i o >
- REUK F
\ _’ THE UNIVERSITY OF TOKYO

Decision support for life cycle design of
food and packaging

Naoki Yokokawa*, Hirokazu Sugiyama, Masahiko Hirao

Department of Chemical System Engineering, The University of Tokyo
*n-yokokawa@pse.t.u-tokyo.ac.jp

LCM 2017, European Convention Center Luxembourg, Luxemburg, 5 Sep. 2017



Food and packaging o RERT

> Packaging has a lot of functions; productivity, safety, display, usability, ...
*E.Q.,

Packaging Packet Cup
$
\
7 '
Cup is used as a bowl.
Function Low-grade <  High-grade
Material use Light > Heavy

Supporting a decision for life cycle design is needed.




Objective cg R
Support a decision for life cycle design of food and packaging.

Strategy

> Visualize environmental impacts with product functions.
> Visualize the relations between functions and design parameters in life cycle.

Case study

> Two types of pre-cooked rice




What is pre-cooked rice? o RERE
> Rice > Pre-cooked rice (pouch & tray)
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Cooking Heating Saving time

30-60 min. 2-3 min.
Pouch » e Tray
“ Use as a bowl
Consumption Consumption Consumption
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Washing Washing & disposal Disposal




LCA of pre-cooked rice
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GHG emissions
[g-CO.,eq./160 g-cooked rice]

Tray

> The results based on ISO-LCA indicate the differences of environmental impacts.

Pouch

B Washing a dish

= Heating at household
Packaging waste treatment

B Packaging production
Aseptic processing

B Terminal sterilization

B Cooking at factory

Polished rice production

Gap between the results and decisions.

> Makers manufacture a product to make the differences of functions.

> Consumers select a product based on the differences of functions.
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Why the emissions occur?
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> Functionality evaluation: allocation of the emissions to functions.
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Tray Pouch

M Washing a dish

" Heating at household
Packaging waste treatme

B Packaging production
Aseptic processing

B Terminal sterilization

B Cooking at factory

Polished rice production

Focus: use as a bowl
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Tray Pouch

Food protection:
\ sterility assurance & barrier materials

Saving cooking time at household

Baseline of cooked rice




Functionality evaluation method

300 r
200 r
100 r

0
Tray Pouch

B Packaging production
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Yes

Packaging waste treatment

B Consumption

Function: use as a bow|
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O Environmental impacts of the function

Shapeetc.” | =~ "Washing
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Visualize the environmental impacts with the function.

GHG emissions [g CO,-eq./function]
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Functions in life cycle cp REKT

> Functions provide the benefits in life cycle stages.
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Relations between function & design parameters

> Example: use as a bowl

Packaging life cycle

Food life cycle

Production
—
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Packaging life cycle

Food life cycle

Relations between function & design parameters e
> Overview of function network diagram
Production Distribution Consumption Waste treatment
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v Functionality evaluation method was developed.
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— Visualize trade-off relations btw functions and environmental impacts quantitatively

to support a decision for life cycle design.

> Evaluate sustainability from various stakeholders: food losses, sufficiency & cost.

— Contribute to life cycle design of all stakeholders.

10



Acknowledgement o RERT

We thank them for fruitful discussion.
Packaging Working Group of the Life Cycle Assessment Society of Japan

This research is supported by
JSPS KAKENHI Grant Number JP17H01918, and
the Environmental Research and Technology Development Fund (S-16) of
the Environmental Restoration and Conservation Agency. (@) PECoP-Asia

11
1






Characters of pre-cooked rice products

Tray product
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137 kt/year

Tray
Available
Aseptic processing
6 months

Product example

Production amount
(in Japan, 2016)

Packaging
Use as a bowl
Sterility assurance
Expiration date

o

Pouch product

31 kt/year

Pouch
Not available
Terminal sterilization
12 months
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Functionality evaluation
> Function 2: Expiration date
O Environmental impact of the function

Short - Long
Filling process Barrier materials
80 60 40 20 O 20 40 60 80
5 . Base case | Alternative

GHG emissions [gj CO,-eq./functoin]

]

B Packaging production M Consumption
Packaging waste treatment [ Food production
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Analysis of demands for pre-cooked rice o BERE

Production Distribution Consumption Waste treatment
( ) ("

Barrier materials

Non-aluminum
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Usikmg microwave oven
Usabiltp . |-

Saving cooking time

Product Packaging

Processing/ Consumption
gooking at factor)'

Food
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Analysis of effects of pre-cooked rice o RENE
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Production Distribution Consumption Waste treatment

Product Packaging

Filling
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Corisumption

Reducing envirop. burden g /
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(Environ. burden) Trade-off between burden and function

Food
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Activity model

> IDEFO (NIST, 1993)
. The type zero method of integrated definition for function modeling

Control

!

Input —>

Activity
Sn-A0

— Output
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Mechanism

o

Stakeholder

S1:

S3:
S4:.

S6:
S7:

Policy maker

Food maker
Distributor

Packaging waste manager
Food waste manager

> Information flows between different stakeholders are described.
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> Present state

Environment

v v Usability

Design
packaging

S2-A0

A

Marketing

Function

Environment

Information flows btw packaging maker & consumer
> Life cycle design
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Design
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— |ldentify information for life cycle design.
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Boundary for assessment cp REKT

> IS Input and output for a specific product
Production > Consumption > Waste
treatment
Material for Rice
oroduct packaging Secondary product
Energy for Energy Energy
process Water Water Energy
Material for Facilities Microwave oven Facilities
process Bowl
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