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Smart packaging: innovaties in actieve en
intelligente voedselverpakkingen

Prof Dr Ir Mieke Buntinx
Faculty of Engineering Technology
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 Packaging 2021

 Value perception of packaging functions

 Current requirements

 Innovations?!

 What are active and intelligent packaging?

 How can AIP offer solutions to food safety and against food loss?

 How is the market implementation going?

 Challenges, drivers, enabling technologies, resources

Market implementation of smart packaging
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 Scientific method of enclosing food in a container, box, pouch, …   

to ensure its delivery to the ultimate consumer in the best 

condition intended for its use, maintaining

 Hygienical quality

o Absence of noxious microbiological contaminants

o Absence of potential toxic compounds migrating from the packaging

 Nutritional quality

 Organoleptic quality (taste, color, smell)

Packaging 
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 Value perception of packaging functions

Packaging offers more 
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Value perception of packaging by GEN Y (1980-2000)

Tiekstra, Dopico, Buntinx, et. al., Foods, 2021, https://doi.org/10.3390/foods10020465
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 Packaging waste

 In 2019, the total volume of 

packaging waste generated was 

estimated at 79.3 million tonnes

o 64.8 % was recycled

o 80.7% was recovered

 Belgium had the highest 

recycling rate of 84.2 %

177 kg packaging waste per EU inhabitant (2019)

74-228 kg per 
EU inhabitant

36-155 kg per 
EU inhabitant
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 In March 2020, the European Circular Economy Action Plan was 

introduced with the aim to make all packaging on the EU market 

reusable or recyclable in an economically viable way by 2030!

 The essential requirements for packaging (Directive 94/62/EC) are under revision 

 New measures 

o aimed at reduction of packaging waste

o driving design for re-use and recyclability

o considering less complexity of packaging materials

Packaging in a circular economy
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 Total packaging waste

 55%  since 2008

 65%  from 2025

 70%  from 2030

New recycling targets
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 Plastic packaging waste

 22.5%  since 2008

 50%  from 2025

 55%  from 2030

New recycling targets
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 Federation of the Belgian food industry

Even sharper goals set by FEVIA
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 Sustainability in materials

 reusable

 recyclable

 biodegradable

Sustainable packaging
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 Sustainability in functionality

 to guarantee product quality

 to guarantee product safety

 to minimizes product waste
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Food waste
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Food loss & food waste 
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Food safety 
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Food safety 
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 Intelligent packaging senses changes 

inside the packaging atmosphere and/or 

communicates about the quality of 

the product. 

 To inform about product quality

 To establish any brand-consumer connection

 To control tracking or counterfeiting 

conducts in the supply chain

 Active packaging interacts with the 

packaged product in order to prevent 

quality loss and to prolong shelf life. 

Innovations in SMART packaging 
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 Modified Atmosphere Packaging

Active packaging (1)
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Modified Atmosphere Packaging
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FOOD PRODUCT MAP GAS MIXTURE TARGET MAP
% CO2 % N2 % O2

Fresh red meat 15-40 0-10 60-85 stability meat color + slow down bacterial development

Poultry 70 20 10 stability color + slow down bacterial development

Low fat fish 65 25-35 0-10 stability color + slow down bacterial development

High fat fish 40 60 - slow down bacterial development and oxidation

Shrimps 65 35 - slow down bacterial development

Hard cheeses 0-70 30-100 - slow down mold growth and oxidation

Soft cheeses 0-30 70-100 - slow down mold growth and oxidation

Bread and banquet 20-70 80-30 - slow down mold growth

Vegetables and fruit 5 90 5 suppress respiration

Dry products (e.g. cookies, dry fruit) - 100 - slow down oxidation

Meat products (cooked ham, liver pâté,  …) 50-70 50-30 - slow down bacterial development

Meat products (type of salted raw ham) 10-20 80-90 - slow down development of bacteria, molds and  yeasts
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 Packaged in a protective atmosphere 

Modified Atmosphere Packaging
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 Increased shelf life

  potential for distribution

 Access to the international market!

