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Abstract

The aim of this project is to obtain quantitativetalon the metabolic flows (energy consumption,amdy

by the establishment but also in the transportadfoworkers and customers, and packaging use) laid t
resulting environmental impacts of a standard shmgpgasket purchase in five city-center municipal
markets and a hypermarket in a suburban retail jpatke province of Barcelona (Catalonia, Spairje T
main results show that a standard shopping baskehased in a retail park requires 20 times moezgsn
than one purchased in a municipal market (11.1 It 0.57 kWh, respectively). Customer transpomatio
represents 83.2% of energy consumption in a rptalt, while the greatest impacts in a municipal ketr
stem from the establishment itself (49.5%) and wotkansportation (40.4%). Secondly, the packagsey
inventory is higher in a hypermarket (253 g) thanai municipal market (102 g). However, the overall
environmental impact associated with a standargppihg basket is 10 times higher on average in a
hypermarket than in a municipal market, and thdaarfootprints of the hypermarket and the municipal
market are 3.8 and 0.4 kg of €€x., respectively. According to the sensitivity lgsis, current policies for
reducing the amount of plastic bag packaging hétle fepercussion in a retail park because itatied
weight in terms of total packaging use is only M&vertheless, they have notable effects in murlicipa
markets where plastic bags represent 25% of thkagaty use. Finally, if customers selected thetleas
packaged products available in hypermarkets, ehoppéng basket could reduce up to 47.2% of its used
packaging weight and between 15.4 and 59.0% efisciated environmental impact.

Keywords: agro-food retail, environmental impact, LCA, indiat ecology, carbon footprint,
cities.

1. Introduction

The service sector carries the greatest economightvan Western countries, represening approxingai€ of GDP
(World Bank, 2008). Until now, the metabolic flowd this sector have not been thoroughly studiedhay were
assumed to be similar across types of serviceofltittle importance to agricultural and industradtivities (Graedel,
1997). As a result, there has been environmentatazo in these latter sectors, especially in tlistrial area, and
policies were generated in response, focusing maimlair emissions and waste disposal (Graedel7)19%is trend is
justified as the dominant types of service-reladetlvities have appeared to require less energynaattrials than
industry and agriculture (Heiskanen and Jalas, R0 this disconnection of economic growth froatunal resource
use, referred to as decoupling, has been assogidted lower environmental impact (Ayres and Ayr2801).
Furthermore, tertiarization in recent decades haseased energy and materials consumption of thécsesector as
well as their associated impacts. Neverthelessetflews vary depending on the type of servicemnéport, tourism,
catering, etc.), and a quantitative characteripatiothese flows can provide a qualitative viewts impacts associated
with each type. According to the European EnvirontakAgency (2010), the service sector (excludirapgport)
represented 11.2% of the final energy consumptfaheoEU-27 in 2007 and 8.7% of greenhouse gas (J=¢h@ssions.
Furthermore, the service sector has nearly the sameegy intensity as the industrial sector (6.%jtardes [TJ]
compared with 8.4 TJ, taking in account the eqgeintbf 1 million Euros of GDP), according to Jesger(1994), who
analyzed the energetic intensity of more than l&hemic sectors (including heavy industry and thevise sector)
through input-output tables.

Finally, industrial ecology offers a different pbiof view to this kind of studies, given that thetabolic perspective




considers the service sector from the point of vidgwraditional ecology and considers the serviggtean as a system
integrated in the biosphere (Erkman, 1997). Moreowelustrial ecology can study aspects of the isergector in
depth, including factors that have not been takéo account in recent improvements that have bepfieal to the
sector, such as the potential synergies amongreiiffeparts of the system that is significant forvees polygon
formats (Farreny et al., 2009).

On the other hand, the food trade is one of thet imygortant commercial branches of the serviceaeotcause it
represents an essential service for a basic humed @ones, 2002). Traditionally, there were mpaicmarkets and
small businesses that provided food services,rbrgdent decades, department stores and retas gaak provide food
services have also appeared, extending a concegatdfon North America in the 1930s and associati¢d tlve spread
of car-based transportation in the 1960s to otletticents (Escudero L.A., 2008). Western Europestimates for
2006 suggested there were almost 1,400 hypermaskditag food and several thousand selling non-fpooducts
concentrated in 700 retail parks (Guy, 2006).

According to Guy (1994), a retail park is a grodparious retail outlets on one floor that typigaihcludes a range of
shopping chains (generally supermarkets as wetlahking, footwear, electrical and do-it-yourselbtarial retailers)
with large parking lots and proximity to major tsmort routes.

