of reasons, including work, sgughopping, business and socializing. These ti@ysi
flows are defined asity users(Martinotti, 1993) and, together with permanent é&&mporary residents and
tourists, they provide a complete picture of pedpkeng part to the city life, by utilizing goodadservices,
and patrticipating to the socio- economic city nekso The issues of feeding inhabitants and citysjdsy
guaranteeing the food access, are highly depermdiregmix of urban policies and local interactiosisgh as,
commercial opportunities, regulatory conditions,vasl as transport services and infrastructureseséh
elements contribute to shape the urban food systainset the frame in which food supply chain actors

operate.

4.1.1 The urban food system

In this section, we describe the methodology torege the total amount of food requested by andlabla
to the population, drafting a sort Ahnonafor the selected cities. In ancient Rome, Ammonawas the plan
of all means of subsistence, especially grain dtdre the public granaries, for provisioning theycit
(Chisholm, 1911). Thus, th&nnonawas a planning tool used by Roman governors toagee the supply

and the distribution of corn requested by capéaldents.

The urban food system is investigated from the aelsapply perspective, as showed in Figure 4.1.The
demand of food considered in the study is the daigrage amount of food consumed by residents ignd ¢

users, and the amount of food waste generatedeny th

3 In many countries studies have estimated thetijyari food wasted by households; it results lmasistent portion
of the total purchased food, between 20% and 30&b,go to the disposal sites. The first repbhie food we wastéas
been drafted by WRAP in 2008.
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In ltalian urban areas, except for a very small amatfifood grown with own urban vegetable gard™,
most of the food is purchasetirough a variety of commercial channels, dependingthe at hom
(supermarkets and groceries) or out of hoHo.Re.Ca. and caterirggrvices) consumption. The full urb
food supply intudes the amount of producsold by the food suppliers, and the amoununsoldor wasted
food (Segré et al. 2011). The volume of food préslumanaged by the urban food suppliers at

distribution stage provides the total amount ofdf@dich daily raches and circulates in the ci

Figure 4.1 Urban food system
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4.1.2  The urban food supply

In this section, we describe the methodology tessthe urban food supply, which repres the total
amount of food available for purchast a urban environment, the tefimod includes all types of food ar
beverages ingested by humans and the wastes dsdowith discarded food. Food items are countegbat

of flow as they would appear in a retail store, whethehfia in processed fo..

To describethe main features of the distribution supply systenbriefanalysis of the urbi marketing
channels is drafted, identifyirtge highly complex and fragmted supply chain in modern cities. The url
food availability figures are based ore food demand and they include an estimation oftheunt of fooc

wasted or unsold by the food out™.

*In Italy, urban agriculture has recently gained reention, but its role in the urban food provisiw is (still)

minimum, due to the limited green spaces availalilein the city centers (Galli et al., 2010)

15 A certain amount of food in the retailiand catering sectors wasted or unsold. Studies and researches igesd

the “food loss”occurring in different types of business modelsdifferent stages of the distribution chaln our
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The distribution system can be grouped in threeketanodels: (i) corporate retail, (ii) independestiail,

(i) alternative channels (see USDA, 2009), aswahadn table 3.1. We consider corporate retail the
mainstream points-of-sale as hypermarkets, supkatgr discounts, and superettes; the independent
retailing system includes grocery stores, corn@pshand specialty stores, and in alternative cHarare
comprised flea market, on farm retail, farmers ratgland community supported agriculture initiatives
depict the whole urban food supply, we choose tdude self-production by home gardens and public
gardens within the city limits, due to the renevie@rest by city dwellers in home grown produce.i/h
detailed data are scarce on urban horticulturesireldped and developing countries, FAO (2010) aleser

as common trend the growing quantity of fruit aedietables production in the urban and peri-urbaasar

The available data on the Italian food market ttigtion show the dominant position of the corporate
retailers, which reaches almost 78% of the marketover, with positive trend in the past years. &loners
prefer shopping in the mainstream channels, witfn liompetition among hypermarkets, supermarkets and
discounts, although superettes are becoming manacte for city consumerdiraditional small grocery
stores and corner shops - identified as indepemééal system - which historically constitutedital part

of city life in Italy, now reaches approximately%®f the whole retailing market (Emilia Romagna iRag
2008). In fact, the independent sector is facirgyaving loss of market share and a general dedatirtbe
number of stores. Alternative channels, such aferdifit forms of direct market for specific products
(organic, integrated, regional, artisanal, etcxpegienced an impressive growth in recent yearsvdvyer

they still handle a relatively small portion of ttegal product demand (around 2%).

Table 4.1 Urban food retailing system

Urban population food supply — at home consumption

) °  Hypermakets
Corporate retail °  Supermarkets
°  Superettes

° Discounts

_ _ °  Grocery stores
Indipendent retail °  Corner shops

° Health and Specialty stores

°  Flea market

Alternative channels °  On farm retail

°  farmers markets

°  PYO —Pick Your Own

°  CSA-Community Supported Agriculture
°  Home gardens

Self production °  Public vegetable gardens

Source: my elaboration on USDA, 2009

analysis, we elaborated estimates on Last Minutekéalata collected through food recovery projécta variety of
food outlets and services in Italy.
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This design sketches out the complexity of supplgirs of the retailing system, for food productelfized
to “at home” consumption. With regard to “out ofnhe’ consumption provided by food businesses, ifetab
3.2 we illustrate the three main distribution chelanof the food service industry: (i) Ho.Re.Cai) (i
institutional food services, as canteens in schomddleges, hospitals, etc., (iii) and corporatéetsia

providing food in offices buildings.

Table 4.3 Urban food catering system

Urban population food sourcing — out of home consuption

Ho.Re.Ca. °  Hotels
° Restaurants
° Cafés

Institutional food services | © Schools
° Universities
° Hospitals

°  Prisons
° Military bases
Corporate cafeterias Canteens in factories anckdbuildings

Source: own elaboration

In the food services scenario, it is possible stigiuish between the “organized” Ho.Re.Ca. chaandlthe
“non-organized” channel (Ponce-Cueto et al., 2008g first is the one established, for examplehwime
hotel chains (NH Hotels, etc.) and restaurant chéidurger King, McDonalds, etc.). The second type,

“non-organized” channel, is the one that suppliealkbars and restaurants, some hotels, etc.

4.1.3 The urban food demand

In this section, we describe the methodology torede the daily food demand figures by the citye Thod
demand is calculated on tper capitafood requirement multiplying by the total flows éople which daily
live the city and use goods and services. Thenatheunt of food finalized to at home and out of om
consumption is estimated for the two case studieshe basis of two assumptions:
1. there are no daily or seasonal changes in Panch@ologna’s population flows.
2. the cities of Parma and Bologna are identic#théoltaly and on for the following items:
- mass of food consumed and purchased on a pea ¢eg3is
- food wastes generated on a per capita basisrébedmposting and food rescue programs)

- consumption pattern (out of home/ at home consiompabits).

- Individual food requested

The human daily food purchase is estimated on #seslof consumed and discarded food studies desgrib

ltalian food consumption and waste habits

16 Consistent data on the amount of food and drinktevgenerated by the Italian consumers are mis§img available
figures are estimates on the value of the wasted {&\DOC), thus we elaborated these figure. Thera ilarge
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- Urban population flow

To estimate how many consumers are circulatingpéncity in a working day, we analyze the peoplevio
constituted by: permanent and temporary residemtfts sleeping tourists, and city users (employees

business-persons, one day tourists etc.).

The consumer patterns are very different amongwhele urban population, thus the main trends are
investigated, distinguishing on population groupsl @onsumption habits. In order to calculate thelto
amount of food request at urban level, we choosdiviole urban population in two main groups - iyh
overnight or not in the city. The first group catsiof permanent and temporary residents, nigeepsig
tourists, and we assume they purchase and consienantire amount of food they need within the Cltye
second group includes the city users (commutedegsional consultants, one day tourists etc.), wad
assume they consume in the city only the half eftdtal amount of daily food requirement. For exEmp

commuters most likely will consume lunch and, eually, breakfast in the city, and dinner at home.

Consumers purchase preferences centre on twomaket systems, according to the type of consumptio
at home and out of home. In the first case, theswmer buys food in chain retail, independent retain
alternative channels, in the second case the suppdire hotels, restaurants, and cafés, institaltifood

services and corporate cafeterias.

4.2 The urban food distribution: logistics features

Food outlets and stores have to receive their gootisie and in the right amounts. According to remmic
and physical criteria, as the type of businesse tgp products, store location, etc., different rilisttion
schemes are implemented. Here, we report a brssfrigiéion about the logistics operations with refere to
the type of food business, distinguishing betweistridution finalized to “at home” and “out of hofne

consumption.

4.2.1 Logistics systems for distribution finalized to “at home” consumption

Retailing is closely linked to the distribution sacwhich includes wholesale and warehouse supmpiyns
which support retailing through the storage andvde} of goods to stores. Different retail outlefisgm
national chains of supermarkets through to locahes shops, utilize a range of distribution system

according to types of products, market integrasind supply chain network.

contribution from fresh produce — fresh fruit, viad#@es and salad - and other highly perishableummsdbakery, dairy,
eggs, meat). Our estimates for the Italian systensianilar to the figures presented by the Wrapsfor the UK food
system, which estimates on 22% the householdsi@ste.
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- Corporate retail distribution system

Corporate retailers developed centralized suppiyrcmanagement systems to efficiently manage staocks
monitor the flow of goods and to coordinate inbownd! internal logistics. Thanks to the information
technology support and to the coordination withrotel partners, as suppliers, intermediaries, -{hertly
service providers, the logistics management ofspable products procurement in the retailing system
reached high consolidation rates and, thus, césttefe performance. In particular, the existindivdey
scheme between distribution centers (and supplemelmouses) and supermarkets provides timely order

fulfillment and economies of scale savings, rates.

Although there are not only full truckload restoakisupermarkets. In almost all the mainstream paifit
sale, there are increasing amount and varietideanf products sourced by local producers and sefspli
addressing the current consumers preferences. Treskicts are usually bakery, diary, and selected
varieties of fruit and vegetables. The day-to-daisbn with these suppliers are managed at lowal |dy
supermarket managers, and the logistics activitidize the direct store delivery scheme. The reisuikely

to be a consistent numb&iof separate small deliveries, suffering the tybicefficiencies oflast mile

logistics operations (empty runs, non-optimizedesuetc.).

Finally, after an explorative analysis of the mé&@am distribution mechanisms, we observed that the
distribution strategy adopted by the corporateilretp system is essentially cost-effective and ryost
optimized through centralization measures. Howetiere are opportunities to improve the logistics
services for those goods sourced locally, whicheggnt a growing percentage of market share iniban

food supply chain.
- Independent retail

Independent retailers have usually limited stockhagement and logistics activities, and their distibn
system reflects the atomized and fragmented sugh@in scenario peculiar of small and medium enisgpr

of food sector. The resulting transport and loggstiperations present inefficiencies (i.e. emphsrwld and
high fuel consumption vehicles, non-optimized reutetc.) which strongly entail the business pertoroe

and constitute higher management costs and, thdace their economic margins. Many corner shops and
grocery stores are attempting to reduce logistiastsc by shifting to self provisioning deliveriesdan
consolidation operations, but the high competitiml the lack of coordination initiatives limit sessful

results.

" The centralizedhub and spokelistribution network enables efficient retail opons thanks to highly consolidated
deliveries at distribution centres into full vel@idbads.
18 |t depends on specific provisioning system adopitgaeach retail chain, however - according to otgioal data
collection- in a medium-size supermarket there ban15-18 small deliveries per day, managed throlignt
commercial vehicles by local and regional suppliers
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- Alternative channels

Products from local and regional farm are markeétedugh local food supply, articulated in a variefy
trade circuits, i.e. farmers markets and box sclseinecal food market usually requires that bothdpicers
and consumers travel in order to distribute andipase local goods. Different studies have beemecaout
to depict the fragmented and complex scenario @rradtive retail distribution (Winter, 2009; Hingle
2009); however structural differences occur ingpecific types of alternative channels, and gerzatidns

are not reliable.

4.2.2  Distribution and logistics systems finalized to “out of home” consumption

Out-of-home consumption is fast growing as segnmenirban food supply system, alad hoclogistics

services are required by food services operators.
- Ho.Re.Ca.

In modern cities, Ho.Re.Ca. is a fragmented andygghically dispersed channel, demanding for esl/at
logistics requirements, such as small and freqdeliteries of perishable products in congestedugraas.
Moreover, from the food supply side too there ighhatomization, due to the presence of small local
distributors and manufacturers. For these readis physical distribution of products presents kimi
features to the independent retailing distributgmheme, and in some cases, the logistics chanmels a

actually the same.
- Institutional food services and corporate cafeterias

There are some characteristics of foodservicerttee it unique compared to distribution and logsstf
other food supply chains, in particular: preparezhiis highly perishable, requiring to be handleapprly
and fast during the delivery activities; demand ffmyd occurs at peak times (around breakfast, luaod
dinner). Most of the foodservices adopted a cedm@rdl system, which consists in a by central food
production facility where the food is prepared & there transported to external locations (Btgslor
receiving kitchens). The centralized system is comnm Emilia Romagna region, where centralized

foodservice systems are implemented in schoolgitads, prisons and other institutional bodies.

