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Eco-design is used as a tool in the product and service sectors with the aim to increase sustainability and reduce 
negative environmental impact on the product design stage. When analyzing available information on eco-design 
methodologies from the point of view of applicability to the packaging, it often becomes unclear which method 
should be preferred and would best suit the specific application.

This paper explains the main principles of eco-design and sustainable application advantages and aims to show the 
benefits of applying eco-design strategies and methodologies into the development of sustainable packaging. The 
highlighted differences between the design methods, available tools and their features helps with finding the most 
suitable specific sustainable packaging design application.
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Introduction
Nowadays, the packaging sector generates a growing 
waste stream, which accounts for between 15% and 20% 
of total municipal solid waste in different countries (OECD, 

2011, p. 131). The packaging waste market share is very 
significant and has a big potential to grow making a direct 
negative impact on human health and environment.
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According to Grönman et al. (2012), the main task of 
packaging is to protect and distribute the right product 
to the right end-user in a safe, cost-efficient and us-
er-friendly way. Thus, the principal roles of packaging are 
to protect the product from outside influences and dam-
age and keep it safe in the supply chain (Lee and Lye, 
2003, Coles 2003; González-García et al., 2016). Williams 
and Wikström (2011) point to the role of packaging in 
reducing food waste and minimizing the environmental 
impact from the whole food packaging system. 

Packaging must be designed so that it has minimal or no 
negative environmental effect and makes no damage to 
human health. The use of the eco-design concept, which 
takes into consideration the environmental impacts of 
materials, resources and end-of-life scenarios at the 
front end of a design project, enables making choices 
that reduce the impact of the product on the environment 
and can be helpful first of all in achieving the goals relat-
ed to environmental efficiency. 

The aim of this study is to analyze the eco-design ap-
proach and the related methods used in the development 
of eco-friendly products in general and the applicability 
of the eco-design approach to packaging products tak-
ing into account numerous diverse requirements, the 
aggregate of which makes the packaging segment dif-
ferent compared with other product groups. This article 
comprises the following: an overview of the eco-design 
concept, the packaging role and eco-design aspects 
which apply to the packaging design, the specific require-
ments from the point of view of environmental impact; 
analysis of the eco-design approach and an overview of 
design methods thereof as well as challenges related 
to possible applications of eco-design tools in practice; 
classification of eco-design tools and methods for indus-
trial product designers and a brief overview of European 
Union legal requirements that packaging manufacturers 
must comply with. 

Eco-design. Importance and impact

During the product development process, a product’s 
function, its operating principles, shape and material are 
determined and with that the most prevailing technical, 
economical as well as ecological product properties 
are specified (Kattwinkel and Bender, 2020). The prod-
uct’s function means adopting the product according to 
the consumer needs using technical and technological 

innovations. Ergonomic implications mean that the de-
signed product has to be comfortable to use, easy to 
pack, transport, install and maintain. Ergonomics is also 
described as an innovation and safety factor within the 
design process that ensures that the specific nature of 
the “human factor” is fully integrated into the design ap-
proach (Sagot et al., 2003). Technological implications 
cover engineering and industrialization aspects, as well 
as the aesthetic appearance – shapes, materials and 
surfaces, colors, and graphics. Ecological implications in-
volve the materials used, the energy consumed, product 
and process environmental impact, recycling or disposal 
of the whole product or its parts at the end of product 
life. An eco-design technique consists of applying envi-
ronmental criteria to product development (González-
García et al., 2016). The main principle of eco-design is 
very simple – use less and do more, i.e., the efficiency 
in using materials for production, efficiency of produc-
tion process, the way product operates in its use phase 
and how it is managed at the end of its life. Eco-design 
key steps involve selection of low impact materials and 
reduction of material usage in the production process; 
product techniques and distribution process optimiza-
tions; reduction of product environmental impact while 
using it; new concept development, i.e., how product can 
be re-designed at the end of its life; optimization of initial 
lifetime and end of life considering ways of how the ma-
terials can be recovered or re-used. 

