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Reducing the Environmental Impact of Single-Use Products in Food Service Stores:
A Case Study of Franchise Sandwich Shops

Seoyoung Jeong', Haeun Lim', Eunjin Jo', Minjung Kwak'’

'Department of Industrial and Information Systems Engineering, Soongsil University, Korea

ABSTRACT

This study proposes improvement strategies to reduce the use of single-use products generated during the production
process at sandwich stores operated by Company S and analyzes their environmental impact through life cycle assessment
(LCA). In accordance with ISO 14040 and 14044 standards, carbon emissions were quantified using the IPCC 2013 GWP
100a method within a cradle-to-grave system boundary via the SimaPro software. The proposed strategies were found to
effectively reduce both the quantity of single-use products and CO, emissions. Scenario-based analysis was employed to
suggest store-specific, customized strategies for individual stores. The findings provide practical implications for reducing the
environmental impact of service industries.
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Goal: Take customer's order
from S company and
deliver the product
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1. Responding to and
preparing customers.

wear plastic gloves on
both hands

take out the delipaper
and peel it

two disposable gloves
one delipaper

2. Choose bread and add the
main ingredients

3. Add vegetables and sauce

two disposable gloves

*Assume that 2 employees work

4. Set and side order

take out the wrappers to|
wrap the sandwich
in advance

one sandwich wrapper

put the cookies in the
cookie wrapper

one cookie wrapper

transfer the wedge
onto the delipaper

one delipaper

bake the wedge on the
deli paper in the oven

The basic wedge 15|
sandwiched in cookie
‘wrapper put it in
plastic to wrap

Giher wedges Use new
beverage packaging plastid]
by covering the packaging

container with a lid

two wedge packaging containers,
two wedge packaging lids, one cookie wrapper,
two drink wrapping vinyle bag, three disposable forks

\wedge puts a disposable
fork together

offer disposable cups
when ordering cup drink

serve drinks in
plastic packaging

one drink cup, one drink lid,
one drink straw, one drink wrapping vinyl bag

put it in the soup
packaging container

put the soup in the new
beverage packaging
plastic

add a disposable spoon
to the soup

one soup packaging container, one soup packaging lid
one drink wrapping vinyle bag, one disposable spoon

put the sandwich in the

one sandwich wrapping

packaging plastic vinyle bag
two sheets of tissue are .
provided together TR
If customer want a
5. payment receipt, print it out receipt
and give it to you
Fig. 1.

Process analysis of a sandwich store.
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Table 1. Simplified list of disposable items (before improvement)

Disposable items list

Index Weight (g)

Raw materials assumptions

Manufacturing process
assumptions

i 3 .
Delipaper a Low density polyethylene (LDPE) 10%
Disposable glove b 0.5 LDPE 100%
Sandwich wrapper c 4 Needleleaf tree 91.75%, LDPE 8.25%
Cookie wrapper d 3 Needleleaf tree 60%, LDPE 40%
Wedge packaging container e 9 Needleleaf tree 88.9%, LDPE 11.1%
Wedge packaging lid f 3 Polystyrene(PS) 100%
Disposable fork g 25 PS 100%
Disposable spoon h 2.5 PS 100%
Drink cup i 9 Needleleaf tree 88.9%, LDPE 11.1%
Drink lid j 3 PS 100%
Drink wrapping vinyl bag k 2 LDPE 100%
Straw 1 2 PP 100%
Soup packaging container m 9 Needleleaf tree 88.9%, LDPE 11.1%
Soup packaging lid n 3 PS 100%
Sandwich wrapping vinyl bag 0 4 LDPE 100%
Tissue p 1 Needleleaf tree 100%
Receipt q 0.5 Paper (newsprint, pulp) 100%

Needleleaf tree 90%,

Extrusion (plastic film)

Extrusion (plastic film)
Extrusion (plastic film)
Extrusion (plastic film)
Extrusion (plastic film)

Thermoforming
(with calendering)

Thermoforming
(with calendering)

Thermoforming
(with calendering)

Extrusion (plastic film)