4.2.3 Selecting the distribution systems to investigate

In this study, we focus on the urban distributigatems of adopted by two sectors: (i) independetailers,
and (ii) Ho.Re.Ca. industry, through the analydithe case studies for the cities of Parma and @@o
Italy. We choose to investigate these sectors feargety of reasons. First of all, independentitetad
Ho.Re.Ca presents structural and organizationdlasities and the actors in both sectors are ienected
at different levels, therefore parallel analysigilftate a broader comprehension of food supply and

distribution systems.

40



The corporate retail system is not included evdhéfe are ctain logistics process which are relevant in
the urban food digbution syster. Thus, the redesign of the distribution network this commercia

channel should be further investigat

Due to the scarcity of data and the relative lichighare of alternative channels in the whole u
availability, in this study w do not investigated the distribution and logstystems of alternative for

supply channels.

In the institutional food services and corporatéetgaia system transportation and logistics are cruc
issued, in factelivery schedules must coordinatd in order to guarantee the prepared meals inigfme
place at the right moment. For this reason, theibligion and logistics activities in centralizeabfiservice

systems are mostly optimized and efficient. Thawretbis sector will not be incded in this study.

4.3“The last food mile”

At different phases of tharban distribution syste, logistics and transport implement and con the
forward flows of food products ancrelated information between the point of origin athe point of
destination. The figure 4.8hows the main processes of urbanfood chain and the related transg
functions operated by commercial vehicles: fromalowarehouses, wholesalers and suppliers faci
foodstuffs are transported to urban food retaiing catring operatorgcorporate and independent retails
Ho.Re.Ca., institutional food services and busimesgeens), «-called “last mile” logistics. Theradditional

transport operations are needed from food outtetise landfill and to the food reuste.

Figure 4.2 The urban food flowFeocus on transport activiti

Indipendent
Retail

Source: owmrepresentatic
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4.3.1 Definingthe last part of the food supply chain

In this study, we focus on the “last mile” logistimotably for retailing, often consists of LCV idelies
taking place over short distances, reconciling maustomers and a variety of shipments. The “las’ns
one of the most important yet problematic partshefsupply chain. First of all, the small scaleribstion
of goods in urban environment is the least efficjgart of the supply chain due to the high atonmzabf
receivers and to their increasing requirementsrbgtgr constraints in terms of service, as timedale and
number of deliveries (Lenz, 2004). Secondly, bdlsidghe high degree of “empty running” implies extr
(high) costs. The figure 4.3 represents how thergodity chain is interconnected at different levelsibal,

hinterland, regional, and local, through diverggidtics nodes.

Figure 4.3 The “Last Mile” in freight distribution

Massification < > Atomization

Frequency
Capacity
GLOBAL HINTERLAND REGIONAL | LOCAL

Shipping Network Corridor

Customer

inland Distribution ‘Last Mile”

Gateway Terminal Center

Source: Rodrigue, 2009

Within afood milesanalysis (Pirog et al. 2001; Coley et al., 2000,investigate only the final part of the
food supply chain delivery and we identify the eamimental impact caused by urban food transport, in
terms of air pollutants. For this purpose, we defihe concept of “last food mile”, being an expi@ss
combines thdast mileandfood milesconcepts, and we use it in the study to facilithteecomprehension of
our research. Conceptually, merging city logisticgl food sustainable system concepts leads toecentr
the sustainability of urban food transport, anddétect the multi-level interconnections existingwaen

these two research fields.
The working definition of what we have termed “lésbd miles” is as follows:

“Last food mile” refers to the physical distributicof food occurring in the last part of food supphain. It

refers to the final delivery of perishable goodsitban food outlets.

The “last food mile” includes logistics criterialaiged to the efficient and effective distributiochemes,
related to the economic, environmental and socistiesnability of urban communities. It usually csts in
small deliveries managed by transport operatorssapgliers, wholesalers and distributors, and @sself-

provisioning operation, by shop owners and foodilerts.
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4.3.2 Variables to describe the urban food transport performance

The urban food distribution scheme is differentaadog to the type of supply chain it relates with the
case of independent retail and Ho.Re.Ca., it corscarwide variety of retailing activities, often sxhall
scale (single store), where logistics operationadtien informal activities. In general, food outleteed high
frequency deliveries, usually on daily bases, mtedi by diverse suppliers. It is usually observed a
predominant use of own-account delivery vehiclegh(trucks, vans) or self-transport operations bgps

and restaurant owners, resulting in high use ot lepmmercial vehicles within urban environments.

As LCVs perform a greater proportion of their véditrips and vehicle kilometers in urban areas than
HGVs, they make a greater contribution to urbangestion than HGVs. Operations involving de-
consolidation from a few HGVs to many LCVs at urlabstribution centres because of traffic restrictan

HGVs may result in worsening urban congestion.

Table 4.3. City logistics variables set

Types of variables Variables Details
Frequency delivery frequency
Logistics variables Load unit shape in which the goods are usually gedu

J

and loaded on vehicles (pallet, roll, box, etc.)

Delivery features

N. of deliveries /trip,

weight of each delivery

Technological and

organizational variables

Typology of vehicles

dimensions and technical fesguof the

vehicles

Delivery period

period of the day in which the gely of the

goods is usually carried out

Level of logistics

optimization

capacity utilization of the vehicle (in weight

and/or volume);

Carriers typology

on own account, self provisiapin third

party logistics,

Nodes of the supply | departure points producers, supplie

=

su

chain warehouses of wholesalers, etc.

Source: our elaboration on City Ports reports, 2005

To describe this complex scenario related to urfmend transpoff, we focus on selected components

characterizing city logistics and perishable gologsstics processes, on the basis of the techgizdelines

9 More in general, the OECD definition of urban got@dssport (2003) is‘The delivery of consumer goods (not only
by retail, but also by other sectors such as maetufing) in city and suburban areas, including treverse flow of
used goods in terms of clean waste”.
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issued by the Regione Emilia Romagna, Mobility ainansport Department (Rosini et al. 2005). Accagdin
to the City Ports report (2005), there are logsstiechnological, organizational variables charastey the

performance of city logistics, as described indgahB.
In the analysis we refer to commercial vehiclesai3.5 tonnes gross weight as "LCVs" (light comrradrc
vehicles). There are several different terms usedifferent organizations in different countriesdescribe

these vehicles (including vans, light vans, lighods vehicles, light commercial vehicles, smaltksuetc).

Table.4.4 Commercial vehicle categories

Type Weight [t] |Average length [mm] | Average width [mm]
Truck (a) >7.5 6,900 2,500
Box Truck (b) |3.5<t<7.5 5,900 2,200
Van (c) <3.5 5,400 2,000

Source: Quack, 2008
4.3.3 Food logistics chains

In general, food will spoil if exposed to improgemperatures or humidity levels or long periodgimie
prior to consumption. The loss of perishable gaadsansit means lost revenue, for instance prodiroés

& vegetables) face a decline of their value in tretato the level of spoilage that took place dgrin
transportation, since it will limit their shelf éfand as such their commercial potential. Thuelewvant share
of food distribution system involves cold chainikigs to maintain the thermal integrity of themhents, it

must be performed constant during transport at,loegional and interregional level.

The food supply chains :
- dry grocery;
— produce and fresh food products;
- refrigerated grocery;

- frozen foods.

The term "fresh food products"” is intended for lfirésodstuffs with close expiry date and bound bgcsgl
preservation conditions, while “dry retail” are @tstuffs at middle or long expiry dates, not boumdecific

preservation conditions (paste, oil, canned fotd).e

4.3.4  Evaluating city logistics measures performance
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According to different studies (BESTUFS, 2005; (grts, 2005; Dablanc, 2007) and to our originahda
collection, the distribution of urban goods is poganized efficiently and there are options to oedurban
goods traffic (vehicle-km) through co-ordinatiordagonsolidation of transports. To rationalize urf@nght
traffic, the concept of urban distribution centesss developed (see REFORM, 1999) in order to categel
goods flows and thus to increase the efficiencthefcollection or distribution process, therebyudg the
environmental impact of urban delivery activiti®y bundling various trips of one or several cagiéy
single trips with better capacity usage or smaltett cleaner vehicles, congestion and noise inithean be

reduced, time gained and delivery made more reiabl
- The urban distribution center

In this section, we selected the most importaneetspthat are included in the evaluation of theanrb
distribution center and its delivery service. Q@ualysis of the city logistics measures performasergres
the urban distribution center (UDC) management thredlogistics services it provides. According te th
definition of Browne et al. (2005), UDC is:

“a logistics facility that is situated in relativglclose proximity to the geographical area thadtves be that
a city centre, an entire town or a specific sitay(eshopping centre), from which consolidated delas are

carried out within that area’.

The key aim of a UDC is to reduce the number ofasme deliveries to one area by providing facsitie
where deliveries can be collected together and therommercial vehicle can make one large deliurry
the target area. To evaluate its performance fromrironmental point of view, four different meessiare
identified to be investigated:
i. changes in the number of vehicle trips;
ii. changes in the number of vehicles;
iii.  vehicle load factor;

iv.  changes in vehicle emissions.

- The logistic center for perishable products

According to the Emilia Romagna’s logistics guides, the logistic centre for perishable goods ctvee
main functions: change of mode, integration of in/thows integration of logistic services. Thesadtions
respectively allow to use the centre as a “trgmsiit’, as a consolidation platform, and to fdatie specific
logistics actions i.e. cross docking, multipack,ltidiop as well as change of packaging. The figdre

shows the characteristics of logistic center faighable products.
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Figure 4.4 Types of structure of a logistics cematnd its functions
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Source: RER, 2005

To provide a deeper understanding of the workings the functions of a food hub, a set of factoes ar
analyzed grouped in three main macro-categoriggmmzational aspects, political measures and teahni
measures, as reported in table 4.5 to evaluat@pehermance of the logistics service provided byniza

wholesale market.

Table 4.5. Factors to describe food hub performance

Organizational aspects Political measures Technical measures
Organization of the hub Regulation in the access TIC
Type and numbers of users Subsidies Type of comateehicles

Source: own elaboration

4.4 Estimating pollutant emissions

In this section, we describe the methodology tav@®ra how the food transport sector contributegims of
pollutant emissions to the urban environments aality. Environmental effects are measured for ssng
the effectiveness of logistics initiatives whichmaat reducing air pollution from good vehicles, ueithg

noise from good vehicles, reducing fossil fuel eoned by goods vehicles.
The selected case studies are investigated in trdessess:

* baseline scenarioall emissions generated by light commercial velsicwhich transport food
products to Ho.Re.Ca. and independent retail opexah urban area (in order to consider overall
impact of change);

* increased efficiency scenariemissions in urban area compared with previoussamns to make

same deliveries.

Our model estimates the emissions of air pollutdrdmn road transport generated by light commercial

vehicles in urban areas. It includes all major ygalhts (CO, NOx, VOC, PM) in physical measuresk{iof
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emissions) uses, which are calculated on the bASIOPERT 4 parameters and coefficients. COPERT&4 i
software which has been developed by the Europeaic Tentre on Air and Climate Change (by Aristotle
University of Thessaloniki) with the support of tkeiropean Environment Agency (EEA). The European
Commission's Joint Research Centre (JRC) coordithgescientific development of the model.
Calculating the exhaust emissions dependent oe factors:
1. Activity
— Number of vehicles [veh.]
— Distance travelled [km/period of inventory]
2. Hot Emissions
- Technology / Emission Standard
- Mean travelling speed [km/h]
3. Cold Emissions
— Technology / Emission Standard
- Mean travelling speed [km/h]
— Ambient temperature [Celsius]

— Mean trip distance [km]

An emissions module quantifies the external effeétreight traffic by vehicle type (in our casaidies:

light commercial vehicle), according to the folloygiformula:

emission [g] = number of vehicles [veh] x mileage pehicle [km/veh] x emission factor [g/km]

The emissions are estimated in weigh and result by:
Etotal = Bnot + Econa -
Eta = total emissions (g) of any pollutant for the tigdeand temporal resolution of the applicationidgr
stabilised (hot) engine operation,
Ernot = emissions (g) during stabilised (hot) engineragion,

E.q = emissions (g) during transient thermal engineration (cold start).