Rising concerns over industrial damage to climate change 
and environmental degradation, i.e., pollution of water, 
air and soil as well as lack of resources, encourage envi-
ronmental performances and eco-design integration into 
business operations. In order to achieve the most effi-
cient results, eco-design should be applied in a very early 
stage of product and packaging development. Eco-de-
sign takes into the full environmental impact of a product 
from the very beginning of its life cycle; thus, eco-design 
is of particular importance in the whole concept of the 
circular economy (European Commission, 2009). 

In the past decades, the sustainable product policy has 
also been on a focus of global and European Commis-
sion agenda. Recently, European sustainable product 
policies such as Eco-design of Energy-Related Products 
(ErP), European Union Ecolabel, Green Public Procure-
ment and Energy Label, have been supplemented by 
the latest initiative – European Green Deal plan – which 
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indicates climate and environmental related challeng-
es and emphasizes the importance of modern, re-
source-efficient processes implementation. One of the 
pre-requisites in order to minimize the impact on the 
environment and climate change is waste recovery and 
reduction policy. New requirements to ensure that all 
packaging in the EU market are reusable or recyclable 
in an economically viable will be mannered by 2030 (Eu-
ropean Green Deal plan, 2020).

Eco-design packaging

Packaging is defined as any material which is used to con-
tain, protect, handle, deliver or present goods (European 

Table 1. Main Aspects of Packaging Eco-design (Ecodesign-packaging, 2018).

At the system level At the packaging level

Deposit-supported, return systems for reusable packaging Product protection

Deposit-supported, return systems for single use packaging Minimizing pollutants

Improved sorting and recycling systems Residual emptying

Resource-efficient logistics (e.g., avoidance of transport, cooling) Needs-based packaging size

Waste prevention along the supply chain (goods and packaging) Optimizing packaging weight and volume

Use of recycled material

Use of bio-based materials

Capability of being ascertained, sorted and recycled

Anti-littering (mindful product design)

Commision). Sustainable packaging combines product 
protection with the environmental impact, consumption 
and disposal (Cass et al., 2011). The sustainability of pack-
aging includes the conditions that result from the impor-
tance of eco-design, manufacturing, choice of materials, 
product type, consumption and ultimate environmental 
protection (Platcheck et al., 2008). 

In general, packaging must meet a variety of require-
ments, such as legislative, functional, and safety; it also 
has to follow innovative design trends, i.e., those of 
unique attractive design and simple usage. The sum-
marized main eco-design concept aspects at the pack-
aging and system levels are listed in Table 1.

Choice of materials

Materials play a significant role in eco-design packaging. 
The global packaging market has to meet diverse needs 
of multiple industries and sectors. The main packaging 
materials are glass, paper and cardboard, plastics, met-
als and wood. Less popular packaging materials are 
textile and ceramics. Different packaging has a different 
sorting and terminology. Packaging made of a single 
material, such as glass, plastic, metal or paper, is called 
simple packaging. Packaging made of different materials 
that are indistinguishable is called combined packaging 
or mixed-materials (combination of plastic, paper, and 
metal, usually layered or fused together, e.g., a coffee 
spoon where the packaging is made by melting plastic 
and metal foil, or packaging of milk or juice made by re-
inforcing paper, plastic and foil). Composite packaging 

consists of different materials that can be separated by 
hand from each other (e.g., a paper candy box covered 
with a protective plastic wrap) (Packaging Organization, 
2018). Looking from the eco-design perspective, com-
bined or mixed-materials packaging in most of the cases 
does not meet sustainability requirements as this kind 
of packaging is difficult to recycle and usually it does not 
biodegrade at all or /and without making a negative en-
vironmental impact.

Consumers may significantly share the responsibility 
for the reduction of the packaging environmental foot-
print by sorting packaging for recycling or participating 
in composting programs. But the main impact and inno-
vative solutions have to be started and implemented in 
the packaging industry. The selection of the most suit-
able materials for packaging design and their recycling 
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potential is a key environmental concern. Nowadays, a 
big priority is given to packaging made from renewable 
resources and with a sustainable product end of life (re-
cyclable or biodegradable) that has less or no negative 
impact to the environment. 