A municipal market can be defined as commercialgant located in public spaces within the urbatwoek where
food can be purchased in stalls or small specil&®ps of independent merchants.

In terms of income, commercial formats are distiélouin the province of Barcelona (Generalitat déalCiaya, 2010a)
among supermarkets (400 - 2,500) (69%), super-services (150-400)n12.7%), hypermarkets (12%), boutiques
(11.2%), stores (4%) and self-service (1.2%). Toramercial formats that are compared in this anglgshcentrate on
23.2% of sector income and play a significant réheaddition, municipal trade facilities like muipal markets are
associated with some other key roles in cities @ies, 2009). First, markets are places that caritrito the quality of
life and sociability of neighborhoods; second, jmibharkets maintain a close relationship with uripéamning; third,
they also contribute to economic and social devakq; and, finally and most importantly for our poases here, they
play a role in addressing environmental concerns.

Food products have been the focus of several studieecent decades. The food industry is one efatbrld’s largest
industrial sectors, and it uses a great amounthefgy. Agricultural production has been indicatsdaahotspot in the
life cycle of food products (Poritosh et al., 2009%ing the life cycle assessment methodologyptbduction stage has
been analyzed for industrial food products, inahgditomato ketchup (Andersson et al., 1998) andydaid meat
production (Berlin et al., 2007), and agricultupabducts, such as tomatoes (Antén et al, 2005) ebl\aer, the research
on agricultural production has also focused on raaterials and waste management (Martinez et ab9,22011;
Mufioz et al., 2004), as well as on cultivation roelitiogies to improve the environmental profile obgms, such as
organic farming (Cederberg and Mattsson, 2000; tddisg et al., 2009). Besides, the introductiorgobd practices in
food industry were also analyzed, highlighting wastinimization (Henningsson et al., 2004; Hydelgt2001) and
food waste management (Lundie and Peters, 2005).

Recently, the packaging of food products has baaties as a product (taking into account their patidn, materials
and waste) (Ross and Evans, 2003; Zabaniotou asgid{a2003) and as part of the food product cysleh as beer
(Koroneos et al., 2005).

Regarding the distribution stage, some studies lpantified the energy consumption and environnmentgact
related to the overall food supply chain (Jone€2)Gs well as the differences between local angbited products
(Mila i Canals et al., 2007).

Although retail has been included in the life cyefdfood products in some studies when definecbad £onsumption
(Jungbluth et al., 2000), it only includes custorimansportation and food preparation and cookimyefal significant
factors have been omitted, and these omissiongidingithe need for including the food retail fatiland its workers in
an environmental performance analysis of a foodmase.

In this context, the aim of this study is to qunthe overall environmental impact associated witlergy consumption
and packaging use of a standard purchase in tvestypbcommercial facilities. Moreover, quantitatoleta can support
the decision-making process in food retail, noydrdm the customers’ point of view but also frone tmanager’s one.

2. Methodology

This paper focuses its analysis on those food mtolife cycle stages that are related to retail.rMspecifically, the
study focuses on the energy consumption and opdbkaging use vectors (Figure 1), excluding foaddportation to
retail and other minor vectors such as water copsiom The study works in two phases: the quartifan of vector
flows on the basis of a Material and Energy Flonwakmis (MEFA) (Haberl et al., 2004) and the quacdifion of
associated impact by means of a Life Cycle Assess(h€A) (ISO 14040, 2006).



78

80
81
82
83
84
85
86
87
88
89
90
91

93
94

96

97
98
99
100
101

Composition of the Characteristics and

Energy consumption Energy consumption

and transport of and transport of
workers (E,) costumers (E;)

shopping basket: energy consumption
product and packaging of equipment (E,)

Turnover
(€/m?)

Energy consumption Modality and Modality and
(kWh/m?) origin origin
Surface

(m?2 per uses)

A 4

Energy |nten5|ty (E;) Energy intensity (E,)
(kWh/€)

(kWh/€)

v Pr|ce of standard shopping basket (€) ]

- v v
( Wzlfgr:t;atu::atlzpe ) Energy cost(El) Energy cost (E,) Energy cost (E ;)
(kWh/basket) (kW h/basket) (kWh/customer)

v v

Energy cost for standard shopping basket (kWhbasket)

. Preliminary
y

[ Environmental impact ] A

i X X questions
associated to Overall Environmental impact
packaging materials impact of associated to energy Inventory data
the basket [ Results ]

Figure 1. Methodological structure followed in the paper.

2.1. Sudy System

The analysis was performed in two typologies oftfoetail stores representative of the sector arld eifferent social

and environmental characteristidie study area is the province of Barcelona, Catajan northeastern Spain.