Table. 4.6 Data used in COPERT 4 for the calcutabiothe emissions for urban food deliveries

Type of data

Average vehicle speed in urban area 40 km/h

Average mileage 30.000 Km/year

Average temperature 14°

Source: own elaboration
The scenarios have been developed on the basiecge data which typical for the type of traffitalysed

and on the average temperature for the cities wh&and Bologna (see table 4.6).
47



4.5 Case studies selection

The case studies investigated in this researcibatie located in Emilia Romagna (ER) region, in Be
valley, which is one of the most urbanized, indafifred and agriculturally developed areas of t&R is
densely inhabited and the population is concertratemedium size cities along the Via Emil{8S 9
Emilia), the axis build by the Romans, where Paama Bologna are located.

The choice of Parma and Bologna as our fieldsuafysts motivated by the fact that in a number of/svihe
urban morphology and the urban food distributiostem represent a paradigmatic model of Italian mode
cities, combining significant flows of city user®ifn peri-urban area and the highly fragmented piesef

food outlets and services in the core areas a<citiith old and established centres.

In particular Parma has been selected as one ofdses of city logistics project on food produnt&urope.
In fact, after a literature review, it became appérithat only few cities are implementing co-ordima and
consolidation of transports which include the foggpply chain. This is due to the additional/specifi
constraints related to the perishable productsstmg, which tend to increase the operational coéts

delivery service and, thus, to limit the economistainability of the project.

The case of Bologna has been selected for a praimistudy to assesthe urban food transport
performance and the potential environmental benefisociated with a city logistics scheme simitathie
Parma’s one. The Municipality of Bologna is strgngbmmitted in urban sustainable mobility and lehett
a variety of city logistics initiatives, howeveretiiood distribution has not yet been addressedéytban

transport planning strategies.

4.6Data collection procedures

The desired estimates of food flows for this stheye the following characteristics:
— they represent an inflow or outflow to the commynit
- they represent total flows managed by urban foqgplgisystem;
— their units are in mass (tons);

- they include all food flows and related mode ohg@ort within the urban environment;

Primary data were collected through interviews sibel visits with principals of supermarket, grocstgres,
retail distribution centers, transport companiebese interviews provided descriptions and exphoeati
analysis of each phase of the urban supply chéiterviews were held with a range of relevant garti
selected from: freight transport and logistics apans, receivers of goods (shop owners, supermarket
managers) in urban areas, local government/poliagems with transport responsibilities. Issues askie

during the interviews with the sample of respongentluded their views about supply chain orgaizet
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type of receiver/ type of provider, geography/lomaiof delivery point, suitable types of vehicl@paopriate

traffic regulations / restrictions.

Additional data are collected from regional and il government reports, previous feasibilitydias,
interviews with local government officials, locatnmits, prior material flow research, and otherrses. In
particular, we gathered data from: Osservatoridorele del Commercio (RER), Regional directorate of
Mobility and Transport (RER), Institute for Transp@nd Logistics (RER), Municipality of Parma and

Municipality of Bologna (Department of Business @&wbnomic development, Department of Traffic).
- Data on individual food requirement

The figures quoted are for an “average” consumdtally, i.e. by taking the average amount of consdm
and wasted food. The table 4.7 shows this averdgersumption, purchase, and amount of waste which

provides the likely food demand by city dweller.

Table 4.7. Dalily total food (solid and liquid) phase, consumption, avoidable waBta-capite

Total food| Percentage
(kg/day)
Amount consumed 2,120 80%
Amount discarded 0,530 20%
Amount purchased 2,650 100%

Source: own elaboration on Leclerc (2009), ADOQO&0Q ISMEA (2007) data.
- Data on urban population flows

Official population figures issued by the Municipalregister provide data about residents and shgep
tourists. The estimation of city users (employdmssiness-persons, students, tourists, etc.) isinglata

through interviews with the Municipality officéls
- Data on consumption and expenditure patterns

On the basis of Confesercenti ER study which dessrihe consumption style of people living in tmeilE&-
Romagna Region, we obtain a representation of femdmes finalized to at home and out of home
consumption bought by the urban population, as mesalt people (age > 3 years) eating one meabbut
home per day are 36% . Moreover, due to limitedlalie data about average meal weight, we assume at

home and out of home meals have the same weight.

% There are no available official data about citgrssn the most of Italian cities. Some researchide®n conducted for
big cities as Milan and Turin. The last populataensus, dated 2001, does not provide relevant ggigm data on city
users.
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- Data on urban transport

Our research relies on original empirical data fowlses on urban food transport variables. In 2805
regional survey on urban freight transport wasizedlin the main cities of Emilia Romagna regio@ity
ports). It was particularly geared to deal withydagistics and goods transport features. The cttk data
are used in this research to analyze the existibgrufreight distribution system for food produdésom

these data sets, we elaborated relevant variablecharacteristics of the , delivery characterstatrategic
- Data on Parma city logistic project

The data collection has been made by two complangmhethods. First, several reports and internal
documents have been consulted during and aftevisits to the urban distribution center of ParmaeT

bibliographic research included: internal repoERRreports, City ports reports, articles in newspap

Second, five interviews to internal operators afoé&ty and of the wholesale market authority, iarce of
implementing the service. The first was a invesiiga interview, based on a detailed informatiomfpto
describe the general context and the different gghasf the city logistics system’s conception and
experimentation, with the person who manages BcoOither face-to-face open interviews have beenemad
to: a representing member of Infomobility, the saort agency that supports Ecocity; the wholesaleket
authority manager; the person in charge of Ecdogystic platform operations; the person in chaoje

guality control.
- Data on Bologna city logistics for food products

Primary and secondary sources have been usedléstcthta for the Bologna case study: interviewth wi
supply chain participants; direct observation ie #Wholesale market, stores and business premisethan
collection of secondary economic and demographta tig official registers, news articles; websitks.
particular, in the investigation phase | focusedtan relationships with food suppliers, wholesslearriers,
managers, shop owners, public representatives,ofimel stakeholders have been investigated. Several
interviews have been carried out to the marketimg lagistics services manager of the wholesale ymred

market.

4.7 General assumptions

Several general assumptions are made to estimatabhe and mass of food inflows and outflows farmia
and Bologna case-studies. Also, certain typesovfdlare excluded from the estimates for all caiegaas
part of the general methodology. Additional assuom® and omissions associated with specific data

conversion techniques are included in the caseestuliscussion.

— Static populationThis study uses the Parma and Bologna Municipali2009 population estimate

and assumes that this population remained stataughout the year. In particulanp seasonal
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change of populatiomare included. The full population of Parma anddgola, including students
and commuters, is assumed to be present year rotglis a significant assumption, given that a
relevant share of these populations is studentsedly Bologna), many of whom leave the
community in the late spring and return in the.fall

Consumption implies inflowin many cases, it is assumed that all consumptidaod is satisfied by
an inflow of food from outside the community and from reducing existing stocks of food within
the community. For example, it is assumed thatatheunt of food purchased by city users and city
dwellers from retail stores implies an equal amafntood replaced in the store's inventory from
outside the community.

No internal productionThis study does not include the urban productibfoad and assumes that
all goods came from outside the community. Thisssion is made in order to focus the study on the
most flows of food that all communities have inmooon. Urban agriculture varies widely among
communities, but Italian cities, with old and editied centres, usually have limited cultivabledan
within the administrative limits and, therefore thatential contribution to the food provisioning is

marginal in quantitative terms.
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PART II. Analyzing the urban food transport systems
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5. The Region Emilia Romagna context and the city of Parma -

Case study 1

With regard to the focus of my study, here | inigege the specific measures reducing the urbafictraf
externalities, and, especially, those generatedrbgn freight distribution. Regione Emilia-RomadRER)
and local administrations started a significantafenitiatives to support concrete interventionstlie city
logistics sector, financing structural and techgalal interventions to improve the efficiency adréduce
the negative impacts of the urban freight distidout The case of the city of Parma is investigatad the
Ecocity project is outlined. Then a preliminary e of the urban food transport in the city ofl@&ma is

presented and two optimization scenarios are ifilethition the basis of the Parma logistics solution.
5.1The context: Emilia Romagna region

The region has an excellent infrastructural supphd an advanced economy based on the biggest
agricultural sector in Italy, and on automobile,taroand mechanic productions. In recent years in ER
economy has stabilized, while the volume of goodsed by road (tone kilometers) and the volume afiro

freight traffic (vehicle kilometers) continue aatly growth.

5.1.1 The food distribution system

The food retailing system in ER is advanced ancespdead in the whole region. Grocery stores, oty
hypermarkets, supermarkets, discounts, superaitesgecialized food stores, account for the ldrgesare

of retailing business area (63,4%). Independerdilees, including neighborhood and “mom and pop"
grocery stores, account for the remaining 36,6%fan®0,8% of total food outlets, reaching 15.5&6ns

of sale. A detail picture on relevance of differgyie of food outlets at regional level is reporitedable 5.1.
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Table 5.1 Food retailing system in Emilia Romag2a08

Regione Numero punti vendita Superficie di vendita
Forma distibufiva valore assoluto | % sul fotale ] valore assoluto | % sul totale | Media
IPERMAERCATI 32 0,25 235,392 13,077 7.044
Ipermercatli = 6,001 mq 14 0. 1% 461.564 3.6% 4.397
Ipermercati = 6,000 mg 18 01% 163.828 5% 9.102
SUPERMERCATI 587 3.4% 549,974 31,87 937
Supermercali =1.500 MG 506 0% 372,444 21.5% 736
Supermercahi 1.500-2.500 MG 68 0,4% 133.892 7.7% 1.949
Supermercati = 2,500 MG 13 0. 1% 43.438 2.5% 3.357
DISCOUNT 252 1.5% 144.200 8.3% 572
MINIMERCATI-SUPERETTE 561 33% 143,684 8,3% 254
SPECIALIZIATC 138 0.8% 33.4685 1.9% 244
Totale medie e grandi superfici 1.570 9.2% 1.096.939 £3.4% &99
TRADIZIONALE 15.566 90,8% 36,6% 41
Totale 17.13& 100,05% 1.729.3462 100,07 101

Source: Osservatorio del Commercio, 2010

4.1.1 Freight road transport

Road transport is the dominant mode of transpothéregion, about 93,9% of total weight of goaosls i
transported by heavy and light commercial vehiclesile local and regional railroads are used folyon
6,1%. Among the types of commodities transporteddad, the most relevant are metallurgical products
raw and mineral products, and building materialgriéultural products and live animals, foodstuffeda
fodder are the second highest part, accountind.686 of the total regional freight transported bgdpas

shown in figure 5.1.

More than 70% of today’s road freight trips in E&nharbations are on distances below 50 km and can be
defined as urban transport. This phenomenon is emad to the peculiar production and distribution
systems in ER, which are highly fragmented andeatisgd in the regional area, and it is reflectethan
composition fleet, in fact 70% of commercial vebgkirculating in the Emilia-Romagna has a capdegy
than 7.5 tonnes. These vehicles are mostly vanssianadl trucks running on either diesel or petrMore
precisely, according to the ltalian Automobil CI(®#010), over the last twenty years diesel engirege h
become far more common in LCVs than petrol engidesresult, the Emilia Romagna’s LCVs fleet is
characterized by an overwhelming majority of dieaghicles, whose a relevant part is old and geesrat

high emissions.
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Figure 5.1 —Road transport by type of goods byrilia Romagna — 2007 (% on weight)

15%

60%

Macrocategory 1
Agricultural products and live animals, foodstudfsd fodder

Macrocategory 2:
Qil, mineral fuels and petroleum products, crude amanufactured minerals

Macrocategory 3:
Metallurgical produci, raw o1 minera prodicts, building materia

Macrocategory 4:
Fertilizers, chemicals, cellulose

Macrocategory 5:Machinery and equipment, vehicles, leather, textild
clothing, miscellaneous articles

Commodity aggregation of the 24 product groupsefibternational classification NST / R, adopted by

Standard goods classification for transport siaisGource: RER, 2011

4.1.2  Road transport and pollution in Emilia Romagna

Despite the various air quality and cleaner air sness adopted in the past years by local autheréiel
regional government, ER maintains pollutant leviedd threaten human health and ecosystems. Aiatpmil
problems occurring in the Po Valley are generatgethle combination of its geological and morpholadjic
make-up, the presence throughout the territoryisibhcal cities characterized by high populati@nsities,
and mobility rates which are among the highesturoge. Since late 90s, a substantial increaseeitetrels

of pollution has been recorded, due especiallyhto gresence of high concentrations of fine pawdies
(PM10). The health limit of 50pg/cm (set by direeti99/30/CE and included in Ministerial Decree n.
60/2002) was exceeded several times. The 2009gv&10 concentration recorded in the region’s mrba
areas was 39 pg/mc; 8 provincial cities exceededy#arly threshold set by legislation to protecbljmu
health at 40 pg/mc, in the period 2005-2009 (>ii3&$).