Figure 1 indicates the characteristics of plastics. Plastic 
usage is a major concern of the European Commission 
as the plastic packaging share of all the total packag-
ing takes up to 40% (Nieroa and Hauschilda, 2017; EC, 
2018) and raises controversial debates on environmen-
tal impacts. Conventional plastic products, although 

Fig. 1. Plastics family.
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very useful, create a huge damage to the environment, 
by polluting water resources and the entire ecosystem. 
Accumulation of conventional plastic in the environment, 
reduction of arable land, wear oil wells, releasing gas-
es during incineration have prompted efforts to develop 
biodegradable packaging/plastics (Mohatny et al., 2015). 
Another group of plastics is bioplastics. Bioplastics can 
be fossil-based or bio-based (from renewable resourc-
es), can be biodegradable and non-biodegradable. Bio-
materials (biopolymers) are polymers produced from 
renewable sources. Biopolymers are made from renew-
able resources – animal materials or plant materials. 
Their main feature is biodegradability. Biopolymers can 
be classified based on chemical structure, origin, meth-
ods of synthesis, cost-effectiveness, applications, etc. 
(Davidovic and Savic, 2010).

The selection of raw material is one of the main as-
pects that has to be evaluated in packaging design 
and production. The amount of raw materials (less is 
more) is another important indicator in eco-design. The 
environmental impact of packaging can be measured 
by the weight of the materials used in the packaging 
developed (Anne Emblem, 2012). To assess the envi-
ronmental impact of packaging, the composition of 
the products used should be considered when design-
ing the packaging (Heller, 2017). Product design must 
achieve the highest environmental benefit with minimal 
packaging resources (Fig. 2).Source: European Bioplastics association.

Source: ECR Europe
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The third important aspect is frequency of usage and 
reusability or a re-design option. Disposable packaging 
is intended for single use and then discarded, such as 
disposable cups, take away food containers, ready meal 
disposable bowls, while reusable packaging can be used 
more than once, such as plastic bottles that are washable 
and refillable (Processing organization, 2018). Disposable 
or single use packaging in the eco-design concept at the 
end of the product life should be recycled or biodegrad-
ed/composted. Re-usable packaging at the end of its 
life should be applicable for reuse or re-design and used 
again. Packaging optimization based on the eco-design 
concept is becoming an important marketing factor and 
conveys the benefits of optimized packaging to the cus-
tomer. Optimized packaging design can perpetrate prod-
ucts more durable or easier to renew or recycle. This can 
help recyclers recover their products, recovering valuable 

materials and components. This saves resources on 
packaging development (EU Commission, 2015). 

There are main four stages of eco-design (Cavalluci et 
al., 2011):
1 product improvement: gradual product evaluation, 

such as changing the model using less materials;

2 product redesign: a new product optimized for an ex-
isting product;

3 definition of a new product: evaluation of the new 
product;

4 definition of a new production model.

According to the data, optimal packaging design reduces 
the environmental impact of the product and also reduc-
es the cost of production (Ribeiro et al., 2008). To achieve 
these goals, eco-design is driven by external and internal 
factors (Hemel and Cramer, 2002) (Table 2). 

External drivers Internal drivers

Legislation and government regulations Environmental product benchmarking

Environmental pressure from industrial organizations Commitment to reduce the environmental impact

Environmental demands of customers at the consumer, industrial 
or institutional market

Reduction of costs

Negative media attention caused by environmental action groups Competitive advantage - image improvement

Suppliers offer newly developed eco-efficient materials or 
components related to the specific option

New market opportunities (competitive advantage: 
increasing actual market share/access to new markets

Competitors have already applied the specific eco-design option to 
their products

Increase of the product’s functional quality

Synergy with product requirements other than functional 
quality demands or low costs

Table 2. The Key Drivers for Eco-design Application Packaging (Hemel and Cramer, 2002; Borchardt et al., 2011; Knight and Jenkins, 2009; 
Ribeiro et al., 2008).

To design and adopt packaging to the industry, con-
sumer and product needs, mathematical simulations, 
functionally alternative materials assessment tools, 
eco-design techniques and methodologies can be ap-
plied and help to evaluate materials and processes en-
vironmental impacts.