For the municipal market typology, five markets &ehosen and the average data was used. Theypaesertative of
different types of municipal markets as they présgifferences in the pattern of energy consumptfbaating,

ventilation and air conditioning systems) and ie tvailability of free parking areas, which coratis motorized
access. No quantitative studies had been perfopmadously in these markets (Table 1).

For the hypermarket typology, a hypermarket intair@ark was chosen. This is located outside camnpeban areas
and closely linked to a motorway, being represérdgadf this type of commercial format in Europehés free parking
for 4,000 private vehicles and includes nine sitfifiered buildings, of which the largest and mospresentative
includes the hypermarket (Farreny et al., 2008pl@a).

Table 1. City population, store characteristics, turnoved ahopping basket price for the different storesdyzed.

Hypermarket Municipal markets
Sant Boi del Sant Boi del i Cerdanyola
Olesa  Castellar
Llobregat Llobregat Serraparera  Fontetes

Population 82,411 82,411 23,646 23,129 58,407
Total surface (f) 300,000 7,276.32 3,290 1,690 3,527.67 2,344.68
Retail surface () 26,000 1,922.32 660 160 166.16 829.02
Workers 600 64 83 29 60 40
Ratio (Worker/100rf) 2.3 3.33 12.58 10.51 6.02 4.83
Work schedule (h/week) 72 57 52 46.5 42.5 42.5
Turnover (€/M)? 5,570.80 2,464.40 2,189.701,797.80  2,380.50  3,830.80
Shopping basket cost (€) 27.02 33.57

TIDESCAT (2001)°Estimation based on the data of annual averageaven per surface of shop fjrby kind of shop,
from Diputacié de Barcelona(DIBA) (2007), and theface of each municipal market, available in Getligait de
Catalunya (2010b)°Field work data.
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2.2. Functional unit

For comparative purposes, a standard shopping basisedefined as the functional unit. For the gidahis study, the
standard shopping basket contains: 150 g lean #@@tg minced meat, 125 g boiled ham, 125 g chéesggs, 250 g
sliced cod, 500 g clams, 4 apples, 3 courgettesg3freen beans, 1 kg potatoes and 90 g almonds.

This basket was determined on the basis of the @WoesPrice Index (CPI) of the Spanish NationaliStiat Institute
(INE) and on the Continuous Survey of Family BudgdeCPF). Moreover, the product quantity was deitesth
according to a balanced 2,300 kcal diet as estadlisn Pinto and Carbajal (2003), and specific povdjuantities were
chosen to avoid those only available in packs abag units or quantities in a retail park.

2.3. Material and Energy Flow Analysis

2.3.1. Energy consumption

The energy cost of the standard shopping baskeb({idgket) was quantified in three stages: the etiergonsumption
of the establishment, worker transportation andtacuer transportation. For the establishment and viloeker
transportation consumption, data was quantifieduimover terms (kWh/€) and extrapolated for thecerof the
standard shopping basket (€). For customer trahsiher energy cost is the energy consumption byaustomer, as
each purchase is made for one group of customagsré-1).

Given that municipal market systems are aggregatmnsmall stalls, each with its own data, the daiection
procedure for these systems was complex due toatlataization. This fact makes it difficult to calteaccurate data of
energy consumption and annual turnover; thus pher estimated some data using surveys.

2.3.1.1. Establishment

Establishment energy intensity (kWh/€) was obtaiftech the electrical invoice for the hypermarkeat® source for
the hypermarket was the establishment itself, dioly the proportion of electrical energy consumpt{gWh) over
turnover (€) for 2006. In economic terms, energgnsity (1) for the municipal market system wasnested using the
installed power and the establishment weekly sdeg@iputacio de Barcelona, 2009).

Establishrentenergy InstalledpotentiaiL (KW/m 2) x Weekscheduléh/week)x 52(Week/yea)
intensity(kWh/€) -

(1)

Turnover intensity2 (€/m2)

! 8 Winfis considered from Diputacié de Barcelona (2009eve calculations were done for municipal markeith w
an installed potential between 6 to 10 \#/m

2 Estimation based on the data of annual averageowen per surface of shop §rby kind of store from Diputaci6 de
Barcelona (2007) and the surface of each muniaipatket (Generalitat de Catalunya, 2010b).