In almost all the cities of the Emilia-Romagna cegiPM10 concentrations decreased between 2005 and
2009, as shown in figure 5.3, although the citieBologna, Reggio Emilia and Parma exceeded the 35
limits threshold value throughout the same persmek(fig. 5.2).
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Figure 5.2 Exceedance days the of.-Meshold in Emilia Romagna cities — Annual basis
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In ER, transport activities in total are one of thest significant contributor to ambient air paltut as
indicated in figure 4.5 by the red segments. Wihards to NOx, CO and PM 10 emissions, road vehicle
are the dominant source of transport pollutantsabse of their numbers and their use throughouintie
population centres.

Figure 4.5. Air pollutants source by type of hunaativities in Emilia Romagna
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The road traffic pollution is generated by 3 masarees (Citeair, 2005):
- local traffic causes an average 20% of total PM10 emissiondantiareas;
— sources within the areas non-local traffic, heating, etc. generate 24%tal PM10 emissions;
— causes outside the argiee. industrial plants, thermoelectric statiamaffic, etc.. are responsible
56% of total PM10 emissions.
Local traffic is generated private cars, publiasigort and commercial vehicles. Here we focushen t

commercial vehicles transporting goods within th. ¢

3.1.3 Urban traffic in Parma and Bologna

The two selected cities have a set of similaridealing with the urban morphology and the urbaiglfite
traffic issues: both cities have an urban plamindaback to the Middle Ages, and the road structsineot
geared to today's traffic volume. Congestion,etthezards, air and noise pollution are the negadffects
of this traffic volume which pose a threat to thénlg environment of the city centre. The urbanaarare
characterized by high incidence of small tradexd @autlets who are not part of a regional/nationaibess

with a dedicated and sophisticated supply chainvamm often use informal logistics activities.

Parma and Bologna's city centres are undergoingredaifing renaissance” and current transport
infrastructure are unable to cope with the restiltacrease in freight. In fact both urban areassaiféering
from delivery problems (e.g. poor vehicle accessgnificant traffic congestion, constrained

loading/unloading facilities).
The two urban transport systems have a common shétbaregard to specific features:

* Nearly 90 per cent of the commercial vehicles bglnthe 3.5 tons maximum weight category, the
others are above; only a small percentage corsigieavy- vehicle traffic (28 tons, 44 tons total),
which occurs not only in sub-urban and industriaba, but is also related to the food-store dgliver
into residential areas.

» The average daily delivery volume is very diffefated: while small retailers are going to be served
only twice to five times a day (e.g. grocery stprdésg food outlets tend to be delivered 15 to 25
times a day, dependent on the size and the diyekthe goods supply. Supermarkets are the most
frequented retail locations with about 30-40 conuizvehicles trips a day.

* The transport function for the food supply systenserved by: (i) transport operators and logistic
providers (nearly 30%),(ii) suppliers and wholegaldelivering in own account (more than 50%),

retailers themselves (20%).
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5.2Parma’s food system

The second city in Emilia-Romagna, Parma is ahisdl city with 190'000 inhabitants, located irrthern
Italy between the Po River and the Apennine Mounstdis economy is mainly based on the agri-foatose
and it is well-known as the capital of Italy’s “fdwalley”, where traditional, high quality food phacts as
Parmigiano ReggianandProsciutto di Parmaare produced. It is an important rail and roadtfiom on the
main routes from Milan to Bologna, being a lindrafffic which carries one —third of goods passimgptgh

Italy.

5.2.1 Theurban food demand
To estimate the demand of food expressed by theimrita working day, the number of consumers is

considered. The flows of permanent and temporasigleats, city users and tourists is calculatedutnathe
official Municipality population figures and officg interviews. As a result, the total estimated benmof
people flows within Parma’s city area is about 280.people (see Table 5.2), purchasing in theatitgast
one meal.

Table 5.2 Parma’s people flows, 2009

Population group Total food Percentage
(kg/day)
Residents 184.460 76,9
Temporary residents 21.000 8,8
City users* 33.000 13,8
Turists 1.200 0.5
Total 239.660 100%

* Net of commuters, hiving off residents commutinghe peri-urban area

Source: our elaboration on Municipality of Parméadafficial statistics and secondary sources, 2009

According to my estimation, figures of people egtat home are the daily amount of food are 157.377,
while people eating out of home a meal per daydamf are about 82.280, including all city users and

share of city dwellers. | estimate their total amoof purchased food is 109 tons.

Table 5.3 Out of home /At home consumption food aednby Parma city groups- 2009

Purchased food Purchased Total amount
People flow per capita food per group per type of
(Kg) (ton) consumption (ton)
City dwellers eating 157.382 2,650 417
at home (all day) 482,3
City dwellers eating 49.280 1,325 65,3
at home (one meal)
City dwellers eating 49.280 1,325 65,3
out of home (one meal) 109
City users eating 33.000 1,325 43,7
out of home (one meal)
Total 591,3
Source: own elaboration
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4.1.3  The food supply

In Parma, there is a significant presence of regst food commercial activities within the city it

In particular, the independent food retailers aonddf services are widespread and greatly vary for
management structure, size, and food products tigiebigh, having different features according be t
geographical location. Thus, in the inner-city ther high concentration of small grocery stores|enin the
suburban neighborhood there are higher presenseipgrmarkets. The presence of farmers markets and

farmers shops is increasing, but still it remaimécihe market for the Parmesan dwellers.

At district level, the food selling areas per 10@Babitants is 393,96 TmConcerning the retail chain sector,
particularly relevant in 2009 have been the inasasd discounts and superettes selling areas (tesgly +

26,4 and +5,5 % )Additional information are gathered by the RER sadn the food distribution system
and resumed in table 5.4.

Table 5.4. Retail surfaces share within Parmalicttigs

Type of point of sale %

Hypermarket 209
Hyper < 6.001 rh 20%
Hyper > 6.000 rh 0%

Supermarket 49%

Super <800 M 12%

Super 800 - 1.299 11%
Super 1300 - 2.499 1] 12%
Super > 2.499 m 14%

Discount 12%
Superette 14%
Specialized 69

Total 100%
Source: Osservatorio del Commercio RRED10

The independent retailers are recorded in the Mpatity register of commercial activities as “freervice
business” libero servizig and include food outlets with a business aredlenthan 250 rh In Parma, as in
many other Italian cities, in the past decades tmstituted the main food provisioning channel dity
dwellers and, even if the corporate retailing r@&asing market share, the local independent systarket
has a steady presence in the market in Parma suppbhing the 41% of whole food business area
(Osservatorio del Commercio - RER, 2010). As reshére are still 850 independent food outlets withe

city limits (see figure 5.5).

Table 5.5 Parma’s independent food retailers

Size of store N.
Store < 150 M 811
Store 151 — 250 ™ 39

Total 850
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Source: Municipality of Parma, 2009

Data on out of home food consumptioxperditures account for slightly over one/fou of total food
expenditures. This results in growing fence of “eating and drinking placesishotels, restaurants and
cafés, playing aelevant part of economic activities provided tarRa city dwellers and city userAs

shown in table 5.éhe number of food services within the city linigs806 (2009

Table5.6 Parma’s Ho.Re.Ca. - 2009

Ho. Re. Ca. categor N.
Café (bar, pastry store, f, etc.) 487
Restaurar (pizza, burger, etc.) 213
Hotel 106
Total 806

Source: Municipality of Parma, 2009

52.2 Parma’s food metabolism

Figure 5.5 shows the estimated ns of food associated with each flow describédve. The Parma’s dai
food demand is about 591,3 tons, whose about tB& i82food to be consumed at honNo significant
agriculture takes place within Par, in fact only fouracres within the city are ud for agriculture.
Therefore selproduction and food products from home gardeningoisincluded in tis representation of
food flows. The urban food supply channels provittethe population this amount of food and evenay
due to the physiologic and nguysiologic losses occurring in both the retailargl catering systems. T
full amount of food circulating in the city is thB89 tons reaching the points of sale or the priogssites

with commercial vehicles.

Figure 5.5Parma’s urban food metolism - 2009
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Source: own elaboration
The methods were used to estimate each flow axided in the previous chapter. Note that this @ibhert
includes the food recovery projects, that providepkis of food in food outlets to certain groups of
consumers. (i.e. low income population). No estiomabf recovered food is reported, due to the faete

are no available data on this flows for the cityrafma.
5.3Parma food transport performance

In this section we describe the performance offrevehicles operating within the city limits, assiag the
efficiency of freight movements, and estimatingddactors and empty vehicle-km. The features afaint
city food transport of both the independent retaileand Ho.Re.Ca. supply chains are investigated,

representing about the 37% of the full amountimiutating food products in the distribution system

Tables 5.7 and 5.8 show the logistics and techniaalbles for the Parma’s independent retailind an
Ho.Re.Ca. supply system. Depending on size of legsiand type of food products transported (fresh, d
etc.), frequency, weight and timing of the delivergry. However these distribution systems present
similarities, and, in some cases, they merge tegetle. a local producer delivering by his own doo

products to restaurants and grocery stores.

Table 5.7 Parma’s food transport details. Indepahcetailers food supply chain (dry, fresh fooddarct)

Macro- variables | Variables Details
Frequency
requested by Average: 1,6 delivery per day
receivers
Load unit Food products are mostly loaded on vekiah boxes, and also
Logistics variables in pallets, rolls. Each parcel weights on averag)é kg.
Delivery N. of deliveries /trip: 5
features Weight of each delivery: 115 kg
Typology of Diesel LVGs (up to 3.5 tonnes gross weight) disitieé97% of
vehicles total food flows to independent retailers and Ho(Re
businesses.

75,2% of LVGs are engine emission standards E&d 2,
Delivery period | Deliveries are carried out duringhe morning:
Peak’s hour: 7-8am

Level of
logistics Average (A/R): 25% of loading capacity
optimization
Carriers
Technological and | typology 92% own account and self-provisioning
organizational Nodes of the | Warehouses of wholesalers, Parma freight platferogs-dock
variables supply chain | facilities and wholesale market.
Mostly of the nodes are located within 50 km frome tcity
center.

Source: primary data, City ports (2005)

By this analysis, | observe that:
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- most of receivers asks for deliveries betweem@g per week and every day;

- about 55% of LVGs uses approximately 20% of theading capacity on their way out, 15% only

is over the 60% of loading capacity;

- high percentage of on own account (suppliersidiging their goods) and self provisioning (i. e.

retailers picking up from the wholesaler). Thirdtgdogistics and transport operators not relevant

for these supply chains;

- most of trips originate in the Parma’s districom terminals and facilities located within 50 ky

the city center.
According to these data, two main differences oeguong the two supply chains: (i) the quantity add
per delivery and (ii) the scheduling of deliveri€oncerning the amount of food transport, the ayera
weight of each parcel and each delivery is smédleHo.Re.Ca. businesses than independent retallbis
can be explained by the fact that cafés, bars estdurants usually have limited stocking spaceragdest
fresh products with high frequency, thus each deligonsists in a limited quantity of food products,
comparing to the volumes requested by the grodergs
In both systems, deliveries are mostly concentratdbde morning, however a slight shift in peak htime
is observed: independent retailers prefer scheglufieliveries between 7 and 8 am, while Ho.Re.Ca.
schedule a significant number of deliveries betwgeand 9 am. Most likely the receivers asking fos t
timing are restaurants, which start processing forediucts later on the morning. This differencelelivery

pattern can be a relevant benefit in consolidading multi-drop delivery operations.

Table 5.8 Parma’s food transport details — Parm&kl&€a. food supply chain (dry, fresh food product)

Macro- variables | Variables Details
Frequency
requested by Average: 1,8 delivery per day
receivers
Logistics variables| Load unit Food products are mostly loaded on vehkiah boxes, and also
in pallets, rolls. Each parcel weights on averagekd.
Delivery N. of deliveries /trip: 4
features Weight of each delivery: 45 kg
Typology of Diesel LVGs (up to 3.5 tonnes gross weight) distie 97% of
vehicles total food flows to independent retailers and Ho(Re
businesses.

75,2% of LVGs are engine emission standards Ed 2,
Delivery period | Deliveries are carried out duringhe morning:
Peak’s hour: 8-9am

Level of
logistics Average (A/R): 25% of loading capacity
optimization
Carriers
Technological and | typology 92% own account and self-provisioning
organizational Nodes of the Warehouses of wholesalers, Parma freight platfoross-dock
variables supply chain facilities and wholesale market.
Mostly of the nodes are located within 50 km frome tcity
center.
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Source: primarylata, City |orts (2005)

Most of the food transport operations are carrigtvoth vehicles of relatively small capacity tlwain trave
along any street in the cigenter area to perform the required distributiotivdies. These LCVs may be of
several types inetrms of functionality (e.g., refrigerated or ndipx desigr loading/unloading technolog
capacity, and so omhe most relevant aspect to this investigatioméstype of engine and related emissi
standards. The Parma LCVs fleet has an overwhe share of diesel engine vehicles, whose 76%
been registered having emissions standards areZRib(sedigure 5.6).