Eco-design implementation. Strategies and 
methodologies

The product design stage plays a key role in a product 
life cycle. Depending on a product category or type, up to 

80% of a product cost could be set at the design stage. 
Sustainable product design or eco-design is not only a 
cost saving tool. Often the changes made as a result of 
employing eco-design strategies and techniques can 
not only reduce the cost, but help to meet legal obliga-
tions, increase product efficiencies and bring a significant 
impact in reducing the negative environmental effects 
through the product’s life cycle: manufacturing, transpor-
tation, consumption, disposal/waste management. The 
primary focus of eco-design is the environmental impact. 
Other benefits include an increase in competitiveness 
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improvement categories. Navajas et al. (2017) provide an eco-design methodology flowchart (Fig. 3) for reducing the 
environmental impact of an industrial product, described in standard ISO 14006:2011. In this eco-design process 
methodology, the life cycle assessment (LCA) process, standardized by (1) principles and framework for LCA ISO 
14040:2006 and (2) environmental management LCA requirements and guidelines ISO 14044:2006, is included.  The 
methodology consists of the following six steps: 

1. product functions identification stage;  
2. evaluation of environmental impact; 
3. strategies improvement stage;  
4. evaluation of environmental objectives stage; 
5. product specification stage;  
6. technical solutions stage.      

 
Figure 3. Eco-design methodology flowchart. Source: Navajas et al., 2017. 
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to compare a current product with new development options. It has six dimensions intended to encompass all 

through cost reduction, entrance into new markets and 
the launch of new products (Borchardt et al., 2011). Ac-
cording to González-García et al. (2016), Knight and Jen-
kins (2008), Baker (2016), Pigosso et al. (2010, 2012), 
Moultrie et al. (2016) and others, eco-design is broadly 
described as environmental impact assessment. There-
fore, there are plenty of tools to perform eco-design (Ta-
ble 3). As we consider packaging as a product, almost 
all of the eco-design tools can be applied for packaging 
eco-design as well. 

Different authors submit different eco-design tool cate-
gories for packaging. For example, Navajas et al. (2017) 
determined two main categories: environmental as-
sessment (comprising quantitative ones and qualitative 
ones) and improvement categories. Navajas et al. (2017) 
provide an eco-design methodology flowchart (Fig. 3) 
for reducing the environmental impact of an industrial 

Fig. 3. Eco-design methodology flowchart.

Source: Navajas et al., 2017.

product, described in standard ISO 14006:2011. In this 
eco-design process methodology, the life cycle assess-
ment (LCA) process, standardized by (1) principles and 
framework for LCA ISO 14040:2006 and (2) environ-
mental management LCA requirements and guidelines 
ISO 14044:2006, is included.  The methodology consists 
of the following six steps:

1 product functions identification stage; 

2 evaluation of environmental impact;

3 strategies improvement stage;

4 evaluation of environmental objectives stage;

5 product specification stage;

6 technical solutions stage.

The specific product category (e.g. food and beverage, 
household, electronics) must be identified and evalu-
ated in the packaging design stage. For the complete 
evaluation process of packaging environmental impacts 
using Navajas eco-design methodology, recommen-
dations stated in Standard CR 12340:1996 Packaging 
– Recommendations for conducting life cycle invento-
ry analysis of packaging systems could be included. It 
is also crucial to choose the right methodology and to 
comply with national packaging design requirements in 
order to estimate the environmental impact associated 
with all stages of product or packaging use.

Knight and Jenkins (2009) chose three categories: 
guidelines, checklists and environmental tools. Charter 
and Tischner (2001) proposed four categories: analysis 
(assessment), prioritization of improvement, aid for 
creativity, and aid for decision-making, whereas Bau-
mann et al. (2002) classified eco-design tools in six cat-
egories: frameworks, checklists and guidelines, rating 
and ranking tools, environmental tools, software and 
expert systems and organizing tools.

It is very important to mention inputs and outputs to 
clarify important issues and make comparisons be-
tween options. According to Yan et al. (2001–2002), life 
cycle assessment (LCA) is a useful tool in analyzing the 
environmental impact of a product by calculating the in-
puts and outputs of each stage of a product’s life cycle. 
LCA is used in eco-design as the tool and methodol-
ogies for environmental impact quantification (Nava-
jas et al., 2017; Rossi et al., 2016). However, LCA data 
are usually too complex and detailed to make sense to 
most business decision makers (Yan et al., 2001–2002). 