Thermoforming
(with calendering)

Extrusion (plastic film)
Extrusion (plastic pipes)
Extrusion (plastic film)

Thermoforming
(with calendering)

Extrusion (plastic film)
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Table 2. Disposable items used in sandwich production per order (Pre-improvement)

Number of disposable items generated

Menu combination

a b d e f g h i j k I m n o p ¢q

Sandwich 1 4 1 2 1
Sandwich-+drink 1 4 1 1 1 1 1 2 1
Sandwich+cookie 1 4 1 1 2 1
Sandwich+soup 1 4 1 1 1 1 1 2 1
Sandwich+wedge 2 4 1 1 1 2 1
Sandwich+cheesewedge 2 4 1 1 1 1 1 2 1
Sandwich+baconcheesewedge 2 4 1 1 1 1 1 2 1
Sandwich+drink+cookie 1 4 1 1 1 1 1 1 2 1
Sandwich+drink+soup 1 4 1 11 2 1 1 1 1 2 1
Sandwich+drink+wedge 2 4 1 1 1 1 1 1 1 2 1
Sandwich+drink-+cheesewedge 2 4 1 1 1 1 1 2 1 1 2 1
Sandwich+drink+tbaconcheesewedge 2 4 1 1 1 1 1 2 1 1 2 1

Table 3. Improvement plan

No. Improvement plan

| The raw material for the lids of wedge, drink, and soup packaging (f, j, n) is replaced from polystyrene (PS)

to polypropylene (PP), and the drink lid (j) is replaced with a straw-free drink lid (s)

2 Drink and sandwich packaging vinyl (k, o) are replaced with a single, larger biodegradable packaging vinyl (r)
3 Disposable gloves (b) are replaced with biodegradable vinyl

4 Waste paper is used as the raw material for tissue (p)

5 The raw material for disposable fork and spoon (g, h) is replaced with wood (fork, spoon)

6 No paper receipt (q) is provided
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Table 4. Simplified list of disposable items (after improvement)

Disposable items list Index Weight (g) Raw materials assumptions Manufacturing process assumptions
Delipaper a 3 Neeg;zzytf::fﬁgpgv lg;mty Extrusion (plastic flim)
Disposable glove b’ 0.5 Biodegradable composite polyester 100% Extrusion (plastic flim)
Sandwich wrapper c 4 Needleleaf tree 91.75%, LDPE 8.25% Extrusion (plastic flim)
Cookie wrapper d 3 Needleleaf tree 60%, LDPE 40% Extrusion (plastic flim)
Wedge packaging container e 9 Needleleaf tree 88.9%, LDPE 11.1% Extrusion (plastic flim)
Wedge packaging lid f 3 Polypropylene (PP) 100% Thermoforming (with calendering)
Disposable fork g’ 2.5 Sawn timber 100% -
Disposable spoon h’ 2.5 Sawn timber 100% -
Drink cup i 9 Needleleaf tree 88.9%, LDPE 11.1% Extrusion (plastic flim)
Soup packaging container m 9 LDPE 100% Extrusion (plastic flim)
Soup packaging lid n’ 3 PP 100% Thermoforming (with calendering)
Tissue r’ 1 Recycled pulp 100% -
Wrapping :112])1 bag(large r 6 Biodegradable composite polyester100% Extrusion (plastic flim)
Drink lid(straw-free) ] 35 PP 100% Thermoforming (with calendering)

Table 5. Disposable items used in sandwich production per order (Post-improvement)