Figure 5 Parma’s light commercial vehicles fleet, 2009

Registered Diesel LVGs
by EU emissions standards

Eura 5
19

Source: ACI, 200

5.4 The urban freight distribution governance

The Municipality of Parma set upcommunication and support process with |d@} player interested in
the urban freight distribution syst, and especially in food transport. Byeatin( a strong stakeholders
partnership amontgade associationlogistics companies, transport operators, supj, producers and local
retailers,the local government aimed at definian effective scheme suitable to everybody's n. As
results, all the interested parties concerted rgulations and signed thProtocol agreement for air quali
— Rationalization of urban goods distribut’, in December 2005.

On the basis of this agreement, the MunicipalityPafmi has taken severatitiatives to force back the
number of commercial vehicl@s the citycentre €erchia dei bastiofiwith the aim ofprotecting the quality
of the living enviroment. The urban planners pursued specific objexti

- to reduce the air pollution, grehouse gas emissions, waste and noise to levelgutitiegative

impacts on the tadth of the citizens or natu
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- to improve the resource and energy efficiency gt effectiveness of the transportation of goods,
taking into account the external costs; and
- to contribute to the enhancement of the attractgs and quality of the urban environment, by

avoiding accidents, minimizing the use of land hwiit compromising the mobility of citizens.

The policy of improvement the urban accessibilityd asustainability centres in two main issues: (i)
reorganizing the overall regulati@oncerning both transit and parking of freight g@ort within the inner
center, and (ii) promoting the rationalization dfeturban distribution of goodbased triple bottom

sustainability, with special focus on urban fooddurcts transport.

5.4.1 Defining the project

The discussion and planning actions have been redniag aMonitoring Committeencluding the private
and public sectors, i.e. Trade Associations. Basethe wish to facilitate a constant and high dqudtiod
supply to the city centre, the thought arose thatyadistribution centre would be an attractiveeshative for
transport companies that were unable to deliverptging with the traffic limitations or that did netant to
drive into the crowded city centre anymore. Shoppees and other entrepreneurs in the city centiddvo
also be able to profit from a city distribution tenby moving their storage elsewhere and havimiy th
goods delivered on call. As a result, the desigwingrban distribution center and the urban delivsarvices
took place during the period 2005-2006, under dmaeEcocity.

The Municipality of Parma identified the “Centro wgAlimentare e Logistica”’(CAL), the wholesale
produce market authorfty as body able to manage “last mile” goods distiiouin respect to the
sustainability criteria adopted by the committ€AL has been selected as Ecocity leading actoridersg
its strategic location in the urban area, its petdite goods logistics competences and the oppurtimnuse
the existing facilities of the wholesale market,isthwere not fully in operation. This aspect isosgly

relevant due to the limited public financial resmg and to the absence of available land withircitiyearea.

5.4.2 Therole of wholesale produce market in the logistics project

CAL operates as wholesale market manager and, &ooeity project started, as logistics providerisTh
company was created to deal with the managemeamodiice supply for the city of Parma and, thereftore
handle the additional services, i.e. food logistarsd transport operations at urban level, which are

complementary to the mere marketing functions. Trigesion of CAL has thus been revised: beside the

% The wholesale produce market of Parma is gearethécenter for food and logistics “Centro Agroadimare e
Logistica (CAL), which is a semi-public company ban 2007, whose major shareholders are: Munidipali Parma,
the District of Parma, the Region of Emilia-Romagtize Chamber of Commerce of Parma, the bank “Cdssa
Risparmio di Parma e Piacenza” and “Banca del Monte
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former objective of ensuring food security, transpay, access and availability, there is a stronger

commitment in supporting urban retail trade andrting environmentally-friendly logistics.

Moreover, thanks to its renewed services, CAL playgucial role in enhancing the networking adtgt
among the various actors of food supply chain awd ftransport system, enhancing the information and
communication activities at different stage of girevisioning system. Moreover corporate retaileaseh
progressively been integrated within the CAL cusmn enhancing interconnections among traditional

operators and modern retailing companies.
5.5The Ecocity project

Ecocity started in 2006 as a voluntary scheme whth purpose of providing consolidated delivery to
retailers and businesses in the urban area. Rédthera new consolidation center being set-up, Xistieg
distribution facilities of the wholesale producerk® of Parma are used. Ecocity provides a deligeryice

to the businesses located both in the historicalezeand in the whole urban area. It captures wifgignt
part of the freight flows of fresh food, dried foddo.Re.Ca goods, and also clothes, and packagedsgo
There are about 250 shops, restaurants, hotelsaasdvhich receive 40 tons/day of food productiwithe

city.

CAL is located very close to the area which it ssrwnear the strategic road network, beside theneror
bypass and 5 km to the Parma city center, as sloomthe map below. It is well located with respecthe

local traffic situation as it enables to easilyateghe highway Milano-Bologna.

Figure 5.7 — Parma wholesale produce market’sitmcat
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5.5.1 Organizational measures
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CAL is responsible for managing the logistic platioand the consolidation operations, providing the
delivery services and coordinating the marketingvaies related to the project. The CAL area ha® t
platforms: one is dedicated to the wholesale preduoarket and it hosts 12 fruit and vegetables vdabées.
The second platform is the logistic centre, whiels been realized on the premises of a former CAilitia

and include warehouses and cross-docks.

Figure 5.8 Ecocity urban distribution process

Transport operators
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Source: own elaboration on Ecocity data

- Hub and service organization

All deliveries within the area served by Ecocitg amade on vans (< 3.5 tonne gvw) with methanenengi
system so-called “BRC Gas Equipment” FASTNESS w#tRI injection, compliant with the European
Regulations R110Currently, suppliers and transppetrators deliver to the CAL platform and then fean

3.5t vehicles are used to distribute goods fromG@lAd. to urban area receivers. The management of the
flows of the "last mile" is operated in a centraizmanner by a the CAL team, while a cooperativia is
charge of uploading and delivering operations. Wasrequested, the cold chain is guaranteed thartke
refrigerated warehouses and the refrigerated \ehicl

Table 5.9 Ecocity service

Operational and technical features

Size of the hub Indoor area of 1.500 m?, ca. 10002
which refrigerated
Area served - Main area: Central Parma

- Secondary area: Parma District
Businesses served (type and numberHo.Re.Ca.

- Independent retail

- Corporate retalil

Distance from CAL to main delivery 5 km average

target

Source: own elaboration

The major working area of Ecocity was to be thg céntre of Parma. Since the customers asked for
additional deliveries outside the historical centiee working area was soon expanded to the wHdPaimma

and the city's surroundings.
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From an operational point of view, CAL renews thkerof traditional wholesale market and plays asdfo
hub in the urban food supply system. It providessBn complementary services to the Ecocity users:
1. synergies in logistic processes such as st@nagecooling), packaging, commissioning
2. provision of internal services such as custoweste disposal services, information services,
training and consulting
3. facilitate the presence in the market fresh lmedl produce, through the implementation of a
specific certification managed by the CAL itseffet‘Colto Fresco” label.

Whereas the primary focus of CAL platform is to solidate loads on the inbound journey, if the tpams
operation is to be optimized it is equally impotttrat vehicles returning to the UDC are as higitilized

as possible. To achieve this, waste recycling amdrse logistics operations are planned to be imgieed.

Source: CAL, 2009

- Type and number of users
The major food supply actors beneficiaries fromebblishment of Ecocity are:
- transport operators making small, multi-drop \d=lies
- independent and smaller retail companies
- businesses located in an environment where @irer@articular constraints on delivery operatiang.(
limited access conditions — physical or time ralate
- corporate retailers with businesses in centedsr

After 3 years, Ecocity projects involves: 16 tqam$ operators and carriers, 17 food manufactusecs
suppliers (fresh and dry products), 7 corporatdnchetailers, 10 produce wholesalers. The receiages
about 250 food businesses and food services, otelsh restaurants, cafés, grocery stores, cotmgpss
specialized stores, corporate retail points of galestly superettes) which every day request feasth dry

food products.

5.5.2 Political measures
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Based on a literature review, it occurs that amynfof urban distribution center that is not retete a major
new development is unlikely to proceed let alonecsed, the political support is, thus, fundamental,

especially in the first phases of the city logistiroject.

- Regulation in the historic center access
In 2008, the Ecocity project was launched by thenidipality of Parma. Beside the creation of theamb
distribution center, special traffic regulations/édeen identified to reduce the environmentalypolh. The
regulations include:
— restrictions on the road network usable in terms rofites for goods haulage, areas for
loading/unloading vehicles etc.;
— restrictions on the times of the day when the metslork is usable;
— restrictions on the vehicles usable to access tpass of road network as a function of vehicle
dimension, loading capacity and emission factors;
— restrictions on the efficiency of transport wheréfy access to those parts of road network is

based on loading factors of the goods vehicles;

As result, the historical city is to be protectednfi the negative impact of vehicular traffic andhrat be
entered by commercial vehicles that do not comgh wpecific criteria, as reported in table 5.91 thle
commercial vehicles complying with the requiremesnts able to obtain the accreditation allowing ritee
the restricted area. This certificate grants theengpecial right to deliver outside the given tiwiadows

was made for one city distribution centre that wasn to more shareholders.

Table 5.10 Municipality of Parma access criteria

Requirements to obtain Ecocity permit

1 Deliver fresh food, Ho.Re.Ca. (Hotel, Restaurant
Catering) parcels, clothes

2 Use eco-friendly commercial vehicles (e.g. meghan
electric, bifuel) or at least vehicles Euro 4

3 Use light vehicles (3.5 tons)

4 Guarantee high load factor of vehicles (at 18886
of vehicles’ whole loading capacity)

5 Set up localization systems in order to allow
vehicles’ tracking and monitoring

Source: own elaboration
The Ecocity scheme is based on a voluntary basisport operators and suppliers have the oppoyttoi

choose between the asking for their own permibamtrust their goods to the Ecocity transportiserv
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- Subsidies

Investment costs are about 2 Mill EUR, covered bgiBn Emilia Romagna, District of Parma, Municipali

of Parma, Infomobility spa. The initial funding frocentral, regional and local government have fmithe
research work and pilot studies, the vehicles aqgpenents purchase. The project is now commercial

viable. The breakeven point has been reached i0.201

4.1.4 Technicalmeasures

The project includes data transmission systemgyatgd by satellite networks for the localizationtloe
vehicles. The scope is to centralize the orders #d, to optimize the routes, the deliveries,ftbets and
the loads, and so as to improve simultaneously effieiency and the operational capabilities of the

distributive system and to recover the cost ofldlagl breakdown.

- Information and communication technology

The technological platform implemented by CAL isenopand shared between the different key-actors
involved in the urban logistic process to allowriig, management and transferring in real timet @laata
and information among the different actors. Thedgnate a web-based technological platform provities
management of real time information with most difuechnologies for getting data from mobile device
(e.g. GSM, GPRS, GPS, WIFI).

- Type of commercial vehicles
The fleet of commercial vehicles is equipped witAS5 GSM and Bluetooth technologies in line with the

regulations laid down by the Municipality for citiystribution.

4.2 The environmental impact of urban food transport

The final objective of the work is to formulate Wit high level of detail the calculation of the Iptant
emissions related to urban food transport for ilredelent food retailers and Ho.Re.Ca businessesinith
of Parma. This calculation stems from the previmagleling characterization of freight transport figvas

seen in tables 5.7 and 5.8.

Concerning the food transport system for the setesupply chains, the pollutant emissions are Gted

for two scenariosbeforeand after two years by the implementation of Ecocity projecgpe of vehicles
used, the distances travelled by them, their aeersgeeds and the number of stops they make are
determinants included in the model to estimated é¢hd@ssions by road transport, according to the

methodology Copert 4 (as described in the previbagpter).
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The baseline scenario is developed in order taostezllly represent urban food transportation. Adaug to
my model, everyday in Parma 616 Diesel LCVs cirlaithin the city limits delivering the food procis

to Ho.Re.Ca. outlets and independent retailers.

Table 5.11 Food transport emissions (independésitee& Ho.Re.Ca.) before Ecocity —per year

co NOx vocC PM
ehot conv 1,1241 1,673 0,1306 0,28492
ehot eurl 0,3928 1,1379 0,1306 0,0698
ehot eur2 0,3928 1,1379 0,1306 0,0698
ehot eur3 0,322096 0,955836 0,080972 0,046766
ehot eurd 0,25532 0,773772 0,030038 0,02443
ehot eur5 0,25532 0,557571 0,030038 0,001396
ecold/ehot 1,48 1,118 1,84 1,7
ehot per year 8.211.865,13 19.787.855,07 1.689.924,30| 1.531.699,76
ecold per year 1.773.762,87 1.050.735,10 638.791,38 482.485,42
TOT (gr) 9.985.627,99 20.838.590,17 2.328.715,68 | 2.014.185,18

Source: own elaboration

The Ecocity scenario is developed on the basidhefreduction of vans reached through the load facto
optimization and the administrative limitationskitay into account the use of eco-friendly vehiclas
Ecocity service. These deliveries would normallywéhdeen done by a commercial courier company, a
supplier or the shop owner, involving the use dfgleor diesel engine vehicles and without consalizh

operation. The resulting emissions estimates gqraried in table 5.12.