Basic tools for eco-design are checklists. Checklists 
give advice on where to focus and what to do; they help 
to start thinking about certain environmental aspects 
and not to forget a significant one. Repeated checks 
can also be a guideline for improvements. Checklists, 
metrics and indicators offer various criteria for pack-
aging designers. These lists are often very broad, and 
a packaging designer must have further knowledge on 
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Table 3. Eco-design Methodologies and Tools for Packaging Development

Tools and meth-
odologies for 
eco-design

Software Key features

LCA for 
packaging

It assesses systematically every aspect and environmental impact. It considers the entire product’s life since 
obtaining of raw material until its end of life. The UNE-EN ISO 14040 and 14044 establish the methodology and 
requirements for this implementation.

PackageSmart
Allows analyzing packaging options early in the process. For Packaging Designers, it 
allows easy comparison of design as well as material decisions during the conception 
phase when the cost of change is still low.

EarthSmart
It is a flexible, web-based tool for life cycle assessment (LCA), evaluating the environmental 
impacts into the design process of a product or service across its entire life cycle, from 
raw materials to disposal and recycling.

EIO-LCA Calculator
Helps rise above the complexity with insights into value chain hotspots and readily 
available footprint information to develop winning bids. This system provides a framework 
to manage and optimize bidding and tendering processes for contractors and suppliers.

PIQET (Packaging 
Impact Quick Evaluation 

Tool) from the 
Sustainable Packaging 

Alliance

It is a streamlined LCA tool designed to assess the environmental impacts and resource 
consumption profiles of different packaging options. Identifies and reviews actions to 
reduce the environmental impact of packaging system formats, particularly at the 
design development stage.

Eco-design 
of packaging 

pack4ecodesign

The tool calculates the environmental impact of packaging (on CO2, water and energy) for 
each phase of its life cycle. You receive tips and advice for each step on how to improve 
packaging, and it can measure the impact of the improvements using a simulation.

General LCA

GaBi
The web-based configuration tool allows creating life cycle assessments and simulating 
alternative packaging designs.

OpenLCA
Very detailed insights into calculation and analysis results; identify main drivers 
throughout the life cycle, by process, flow or impact category, visualize results.

SimaPro
Helps effectively apply LCA expertise, to help empower solid decision-making, change 
products’ life cycles for the better, and improve the company’s positive impact.

MET matrix
(Materials, 

energy, toxics)

It is a qualitative tool that allows identifying which elements have environmental significance. It splits the product 
in 3 blocks: materials, energy and toxics, which have to be analyzed in every stage of the life cycle.

Maturity Grid
The Maturity Grid helps designers consider key design trade-offs across the product 
life cycle.

Carbon footprint

These simplified methodologies measure the greenhouse gas emission directly or indirectly by a product, 
organization, event or individual, splitting them in three blocks.

Environmental 
calculator

Allows comparing different materials in terms of carbon usage and calculate 
environmental carbon savings.

Fefco
Calculation of a carbon footprint for corrugated packaging. It ensures that members 
are permanently informed about the developments that may have an impact on the 
corrugated-packaging industry.

ArtiosCAD Cape Pack

ArtiosCAD, Esko’s structural design editor and Cape Pack palletizing software work 
together seamlessly to help you improve profitability by optimizing packaging design 
for shipping. By evaluating the size of your packaging and optimizing the pallet and 
truck load, companies are able to make an impressive dent in their carbon footprint. 
ArtiosCAD is the ideal product for all corrugated, folding carton and POP, POS, FSDU 
display designers.

https://www.esko.com/en/products/cape-pack
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environmental impacts and sustainability in order to be 
able to choose the most significant and suitable sus-
tainability criteria for the type of packaging in questions 
(Grönman et al., 2012).

The eco-compass technique is described as a compar-
ative tool to evaluate one existing product with another, 
or to compare a current product with new development 
options. It has six dimensions intended to encompass all 
significant environmental issues (Yan et al., 2001–2002): 
health and environmental potential risk; resource con-
servation; energy intensity; mass intensity; revaloriza-
tion; and service extension.

