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Quick reading guide

This thesis aims to recommend on actions to be taken by Aalberts 
Hydronic Flow Control to reduce packaging. The thesis is built up as 
follows:

- Project formulation & approach      Chapter 1
- Analysis           Chapter 2-4
- Conclusion Analysis       Chapter 5
- Recommended actions|strategic roadmap    Chapter 6
- Deep dive into a future oriented solution     Chapter 7
- Further investigation needs      Chapter 8

In order to read the thesis more easily, the following marks are 
applied throughout the report:

Insights contributing to the proposed solution are shown in black

Aims of different strategies to reduce packaging at Aalberts are 
shown in red

All recommended actions to reduce packaging at Aalberts are 
shown in green.

Targeted results of the recommended actions, packaging 
reduction results that can be achieved with the packaging changes 
are shown in blue

Recommended actions

Insights

Resulted targets

Aims
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Executive summary

Aalberts Hydronic Flow Control has set the target 
to reduce their packaging material by 20% in 
weight by 2025. In this thesis will be looked into, 
and recommended on this target. In addition 
to this, the assignment has been established to 
develop a concept to reduce packaging waste 
for Aalberts through research on sustainable 
packaging, providing insights for improving 
business-to-business sustainable packaging 
practices.

Product categories using most packaging
In 2022, Aalberts Hydronic Flow Control 
introduced a total of 2739 tons of (registered) 
packaging to the market. This included 1807 
tons of cardboard, 155 tons of plastic, and 777 
tons of wooden packaging. The thesis focuses 
on the product categories PEX pipe, Expansion 
Vessels, Valves and Fittings that contribute most 
significant to packaging at Aalberts (54% of 
total packaging), representing 92 tons of plastic 
(59.4% of all plastic packaging), 872 tons of 
cardboard (48.3% of all cardboard packaging) 
and 520 tons of wood packaging (66.9% of all 
wood packaging).

Strategic roadmap
Based on, among others, findings from literature 
research, expert interviews, interviews with 
Aalberts’ employees, competitor analysis, 
research into regulations, business economics 
and market trends, a strategic roadmap is 
designed showing all recommended actions for 
Aalberts to achieve packaging reduction based 
on three periods: 
- The first period (now-2025) is focused on 
the implementation of most financially appealing 
packaging changes for Aalberts to reach the 
target of 20% reduction by 2025. Investments 
are needed, but are expected to be profitable 
within 2 years of implementation, leading to 
20.7% reduction of all packaging (566 tons).
- The second period (2025-2035) is focused 
on reducing unnecessary packaging and 
redesigning packaging for recycled and less 
material use. In this period investments are 
needed to reduce packaging, contributing to 
more packaging reduction at Aalberts, leading 
to an accumulative reduction (of period I & II) of 
25.8% of all packaging (707 tons).
- The third period (>2035) aims at eliminating 
single-use packaging through implementing 
the concept of packaging as a product. This 
requires further investments and a bigger change 
in packaging practices than the two periods 

R

R

before, which eliminates single-use packaging 
completely, leading to an accumulative reduction 
(of all periods) of 54.2% reduction of all 
packaging (1484 tons).

How to reach the target of 20% reduction 
by 2025?
In order to reach the target of 20% reduction 
by 2025, investment based packaging 
changes need to be made. Most financially 
appealing actions that are recommended to be 
implemented before 2025 are the following: 

1. Reduce bag sizes Valves and Fittings by 
50%
Reducing unnecessary packaging saves 
the company material and costs, a win-win 
scenario for Aalberts. It is advised to start with 
the reduction of plastic bag sizes for Valves 
and Fittings (46 tons, 1.7% of all packaging 
at Aalberts) since this provides the largest 
packaging reduction of unnecessary packaging.

2. Reusable pallets PEX pipe
Changing to reusable pallets for PEX pipe 
provides the largest reduction in packaging 
material with 520 tons (19% of all packaging at 
Aalberts). This change does require a one-time 
investment of €385,000 but saves €200,000 
per year on single-use pallets. Therefore return 
on investment will be within 2 years. Since the 
packaging change offers a large reduction 
(close to the target of 20%) and saves costs in 
the long term, this action is recommended to be 
implemented as soon as possible to reach the 
target before 2025 (together with reducing bag 
sizes for Valves and Fittings). 

New targets
Due to upcoming regulations on packaging, 
goals of Aalberts and the European Union to 
become net-zero by 2050, the following new 
targets are advised:
- Reduce all single-use plastics by 100% by 2040
- Reduce all single-use packaging by 100% by 
2050

The new targets could be achieved with the 
concept presented in the third period of the 
strategic roadmap: packaging as a product. This 
concept aims to eliminate single-use packaging 
completely through redesigning packaging to 
replace another product by providing packaging 
with an additional function.
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1. Project formulation 
& approach

Aalberts Hydronic Flow Control has set the target 
to reduce their packaging material by 20% in 
weight by 2025. This target follows the target 
of Techniek Nederland, a branche association 
where Aalberts is member of. Aalberts is a 
producer specialized in hydronic systems like PEX 
pipe, Multiskin fittings and Expansion Vessels 
selling in a business-to-business market. In this 
thesis will be looked into, and recommended 
on how to achieve the target of 20% reduction 
by 2025. In addition to this, the assignment 
has been established to develop a concept to 
reduce packaging waste for Aalberts Hydronic 
Flow Control through research on sustainable 
packaging, providing insights for improving 
business-to-business sustainable packaging 
practices.

