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Abstract

The pan-European multidisciplinary network ActInPak recently identified the key social, 
technological, economic, ecologic, and legislative factors that hinder the market introduction 
of Active and Intelligent Packaging (AIP) technologies for fibre-based packaging. As a result, 
this Position Paper specifically reflects on potential implementation of AIP from a socio-
economic point of view, addressing aspects related to the interaction between component 
producers, packaging producers, packers, brand owners, retailers and consumers. This paper 
presents the main overarching findings that are to be most influential in successful market 
implementation on socio-economic level: i) gap between science and industry, ii) cooperation 
between the producing stakeholders within the value chain, iii) gap between industry and 
consumer, and iv) market drivers that affect developments. These main findings are all on a 
higher level, linking the detailed challenges in the socio-economic roadmap, and supporting 
the overall Final Roadmap produced by ActInPak to direct future activities in the field.
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1	Introduction

A packaged product maintains its quality longer – without packaging, the product would lose its value 
or nutritional components. Packaging also informs the consumer how long they can keep using it. To 
even better protect or inform, active and intelligent packaging are developed.
Active packaging prevents spoilage by influencing the environment within the packaging. By using 
natural fungi repellents in the cardboard, for example, there is no need for chemical treatment of your 
food1-2. Intelligent packaging continuously checks the condition of your product and the environment 
around it. In this way you can, for example be sure it was at the right temperature from the packing 
moment all the way to your fridge3-4. Active and Intelligent Packaging (AIP) are not only for food5-6, 
they can keep flowers fresh, ensure that high value products such as electronics or cosmetics are what 
they claim to be and inform us that our medicines are genuine. Thinking about the whole package, AIP 
can prevent a lot of waste throughout the value chain7.

1Correspondence to: Johanna Lahti, Tampere University, Tampere, Finland, johanna.lahti@tuni.fi
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Bioeconomy is based on the shift from fossil to renewable raw materials to respond to the challenges 
of climate change, ecological scarcity and depletion of natural resources. Packaging plays an import-
ant role in the bioeconomy. The demand for high quality active and intelligent packaging concepts is 
constantly increasing. Most of the current AIP solutions are plastic-based, so there is a clear demand 
for renewable and sustainable solutions to create new packaging materials and concepts. The use 
of bio-based materials in packaging decreases the dependence on fossil fuels. Wood based biomass 
that is available in a large scale offers attractive “green” polymers. Also biopolymers that are based 
on agricultural or other waste streams offer interesting alternatives for traditional petroleum-based 
polymers.

2	Goal of the research

Developments of new fibre-based packaging materials with active and intelligent features offer huge 
potential, as AIP can help to optimise the supply chain, increase (food) shelf life and consumer con-
sciousness of (food) utilisation, as well as introduce interaction between producer and consumer8-9. 
However, very few of the potential and existing solutions currently have been able to reach the market. 
To identify the key social, technical and technological, economic, ecologic, and legislative factors that 
hinder this market introduction, COST Action FP1405 Active and intelligent fibre-based packaging 
- innovation and market introduction (ActInPak) was established in 201510-11. Within this multidis-
ciplinary platform, both science and industry gathered to gain insights in the barriers towards market 
introduction of AIP in fibre-based industries.

3	Execution of the Research

During its lifetime, ActInPak provided a platform for open communication, linking i) research organ-
isations in the areas of papermaking, packaging, printing, bio-based materials/ chemicals, ii) industry 
(large and SMEs), and iii) branch organisations and policy/ standardisation groups. This platform was 
created by organising various meetings, workshops and conferences on topics that mattered during that 
period of the Action. Both Invited Experts (from science as well as industry) and ActInPak participants 
presented their views to direct the network’s activities.

4	Results andconclusions

Results and insights are bundled in several publications12 with varying goals, but all ActInPak insights 
and results are consolidated in the Final Roadmap13 (figure 1) to direct future activities. This Final 
Roadmap has several layers; sustainability, technological, and socio-economic with different interests 
and prospects for different stakeholders. Additionally, a separate roadmap only focusses on socio-eco-
nomic aspects, meaning it only addresses aspects relating to the interaction of social and economic 
factors – in the case of AIP, industry (that needs to implement AIP) and consumers (that use AIP). This 
socio-economic roadmap14 is pictured in figure 2.
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Figure 1. The final overall ActInPak roadmap.