The holistic framework basic structure is a combination 
of all elements which need to be included in the eco-de-
sign tools. The framework shows that eco-design is 
a unique and complex discipline with a distinctive ap-
proach to problem solving, learning styles and working 
practices (Lofthouse, 2006).

These eco-design tools can be applied at the design stage 
of packaging. The choice of tools usually depends on the 
size of the company, its needs, the volume of material re-
sources and other aspects. It is very important to under-
stand that a proper selection of methodology has a great 
impact on further effects of packaging to environment.

Tools and meth-
odologies for 
eco-design

Software Key features

Eco-compass

The eco-compass is a tool that allows comparing between different product or process options depending on 
different design categories. This tool is based in a graphical way of representation, which resembles a spider 
web, where each radius is assigned to an assessment criterion.

COMPASS (Comparative 
Packaging Assessment)

It is a streamlined life cycle assessment (LCA) tool for rapid packaging design 
optimization using industry data.

Eco-indicator 
table

It is a qualitative tool which is easy to use and allows the environmental impact assessment of a product in a 
simplified way from impact tables.

The KEPI (Key 
Environmental 

Performance Indicator) 
method

The method is based on the results of a life cycle analysis in order to propose a series 
of indicators based on the most significant aspects of a product on the environment.

Product Disassembly 
Grid

This product evaluation helps improve product design and identify weaknesses.

Eco-indicator 99 A damage-oriented method for life cycle impact assessment for designers.

Eco-design 
checklist

The EcoDesign 
Checklist

The EcoDesign Checklist is best applied in the concept generation phase, when a clear 
idea of a product has been developed.

EnviroWise A pack guide to packaging eco-design.

User-specific comparison of eco-design 
methodologies and tools

In order to improve the environmental performance 
of the packaging product, what needs to be done first 
is to clearly understand the goals of the development 
process, to select the right tools for their achievement 
and not to be lost among a variety of available methods 
and software. Many packaging designers and engineers 
do not possess this knowledge, which creates a major 
barrier to implementing the eco-design approach in this 
specific industry sector. Investigation of the manner in 
which the eco-design approach for packaging is typical-
ly implemented in today’s manufacturing organizations 
shows that most personnel feel overwhelmed and quick 
to dismiss it as being unnecessary. Such a condition can 
be partially explained by an inappropriate or irrational 
choice of the method to be used. To help with this task, 
a classification chart of eco-design methods applicable 
to packaging was developed (Table 4). The chart is com-
posed so that it reflects the specific needs of specialists 
performing different tasks related to development of 
environment-friendly packaging.

Table 4 gives the main guidelines to methodologies 
and tools which are divided into three main groups: for 

http://www.sustainablepackaging.org/content/?type=5&id=compass-comparative-packaging-assessment
http://www.sustainablepackaging.org/content/?type=5&id=compass-comparative-packaging-assessment
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Table 4. A User-specific Classification of Eco-design Methodologies and Tools Applicable to Packaging

For everyone For designers, engineers, materials engineers For managers

Consider environmental 
performance early in the 

design process

Imprecise data 
can guide good 

decisions

Consider the 
entire product 

system

Materials and process 
decisions are critical to 
environmental impact 

and eco design

Establish targets at the information 
systems to support them

 _ ECO-DESIGN of packag-
ing pack4ecodesign;

 _ GaBi;

 _ OpenLCA;

 _ Environmental Calculator;

 _ The EcoDesign Checklist;

 _ EnviroWise;

 _ PackageSmart;

 _ Earth Smart;

 _ PIQET (Packaging Impact Quick Evaluation Tool) from 
the Sustainable Packaging Alliance;

 _ GaBi;

 _ OpenLCA;

 _ Maturity Grid;

 _ ArtiosCAD Cape Pack;

 _ Product Disassembly Grid;

 _ Eco-indicator 99;

 _ The EcoDesign Checklist;

 _ EnviroWise;

 _ EIO-LCA Calculator;

 _ GaBi;

 _ OpenLCA;

 _ SimaPro;

 _ Environmental Calculator;

 _ Fefco;

 _ COMPASS (Comparative Pack-
aging Assessment);

 _ The KEPI (Key Environmental 
Performance Indicator) method;

 _ Eco-indicator 99; 

 _ The EcoDesign Checklist;

 _ EnviroWise;

everyone, for designers, engineers and materials engi-
neers, and for managers. This summarizes the tools of 
the packaging design process and a selection of appro-
priate measures. With suitable methodologies and tools 
in place, the industry can not only improve with delivering 
the eco-design packaging, but can easily identify meth-
odologies and tools according to needs.