Approach
To find out more on the current packaging 
status at Aalberts and investigate how to reduce 
packaging at the company, an analysis has been 
performed based on functions of packaging, 
current registered packaging figures, interviews 
with employees and a packaging journey.

Then, to explore the problem considering 
reducing packaging and implementing 
sustainable packaging in the industry, an analysis 
has been performed based on literature and 
expert interviews to find the current challenges in 
the industry. Also will be looked into (upcoming) 
regulations and material types involved with 
(sustainable) packaging.

Next, will be dived into how the targeted position 
of Aalberts to reduce 20% could be achieved. 
Challenges to change packaging at the company 
will be presented based on interviews with 
employees. An competitor and sustainable 
packaging analysis aims to compare Aalberts’ 
competitors’ goals and approaches to Aalberts. 
The Chapter will also dive into the influence of 
the circular economy on the targets of Aalberts 
considering packaging and greenhouse gas 
emissions.

From insights of the analyis phase, a roadmap 
will be presented showing recommended 
actions to reduce packaging at Aalberts. Various 
approaches will be discussed in periods to tackle 
the reduction of packaging and recommend 

Aalberts on how to achieve the target of 20% 
reduction by 2025. In addition to this, new 
targets will be presented when the current target 
is expected to be reached, focusing on future 
regulations and Aalberts’ greenhouse gas 
emissions goals. 

Lastly, will be dived deeper in a concept to reach 
the new targets of Aalberts established in the 
roadmap after reaching their current reduction 
target of 20%. This concept will be presented 
and validated with installers to demonstrate its 
feasibility, desirability and viability

Methods
Throughout this thesis multiple methods have 
been used for different purposes. The main used 
methods will be discussed below:

Firstly, the R-ladder has been used. This method 
guides in providing strategies based on different 
levels of circularity. The circular strategies can 
be used to pursue the principle of the circular 
economy. The higher a strategy is rated on the 
R-ladder, the more circular the strategy is, and 
thus the more resource extraction is prevented. 
More on the R-ladder will be discussed in 
Chapter 4.4.

Secondly, a roadmap has been created using 
the Three horizon model to guide the reduction 
of packaging at Aalberts. The method is a 
framework which helps to manage a goal in 
a coordinated way. In Chapter 6 the strategic 
roadmap created with the Three horizon model 
can be found.

Thirdly, the method of The Double Diamond 
has been used in this entire thesis. The method 
provides guidance through a creative process 
focused on problem solving. It makes use of 
diverging and converging processes to explore 
problems, possible solutions and eventually 
come to a detailled concept.

Also other methods have been used such as 
the Power-Interest matrix, Cost-Benefit analysis, 
Customer (packaging) journey, Life Cycle 
Analysis, How-to’s, Product Concept Evaluations, 
Weighted Objectives and Cost Price Estimations.
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2. Analysis - Aalberts’ 
current packaging 

position

Aalberts goal is to reduce packaging by 20% by 
2025. To reduce packaging and thereby reach 
this target, first an understanding of Aalberts 
current packaging status is required. To achieve 
this an analysis on current registered packaging 
data from Aalberts was performed. The following 
topics will contribute to understanding Aalberts’ 
current packaging status.

First, will be looked into main functions and 
different types of packaging to guide with the 
generation process of possible solutions which 
reduce packaging at Aalberts.

Second, the Chapter will dive into the 
stakeholders involved in reducing packaging and 
sustainable packaging at Aalberts. This will be 
done to get a better understanding of who plays 
important roles in packaging practices. 

Third, the Chapter will look into the current 
packaging journey at Aalberts to understand the 
context of the problem considering the reduction 
of packaging better. It will provide insights into 
current packaging practices which will be used to 
develop possible solutions later in this thesis.

Fourth, an analysis of the current packaging 
situation at Aalberts will be performed. This is 
based on the current packaging registered at 
the company. It will provide insights into which 
product categories should be focused on to 
reduce packaging material at Aalberts most 
significantly.

Fifth, there will be dived into current packaging 
figures in the EU to understand the problem 
better by providing insights into why packaging 
should be reduced.
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2.1 Packaging functions

In order to determine how to reduce packaging 
at Aalberts Hydronic Flow Control, it first must 
be determined why packaging is used. In 
this Chapter will be discussed what the main 
functions of packaging are.

According to the European Union, packaging 
is described as the following: “Packaging shall 
mean all products made of any materials of 
any nature to be used for the containment, 
protection, handling, delivery and presentation of 
goods, from raw materials to processed goods, 
from the producer to the user or the consumer.” 
(European Communities, 1994). Requirements of 
packaging can be divided into three categories:

Additionally, packaging can be divided into three 
types (Escursell et al., 2021) (Figure 2.1.1):

Primary packaging, which encompasses 
the wrapping or containers handled by the 
consumer or end user and serves to protect 
and advertise the product (e.g., foil wrapped 
around a chocolate bar).

Secondary packaging, usually in the form 
of large cases or boxes that are used to 
group quantities of primary packaged goods 
for distribution and for display in shops (e.g. 
cardboard boxes containing large numbers 
of foil-wrapped chocolate bars).

Tertiary packaging, which comprises the 
containers used to gather packaging groups 
into larger loads for transport in order to 
facilitate loading and unloading of goods 
(e.g. wooden pallets and plastic wrapping).