Table 5.12 Food transport emissions (independésitee& Ho.Re.Ca.) Ecocity"@year (2010)

co NOx vocC PM
ehot conv 1,1241 1,673 0,1306 0,28492
ehot eurl 0,3928 1,1379 0,1306 0,0698
ehot eur2 0,3928 1,1379 0,1306 0,0698
ehot eur3 0,322096 0,955836 0,080972 0,046766
ehot eurd 0,25532 0,773772 0,030038 0,02443
ehot eur5 0,25532 0,557571 0,030038 0,001396
ecold/ehot 1,48 1,118 1,84 1,7
ehot per year 6.157.266,34 15.494.812,23 1.283.517,05| 1.080.575,75
ecold per year 1.329.969,53 822.774,53 485.169,45 340.381,36
TOT (gr) 7.487.235,87 16.317.586,76 1.768.686,50 1.420.957,11
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The comparison between polluti emissions leveldbefore and after the Ecocity implementatic are

presented in the following figureshowing he contribution of each supply chain to the aitysan.

Figure 5.10 ComparedO emission: Figure 5.11 Compared>X\Ngnission:
10.000.000 25.000.000 1
£.000.000 - 20.000.000 -
HTrznsportto B Transpart to
HoFeCe . HoRe(a
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B Transportto B Transport to
£,000.000 incipendent 10.000.000 indipendent
retail retai
4 5.000.000 -
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0 T !
o ! Before Ecocity  Ecocity -2nd year
Before Zcocity  Ecocty-2nd year
Figure 5.12 Compared VOE&nissions Figure 5.13 Compared Biissions
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1.000.000 7 m Transport to rotail
incipendent 500000 -
500.000 -+ retail
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Before Ecocity  Ecocity-2nd yezr

Sourceiown elaboration

According to my scenarios, air pollution has deseektby a significant share comped to the food flow
capured by the Ecocity service: the amount of food ageg (AL is about 8% of the full amount of foc
circulating in Parma, while the decrease of pofititamissionsachievedthrough rationalization and e-

friendly delivery is estimated ia range of 2-29% , according to the differeamissions. The most harmi

emissions, PM and NQrespectively decrease 29 % and 22%per annum.
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Table 5.12. Emissions reductions™ gear Ecocity

Pollutants emissions

CO - 25%
NOXx -22%
VOC - 24%
PM - 29%

5.6 Remarks on Ecocity project

Two years after implementation, it appears the Egqecoject reached some significant results imeof
pollution reduction and delivery scheme efficientiiese results have been obtained through to thaée
type of innovations:

- consolidation of good flows within the urban graehieved through the set up of an urban

distribution center within the wholesale marketzare

- use of non (low) polluting vehicles;

- Municipality regulation focused on restrictingrtain activities on the basis of size, technolabic

equipment, type of engine and load factor of thbticommercial vehicles.

According to my findings, the Ecocity service offgreatest scope for those retailers, predominanibller
stores, independent retailers and Ho.Re.Ca opsrattio are not part of supply chains in which deiies
are already highly consolidated at distributiontoeshinto full vehicle loads, since vehicles alyeadrrying

full-loads for a single retail outlet will not befite

However there are critical factors in the introdoctof a logistics service as Ecocity, in fact thedded
costs due to the load breakdown, and issues cangecontractual continuity with the recipient ofeth
goods. These aspects have been taken into aceotna designing phase and have been overcome ttanks

the strong commitments of all the involved stakdbod.

Finally, the most relevant advantages of this togee:
- a reduction of air pollution;
- the goods are transported to and from the citgnrmironmentally friendly (electric) vehicles,
geared to the size of the city centre streets;
- transport companies can deliver their goodseattlge of town, which makes them gain time.
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6. Case study 2 - The city of Bologna

In this section we present the study case for itigeo€ Bologna and its background context, thendescribe
the urban freight traffic performance for selectedd supply chains. A baseline scenario is develdpe
estimate current pollutant emissions generatecheyLCVs carrying food products to independent letsi
and Ho.Re.Ca. operators in the urban area of Baldgimally, two optimization models are proposeasdul
on the implementation of a urban distribution centehich can potentially be located within the wdsdle
produce market area. These scenarios are developkdlp explore potential effects of food products

consolidation and low carbon transport solutions.

6.1 The city of Bologna

Bologna is the capital town of the northern-centeglion of Emilia-Romagna. The population consists
377.000 inhabitants, and it is at the heart of &opelitan area of about 1,000,000 inhabitantsated at the
center of the Padana Plain. Considering the cititha satellite towns it is the seventh largestroomity in
terms of population in Italy, with high density &v Economically, the district has an old indwsdized
vocation dominated by agro-food industries, machows, engineering, electronics, footwear, andilex
Bologna is also an important logistics center aedsby five major railway lines and four highways of
Northern ltaly, serving as a national and Europaamnfor merchandise transit. There is also a loadition

in servicing small firms by professional forwardeasd transporters, connected with the import-export

activities.

Bologna is home to the one of the oldest univesiin the world, University of Bologna, foundedlidd8,
hosting a large student body which takes part éoldlcal social, economic and cultural life. They dias
important retail and wholesale trade activities ané of the first Italian vegetable and fruit maskerhe
urban area is characterized by high concentratfospecific topographic bottlenecks for transpodati

typical of Medieval settlements layout with cong@ntings areas and narrow streets.
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6.2Bologna’s food system
6.1.1 The urban food demand

The demand of food in a working day in the cityBaflogna is estimated on the whole people flow, sagh
permanent and temporary residents, city users andsts. Thus the total estimated consumers within
Bologna’s city area is approximately 494.300 pepplechasing in the city one meal or the entirdydaiod

request depending on the type of population gragaghown in table 6.1.

Table 6.1. Bologna's people flows

Population group Total food Percentage
(kg/day)

Residents 377000 76,3

Temporary 45000 9,1

residents

City users* 70000 18,5

Turists 2300 0,4
Total 494300 100,0

* Net of commuters, hiving off residentsiemuting to the peri-urban area

Source: our elaboration on MunicipalityBiflogna data, official statistics
and secondary sources, 2009

On the basis of the RER studies, most of the peoptehase food to consume it at home. Approximately
there are 424.300 people who purchase 981,3 tofsodf products per day. | assume all city usersand
share of city dwellers eat out of home a meal @gr, ds a result they are about 107.948 peopleng$ar
235,7 tons of food products, as shown in table Although not all this food will be consumed, 18%o i

usually wasted by the households and goes to tiiilla

Table 6.2 Out of home /At home consumption food aeeinby Bologna city groups - 2009

Purchased food Purchased Total amount
People flow per capita food per group per type of
(Kg) (ton) consumption (ton)
City dwellers* eating 316.352 2,650 838,3
at home (all day) 981,3
City dwellers eating 107.948 1,325 143
at home (one meal)
City dwellers eating 107.948 1,325 143
out of home (one meal) 235,7
City users eating 70.000 1,325 92,7
out of home (one meal)
Total 1.217

* “City dwellers” include people who overnight: peanent and temporary residents, and two or more

nights sleeping tourists

Source: own elaboration
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6.1.2  The food supply

Within the city of Bologna there is wide supplyfobd through both retailing and catering channelsich
respectively accounts 68% and 32% of sales arese(@xorio del Commercio- RER, 2010). Concernirg th
corporate retailing system, most of food retailisgles area at municipal level is represented by
hypermarkets and supermarkets (see table 6.3}elbda sub-urban areas. Recently, big and smatiorate
retailers opened superettes in the inner centén,thve aim of capturing the group of consumers hlaae not
private vehicles or time to go shopping in the hbmrhoods.

Table 6.3 Retail surfaces share within Bolognag lanits

Type of point of sale %
Hypermarket 220
Hyper < 6.001 0%
Hyper > 6.000 220
Supermarket 56%
Super <800 m 6%

Super 800 - 1.299 13%
Super 1300 - 2.499 7] 29%

Super > 2.499 m 8%
Discount 11%
Superette 89
Specialized 39

Total 100%

Source: Osservatorio del Commercio RRED10

Within Bologna’s city limits, there are 1.046. Iq#mdent retailers located, having a sales arear @&ten’
and providing fresh, canned, dry, frozen food andt fand vegetables A recent trend appeared in the
independent retailing system, it is the high sharethnic food outlets both the inner center anahaigh

boroughs, replacing “mom and pop” grocery store anodiding a wider choice in ethnic food products.

Table 6.4 Bologna’s independent food retailers

Size < 250 rhstores N.

Corners shops, Small grocery 1046
stores, etc.

Source: Municipality of Bologna, 2009
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Bologna represents a center of attraction for #wé-urban and regional population, due to the preseh
the University, of a large number of companies &odiness services and a variety of entertain
attractionsand shopping points. As a res the city is characterized by a wide supply “eating and
drinking place% there are 300 hotels and 1815 sale points regidtascafés pubs, bar and restaurants (
table 6.5).

Table6.5 Bologna's Ho.Re.Ca.
Ho. Re. C. category N.

- Cafés (bar, pastry store, pub, etc.)1.815
- Restaurars (pizza, burger, etc.)

- Hotels 300
Total | 2.115
Source: Municipality of Bologna, 2009

6.1.3 Bologna’s food metabolism

Inbound food flowsin a working day, identified asologna’s food supply, is abc 1240 tons. Figure 6.1
shows the estimated mass of food associated with #law described above. TtBologna's daily food
demand is about 590 tons, whose a 82% is food intended to honeensumptio. In Bologna, there is no
significant agriculturgin fact only six hectareswithin the city are used for agriculture. Therefaelt
production and food products from home gardeningpisincluded in this representation of food flowke
urban food supply channels provides to the pomrathis amount of food and even m, due to the
physiologic and nomphysiologic losses occurring in both the retailangl catering systems. The full amo
of food circulating in the city is thus 599 tonsaching the points of sale or the proces sites with

commercial vehicles.

Figure 6.1 Bologna Urban Food Metabolic - 2009
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The urban food metabolism of Bologna is presentdijure 6.6. The flows of recovered food is inaddn
the representation even if there are not compréherdata on the total amount of edible food that is

redistributed through recovery projeéts
6.2 Bologna food transport performance

The features of food transport of both the indepeabdetailers and Ho.Re.Ca. supply chains are ithestin
this paragraph. The food flows captured by thegplguchains is about the 33% of the full amountaafd
products circulating in the urban distribution gyst According to my findings, the food transpodtsyns in
Parma and Bologna present high similarities in seaihfrequency, load unit, type of vehicles andweel/
period. Three facts are although peculiar to thedfdelivery scheme to Ho.Re.Ca and independent in
Bologna:

-  67% of the trips leave the point of origin withwattion < 25%

— only 12% of the trips have a loading optimizatiou@i050%

— third party operators have higher load factor cat@pared to own account operators.

Table 6.6. Bologna’s food transport details. Indefsnt retailers food supply chain

Macro- variables | Variables Details
Frequency
requested by Average: 5,4 delivery per day
receivers
Load unit Food products are mostly loaded on vekial boxes, and also
Logistics variables in pallets, rolls. Each parcel weights on averagekd.
Delivery N. of deliveries /trip: 10
features Weight of each delivery: 43 kg
Typology of Diesel LVGs (up to 3.5 tonnes gross weight) distie 97% of
vehicles total food flows to independent retailers and Ho(Re
businesses.

75,2% of LVGs are engine emission standards Ed 2,
Delivery period | Deliveries are carried out duringhe morning:
Peak’s hour: 7-8am

Level of
logistics Average (A/R): 25% of loading capacity
optimization
Carriers
Technological and | typology 92% own account and self-provisioning
organizational Nodes of the Warehouses of wholesalers, Bologna freight platfocnoss-
variables supply chain | dock facilities and wholesale market.
Mostly of the nodes are located within 50 km frome tcity
center.