This Position Paper does not reflect on AIP technologies, but on potential implementation of AIP in 
general from socio-economic point of view. It presents the following main overarching findings that 
are to be most influential in successful market implementation on socio-economic level: i) gap be-
tween science and industry, ii) cooperation between the producing stakeholders within the value chain, 
iii) gap between industry and consumer, and iv) market drivers that affect developments. These main 
findings are all on a higher level, linking the detailed challenges as mentioned in the socio-economic 
roadmap.
Finally, this paper will discuss approaches towards the future that could be the start of new working 
groups actively addressing implementation in industry.
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Figure 2 – Socio-economic roadmap (a bigger and more detailed version can be downloaded on http://
www.actinpak.eu/roadmap-wg2/)
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i.	Gap between science and industry

The first finding that hinders successful market implementation, is the gap between science and indus-
try. Where science works for at least 20 years on active and intelligent packaging considering the num-
ber of scientific publications in those fields15 , the term is relatively new to industry in general. There 
is a lack of awareness and knowledge on AIP, its benefits, added value, function, and impact16-17. Sci-
entific publications will not help in this regard, so communication targeted towards industry including 
the information they want to have is needed. This implies that information that is shared provides the 
big picture; what is it, how can it be used in the company, how much will it cost, what are the benefits. 
Not focused on partial solutions, but focused on fleshed out situations that also show the different sce-
narios and targeted applications (e.g. bulk versus unit, or high value specialty products).

Related to this, it is important to discuss opportunities for AIP technologies with different people in-
side companies, so not only engineers but also marketing and design departments for example. When 
presenting a new AIP solution, it would be good to have a “proven” demonstrator to show the potential 
of the solution18.

ii.	Cooperation between the producing stakeholders within the valuechain

The identified value chain runs from A&I components producer, via packaging producer to packer/
brand owner and retailer towards the consumer/end user. It is very important (and challenging) to 
identify the whole value chain of the product in concern, and try to identify who are the key deci-
sion-makers19.

Almost all challenges that were identified to be affecting successful market implementation of AIP, can 
be found to be an issue for one or more stakeholders throughout the value chain. So there is basically 
an interconnectivity between the stakeholders in form of mutual challenges, even though the details of 
the challenges differ. Furthermore, almost all of these recurring challenges trace back to cooperation 
and communication on different levels within the value chain, as well as inter sectoral.

Looking at a challenge such as costs versus revenues, it is clear to realise that for some stakeholders 
this means they have to get something in return for investing money in novel, more expensive, mate-
rials20-21. A value chain approach argues that the benefit of active packaging can be found in reduced 
food loss and waste, and for intelligent packaging this benefit lies in more proved safety or interaction 
between different parts of the value chain. This reduction implies that less products have to be packed 
(equalling lower production). However, since the actual costs of food loss and waste occur elsewhere 
in the value chain, the packaging producer and the brand owner are affected by lower production as 
this equals lower sales and thus profits for them. With the right marketing or additionals22-23, this could 
be overcome.

Another example that shows the need for a good cooperation within the value chain is the challenge 
of availability, where production size does not match demand or where materials cannot be further 
developed or adjusted to unknown needs as behaviour and interaction are not yet known. Currently 
this challenge runs like a vicious circle between different stakeholders; A&I components producers at 
first instance are not able to produce tons of their components as they wish to validate it first. In turn, 
packaging producers are often not capable of running validation trials with small amounts or are not 
willing to try without clear proof that there is a market for it. However, to proof the market potential 
a trial is needed24.
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Conflicting interests can create boundaries, however to move forward it is important to find common 
ground to work on.

iii.	Gap between industry andconsumer

Once there is a successful incorporation of active or intelligent features in packaging, one could think 
it is an automatic success in the market. However, ActInPak has also clearly identified that there is 
currently a gap between industry and consumers hindering a successful market introduction25-26-27-28-29.

Again, there is a lack of awareness, so informing and educating consumers might prove to be bene-
ficial. In basis, it is important that the AIP features are not too complicated for a consumer to under-
stand. There should not be room for misunderstanding30. However, the way in which the information 
is presented, will also affect consumer trust31. For example, unknown and invisible extra features in 
a packaging (e.g. an active barrier coating that releases substances to the packed food), are perceived 
as suspicious and benefits might be unknown and unclear. People will doubt the safety and healthiness 
of the packaging, and turn to alternatives. Also, extended shelf life often is perceived as less fresh. 
However, if the communication would clearly stress the fact that through such a packaging, which is 
totally food safe the food is more natural, because chemical preservatives can be omitted, consumers 
might be inclined to pay the extracents32.
 