 More choice

 Better conservation of food quality

 Presentation of the food  fresh & tasteful 

for longer time

 Greener than use of chemical additives

 Can contribute to food safety

Modified Atmosphere Packaging: Advantages!
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 Active packaging solutions

The nature of active agents that can be incorporated is very diverse, but they interact with the 

packaged product and/or the atmosphere inside the packaging in order to prevent quality loss.

 Scavengers/absorbers are solutions that absorb substances from the packaging’s inner 

atmosphere (e.g. oxygen scavengers, moisture and ethylene absorbers).

Active packaging (2)
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 Emitters are solutions that release substances into the 

packaging (e.g. CO2 emitters and antioxidants).

 Adaptors are solutions that cause desirable biochemical 

changes in the product, in the microbial life present in the 

packaged product or the packaging’s inner atmosphere 

(e.g. to reduce respiration or growth of microorganisms)
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 Application 

Active packaging 
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Examples of active packaging concepts

BIOSMART
2017-2021

FRESHFILM
2009-2011

Ex. of active packaging concepts

GLOPACK
2018-2021

CHRONOGARD
2017-2020
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 Intelligent solutions

 To inform about product quality

 To establish any brand-consumer connection

 To control tracking or counterfeiting conducts in the supply chain

 Different types of intelligent

 Indicators provide visual qualitative or semiquantitative information about the packaged 

food by means of a color change 

 Sensors detect, record, and transmit quantitative information of changes in the environment, 

the condition of the packaged food.

 Data carrier devices such as barcodes, radio frequency identification (RFID) and near field 

communication (NFC) tags enable more efficient information flow within the supply chain. 

Intelligent packaging 
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Intelligent label on packaging 
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Ex. of active & intelligent packaging concepts

TOXDTECT
2013-2016

MultiSens
2017-2019

VOC

CO2
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 Printed electronics on fiber-based substrates

 RFID smart packaging flow

PAPERONICS
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PAPERONICS
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6 Research Partners

34 Industrial Partners

from Belgium, Germany & The Netherlands

UHasseltKU Leuven

IMEC

TU Chemnitz

Fraunhofer IVV

PTS
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PAPERONICS objective
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 To design and develop smart packaging demonstrators by integrating 

(printed) electronic components as smart labels in cardboard packaging

Demo 1: Customer relationship product

Demo 3: temperature indicatorDemo 2: anti-tampering packaging
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Ideas for use of RFID’s in paper/cardboard applications

Track & trace Product authentication Consumer interaction

 Logistic labels to track goods

 E-commerce

 RFID in medicine packaging on 
the secondary packaging (box)

 Sustainable packaging 

 Remote reading of mouse and rat 
traps in larger complexes such as 
industrial or hospital sites

 Smart (medical) packaging with 
leaflet information in multiple 
languages that can be read via 
mobile devices or speech 

 Product information for niche 
products (e.g. perfumes of     
high-end brands) 

 Counterfeiting

 Prevention of alcoholic beverages 
for underaged people

 Smart (medical) packaging with 
leaflet information in multiple 
languages that can be read via 
mobile devices or speech

 RFID on (Tyvek) wristbands and 
back numbers 

 Applications to make lectures  
and events interactive

E. Seegers, Z. Henckens; Machiels, Jarne; Deferme, Wim; Buntinx, Mieke, "Design & Development of RFID-assisted Interactive Smart Packaging Demonstrators using 
Hybrid Electronics on Fiber-Based Substrates," master's thesis in packaging engineering technology, Faculty of Engineering Technology, UHasselt & KU Leuven, 2020. 
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 IDEA: circular packaging in logistics

 Sustainable, reusable and foldable secondary packaging

Reusable cardboard box with RFID label for 3rd party logistics

31

Intelligent 
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ctive
Introduction 
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Reusable cardboard box with RFID label for 3rd party logistics

32

 IDEA: circular packaging in logistics

 Sustainable, reusable and foldable secondary packaging

 Functionality and reliability testing

 Software tool to support the logistic cycle
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AIP can reduce food waste and contribute to food safety
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https://www.mordorintelligence.com/industry-reports/smart-packaging-market

Prohibitive legislation?

Lack of market demand?