Source: own data, City ports (2005)

22 Most of the recovery projects implemented in Bolagre managed by the academic spin-off Last Miklateket.
Specific data on recovered food amount are availahly for the projects using this model, othetid@tives have not
yet been monitored.
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Table 6.7 Bologna's Foodansport detail-Ho.Re.Ca. food supply chain

Macro- variables | Variables Details

Frequency

requested by Average: 2,3 delivery per day

receivers

Load unit Food products are mostiyaded on vehiclein boxes, and als

in pallets, rollsEach parcel weights on average 2,3

Logistics variables| Delivery N. of deliveries /trip: 4

features Weight of each delivery: 13,8 kg

Typology of Diesel LVGs @p to 3.5 tonnes gross wei) distribute 97% of

vehicles total food flows to independent retailers and Ho(Re

Technological and
organizational
variables

businesses.
75,2% of LVGs are engine emission stand Euro 2,3,4

Delivery periot

Deliveries are carried oduring in the morning
Peak’s hour: 8-9am

Level of

logistics Average (A/R): 25% of loading capacity

optimization

Carriers

typology 92% own account and self-provisioning

Nodes of the Warehouses of wholesalers, Parma freight platforos-dock
supply chain facilities and wholesale market.

Mostly of the nodes are lated within 50 km from the cit
center.

Delivering operations in Bologngresers similar patterns to the ones carried muParma, using a large
number of vansvhich have a carrying capaciunder 3,5 tons. Furthermordet Dieselengine LCVs fleet
circulating in Bolognéaas a compositiosimilar to the Parma’s onemissions standards Euro 2,3,4 acct

Source: own data, City ports (20(

for 76% of registerdehicles (see figu 6.2).

6.2.1

Figure 6.2Bolognalight commercial vehicles fleet, 2009

by EU standard emissions - BO

Registered Diesel LCVs

Euro 5

Source: ACI, 2009

The urban freight distribution governance
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Comparing with some European cities, Bologna hashilghest percentage incidence of the commercial
vehicles on the whole moving fleet, as shown iret&h8, and it accounts for 25% of local vehicllesvk
(using PCUs — Passenger Car Units). Moreover thd n@nsport of goods traffic is responsible fo¥&6f
NOx emissions (ARPA RER, 2010) at local level.

Table.6.8 Traffic generated by freight distributioarious cities

City Commercial vehicles per city
over whole moving fleet

Rome 22%
Milan 15-20%
Bologna 25%
Basle 18-24%
Hanover 129%
Nuremberg 15%
London 11%

Source: Curi, 2002

The Municipality has been involved over the |&stfyears in policies intended to reduce trafficgastion,
air pollution and noise, which affect citizens’ds; reflecting negatively on health and s&fetgelected
actions have been adopted with the aim of improwitigens’ quality of life, through specific obj@ats:

- to reduce air and noise pollution,

- to save energy in the transport sector,

- to achieve widely-available but sustainable agces

- to increase public transport and reduce privatgoles,

- to improve road safety,

- to encourage a more eco-compatible stock of \ehic

In order to fostering Bologna's accessibility aatianalizing freight deliveries, the Municipalitgapted the
“City Freight delivery Plan” (2005), which mostlpduses on the inner city traffic area, where it besn
created a Limited Traffic Zone (LTZ). The key deymihents are four:

1. enhancing management of city access permissioaselgetting different rules for third party
operators (carriers, logistic providers, etc.) arcoperators delivering in their own (producers,
shop owners, etc.) ;

2. fostering freight vehicle fleet conversion andfatréduction of new low emissions vehicles to
reduce the environmental impact;

3. decreasing vehicles accesses through a rationahzaft commercial vehicles loads and freight

delivery routes;

% The integrated policy constitutes of a varietgwétegies: “Air quality agreements with Municipia, Districts and
Region” (2003- 2009), “Urban Traffic General PI42006), “Air quality special emergency measure€0®), “Urban
freight distribution” (2006), Van sharing proje00Q7).
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4. rationalizing road occupancy, with specific loadbad areas.

Furthermore, the Municipality is working with theamsport operators and trade associations, logatios
providers, Regione Emilia Romagna and a wide rarfigertners to implement the travel aims and pesic
of this plan. Partnership with the supply chainrapm's is especially important in implementing pgland

enhancing the economic vitality of the city.

6.2.2 New transport and logistics measures in Bologna

To achieve the Municipality’s vision of a sustailglcity, the quality of Bologna’s transport and
infrastructures must be transformed and improvemantogistics services are needed. In particltais
urgent to improve city users mobility within theycand efficiency on freight transport, to meet gnewing
demand of goods expressed by businesses in thepubtan area of Bologna. Policy makers are thus
adopting an integrated approach including transaod land planning issues, making major improvement
in public transportation and tackling traffic cosgien. To this end, the “Bologna Municipal StruetuPlan”
(Piano Strutturale Comunale - PSC) defines stratggnciples driving urban development in the rfgigen
years on the basis of: economic, social and cultdeeelopment; quality of life improvement; awargewof
non-renewable resources. PSC identifies SevensCitiamely seven main projects focused on different

strategic measures, strongly interconnected aeddependent among others.

These measures aim at improve the accessibilit§fferent urban spaces that are centre for laipnal,
international relations (railway station, airp@kpo centre, business centres, wholesale produdethan
particular they focus on redesigning the urban $i@amnong historic city, areas of new urban developme
sub-urban districts, residential areas, logistiesfgrms, manufacturing and services ar@ds objective is
to put in place strategies to make best use ofar&teapacity, encouraging transport operators twdinate

and optimize the delivery system.

Here | include three representations of Bolognatetjic transport networks (see figures 6.3, 6.%,a6.
defined by the PSC, where new developments of ladiaays and freight flows main routes are foresee

these plans we observe the Municipality’s aim teuea that suitable sites and facilities are maddahle to

enable the consolidation and rationalization oiBahrough existing sites which have been renewedso
second option, through new sites. Particularly vahe for this study is the progressive inclusiontioé

wholesale produce market business area withinrbenuransport networks.

Figure 6.3 The City of Railway — Bologna PSC

82



83



6.2.3 The potential role of the wholesale produce market

The Agri-Food Centre of Bologna (CAAB) is the sture created to promote the wholesale trade of food
and produce, as well as the related logistics seswvithin the city of Bologna. It is a logisticaffiorm and a
centre of advanced services for the agri-food sefiitking, packaging, etc.). The wholesale faeifit
include refrigerated warehouses (4.300 m2), covdogiktic platforms, backup structures, offices and
support structures. 34 wholesalers, 6 cooperatitvas group 200 companies, 80 agricultural busiresse
direct marketing, 2000 wholesale and retail custamBesides wholesale and producers business area,

CAAB also includes platforms for picking and supptyto corporate retailers.

CAAB plays a relevant role in the Bologna urband@oipply system, and it covers functions intermmydaa
regional and national level by attracting and con@ing supply and demand, thus enhancing busemess
trade. With the aim of enhancing CAAB logisticseakithin the urban food chain services, wholesale
market representatives drafted potential actiomaecing food distribution and transport efficierfoy the
city of Bologna (Caccioni, 2008).

Figure 6.6 CAAB entrance and market area

Source: CAAB, 2008

6.3 The environmental impact of urban food transport

The main objective of this preliminary study isdssess the current environmental quality in the aft
Bologna (baseline scenario) and potential improvemeesulting from two optimization scenarios. Tingt
scenario foresees a limited optimization of loadexgors for the Ho.Re.Ca and independent retagdinuply
chain, through deliveries consolidation, the opmsatpartially improve (+8%) the loading factor of
commercial vehicles. The second scenario add<etéir§t one the enforcement of traffic restrictiarsl the

provision of technological incentives to enhanceeftiod distribution with eco-friendly vehicles.
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Type of vehicles used, the distances travelledhleynt their average speeds and the number of dtegs t
make are determinants included in the model toneséid the emissions by road transport, accordirigeo

methodology Copert 4 (as described in chapter 4).
The baseline scenario is developed on the availdata in order to realistically represent urbandfoo
transportation. As results, it foresees 1719 die€AIs circulating within the city limits deliverinthe food

products to Ho.Re.Ca. outlets and independenieesai

Table 6.9 Food transport emissions (independésitee& Ho.Re.Ca.) baseline scenario —per year

co NOx VvVOC PM
ehot conv 1,1241 1,673 0,1306 0,28492
ehot eurl 0,3928 1,1379 0,1306 0,0698
ehot eur2 0,3928 1,1379 0,1306 0,0698
ehot eur3 0,322096 0,955836 0,080972 0,046766
ehot eurd 0,25532 0,773772 0,030038 0,02443
ehot eur5 0,25532 0,557571 0,030038 0,001396
ecold/ehot 1,492 1,1232 1,876 1,74
E hot annui 23.229.389,63 57.156.138,55 4.938.429,00 | 4.271.214,98
E cold annui 5.142.986,86 3.168.736,32 1.946.728,71 1.422.314,59
TOT (gr) 28.372.376,49 60.324.874,87 6.885.157,71 5.693.529,57

Source: own elaboration

Table 6.11 Food transport emissions (independetailee & Ho.Re.Ca.) Load factor optimization &

technological subsidies
co NOx vocC PM
ehot conv 1,1241 1,673 0,1306 0,28492
ehot eurl 0,3928 1,1379 0,1306 0,0698
ehot eur2 0,3928 1,1379 0,1306 0,0698
ehot eur3 0,322096 0,955836 0,080972 0,046766
ehot eurd 0,25532 0,773772 0,030038 0,02443
ehot eur5 0,25532 0,557571 0,030038 0,001396
ecold/ehot 1,48 1,118 1,84 1,7
ehot per year 6.157.266,34 15.494.812,23 1.283.517,05 1.080.575,75
ecold per year 1.329.969,53 822.774,53 485.169,45 340.381,36
TOT (gr) 7.487.235,87 16.317.586,76 1.768.686,50 1.420.957,11

Source: own elaboration

According to my elaboration, the deliveries ratiization mechanism foreseen by the optimized séerdar
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can potentially generated a reduction of 16% opallution in Bologna’'s environmel

Table 6.10Food transport emissions (independent retailer &ReédCa.) Load factor optimization scenaric

Technologic subsidies
co NOx voc PM
ehot conv 1,1241 1,673 0,1306 0,28492
ehot eurl 0,3928 1,1379 0,1306 0,0698
ehot eur2 0,3928 1,1379 0,1306 0,0698
ehot eur3 0,322096 0,955836 0,080972 0,046766
ehot eur4 0,25532 0,773772 0,030038 0,02443
ehot eur5 0,25532 0,557571 0,030038 0,001396
ecold/ehot 1,492 1,1232 1,876 1,74
E hot annui 9.973.089,09 29.309.785,83 2.412.695,00| 1.393.683,69
E cold annui 2.208.041,92 1.624.934,53 951.084,37 464.096,67
TOT (gr) 12.181.131,01 30.934.720,35 3.363.779,36 | 1.857.780,35

Source: own elaborati
The impacts reached through city logistics measanesrban food transport i presente in the following
diagrams (see figures 6.7, 6.8, 6.9, 6.

Figure 6.7 Compare@O emission:
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Figure 6.8 CompareldOx emission
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Figure 6.9 Compared VO@missions
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Figure 6.10 Compared Pkmissions
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According to my findingscombining the deliveries rationalizat with the gradul phasing out of older
diesel vehicles allowt achieve significant results in terms of pollusaamissions reduon, as shown in
table 6.11.

Table 6.11Emissions reductior—1, 2 Optimization scenaric

Pollutants emissiol | Optimiz.1 | Optimiz.2
co -16% - 38%
NOx - 16% -27%
VOC - 16% - 30%
PM - 16% -47%

6.4 Remarks on defining food logistics projects in Bologna

The urban food distrition system in Bologna presents inefficiencies dack of coordination,and
consequently generates a relevampac of the air pollution at local level. In particu, the independent
retail and Ho.Re.Casupply chainsare characterized by informal Isgics activities, mo of them directly
operated by food suppliergroducer and shop owners, with limited deliveriesnsolidatior measures. The
resulting scheme foreseesany “small deliveries” trig, with high transport costs. Moreover tmost of

urban delivery vehicke are old and highly pollutants: these diesellight commercial vehicles, whic
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strongly contribute to the air pollution, particiia they remain a major source of particulate eratnd
NOX.

Concerning the two cases study, | observe that) &/ologna and Parma are cities of different sjzbey
present a variety of common patterns related touthan consumers behavior and urban food distohuti
systems. According to my findings, Ho.Re.Ca. ardképendent retail chains in Parma and Bologna ask fo
similar logistics services, in terms of frequentiying and delivery volumes and weight. In additionboth
cities the wholesale produce markets play a relexaa in the urban food provisioning system, ttoeyh

have a strategic location in urban morphology agiktics facilities in run.