2.3.1.2. Transport

Transport of workers and customers was measured) ise methodology shown in Farreny et al. (2008h wome
adjustments. Calculations were made by estimatiaddtal distance covered using the work movematiem and trip
distance (Table 2). For the fuel consumption edtonathe average motorized distance,([i2) was obtained using
276 working days per year, the total number of weskT) and the trips taken in the same municip#éXt,), including
the walking modality (%). Finally, the transportation consumption for wenk (3) and customers (4) were calculated
using the distribution of the fleet of vehiclesfingl type (INE, 2009), the occupancy for privatel @ublic vehicles, the
efficiency for transport and fuel typology and #@E conversion (GHG Protocol Initiative, 2005) (TeaB).

) D= 276 -T-2- (X- % X,
(3) Energyintensityof ~_ (Publictransportonsumptia + Privatetransportonsumptia) (TOE)x11,620kWh/TOE)
workerstranspor{kWh/€) Establishmntsurface(mz)x Turnover (€/m?)

(4) Energyintensityof

= (Publictransportonsumptiao + Privatetransportonsumptia) (TOE)x ll,62((kWh/TOE)
customerranspor{kWh/custoner)

Where: Publictransport Dm -%py (km)
consumptio (TOE) 0, -e5 (km/L) -c5 (UTOE)
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Table 2. Average distance and modality for workers and@ustrs transport, by food store type.

Workers® Customers
Average . Average .
distanceg(km) Modality distanceg(km) Modality

) Walking (%)= 21% Walking (%,)= 0%
ig‘r"l"(" 5 km Private vehicle (%)= 65% 7.3 km Private vehicle (%)= 99%
Public transport (%)= 14% Public transport (%)= 1%

. Walking (%,)= 58% Walking (%,)= 90%
Mﬁ?gf'ﬁgg' 4.3 km Private vehicle (%)= 21% 1 km Private vehicle (%)= 2%
Public transport (%)= 21% Public transport (%.)= 8%

Y DESCAT, 2001- Labor mobility statistics, by mupadity; “Market study for retail park data, and municipal met
managers for municipal markets.

Table 3. Summary of vehicle energy efficiencies, converfaotors, distribution by type of fuel in the Smmprivate
vehicle park and occupancy.

Efficiency®  Conversionto TOE  National private vehicle park

Vehicle (kmiL) (LITOE) T n Occupancy
Diesel auto 10.20 (¢ 1150 (g) 1,902,138 57 % 1.56 {p
Gasoline auto 9.34 ¢ 1250 (g) 1,430,386 43 % 1.56 {p
Diesel bus 2.85 ¢ 1150 (g) - 20 (g)

The average efficiency used is for typical vehidlesed on averages from US EPA 2001 Guide (GHGoPobt
Initiative, 2005);2INE, 2009:Farreny et al., 2008.

2.3.2. Packaging vector

The quantity and type of packaging materials of st@ndard purchase were quantified, sorting thengmy product
packaging and plastic bags used by customersrepoat the basket home. The shopping basket desigas done in
a municipal market and in a hypermarket of the ywau@a. The purchase was done in the same cityoid geographic
cost differences. The packaging of each productseaed, weighted using analytical scales and oaizgd by type of
material for each type of commercial establishntemqterform the environmental impact analysis.

2.4. Sengitivity analysis

The study includes a sensitivity analysis for thekaging vector (A and B) and for the energy ve@@r

- Scenario A: the removing of LDPE bags was evaluatsiiming that they are replaced by a shoppinigyrol

- Scenario B: the least packed options for hyperntgrtaducts are accounted; and

- Scenario C: the quantification of sustainable mtybpolicies for hypermarket customers was doneiaésg the
same modality as the municipal market users (80Btipptransport and 20% private vehicle).

2.5. Environmental tools: Life cycle assessment (LCA) and Data quality

Once the energy and packaging flows were quantifleel LCA methodology (ISO 2006) was applied tcssify and

characterize the environmental impacts for differeategories. Classification enabled each environtatdoad to be
sorted into one or more impact categories, andaciearization allowed the calculation of the oveiatipact by

multiplying each load by a factor associated wiglcheimpact category. The classification and charaezttion stages
observed the CML 2 Baseline (Guinée et al. 200Xthauology.The selected midpoint impact potentials and theitsu
are abiotic depletion (kg Sh-eq.), acidificationg &G-eq.), eutrophication (kg P&eq.), global warming (kg C&q.),

ozone layer depletion (kg CFC-11-eq.) and humaitityxkg 1.4-DB-eq.).