Legal requirements for packaging

Waste prevention, and in particular the prevention of 
packaging waste, is one of the key issues for Europe. 
Packaging manufacturers must comply with the Packag-
ing (Essential Requirements) Regulations if they produce 
packaged goods; design, specify or produce packaging; 
pack or fill packaging to sell; claim to have packed or 
filled packaging by putting their brand or trademark on 
the packaging; or import packaging or filled packaging. 
The European Commission has approved the EU’s Cir-
cular Economy Package (CEP, 2018), which sets up the 
ambitious, legally binding goals for recycling and waste 
management to reduce landfill, in order to close the loop 
of product life cycles (Circular Economy Package, 2018). 
As a part of the circular economy package, the Europe-
an Commission presented an action plan as well as a 

number of legislative proposals in 2015; and proposals on 
Waste Framework Directive and Packaging and Packag-
ing Waste Directive were among them (EC, 2015; Europe-
an Parliament, 2016). In 2018, amendments to both direc-
tives were adopted: 2018/851 made amendments to the 
Waste Framework Directive (2008/98/EC), and 2018/852 
made amendments to Packaging and Packaging Waste 
Directive (94/62/EC). Both directives pay attention to pre-
vention, reuse, and collection of waste streams, and set a 
number of new recovery and recycling targets. 

To implement CEP targets, EU Member States must 
comply with legal requirements and apply them in their 
own countries. It depends on each packaging by its own 
characteristics and it is regulated by some key legal doc-
uments, which are reviewed below. The packaging is 
considered to comply with Directive 94/62/EC if it meets 
all six harmonized standards.

The related harmonized standards EN 13427-13432 part-
ly filled in the gap and clarified many aspects related to the 
implementation of the Directive at both the company and 
the country-wide levels ((EN 13427:2004; EN 13428:2004; 
EN 13429:2004; EN 13430:2004; EN 13431:2004; EN 
13432:2000; Varžinskas et al., 2016) (Table 5)).

https://www.esko.com/en/products/cape-pack
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Table 5. Harmonized Standards that Indicate Packaging Compliance to Directive 94/62/EC. Source: European Commission.

Production and composition Reuse Recovery

EN 13427:2004
Requirements for the use of European 
Standards in the field of packaging and 
packaging waste

EN 13429:2004
Packaging - Reuse

EN 13430:2004
Requirements for packaging recoverable by material 
recycling

EN 13428:2004
Packaging – Requirements specific 
to manufacturing and composition – 
Prevention by source reduction

EN 13431:2004
Requirements for packaging recoverable in the form 
of energy recovery, including specification of minimum 
inferior calorific value

EN 13432:2000
Requirements for packaging recoverable through 
composting and biodegradation – Test scheme and 
evaluation criteria for the final acceptance of packaging

The most important Directive for Eco-design is 2009/125/
EC. The requirements of this directive are applied to en-
ergy-use products only (refers to any goods that have an 
impact on energy consumption during use, when placed 
on the market and/or put into service). This directive 
concerns the environment and how to reduce the use of 
power. The eco-design directive could be expanded in or-
der to include wider environmental aspects especially as 
regards the packaging.

Even more, there are some standards for eco-design. 
ISO 14001 links management of an organization’s 
processes with environmental impacts, but does not 
include design management processes. ISO 9001 cov-
ers the design management process, but does not 
explicitly cover environmental impacts. ISO/TR 14062 
and IEC 62430 assist incorporation of the evaluation 
of environmental aspects and impacts into the design 
and development process, but as such they do not fully 
explain the activities involved within an environmental 
and business management framework, such as those 
described in ISO 14001.