As a result, | identify the opportunity to implentén Bologna a city logistics project for food dibution
following the Parma Ecocity model, which includbs implementation of a urban distribution centethimi
the wholesale produce market and the renewal ofabe transport fleet. In practice, urban plannecsild

be in charge of activate a process of transformatiothe Bologna’s wholesale produce market towaard
Food Hubsolution. The environments benefits generatedhisydolution, as presented in this thesis, would

be significant in terms of pollutant emissions retcan for the city of Bologna.
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7. Final remarks

Urban food provisioning and distribution are cruigssues in our modern civilization. The unpreceddn
pace of urbanization and its effects on citiesaoability make it urgent for local administratitmdevelop
urban policies oriented to redesign the food chminthe base of new types of social, economic and

environmental relationships amongst food producetajlers and consumers.
7.1Keys findings

According to the research questions proposed, tiwomes of the study provide the following answers

the research questions posed at the begining:

* What are the food flows circulating in the city?wito estimate the demand of food requested by
city dwellers and city users? How to estimate tingpty of food offered by the different food retalil

systems existing in the city?

The question is answered in chapters 5 and 6, éyatialysis of the urban food systems of Parma and
Bologna. Chapter 4 provides a framework that candsal to structure the urban food flows by idemy

the food chain sub-systems with basic classificatiand by explaining the relationship between tlsede
systems in the urban food system (see figure #1¢. main data to develop this framework contaires th
available literature, the acquired knowledge dutimg Ph.D. trajectory, the on-field research omiRaand

Bologna’s study cases, and discussions with experts

In the model, the investigated sub-systems arauthan food demand and supplyho requestandwho
providesfood are the two main dimensions. City dwellerd aity usersconstitute the whole demand side,
while the food supply is represented by the retgilsystem (corporate retailers, independent regaile
alternative channels) and the catering system (BI&&, institutional cafeterias, business food isesy.
Moreover the model identifies a hidden flow, whishthe food wasted at distribution and consumption
phases, and proposes a method to estimate the aofowasted food. The urban food distribution can b

captured by the dimension what, which describes the type of consumption, i.dhaxhe and out of home
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streams. | used this model to assess the urbanmfietabolism of the cities of Parma and Bologna; iz

an estimation of the full amount of food which ail@tes within the city in a working week.

The proposed model provides a comprehensive arahigrgepresentation of the fragmented and dispersed
food flows which daily occur at urban level. My ifna results innovative by including two specific
components which in the most of the analysis alg marginally considered: (i) theity usersand (ii) the
wasted food. In modern cities, city users repreaaelevant flow of people coming from the pefpam and
regional areas, which travel to the city for vagaeasons, including work, study, shopping, busirsew
socializing. Even if city users constitute a trémsi flow, they take part to the city life, by utihg goods

and services, participating to the socio-econorntig metworks and, not least, purchasing and consgmi
significant amount of food. Concerning the food t@ashis food flow is defined as “hidden flow” besa it

has not been systematically investigated until raltiough recent researches (Segré et al., 201dhasize

the high incidence of wasted food along the sumplgin, generated in particular at the distributsord

consumption phases.
*  “What are the basic features of the urban food supphsport systeg?”

The answer is explicated in chapters 3 and 4 basetthe research framework in Figure 4.3. It hambee
applied the data set provided by City Ports (20@8)ich describes the Parma and Bologna’s urbaghtei
transport systems through logistics, technologieald organizational variables. Additional data on
independent and Ho.Re.Ca. supply systems have tamered through the food businesses and food
services register issues by the Parma and Bologaaidipalities (2009), and through interviews with
transport operators, suppliers, and retailers i fodgies. By introducing the concept of “last foodle” |
have set the boundaries of the research analydisetna research protocol to collect detailed ciase on

the retailers store deliveries, distribution stggtestores management (i.e. storage space), andethiele

fleet in urban areas.

The collected data and information provide a dethdescription of the “last food mile” distributieeheme
for the selected supply chains. The food transggstem in urban environments is characterized bailsm
scale distribution of goods, according with theereers requests, which ask for high frequency éeles of
limited number of parcels, in a narrowed time-wiwd@dditional crucial issues are: (i) the fragmeiaa of
the receivers, in fact food outlets and Ho.Re.@adsspersed in the whole urban area, and (iiptreshable
goods transport must be performed w#tl hoc vehicles, which maintain the cold chain logistasd

guarantee the hygienic requirements.

The most problematic issues resulting by this atedhifood distribution scheme are that commercial
vehicles operate below their maximum carrying capa@uack, 2009) and empty runs accounts for a
significant part of total kilometers-vehicles. bct, the urban small scale deliveries are usuglgrated with

light commercial vehicles (> 3,5 tons) which leahe warehouse, the wholesale market or the supplier
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terminal with an average 25% of loading capacitygdes without saying that the economic costs e$¢h
type of delivery highly increase and strongly dsttéie marketing performance of independent retagad

Ho.Re.Ca. operators.
* “What is the environmental impact of the urban foadspor?”

The environmental impact is examined in the fifttapgter. COPERT 4 software has been used to cadculat
realistic vehicle pollutant emissions for the sidcfood supply chains in different policy scensridwo
scenarios have been developed for the case of Paefare the implementation of city logistics puije
Ecocity and after two years since the project sthrifhe Bologna case has been explored througk thre
scenarios: the baseline one, the loading factomagation (increasing by 25 to 33%) one, and thedtbne
which foresees the loading factor optimization #meltechnical improvements (decreasing the oldeséi

vehicles).

My analysis points out the substantial contributiétight commercial vehicles, the dominant modeidfan
food deliveries, to air pollution. LCVs are respities of a disproportionate amount of pollution, dayitting
high share of NOx and PM. More precisely older eliemns generate air pollutants containing padidyl

harmful fine particles, provoking breathing anddiavascular illnesses.

According to my findings, the project Ecocity, whicaptures and rationalizes urban deliveries foutaB%
of the total food flows circulating within the cityf Parma, generates a significant reduction ofupant
emissions, such as - 29 % of PM and - 22% of NOwe improved food logistics scenarios defined far th
city of Bologna foresee the rationalization of Hame share (8%) of the total amount of food distad at
urban level. The potential benefits generated bygistics service similar to the Parmesan one tesul

reductions comprised between 22-28% of PM and 28-@4NOx emissions.

 “What are the potential actions on improving the dfawansport efficiency? Which logistics
solutions can be implemented by the wholesale peduarket as actors of the food supply

system?”

The question is answered through the case stuéaoha and Bologna (chapter 5 and 6). | have examine
the case of Parma and its logistics service Ecquityided by the wholesale produce markets, orbtsis

of data collected from the market authority.

The case of Parma presents innovative aspectseimprbcess of redesigning the urban food distrilbutio

system, combining transport sustainability issuéh wenewed services provided by a former actothin

urban food chain: the wholesale market. In practibe existing distribution facilities of the whelde

produce market have been identified suitable tartiementation of the distribution center serviatpilers

and businesses in the urban area. The WPM authsritycharge of managing the logistic platform dinel

consolidation operations, providing the deliveryvgaes with eco-friendly vehicles and coordinatitig
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marketing activities related to the project. Thege the main results reached by the Ecocity projéct
reducing the air pollution and greenhouse gas éoniss (ii) improving the resources efficiency anast
effectiveness of the transportation of goods, ko account the external costs; and (iii) cdmiting to

the enhancement of local businesses performarsdriag high level efficiency in delivery service.

In this context, the wholesale produce market pkayslevant role due to its strategic locationhia tity
environment and to its specific skills in managpegishable goods flows, improving efficiency of tmban
food provisioning system. Moreover, the integratioh innovative logistics services to the traditibna
functions of the WPM are key factors to renew tbke rof this historic operating organization, whiish
suffering the effects of the global agri-food systerisis and which is threaten by the increasedketar
position of the corporate retail system. Lookingo#ter International examples, it is possible tateeand
enlarge the role of the wholesale market toRbed Hubs(Morgan & Morley, 2019, intended as (existing)
supply chain intermediaries playing a new or rercevede in the urban food provisioning system. Fbob
organizational model focuses on including environtakand social criteria, associated to the suskdén
food systems, to the market management proceduifege core components, such (s aggregation,
distribution and wholesale; (ii) active coordinatigiii) permanent facilities characterized the Food Hul, an

it includes the provisioning of additional logigjanarketing and communication services.

Finally, due to the limited public financial avdiidty and to the absence of available land withiodern
cities, the opportunity to implement a city logestiproject for food products centered on wholeszeket
role appears a cost-effective solution that pofitgkers can evaluate while defining urban food plamn
strategies. Although barriers to the success afaiprojects are identified in the need of strgagtnerships
and effective commitment of the main urban foodtesyn stakeholders, i.e.: city-government, busirgeesse

association, transport operators, suppliers andyoers.

This study provides a set of information to improkre knowledge about the urban food metabolismthed
complex urban food supply systems, with speciab$oon urban food transport issues. This study also
provides analytical tools for: (i) identifying impgant food flows, (ii) describing urban food transp
performance and (iii) assessing its impact in teofrzollutant emissions. Applying this approactaaglysis

to their specific areas of intervention, other egskers and community leaders may enhance theivlkdge

on urban food transports system, to target futasearch and to develop specific solutions that rinesst

community’s needs.

7.2 Scientific contribution
As Sonnino (2009) points out, there is a signiftdack of comprehensive and comparative studiethen
functioning of the urban food system, its potentitd limitations and its interrelations with otherban

policies, such as transport, land planning, andevasnagement.
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Whit the aim of reducing the gap of knowledge aldoot systems and freight transport linkages aamirb
level, this thesis has developed a methodologi@héwork, which include three sub-systems: (i) food
purchase, intended as food demand, (ii) the urlbad frovisioning, as food supply, and (iii) the doo
transport among supply chain actors. In a few wdtds system has been oriented toward the analysie
size and characteristics of the urban food flowse tvay these flows circulate in the city and the

environmental impact they generate.

In particular, the proposed methodology has intdridgrovide means to:
- Estimate the daily food supply by the food busiresand food services;
— Estimate the daily food demand by the city resislamtd city users;
— Describe the urban food transport performancesdégcted supply chains;
- Evaluate the environmental impact of the urban fo@ohsport, related to different city logistics

measures.

In order tocaptureand evaluate these processes, the concept offélagtmile” and a system of indicators
have been devised. These indicators provide speaffirmation on the pollution emissions generdigdhe
food transport and are could be a basic tool thepshpolicymakers in assessing the environmental

sustainability of different logistics measures tetbto urban food transport.

Nonetheless, approach asks for new qualitativenmition and statistical data that should allow p&s to
evaluate theairban food metabolisrthow much food is requested by/offered to the)aiyd its distribution
scheme (how food is delivered to the supply chaierators). Currently, data on city users flowse sind
type of food businesses, type and performanceeaftt transport are missing or highly dispersed ragre
variety of Municipal and Regional databases, haingathe definition of a comprehensive scenariohsf t

urban food system.

Even if in many countries such data are not sydiieaily collected, some effort, especially at dayel (i.e.:
San Francisco and London, Sonnino, 2009), have taeied out in order to depict the urban food esyst
and its transport scheme. In ltaly, only few attegripave been made to support public policies inuthan
food planning issues. The most relevant casestlagecity of Parma, which implemented the urban food
distribution project Ecocity, investigated in thisesis, and the city of Pisa, which is defining istrict
food plan Piano del Cibd.

7.3 Policies addressing urban food distribution inefficiencies

The crisis has played a major role in highlightihg negative effects of globalization on consunaerd the
vulnerability of the global food chain. As a resultban decision-makers everywhere have come closer

understanding and acknowledging the important tledé cities can play in enhancing sustainabilityptiyh
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initiatives which support and nourishing local coomities and economies, on a environmental protectio

basis.

The next step is thus to identify the most effextineasures which can be replicated with major ahaffic
success. Looking at Italy, common aspects charaictgrurban areas can be easily listed, such as the
average medium size, the high density of populatiod road transport. To this extent the strong reded
facilitating lighter, faster, safer and sustainaftbevs of products urgently needs to match with tleed of

strengthening the food market competitiveness (§wdo 1998).

According to the findings of this thesis, the opgpoity to enhance the urban food distribution syste
sustainability by renewing the role of the localolsale produce market through innovative logistitvice
seems to be an effective solution to be appliet boterms of sustainability, through reduced emwinental
impact and road traffic, as well as in terms of iayed suppliers’ competitiveness, by reducing castd

improve efficiency to reach the final users.

This solution is supported by the World Union of &#sale Markets, that in the its Paris DeclarafR{(09)

states the commitment to pursue essential valugaaed below:

ensure a quality—price ratio that is of servicectmsumers; [...] support of urban retail trade; theamotion

of environmentally-friendly logistics.
7.4Recommendations for further research

In this thesis, | explored new methods for valuihg environmental impact of food transport congider
that the air pollution effects are one of the exddities that must be assesses when defining alogigtic
policy for food distribution. The implementation ah integrated approach on food planning requieda d
and information on many other aspects of a citygsigh and functioning, such as land planning, urban
infrastructures, business and economic developnikemthermore future investigations could contribtge
deepen the relationships between the urban foadpoat and the associated economic and social hsitze

integrating the set of indicators applied with acreased number of variables.
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