Background data for the inventory was obtained ftbe Ecoinvent 2.0 database for the energy progluaif energy
flows (electric and fossil fuels) (Donedt al., 2007) and the materials of the inventopedkaging flow (Hischier,
2007). For the packaging vector, the life cyclegstataken into account in the LCA were the extomctf the raw
materials, the transportation and its processittigrostages, such as waste management, were eddhutlee analysis.
Foreground data includes the amount and typologgnaferials for the packaging use and the energguwption

(electricity and fuel) for the establishment ane ttansportation of workers and customers.
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3. Results and discussion

3.1. Energy consumption

The energy consumption of a standard shopping b&$able 4) is higher for a food purchase in a hypeket (11.10

kWh) than in a municipal market (0.57 kwWh) withatio of 20 to 1. Customer transportation is themuaintribution to

it for the retail park, with a higher motorized tdisce and a motorized share. The customer transgatbetween the
two establishments is 160 to 1 and indicates thatgst divergence between the two systems. Itage was excluded
from the analysis, the ratio would be reduced tw 8. This result agrees with Morales (2009), whithtes that
municipal markets play a role in addressing envitental concerns as they reduce distance travejlecthicles. Due

to a lower ratio of workers per surface in munitiperkets, worker transportation is the only stdwgg has a higher
energy cost for municipal markets than for the hgpeket (Table 4). Thus, by analyzing the charésties of each

stage of consumption, the inequalities betweenyihes of establishment are observed (Table 5).

According to the energy consumption patterns oleskrthe customers distance and the establishmestiogtion are

the key points. For one site, municipal markets sit@ated in city centers and the avoided customarsport is a

environmental benefit compared to retail parks. Eesv, municipal markets showed that environmerttategies

should focused on the establishment’s energy effiy.

Table 4. Inventory results for energy vector.

Energy consumption (kwWh/basket)
Facility = Worker transportation  Customer transpiiota ~ TOTAL

Hypermarket in a

retail park (RP) 1.68 0.18 9.23 1.1
Municipal market (M) 0.28 0.23 0.06 0.57
RP/M ratio 6 0.8 160 19.5

Table 5. Characteristics of each establishment, by consiomstage

Establishment Transport of workers Transport of cugomers
Greater number of Higher average distance (5 km) Supramunicipal influence
Hypermarket  high power equipment Motorization: 79% Higher establishment-home distance
in aretail installed (air Higher economic intensity (€/nand (7.3 km)
park conditioning, lower ratio of workers per mwhich Motorization: 100%
refrigeration) reduces unitary consumption (KWh/€) Lower use of public transport (1%)
Lower number of high Lower average distance (3.4 km) Municipal influence
Municipal ; Motorization: 42% Lower average distance (0.8 km)
market power equipment Higher cost of basket, which leads to Motorization: 10%

installed higher total consumption (kWh/basket) Greater use of public transport (8%)

3.2. Packaging vector

Packaging use is also higher in a retail park (@p3han in a municipal market (102 g). However, thstribution
between primary packaging and plastic bags antygeeof materials used are different in each estaivlent (Table 6).
Primary packaging is more relevant (93%) in hypek®es, where product positioning promotes easy wapid
acquisition by customers and means that produnthst® be overpackaged. In contrast, plastic bage hagreater role
in municipal markets (25% by weight) as a consegeeti their lower optimization because one is gigenstall.

The materials used in the manufacture of trays (&S, HDPE), multilayer packaging (PET) and casiog dther
packaging (cardboard) is not generated, or thegderials are generated in much smaller quantitiea atunicipal
market because this kind of packaging is not charistic of such establishments.

Regarding the shopping basket components, packdgingeat products and for vegetables were diffiefen both
retails. However, products in the hypermarket shibaeéhigher material intensity due to their overpagkTherefore,
even with changes in the shopping basket, a ledsagang amount is obtained in purchases done incipah markets
as the bulk shopping represents a monomateriaigimcdpackaging for food products.

Table 6.Inventory data for packaging vector, by system,emak and typology of packaging.

Hypermarket in a

retail park (RP) Municipal market (M) RP/M ratio

Primary packaging 235.0 g 76.6 9 3.0
Plastics Low Density Polyethylene (LDPE) 16.7 g 2229