The regulations aim to minimize the amount of waste 
produced by packaging and ensure that packaging is ei-
ther reused, recovered or recycled. It is important that 
these requirements are taken into account from the 
very beginning of the design stage. If obeyed and fol-
lowed in the good packaging design, they can help min-
imize the amount of packaging needed for goods while 
still providing sufficient protection. And sometimes a 

small change in the product design can significantly re-
duce the amount of packaging it requires and reduce 
environmental contamination in the future.

The performed analysis has highlighted a number of 
features that distinguish packaging as a specific prod-
uct presenting a serious environmental threat: an out-
standing diversity of types and a huge volume and vari-
ety of materials used for its production, which turn into 
a waste stream immediately after their life time; pack-
aging development is subject to numerous regulations 
and requirements related to its functionality (product 
protection, manufacture, filling, handling and logistics, 
consumer’s health and safety, information, marketing 
and other aspects) and, finally, its environmental com-
patibility. Packaging manufacturers must cope with 
these requirements focusing first of all on those that 
satisfy the needs of packaging users, including eco-
nomic attractiveness and price. Fulfilling these require-
ments requires involvement of significant resources 
on the packaging manufacturers’ side; therefore, envi-
ronmental issues are often not set as the first priority 
in companies producing packaging. Lack of skills and 
knowledge related to the methods and tools used for 
development of eco-friendly products is yet another 
reason for such a situation. Many eco-design methods 
that have been developed for other manufacturing in-
dustry or service segments do not necessarily cover 
all the packaging-specific requirements and, therefore, 
are not always helpful in case of packaging.



Environmental Research, Engineering and Management 2020/76/442

Conclusions 
Eco-design applications to the packaging industry seem 
to be a promising way to reduce a negative environmen-
tal impact of a product from the very beginning of its life 
cycle and give the green light in the whole concept of the 
circular economy. Eco-design is not only a cost saving 
tool, but it helps to meet legal obligations, increase prod-
uct efficiencies and bring a significant impact in reducing 
negative environmental effects through the product’s life 
cycle: manufacturing, transportation, consumption, and 
disposal/waste management. 

The performed analysis highlighted a number of spe-
cific features, which distinguish packaging as a prod-
uct having a huge inevitable environmental impact and 
being extremely challenging from the point of view of 
environmental compatibility. These features are the 
following: enormous diversity of types; a huge volume 
and variety of materials used for production, which turn 
into a stream of waste immediately after the life-time 
of packaging; numerous regulations and requirements 
related to functionality (product protection, manufac-
ture, filling, handling and logistics, consumer’s health 
and safety, information, marketing and other aspects), 
market efficiency (competitive price and functionality) 
and environmental compatibility (compliance with di-
rectives, regulations, standards, codes of good practice, 
guides, etc.). 

It is challenging for packaging manufacturers to cope 
with all the requirements at once, so a rational choice 
is at first to focus on market-sensitive requirements, 

trying to satisfy the needs of packaging users, like func-
tionality, economic attractiveness and price. Fulfilling 
the full set of requirements requires involvement of 
significant resources, which is often difficult to afford for 
packaging manufacturers. This results in the fact that 
environmental aspects are often considered not the 
first priority issue. Furthermore, companies often lack 
resources, skills and knowledge for selection of the 
most appropriate methods and tools for development 
of eco-friendly products. Many eco-design methods 
that have been developed for other manufacturing in-
dustry or service segments do not necessarily cover all 
the packaging-specific requirements and, therefore, are 
not always helpful in case of packaging. 

As a result of the performed general overview of eco-de-
sign methodologies, a systematic list of the methods ap-
plicable to packaging was made and their key features 
were highlighted. The list includes a number of qualitative 
and quantitative assessment tools, which enable assess-
ment of the environmental impact of packaging through 
both precise calculations as well as in a simplified way.

To help the company personnel to choose an appropri-
ate eco-design tool, a special classification chart was 
developed, which evaluates the methods from the user 
point of view. An employee of the company may select 
an appropriate method/tool depending on his/her du-
ties in the company and the specific task he/she is set 
to perform (production planner, design engineer, mate-
rials engineer, manager, etc.). 
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