Figure 2.1.1: Primary, secondary and tertiary packaging 
(CRB, n.d.).

Product protection: One of the primary 
functions of packaging is to protect the 
product from damage, contamination, 
or deterioration during transportation, 
storage, and handling. Packaging should be 
designed to withstand various environmental 
factors, such as temperature, humidity, and 
physical impact, ensuring the integrity and 
quality of the enclosed product.

Product information: Packaging serves 
as a means of communication between 
the product and the consumer. It should 
convey essential information about the 
product, including packaging recyclability, 
usage instructions, safety warnings, and any 
other relevant details. Clear and accurate 
labeling helps consumers to make informed 
choices and ensures compliance with 
regulatory requirements. (European Union, 
2023). It is also a key element of branding 
and marketing strategies. It should visually 
communicate the brand identity, create a 
memorable impression, and differentiate the 
product from competitors. Colors, logos, 
and design elements play a crucial role in 
this aspect.

Product handling: Packaging should be 
designed to facilitate easy handling during 
transportation. This includes considerations 
for size, weight, and shape to optimize 

storage and shipping efficiency. Packaging 
should be user-friendly for both consumers 
and retailers. Easy-to-open features, clear 
instructions, and ergonomic design contribute to 
a positive user experience.

1.

2.

3.

1.

2.

3.

Main functions of packaging: Protection, 
information and handling

Three types of packaging: Primary, secondary 
and tertiary

I
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2.2 Stakeholders

High power

Low power

High 
interest

Low 
interest

Regulatory 
authorities

Clients

Installers

KEEP 
SATISFIED

MONITOR KEEP 
INFORMED

ENGAGE CLOSELY 
AND INFLUENCE 

ACTIVELY

Competitors

R&D/Product 
engineers

Marketing/
product 

management

Techniek 
Nederland

This Chapter explores sustainable packaging 
focusing on understanding stakeholders. 
A Power-Interest matrix is used to show the 
influence and interest of stakeholders in 
sustainable packaging at Aalberts (Figure 2.2.1). 
Difference in influence and power can make 
certain stakeholders play an important role in the 
process of developing sustainable packaging. 
Only the most involved stakeholders considering 
Aalberts’ packaging are taken into account in 
this thesis.

Figure 2.2.1: Stakeholder map - stakeholders are placed on the y-axis based on power and on the x-axis based on interest in reducing packaging 
and sustainable packaging. In grey are most important external stakeholders and in black are internal stakeholders presented.

2.2.1 Internal stakeholders
Marketing/Product Management
The marketing department plays a pivotal role 
in advancing sustainable packaging initiatives, 
impacting various stakeholders. Customers 
increasingly prioritize environmentally conscious 
products, making sustainable packaging a 
market differentiator. This department exists 
mainly out of Aalberts’ product managers. The 
employees have high influence considering 

changing packaging practices. The department 
can influence sales of Aalberts with the type 
and design of the packaging, making it a high 
power and high interest stakeholder. Therefore 
the stakeholder should be engaged closely 
and influenced actively considering sustainable 
packaging practices. More information on 
Aalberts’ attitude towards sustainable and 
reducing packaging can be found in Chapter 
4.1.

R&D/Product engineers
These stakeholders are responsible for the type 
of packaging that is used. Material, infill and 
sizes are selected by this department. Because 
this department also develops the products, often 
it is preferred to package the product as safely 
as possible. This could provide contradictions 
with Aalberts’ targets considering the reduction 
of packaging by 20%. Throughout this thesis, 
this stakeholder has been involved for (some) 
recommended actions considering the reduction 
of packaging and implementation of sustainable 
packaging. More on this can be found in 
Chapter 6.
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2.2.2 External stakeholders

Regulatory authorities
Government agencies often set regulations and 
standards related to packaging and sustainability. 
Compliance with these regulations is crucial, 
and companies may also seek to influence policy 
decisions. As (new) regulations play a major role 
in changing packaging practices at Aalberts, 
this stakeholder is seen as one of the main 
drivers for packaging changes at the company. 
Nevertheless, Aalberts does not have direct 
influence on the formulation of new regulations 
and therefore has to keep the stakeholder 
satisfied. More on this topic will be discussed in 
Chapter 3.2.

Installers
Installers are the end-users of the products that 
Aalberts brings to market. These stakeholders 
are the ones that deal a lot with packaging. They 
are also the ones who determine the disposal of 
the packaging. The end-customers are a critical 
stakeholder as they could increasingly demand 
sustainable packaging options. They can 
influence the company’s decisions by choosing 
to support businesses that prioritize sustainable 
packaging. As this stakeholder is the end-
customer, it influences the sales of the company. 
Therefore is the stakeholder seen as high-power. 
The stakeholder needs to be engaged closely 
and influenced actively to keep sales to its target.  
In Chapter 4.1 will be discussed more on the 
influence of the end-customer.

Competitors
Companies within the same industry can 
influence each other by adopting sustainable 
packaging practices. They benchmark against 
each other to stay competitive. Competing 
businesses may drive each other toward adopting 
sustainable packaging as a means to distinguish 
themselves in the market. To stay competitive, 
Aalberts has to monitor its competitors packaging 
practices. More on competitor analysis will be 
explained in Chapter 4.2.