Polystyrene (PS) 92.7¢g 3.8¢
Polypropylene (PP) 1469 109
Ethylene Propylene Diene Monomer
rubber (EPDM) 049 079
High density Polystyrene (HDPE) 59.1¢g 0
Polyethylene terephthalate (PET) 21649 0
Others Waxed paper 0 20.2g
Recycled cardboard 0 19.9¢
Cardboard 299¢g 0
Plastic bags Light Density Polyethylene (LDPE) 1799 255¢g 0.7
TOTAL 25299 102.1g 2.5
233
234  3.3. Environmental impact
235
236  The environmental impact associated to a standepping basket is higher for a hypermarket in airgark than for
237  a municipal market by a ratio of 7-18 to 1, depagdin the different categories. The environmemtgdact associated
238 with the transport of customers is more divergbetween 75 and 233 times higher in a retail pagedding on the
239 category analyzed (Table 7).
240 The impact associated with packaging use is lomeafmunicipal market, representing between 22%48% of the
241 impact in hypermarkets, depending on the impaegualy (Table 7). The use of packaging (in weighthypermarkets
242 is 2.5 times greater than that of municipal markatsl materials with a greater impact per kg (FS], Bnd cardboard)
243  are found in much higher quantities in hypermarkets
244  The overall impact of the shopping basket (TablésFetween 6 and 18 times higher in a hypermadegiending on
245  the category analyzed. Differentiating betweentthe vectors of the study, between 70 and 95% ofbtrerall impact
246 in a hypermarket in a retail park is associatedh witergy consumption, while the distribution betweectors is more
247  even in municipal markets where the packaging vaeoresents between 25 and 62%.
248
249  Table 7. Environmental impact of one standard shopping balskémpact category, commercial establishment and
250  vector.
dAb'Ot'.C Acidification Eutrophication Global warming Ozone I_ayer H“!“f”‘”
epletion potential depletion toxicity
(kg Sb-eq) (kg S@eq) (kg PG'eq) (kg CQ-eq) (kg CFC-11-eq) (kg 1,4-DB-eq)
Retail park (RP)
Energy 2.05E-02 1.34E-02 1.26E-03 3.07E+00 3.65E-07 739E-
Packaging 8.92E-03 2.37E-03 3.21E-04 7.27E-01 1.14E-08 1.04E-
Total 2.94E-02 1.58E-02 1.58E-03 3.80E+00 3.76E-07 8.5RE-
Municipal market (M)
Energy 1.73E-03 1.91E-03 1.38E-04 2.46E-01 2.02E-08 6.62E-
Packaging 2.50E-03 7.43E-04 9.25E-05 2.20E-01 5.29E-09 2.8DE-
Total 4.23E-03 2.53E-03 2.08E-04 4.46E-01 2.08E-08 8.TBE-
RP/M Ratio
Energy 11.9 7.0 9.1 12.5 18.2 11.4
Packaging 3.6 3.2 3.5 3.3 2.2 4.1
Total 7.3 6.2 7.6 8.8 18.1 9.8
251  Source:Authors of SimaPro V.7.2 and CML 2000 Methodology
252  Note:eg=equivalents, Sb=antimony, $8ulfur dioxide, PQ*=phosphate, Cg carbon dioxide,
253  CFC-l11=chlorofluorocarbons, 1,4-DB=1,4-dibuthyl.
254
255  The environmental profile shows that the impacegaties have the same pattern, except for OzonerlLRgpletion
256 Potential (ODP). However, in the context of glolalvironmental awareness and particularly with régar GHG
257  emissions, Global Warming Potential (GWP) requirese attention.
258 In the systems defined in this study, the GWP eeldb energy consumption and packaging of a stanstaopping
259  Dbasket is 3.80 kg C&eq. for a retail park and 0.47 kg &€q. for a municipal market. This impact categoojnts to
260 differences observed between the weights of eactovelepending on the type of establishment: therggnvector
261 represents 81% in a retail park versus 55% in aicipat market.
262  The results showed that the environmental polizie®od retail depend on the store type. Municipelrkets should
263 focus on the energy consumption of the establishraed to be energy efficient. Moreover, bulk shogpshowed less
264  environmental impact for packaging, but common tagshe overall market (and not one by store) daagtimize the
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secondary packaging use.

On the other hand, the distance between city ceatad retails parks represent the hotspot in thzemental impact
associated to a shopping basket done in a hypeemdtktablishments nearer the city center and putdnsport for
customers would be effective environmental policies

3.5. Sengitivity analysis

3.5.1. Scenario A: LDPE-bag removal in both systems

In terms of weight, there was a 7% reduction ofghekaging use in the hypermarket and 25% in mpaianarkets

when LDPE bags were removed from each system. Aowgly, the environmental impact decrease for taekpging

vector shows the same trend; for a hypermarketjnipact was 0.04%-6.6% lower in this scenario for tifferent

categories, and for the municipal market, the rédo®f 0.1%-33.9% shows higher impacts (Table & @n

This sensitivity analysis indicates that this pregichas a higher effect in municipal markets thmhyipermarkets due
to the fact that consumer packaging representgteehpercentage of all packaging in the municipatkat system.