One could also argue to which extent a consumer will have blind faith in technology and thus turns 
to companies in cases that went wrong33, or whether the consumer will still use its own senses and 
common sense.

More research is needed in this area to explore the perception of different consumer groups, such as 
elderly34.

iv.	Market drivers that affect developments
 
Global trends like urbanisation and changes in population structure are considered more and more 
in packaging development35-36. Goods are increasingly transported, which requires durable packages 
maintaining at the same time the shelf-life of the product. According to UN, people aged over 60 will 
constitute more than 21% of the world’s population in 205037.

Nowadays, the main trend in material development is sustainability (including circular and bioeco-
nomy). Many brand owners and food manufacturers position sustainability as a key factor in their 
strategy, which “forces” them to look for sustainable alternatives for traditional packaging materials 
and solutions. On the other hand, consumer’s awareness is all the time increasing and consumers “de-
mand” more sustainable solutions (as witnessed by current events such as Doha and climate marches, 
and no-waste approaches by consumers).

In the paper and board industry, producers are trying to develop materials that have similar or im-
proved characteristics compared to plastics to act as a replacement for non-renewable materials38-39. 
The resulting packaging materials are in such a shape that they actually maintain the quality of the food 
and prevent food losses and waste better than current paper-based packaging materials. As this is one 
of the aims of active packaging, viewing this solely from a ‘improving shelf life’ point of view, this 
means the need for active packaging materials disappears.
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Furthermore, as barrier materials are created anyhow to increase the competitiveness of the fibre-based 
sector compared to plastic packaging industry, those barrier materials are cheaper or at least easier to 
finance than incorporating additional active features. In most cases, infrastructure and processes of 
packaging production need to be adapted to be able to work with active materials.

However, market drivers such as the internet of things (IoT), are easy to address with intelligent pack-
aging features. This way, it is possible to create a full shopping experience where the fridge is informed 
by the packaging when it needs to be reordered so the consumer does not even have to think about it 
(just open the door when the delivery is made). Intelligent packaging features also offer brand owners 
interesting opportunities through consumer engagement and data collection40.

5	Summarizing recommendations for futureresearch

Although it is tempting to try and make recommendations for AIP in general, viewed from a socio-eco-
nomic market implementation perspective it is more logical to separate active and intelligent packag-
ing into two categories as they have different purposes that have different implications.

In generic terms, intelligent packaging can be used for either i) communication to establish any 
brand-consumer connection, or ii) to inform about the product quality. Intelligent packaging offers 
many opportunities with the growing digitalisation relating to e.g. product safety, product location and 
product loss.

Mainly the first example is already widely used on the market, and therefore the challenges are rel-
atively low. Reason for this is that the most commonly used intelligent features are labels and thus 
add-ons to a packaging, so there is less need to change current infrastructure or processes. Further-
more, extra costs for these features are often paid by marketing budgets and they pay off via consumer 
engagement and repeated buys. Consumers buy these type of packaging because they like it. However, 
in cases of printed electronics, implementation in roll- to-roll processes will need more changes.

The second example, where the focus is more related to product quality and less to consumer engage-
ment, is more difficult to implement. Main reason for this is the fact that these features try to make the 
value chain transparent for the consumers by informing them if the quality of the product was compro-
mised. These products might lead to profit losses at retailers, causing fear to actually use it. It might 
also result in fear at consumer level, instead of grown confidence.

Active Packaging is proven to be more difficult to implement in business to consumer environments 
for multiple reasons, such as incorporation in current infrastructures, the costs of investment, the dif-
ferent stakeholders with different benefits, and the consumer acceptance. More importantly, it is a 
question whether active packaging developments are still spot on when looking at current market 
drivers and global megatrends.

This does not exclude the fact that active features are beneficial to add to a packaging forextra features 
on top of the need for improved quality (which can be reached by novel barrier materials). For example 
in cases where preservatives are added to the packaging material, so the packed food can be as natural 
as possible.

Overall, it is recommended that for a successful market implementation of AIP, a holistic perspective 
is beneficial, including technological, sustainability and socio-economic aspects, as well as a value 
chain approach.
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