Clients
Aalberts direct clients are wholesalers. These 
stakeholders are a party inbetween the end-
customer and Aalberts. Power of the direct clients 
is low as they are influenced by the end-customer 
(installers). Nevertheless, they do care about 
reducing packaging as will be mentioned in 
Chapter 4.1. For this reason, direct clients have 
to be informed by Aalberts considering their 
packaging practices.

Techniek Nederland
Techniek Nederland, a branche association 
where Aalberts is member of, is heavily involved 
in stimulating sustainable packaging in the 
industry. The branche association initiates 
sustainable packaging projects and half 
yearly meetings considering new packaging 
implementations in the industry (Techniek 
Nederland, 2023). The stakeholder does not 
have direct influence on the type of packagings 
used at Aalberts as it does not influence sales. 
Nevertheless, Techniek Nederland initiates 
sustainable packaging projects with other 
companies in the same branche and therefore 
should be engaged closely and influences 
actively to help Aalberts reduce packaging waste, 
together with other companies in the same 
branche. Because of the industry association, 
Aalberts can work together with the industry 
to reduce packaging waste. More on this 
stakeholder and sustainable packaging changes 
in the industry will be explained in Chapter 4.3.

The most stakeholders involved in reducing 
packaging at Aalberts are: Marketing/product 
management, R&D, Regulatory authorities, 
Installers, Competitors, Clients and Techniek 
Nederland

I

2.3 Packaging journey
To understand more about how to reduce 
packaging, it needs to be researched how the 
current supply chain considering packaging 
looks like. This research aims to find out how 
the supply chain looks like by talking to Aalberts’ 
supply chain employees to gain insights in the 
challenges of Aalberts’ supply chain.

At Aalberts Hydronic Flow Control, the current 
packaging supply chain is linear: packaging 
is used only once before disposal, as opposed 
to circular, where the same packaging is used 
multiple times. First, when changing packaging, 
a packaging shape is selected at one of the 
packaging suppliers of the company. Then 
the packaging is graphically designed by the 
marketing department. Once the packaging is 
designed, the company will place an order at the 
packaging supplier. The supplier will produce 
the packaging and distribute it to one of Aalberts 
factories. The products will be packaged at one 
of these sites and then sent to one of Aalberts’ 
clients. About 90% of all sales are channeled 
through wholesalers. At this point in the supply 
chain, Aalberts hands over the packaging (and 
its product) together with the responsibility of 
protecting the product. The company has no view 
on what happens in the next steps in the supply 
chain. 

Next, the wholesaler internally ships the product 
and packaging to one of its retail locations. 
At these locations, the end-users (installers) 
can purchase the product. Once the product 
is installed, its packaging undergoes recycling, 
incineration, or ends up in a landfill.

In practice, Aalberts primarily sells its products 
in Europe, resulting in lengthy supply chains that 
involve multiple distribution steps. According to 
the supply chain manager at Aalberts (2023), 
it’s common for products to be transported 
from one warehouse to another several times 
by wholesalers as they distribute their products 
across Europe. This results in a complicated 
supply chain that varies for each client of 
Aalberts. 

Figure 2.3.1: Packaging journey for Aalberts Hydronic Flow 
Control packaging and products.

Aalberts’ supply chain is linear and complex: it 
involves a lot of stakeholdersI
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2.4 Packaging analysis at Aalberts

In order to find out where most packaging 
material can be saved, an analysis on internal 
data has been performed on the current 
packaging consumption per product category. 
The analysis has been based on the registered 
packaging weights that are known at Aalberts. 
In Aalberts’ packaging registration a distinction 
is made between three types of materials; 
cardboard, plastic and wood. In this Chapter, 
the packaging consumption analysis will be 
presented.

Product categories using most packaging 
materials
Aalberts has a catalog of 60.000 products 
(Appendix 9.4). By focussing on product 
categories that contribute most packaging 
material, the largest packaging reductions at 
Aalberts can be realised. To perform the analysis 
we looked at which factories currently bring most 
packaging material to the market. As stated 
before, in 2022 Aalberts brought 2739 tons of 
packaging material to the market. 

In scope
The product categories that contribute most to 
packaging materials are PEX Pipe, expansion 
vessels, fittings (both multiskin and brass) and 
valves (balancing and normal valves). The 
factories where these products are produced 
represent 2311 tons of packaging material 
(approximately 84% of all packaging used 
at Aalberts). Since the product categories 
above contribute to most packaging material 
consumption at Aalberts in this thesis will 
be focused on these product categories. By 
focussing on the product categories that generate 
the greatest amount of packaging waste, this 
thesis aims to identify the greatest opportunities 
for packaging reduction at Aalberts. In Figure 
2.4.1 - 2.4.6 main products contributing to most 
packaging material consumption can be seen. 

Out of scope
It must be noted that the categories Separation, 
Boiler equipment, Multilayer PEX pipe and 
Panels are out of scope due to the fact that these 
categories are the minority of all packaging 

represented at Aalberts. In addition to this, the 
packaging of these categories exist of different 
sizes and types of products, requiring different 
types of packaging. For these categories, there 
is no clear representative product that represents 
the majority of the packaging use for this 
category. The complete list of products belonging 
to these categories can be found in Appendix 
9.4.  

Types of primary packaging 
All products from Aalberts can generally be 
divided into two types of primary packaging: 
plastic bags (Polyethylene) and corrugated 
cardboard boxes. Generally can be said that 
for smaller products (e.g. fittings and valves), 
plastic bags are used. For bigger products (PEX 
pipe and expansion vessels), cardboard is mainly 
used as packaging material. Main packaging 
materials for the main product categories can be 
found in Figure 2.4.7.