As a result, the potential impact for the packagirsg in hypermarkets remains higher than the rmuaiignarket

system by a ratio of 2.1-5to 1.

3.5.2. Scenario B: Primary packaging reduction inlte hypermarket shopping basket

The total amount of packaging was reduced to 47%vesfht (170 g) by choosing products with less paihkg, an
attribute that also varies the material composition

This primary packaging for the hypermarket savedi%b59% in the different categories of environmeimapact,
excluding ODP, which increased by 4.4% comparetiédaseline scenario (Table 8).

Unless this scenario shows an improvement of tivrammental profile, the potential impact of theckaging vector
for the hypermarket remains higher than for the igipal market system in all of the categories anedlyat a rate of
1.5-3.5 to 1 across the different categories (T8hle

Table 8. Environmental impacts of one standard shopping &asiated to the packaging vector for scenariod @nd
B, by category of impact, commercial establishnagat environmental vector.

Ab'Ot!C Acidification Eutrophication Global warming Ozone I.ayer H“F“f”‘”
depletion potential depletion toxicity
(kgSbeq) (kgSeeq) (kg PQ”eq) (kg CQ eq) (kg CFC-11eq) (kg 1,4-DB eq)
Scenario 0
Retail park 8.92E-03  2.37E-03 3.21E-04 7.27E-01 1.14E-08 1.02E-
mg:‘;‘;‘tpa' 2.50E-03  7.43E-04 9.25E-05 2.20E-01 5.29E-09 2 8DE-
RP/M Ratio 3.6 3.2 35 33 1.9 41
Scenario A
Retail park 8.32E-03  2.23E-03 3.09E-04 6.90E-01 1.14E-08 1.02E-
m;pll‘;'tpa' 1.65E-03  5.40E-04 7.66E-05 1.67E-01 5.28E-09 2 G2AE-
RP/M Ratio 5.0 4.1 4.0 a1 2.2 4.4
Scenario B
Retail park 3.66E-03  1.36E-03 2.38E-04 4.03E-01 1.19E-08 0.62E-
mg:‘;‘;‘tpa' 2.50E-03  7.43E-04 9.25E-05 2.20E-01 5.29E-09 2 8DE-
RP/M Ratio 1.5 1.8 2.6 1.8 2.3 3.4

Source:Authors from SimaPro V.7.2 and CML 2000 Methodglog
Note:eg=equivalents, Sb=antimony, $8ulfur dioxide, PQ*=phosphate, Cg= carbon dioxide,
CFC-11=chlorofluorocarbons, 1,4-DB=1,4-dibuthyl.

3.5.3. Scenario C: Sustainable policies for custom&ansport to and from the retail park

Using the same customer transportation modalityridigion for the retail parks as for the municipahrkets, the
scenario showed a significant reduction (49%) ef ¢éimergy consumption associated with the standerd purchase
from 11.1 to 5.8 kWh. This decrease represents% #luction for the environmental impact relatedhe energy
vector, but it remains higher for a retail parkritfar a municipal market (Table 9) due to the distaof customer
travel.

Table 9. Environmental impacts of one standard shopping dasated to the packaging vector for scenari@n@ C,
by category of impact, commercial establishmentemdronmental vector.



Energy_ AbIOt!C Acidification  Eutrophication Global warming Ozone I_ayer Humgn
consumption depletion potential depletion toxicity

(kWh/basket) (kg Sheq) (kg $@q) (kg PQ* eq) (kg CQeq) (kg CFC-11eq) (kg 1.4-DB eq)