Lack of technical solutions?
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 COST Action FP1405 ActInPak (2015–2019) 

 gathered over 400 participants from research organizations, industry, branch organizations 

and policymakers from 34 European countries in the areas of papermaking, printing, packaging, 

bio-based materials, and chemicals to openly discuss the market implementation of AIP. 

 resulted in technological, socio-economic & sustainability roadmaps directing future 

activities in the field.

 Consumer survey among 1249 European millennials (Gen Y)

 the current value perception of packaging functions

 intentions to purchase AIP 

 the willingness to buy AIP

Research approach

36

http://www.actinpak.eu/roadmaps/
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Foods 2021, 10, 465. https://doi.org/10.3390/foods10020465
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 Most influential factors in successful market implementation 

on socio-economic level:

1. Market drivers that affect developments

2. Gap between science and industry

3. Gap between legislation and practice

4. Cooperation between the producing stakeholders within the value chain

5. Gap between industry and consumer

Main factors
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Sustainability goes mainstream

circular economy, bioeconomy

reduction, recyclable, reusable, biobased, biodegradable

plastics vs fiber-based materials?

shelf life

infrastructure and production processes

1. Market drivers that affect developments

A&I COMPONENT 
PRODUCER

PACKAGING
PRODUCER

PACKER / 
BRAND OWNER

RETAILER CONSUMER / 
END USER
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The internet-of-things

e-commerce

tracking & tracing

interactive packaging

consumer engagement & data collection

1. Market drivers that affect developments

A&I COMPONENT 
PRODUCER

PACKAGING
PRODUCER

PACKER / 
BRAND OWNER

RETAILER CONSUMER / 
END USER
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2. Gap between science and industry
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 Science works for >30 years on smart packaging concepts

 There is a lack of awareness on AIP, its benefits, added value and impact. 

 Scientific publications will not help, but communication targeted towards industry is needed. 

 Opportunities for AIP technologies should be discussed with engineers, marketeers, designers, 

purchasers, etc… preferably using a “proven” demonstrator to show the potential of the 

solution.
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 EU legislation

 Framework Regulation (EC) no. 1935/2004 (food contact materials)

 Regulation (EU) no. 10/2011 (plastic FCM)

 Regulation (EC) no. 2023/2006 (GMP)

 Regulation (EC) no. 450/2009 (active & intelligent materials)

o Individual substances must be safe and comply with the framework Regulation

o EFSA evaluation  positive community list

o New guidance document of 27 March 2021

3. Gap between legislation and practice

https://doi.org/10.2903/sp.efsa.2021.EN-6513 
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Mutual challenges can be overcome by increased communication and cooperation

Conflicting interests can create boundaries

4. Cooperation between stakeholders of the value chain

A&I COMPONENT 
PRODUCER

PACKAGING
PRODUCER

PACKER / 
BRAND OWNER

RETAILER CONSUMER / 
END USER

Awareness
Costs vs revenues
Trust in technology
Perception
Way of communication

Awareness
Costs vs revenues
Availability
Trust in technology
Legislation

Awareness
Costs vs revenues
Transparency
Trust in technology
Reliability
Legislation

Dependency
Costs vs revenues
Availability
Legislation

Awareness
Costs vs revenues
Availability
Legislation
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 Again, there is a lack of awareness, so informing and educating 

consumers might prove to be beneficial. 

 Unknown or invisible extra features in a packaging might be perceived as suspicious and 

benefits might be unknown and unclear. 

 AIP features should not be too complicated for a consumer: 

o no misunderstanding

o the way information is presented, will also affect consumer trust. 

 More research is needed in this area to explore the perception of 

different consumer groups, e.g. elderly, gen Y, gen Z, …

5. Gap between industry and consumer
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Willingness to pay extra for smart packaging

Foods 2021, 10, 465. https://doi.org/10.3390/foods10020465

75% 85%
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 Packaging 2021

 Value perception of packaging functions

 Current requirements

 Innovations

 Active and intelligent packaging

 AIP can offer solutions

 Market implementation is coming

 Challenges, drivers, enabling technologies, resources

Holistic view on the implementation of smart packaging
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+32 (0)11 29 21 55

 mieke.buntinx@uhasselt.be

https://www.uhasselt.be/MPRS