Figure 2.4.1: PEX pipe. Figure 2.4.2: Expansion vessel.

Figure 2.4.6: Multiskin fittings.

Figure 2.4.3: Balancing valve. Figure 2.4.4: Valve.

Figure 2.4.5: Brass fittings.

Figure 2.4.7: Packaging consumption of all types of packaging materials (plastic, cardboard and wood) at Aalberts per factory - Colours 
in red represent the product categories in scope, colours in grey are out of scope for this thesis.
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When diving deeper into the amount of 
packaging for the two common types of primary 
packaging, the following can be concluded. 

Plastic packaging 
By focussing on fittings and valves, which are 
mostly packaged in plastic bags, 92 tons of 
plastic is involved. In total, Aalberts required 155 
tons of plastic packaging in 2022. Therefore, 
it can be said that by focussing on fittings 
and valves, 59% of all plastic packaging is 
represented (Figure 2.4.8).

Cardboard packaging 
Additionally, by targetting on PEX pipe and 
expansion vessels which are largely packaged in 
cardboard boxes, 872 tons of cardboard is taken 
into account. In 2022, Aalberts used 1807 tons 
of cardboard packaging. Therefore by targetting 
PEX pipe and expansion vessels, 48% of all 
cardboard consumption is represented (Figure 
2.4.9).

Figure 2.4.8: Plastic packaging consumption at Aalberts per main packaging material.

Figure 2.4.9: Cardboard packaging consumption at Aalberts per main packaging material.

Wood packaging
Aside from primary packaging materials, tertiary 
packaging is used. Wood is the third registered 
type of packaging at Aalberts used for tertiary 
packaging, mostly in the form of pallets. 
Registered wooden packaging is used as single-
use packaging and therefore is recommended to 
be reduced as well. In Figure 2.4.10 can be seen 
for which products most single-use wood is used.

When looking at the single-use pallet 
consumption of all product categories, it can 
be concluded that PEX pipe (produced in 
Nevers) contributes most to all single-use wood 
consumption with 520 tons of wood per year. By 
targetting PEX pipe tertiary packaging 67% of all 
single-used wood is represented.

Figure 2.4.10: Single-use wood packaging consumption at Aalberts per product category.
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Conclusion
In conclusion, in 2022 Aalberts brought 2739 
tons of packaging material to the market. The 
product categories PEX Pipe, expansion vessels, 
fittings (both multiskin and brass) and valves 
(balancing and normal valves) represent most 
packaging material use at Aalberts accounting 
for approximately 1484 tons (54%) of all 
packaging. 

The types of primary packaging for these 
categories can be divided into two categories: 
plastic polyethylene bags and corrugated 
cardboard boxes. The product categories 
Valves and Fittings account for approximately 
92 tons (59%) of all plastic packaging at 
Aalberts. The product categories PEX pipe and 
Expansion vessels represent 872 tons (48%) of 
all corrugated cardboard consumption at the 
company. This thesis focuses on these product 
categories in order to have the most significant 
impact of packaging reduction at Aalberts.

In addition to this, the third and last type of 
material used for packaging at Aalberts is wood. 
This material is mostly used for tertiary packaging 
in the shape of pallets. Most single-use pallets 
are used for the product category PEX pipe, 
representing 520 tons (67%) of all single-use 
wood use. In this thesis will also be looked at 
how to reduce single-use wood packaging in 
addition to reducing the packaging materials 
for the product categories PEX pipe, expansion 
vessels, valves and fittings.

PEX pipe, Expansion vessels, Fittings and Valves 
contribute most (54%, 1484 tons) to packaging 
waste at Aalberts

Main packaging materials: Plastic, cardboard 
(primary) and wood (tertiary packaging)

I

I

2.5 EU packaging waste figures

To gain a better understanding in the common 
types and amounts of packaging materials used, 
research has been done on packaging waste in 
the European Union. 

The European Union (EU) experienced an 
overall increase in packaging waste generation 
from 2010 to 2021. In 2021, the EU produced 
an estimated total of 84.3 million tonnes 
of packaging waste, marking a 6.0% rise 
(equivalent to 4.8 million tonnes) compared to 
2020. (Eurostat, 2023).

Over the 11-year period, paper and cardboard 
emerged as the primary packaging waste 
material, contributing 34.0 million tonnes to 
the total generated in 2021. This waste stream 
grew by 23.5% since 2010. Plastic packaging 
amounted to 16.1 million tonnes, making it the 
second most significant packaging material with 
a 29.9% increase compared to 2010. Glass 
packaging waste reached 15.6 million tonnes 
(up by 18.1%), wood amounted to 14.4 million 
tonnes (a rise of 32.7%), and metal packaging 
totaled 4.2 million tonnes in 2021 (a 10.6% 
increase). (Eurostat, 2023) (Figure 2.5.1).

In addition to this, in 2020 only 38% of all 
plastic packaging waste is recycled. (Eurostat, 
2022). The limited percentage of plastic 

recycling in the EU results in substantial losses 
for both the economy and the environment. It’s 
estimated that approximately 95% of the value of 
plastic packaging material is lost to the economy 
(European Parliament, 2018). Between 2010 
and 2021, plastic recycling hit a peak at 42.4% 
in 2016 but has generally been on a declining 
trend since that time (Statista, 2024b). 