Scenario 0
Retail park 11.1 2.05E-02 1.34E-02 1.26E-03 3.0TE+0 3.65E-07 7.39E-01
mgp&g‘tpa' 0.57 1.73E-03  1.91E-03 1.38E-04 2.46E-01 2.02E-08 51602
RP/M Ratio 19.5 11.9 7.0 9.1 12.5 18.2 11.4
Scenario C
Retail park 5.79 1.07E-02 6.83E-02 6.43E-04 1.5TE+0 1.86E-07 3.77E-01
rMn;ﬂl‘;'tpa' 0.57 1.73E-03  1.91E-03 1.38E-04 2.46E-01 2.02E-08 51602
RP/M Ratio 10.2 6.2 3.6 4.7 6.4 9.2 5.8
307  Source:Authors from SimaPro V.7.2 and CML 2000 Methodglog
308 Note:eg=equivalents, Sb=antimony, $8ulfur dioxide, PQ*=phosphate, Cg carbon dioxide,
309  CFC-11=chlorofluorocarbons, 1,4-DB=1,4-dibuthyl.
310
311 4. Conclusions and improvement proposals
312
313 4.1 Hypermarket in aretail park
314
315 The transport of customers represents 83.2% ofygremsumption and produces the greatest differentee energy
316  vector for the two systems of analysis. With thisriind, the managers of such establishments maysehio distribute
317  sustainable mobility policies to their customerslézrease the share of trips in private vehiclesiacrease the use of
318  public transport. Such a policy could reach a réidncof 49% of energy consumption and environmeirtgdact per
319 basket. Although these indicators would be stitjngir for a retail park, the energy vector ratio fetail park to
320  municipal market could be reduced from 20-1 to Iforlenergy consumption and from 11.7-1 to 6-1awarage, for
321 the other environmental impact categories analyzed.
322  According to the sensitivity scenarios, currentigies for reducing the amount of packaging are $ecuon consumer
323 packaging, such as the elimination of plastic Haf¥PE), and thus, they result in little positiveveonmental impact,
324  as relative weight in the total amount of packagsgnly 7%. In this sense, waste management pslicave to focus
325  more on reducing primary packaging, where the materials are HDPE and PS, with a 64.6% of thd tegééght and
326  the promotion of bulk purchases. The eliminatiomemtuction of materials with greater negative emvinental impact,
327  such as polystyrene and PET, also fall under thpesof better waste management practices.
328 Finally, the environmental impact of energy constiomp contributes most to the overall environmeritapact,
329 representing 69.7-97.1% across the different cakegioFor the retail park hypermarket, the packagiector has less
330 relevance than energy consumption.
331
332  4.2. Municipal market
333
334  The energy consumption associated to a purchaseidanmunicipal market is mainly done in the elisaiment itself
335 (49.5%) and in the transportation of workers (40.4%nprovement activities must focus on the maskethergy
336 efficiency, amortizing its consumption by increasinommercial surface occupancy and promoting shased of
337  private vehicles by workers.
338 At the same time, policies for eliminating pladtiags are relevant to the packaging vector becéiesereépresent 25%
339 of the total packaging weight. Nevertheless, trgucgion or elimination of materials, such as pofysbe, with high
340 impact potential on any of the categories analymedld reduce the impact associated with the vedthe main
341 materials (LDPE, recycled cardboard and plasticepapave a low impact potential and represent 81c2%rimary
342  packaging weight.
343 In a municipal market the environmental impact lered more equally by the two vectors analyzed,revtige
344  packaging vector represents between the 25-60%hmddts across categories and the energy vectdOHi&%.
345
346  4.3. Comparison of food retail typologies
347
348 The environmental comparison determines that mpaicinarkets are environmentally better than hypekata in
349  retail parks. For the functional unit, the envire@mtal impact is, on average, 10 times higher istailrpark than in a
350  municipal market. In the retail park hypermarkbg telated indicators showed energy consumpticd0asnes higher
351 and packaging use as 2.5 times higher. ConcernidG @missions, the associated £&uivalent emissions for a
%5% standard shopping basket in a retail park are Bg8®r 8 times higher than the emissions rate wfuaicipal market
5 (0.47 kg).



368
369
370
371
372
373
374
375
376
377
378
379
380
381

In the food retail sector, measures to reduce enwmiental impact need to focus on energy consumptidrich
contributes 40-75% in a municipal market and 70-9@ % retail park hypermarket.

These differences showed that bulk shopping artdriies from urban areas are the main differenceeebe the food
retail stores analyzed. Therefore, these wouldhgekey points for environmental policies, focusingthe energy
efficiency of the buildings, the reduction of distes between the store and the urban areas, annhiming the
packaging amount not only for primary packaging &lsb for secondary ones. Finally, municipalitiesvironmental
policies should protect the traditional commerc&ibres situated in the city centre as they showebetier
environmental performance than the new type of ceroial, like retail parks.

5. Further research lines

Future research should focus on applying the cdacepindustrial ecology to the service sector dmdd retail
establishments to quantify the flows and bettereustéind the metabolism of the different types oflitees. Thiskind
of analysis would allow the comparison betweenilrétad establishments analyzed here and othetitfasi in the
service sector.

The approach used in this study could be broadéyethcorporating the water vector in the metabolianmd by
designing a different kind of standard shoppingkbaito determine the main characteristics of défférproducts. This
methodology could also be applied in different plam a territorial study that could compare tHéedénces within the
same country or between specific countries.

Finally, further research may study the overalgetof the life cycle of agricultural products,rfréhe production stage
to waste management and including the distribusitage to develop the relationship between locatiyction and
environmental performance.
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