Menu combination

Number of disposable items generated

a b c¢c d e £ g h i j k 1 mmn o p q r s
Sandwich 1 4 1 2 1
Sandwich-+drink 1 4 1 1 2 11
Sandwich+cookie 1 4 1 1 2 1
Sandwich+soup 1 4 1 1 1 1 2 1
Sandwich+wedge 2 4 1 1 1 2 1
Sandwich+cheesewedge 2 4 1 1 1 1 2 1
Sandwich+baconcheesewedge 2 4 1 I 1 1 2 1
Sandwich+drink-+cookie 1 4 1 1 1 2 11
Sandwich+drink+soup 1 4 1 1 1 1 1 2 1 1
Sandwich+drink+wedge 2 4 1 1 1 1 2 1 1
Sandwich+drink+cheesewedge 2 4 1 1 1 1 1 2 1 1
Sandwich+drink-+baconcheesewedge 2 4 1 1 1 1 1 2 1 1
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Fig. 2. GHG emissions per disposable item before
process improvement (kg COse).
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Fig. 3. GHG emissions per disposable item after
process improvement (kg COse).
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Table 6. Comparative LCA results of disposable items per order (kg COze)

Improvement plan

Menu combination Pre
#1 #2 #3 #4 #5 #6 Avg
Sandwich 0.051 0.051 0.055  0.049  0.051 0.051 0.048  0.051
Sandwich+drink 0.125 0.109  0.117 0.122 0124 0125 0.122  0.120
Sandwich+cookie 0.060 0060  0.065 0.058 0.060 0.060 0.058  0.060
Sandwich+soup 0.134 0125 0127 0132 0134 0.117 0.131 0.128
Sandwich+wedge 0.083 0.083  0.087  0.081 0.083  0.065 0.080  0.080
Sandwich+cheesewedge 0.139 0.129 0.131 0.136 0.138 0.121 0.136 0.132
Sandwich+baconcheesewedge 0.139 0.129  0.131 0.136  0.138  0.121 0.136  0.132
Sandwich+drink+cookie 0.134  0.118 0127  0.131 0.133  0.134  0.131 0.129
Sandwich+drink+soup 0.208 0.183  0.189 0205 0207 0.190 0205 0.197
Sandwich+drink+wedge 0.157 0.141 0.150  0.154  0.156  0.139  0.154  0.149
Sandwich+drink+cheesewedge 0.212 0.187  0.194 0210 0212 0195 0210 0.201
Sandwich+drink+baconcheesewedge 0.212 0.187 0.194 0.210 0.212 0.195 0.210 0.201
Table 7. Comparative LCA results of disposable items per order (kg COze %)
Improvement plan reduction (%)
Menu combination
#1 #2 #3 #4 #5 #6 Avg
Sandwich 0 -7.84 3.92 0 0 5.88 0.33
Sandwich+drink 12.80 6.40 2.40 0.80 0 240 4.13
Sandwich+cookie 0 -8.33 3.33 0 0 3.33 -0.28
Sandwich+soup 6.72 5.22 1.49 0 12.69 2.24 4.73
Sandwich+wedge 0 -4.82 241 0 21.69 3.61 3.82
Sandwich+cheesewedge 7.19 5.76 2.16 0.72 12.95 2.16 5.16
Sandwich+baconcheesewedge 7.19 5.76 2.16 0.72 12.95 2.16 5.16
Sandwich+drink+cookie 11.94 522 2.24 0.75 0 2.24 3.73
Sandwich+drink+soup 12.02 9.14 1.44 0.48 8.65 1.44 5.53
Sandwich+drink+wedge 10.19 4.46 1.91 0.64 11.47 1.91 5.10
Sandwich+drink-+cheesewedge 11.79 8.49 0.94 0 8.02 0.94 5.03
Sandwich+drink+tbaconcheesewedge 11.79 8.49 0.94 0 8.02 0.94 5.03
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Store A Store B
Menu combination
Ratio (%) Count Ratio (%) Count
Sandwich 45 135 20 60
Sandwich+drink 10 30 10 30
Sandwich+cookie 7 21 5 15
Sandwich+soup 7 21 3 9
Sandwich+wedge 7 21 2 6
Sandwich+cheesewedge 1 3 5 15
Sandwich+baconcheesewedge 2 6 3 9
Sandwich+drink+cookie 8 24 15 45
Sandwich+drink+soup 3 9 10 30
Sandwich+drink+wedge 3 9 4 12
Sandwich+drink-+cheesewedge 3 9 11 33
Sandwich+drink+baconcheesewedge 4 12 12 36
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