In contrast, in 2021, the European Union 
achieved a recycling rate of 82.5% for paper and 
cardboard packaging waste. The recycling rate 
for paper and cardboard packaging waste has 
consistently stayed above 80% in the European 
Union since 2008 (Statista, 2024).

In 2022, Aalberts Hydronic Flow Control 
introduced a total of 2739 tons of (registered) 
packaging to the market. This included 1807 
tons of cardboard, 155 tons of plastic, and 777 
tons of wooden packaging. A detailed analysis 
on what packaging is used for what type of 
products was presented in Chapter 2.4.

Figure 2.5.1: Packaging waste generated by packaging material in the European Union (Eurostat, 2023).

Packaging waste is increasing in EU

Recycling rate paper & cardboard: 83%
Recycling rate plastics: 42%

I

I
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2.6 Conclusion

Packaging can be divided into three main 
functions; product protection, product 
information and product handling. Additionally, 
packaging can be divided into three types; 
primary, secondary and tertiary packaging. 

From the stakeholder analysis can be concluded 
that there are two types of main stakeholder 
involved in packaging reduction and sustainable 
packaging at Aalberts. Firstly, marketing 
and R&D are seen as important internal 
stakeholders in decision making processes 
of packaging practices at Aalberts. Secondly, 
regulatory authorities, installers (end-customer), 
competitors, clients (wholesalers) and Techniek 
Nederland (branche association) are seen as 
important external stakeholders involved in 
reducing and changing packaging practices at 
Aalberts. 

It can be concluded from the packaging journey 
analysis that Aalberts’ supply chain involves a 
lot of stakeholders and is complex. The current 
supply chain of the company is linear. 

From the analysis on Aalberts’ current packaging 
status can be concluded that the product 
categories PEX pipe, Expansion vessels, Valves 
and Fittings contribute most to packaging used 
at Aalberts, representing 1484 tons (54%) of 
all packaging. Current packaging material at 
Aalberts can be divided into three categories: 
Cardboard, Plastic and Wood. 

The analysis on current packaging figures in the 
EU provided the insight that packaging waste is 
increasing. Cardboard packaging is recycled on 
a bigger scale than plastic packaging (83% vs 
42%). 

All insights mentioned above will be used later 
on during the ideation of possible packaging 
solutions, enabling most significant packaging 
reduction at Aalberts.
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3. Analysis - Industry 
current position and 

regulations

To gain a better understanding on sustainable 
packaging in the industry, an analysis has been 
performed based on literature research and 
expert interviews to find current challenges and 
approaches to reducing and implementing 
sustainable packaging in the industry. The 
following topics will contribute to understanding 
the current industry’s challenges.

Firstly, will be looked into the current challenges 
of the industry to reduce and transition to more 
sustainable packaging through expert interviews 
and literature research.

Second, will be dived into regulations 
considering packaging based on literature 
research. This is done to gain a better 
understanding on how changing policies affect 
packaging practices at companies.

Third, will be looked into the various common 
material types used for packaging applications 
in the market. Recommendations will be given to 
Aalberts considering the type of materials used 
for packaging.
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To learn more about the packaging industry 
and its challenges, explorative interviews with 
packaging experts were conducted. In total, 
four experts with various backgrounds were 
interviewed: a B2B packaging researcher, a 
packaging consultant, a business developer 
circular packaging and a packaging 
technologist. Results from these interviews are 
divided in three main challenges, perception 
of policies and regulations, lack of impact 
knowledge and prevention of risks and 
investments, and are described in this Chapter. 
One hour long interviews were conducted online 
via videocalls (n=3) and via phone (n=1). 
Interviewees were approached via LinkedIn and 
were not associated with Aalberts, this thesis nor 
the interviewer. More detailed information on the 
interview procedure can be found in Appendix 
9.6.

Perception of policies and regulations - 
Interviews
Policies and regulations are the first bottleneck 
when it comes to sustainable packaging. 
According to the B2B packaging researcher, 
“Policies might not be completely aligned 
with each other. There might be a clash of 
regulations; while fixing one thing might cause 
major issues on another thing. You cannot 
improve every aspect of sustainability in the 
supply chain. For example a reverse logistics 
implemententation requires a complete new 
logistics system as well. If reverse logistics are 
implemented without a properly thought through 
logistics system, you will likely increase the 
environmental footprint of the supply chain” (B2B 
packaging researcher, 2023).

Moreover, it was discovered that many 
companies are unsure about regulations. “This 
often leads to choosing business as usual 
over changing packaging. Uncertainties over 
regulations can be led to the fact that regulations 
are not formed yet (e.g. PPWR). “Uncertainties 
over regulations can also lead to skepticism at 

companies. This group does not know how to 
react to these policies that become stricter and 
stricter.” (packaging consultant, 2023).
In addition to this, “Regulations tend to give too 
much space for alternative packaging options 
with no positive change in environmental impact. 
This leads to changing regulations without having 
any impact. Since the introduction of the Single 
Use Plastic (SUP) regulations some producers 
of single use plastics started to produce heavier, 
more sturdy plastic products so that it could pass 
the tests for reusable items, while in practice 
these products are only used one time, leading 
to more use of plastic overall.” (packaging 
technologist, 2023)

Another observation that emerged from the 
interviews is the explanation for the concentration 
of regulations primarily on plastics. “These 
regulations are based on recycling rates of the 
type of packaging; metal, paper and glass have 
high recycling rates, whereas plastic recycling is 
lagging behind.” (packaging consultant, 2023). 
In 2020 plastic packaging waste had a recycling 
rate of 38% in EU (Eurostat, 2022). Recycling 
rates are even decreasing: in 2016 it reached 
a high of 42.4 percent, but has been in decline 
ever since (Statistica research department, 2023).

Perception of policies and regulations - 
literature
From literature can be concluded that new 
regulations could be effective to reduce 
the demand for packaging. Results from a 
research performed on environmental taxes 
on industrial packaging in Denmark show that 
these environmental taxes were effective in 
reducing the quantity imported (Cela & Kaneko, 
2011). In addition to this, it is recognized by 
Dace et al. (2014) that packaging tax is an 
effective policy instrument for increasing the 
material efficiency. It ensures the decrease of 
the total consumption of materials and waste 
generation. The tax also stimulates for eco-
design of packaging. This shows that packaging 
taxes are effective to reduce packaging material. 
Therefore governments are likely to implement 
new regulations considering packaging taxes to 

3.1 The packaging industry

3.1.1 Perception of policies 
and regulations

reduce the increase of packaging material in the 
EU as stated in Chapter 2.5.
 
In addition to taxes, Extended Producer 
Responsibility (EPR) policies considering 
packaging are seen as effective. An analysis 
of waste management policies in Portugal and 
Spain shows that the implementation of EPR 
policies have had a positive impact throughout 
the years in both countries. The policies have 
been able to promote material usage reduction 
and increase recycling rates throughout the years 
(Rubio et al., 2019). Furthermore, it is stated in 
a research of Pietro Colelli et al. (2022) that a 
mix of policy schemes focused on EPR can be 
effective for increasing the recycling rates of 
the waste streams that need more intervention, 
most notably plastic packaging. This shows that 
regulations considering producer responsibilities 
are effective as well.

Conclusion
In conclusion, policies and regulations have 
an influence on reducing packaging waste 
and increasing recycling rates of packaging as 
shown in literature research. The implementation 
of packaging taxes and Extended Producer 
Responsibility policies both do lead to reduced 
packaging and increased recycling rates. As 
these are seen as effective, it is likely that more 
governments will implement new regulations 
considering packaging. However, in practice it 
seems that these new regulations are not well 
received by the industry. It would be very likely 
that this is partly because the industry does prefer 
not to change packaging practices. Since these 
type of (upcoming) packaging regulations are 
new, not everyone is entirely aware of them and 
their impact.

3.1.2 Lack of impact 
knowledge
Lack of impact knowledge - Interviews
Another challenge identified during the interviews 
is the lack of awareness regarding the impact of 
changes in packaging. “Many factors such as the 
length of the supply chain, weight and material 
of the package, type of transport are dependent 
on the environmental impact of a packaging. All 
these factors can make it hard for a company, 
researcher or policymaker where to decide on. 
The choice of packaging depends on the specific 
case and the company’s focus area.” (packaging 
technologist, 2023).

All packaging experts interviewed agree 
that there isn’t a single approach to making 
packaging more sustainable. “There is always 
a trade-off that a company has to make to 
change their packaging. For example, circular 
packaging does not always mean that the CO2 
impact of that packaging is lower as well. This 
might result in companies being uncertain about 
how to diminish the environmental impact of 
their packaging.” (business developer circular 
packaging, 2023).

Moreover, the interview revealed the 
understanding that Life Cycle Assessments (LCAs) 
are not flawless. “Although the method can 
provide a general insight of the environmental 
impact of a product, the outcome of an LCA 
depends on which emission factors you focus 
on. Hence, the optimal choice in terms of 
environmental impact varies depending on 
the specific case. As a consequence, most 
companies make decisions about a particular 
type of packaging before it is scientifically 
validated through a LCA. In many instances, 
these decisions are made based on the 
company’s intuition or instinct. Once the results 
of the LCA are known, they are mainly used for 
marketing purposes.” (packaging technologist, 
2023).

Policies and regulations influence (future) 
packaging practices

Companies are not always aware of new 
regulations considering packaging

Governments are likely to introduce more 
policies regarding reducing packaging waste 

I

I

I
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Based on his experience, the packaging 
technologist explains that LCAs are frequently 
manipulated to portray a positive image for a 
company. “LCA’s are only partially presented: 
only positive facts are shown to the public. Due 
to this, for instance, a packaging that initially 
prioritized carbon footprint reduction may be 
presented to the public as if “we are saving x 
amount of plastic”, when results from the LCA 
do not support the packaging decision that was 
previously made by the company.” (packaging 
technologist, 2023).

Furthermore, it became evident that customers 
are the primary force behind the demand for 
sustainable packaging. “Perception contributes to 
the paperification of the market, where customers 
may favor a solution based on intuition.” 
(business developer circular packaging, 2023)

Lack of impact knowledge - Literature
Literature research shows that during recent years 
a range of tools for improvement of reliability in 
LCA have been presented, but despite this there 
is still a lack of consensus about how these issues 
should be handled (Björklund, 2002). In addition 
to this, drawbacks of the LCA are related to the 
incomplete inclusion of environmental impacts 
related to littering, as well with the missing 
indicators to measure packaging circularity 
(Pires, 2021). These two findings show that LCA’s 
and their reliability are not perfect. 

In addition to this, according to Stark & 
Matuana (2021), there are 20 trends in the 
current sustainable paper- and bioplastic-based 
materials packaging market. Also, according to 
Ibrahim et al. (2022) sustainable packaging is 
made possible by using bio-based and recyclable 
materials. These findings show that there could 
be multiple approaches to make packaging more 
sustainable. 

Conclusion
In conclusion, lacking reliability, chosen focus 
for emission factors and neglecting down-sides 
of an LCA outcome could contribute to a lack of 
awareness among the industry considering what 
needs to be done to reduce the environmental 
impact of packaging. The availability of 
multiple options of sustainable packaging could 
also contribute to complicating decisions for 
companies regarding sustainable packaging. 
Not one solution or method is provided as the 
environmental impact depends on lots of factors 
and differs per packaging practice, leading to 
most companies not entirely knowing the impact 
of the packaging changes that are to be made.

Companies have a lack of impact knowledge on 
sustainable packaging practices

The lack of impact knowledge is (partly) caused 
by the availability of multiple sustainable 
packaging options differing per product

I

I

The prevention of risks and investments - 
Interview
The final challenge highlighted in the interviews 
is the need for risk prevention and investments. 
“Industries are hesitant to be pioneers primarily 
due to the high levels of associated risk. There is 
not enough evidence to show that another way of 
working will succeed. This leads to a conservative 
attitude. Reusables are often seen by companies 
as too much hassle for the benefits.” (packaging 
consultant, 2023).

In the interviews, it was also noted that the 
primary reason for products being “overpacked” 
is companies’ fear of the products getting 
damaged during transportation. “Damaged 
products can cost companies’ profits, making 
them act careful to their products and thus 
overpacking them.” (business developer 
circular packaging, 2023). “When minimizing 
packaging, it should be taken into account that 
there is an elevated risk of causing damage to 
the product” (B2B packaging researcher, 2023).

Apart from avoiding risks, the decision to 
stick with the current type of packaging is also 
influenced by investment considerations. From 
the interviews, it was revealed that companies 
frequently make investments in packaging 
machines with a perspective of the next 10 or 
20 years. “It is more cost-effective for them to 
keep the machines running, rather than going for 
another packaging and thus changing packaging 
machines.”(packaging consultant, 2023). 

Additionally, “When considering reusable 
packaging, it works better with standardized 
packaging. Using individualized packaging is 
more challenging for reusability because any 
change in the product may make the packaging 
unusable.” (B2B packaging researcher, 2023). 
Furthermore, “Reusable packaging is seen as 
more risky than single-use packaging due to the 
fact that the company is also responsible for the 
return of the packaging. This is not the case for 
single-use packaging where the supply chain is 
linear.” (packaging consultant, 2023). This shows 
that reusable packaging also has its limitations. 

The final challenge brought up in the interviews 
is the expenses associated with using more 
environmentally friendly packaging materials. 
All packaging experts agreed that the primary 
obstacle in B2B packaging is frequently the 
cost. “Resellers are not willing to pay more 
for a sustainable packaging, leading to less 
margins when using a more expensive packaging 
material. Currently chemical recycled plastics, 
which have the same properties as virgin plastics, 
are 3x as expensive. Eco-friendly packaging 
materials are frequently pricier than new plastics, 
putting companies at a cost disadvantage 
compared to competitors who use virgin plastics. 
“ (business developer circular packaging, 2023).

The prevention of risks and investments - 
Literature
Research from Cammarelle et al. (2021) shows 
that manufacturers are only willing to invest in 
sustainable packaging solutions which show a 
demand. Additionally research from Wandosell 
et al. (2021) shows that manufacturers choose 
packaging based on costs and consumer 
preferences. It is indicated that green packaging 
involves issues of high production costs. Also 
research from Lau and Wong (2024) states 
that the adoption of sustainable packaging 
incurs relatively high costs and operational 
challenges. Firms face difficulties in balancing 
between organisational needs (e.g. profitability), 
consumer preferences and environmental 
concerns in strategy development related to 
packaging. This shows that increased costs of 
sustainable packaging do have an influence on 
the type of packaging used by companies.

Research by Herrmann et al. (2022) on 
consumers’ perception and willingness-to-pay 
for alternative plastic packaging reveals that 
consumers are willing to pay for packaging 
that they perceive to be sustainable and are not 
willing to pay for packaging that they perceive 
to be non-sustainable or about which they are 
uncertain. In addition to this, research from 
Zwicker et al. (2021) shows mixed evidence 
in the effect of attitudes towards sustainable 
packaging on willingness to pay. The research 
suggests that other psychological factors may 

3.1.3 Prevention of risks and 
investments
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also play a role. It appears that willingness to pay  
for more sustainable packaging strongly depends 
on the type of customer. 

Conclusion
The willingness to pay for sustainable packaging 
is strongly connected to the type of customers 
and their perceived attitude towards sustainable 
packaging. It would be safer for a company 
to assume that customers are not willing to 
pay extra for sustainable packaging over 
traditional packaging. Also, increased costs for 
greener packaging alternatives and required 
investments for new packaging machines are 
seen as challenges for companies considering 
sustainable packaging practices. 

Increased costs and required investments for 
sustainable packaging are seen as a challenge 
to implement sustainable packaging

Reusable packaging is seen as more risky than 
single-use packaging due to the fact that the 
company is also responsible for the return of the 
packaging

I

I

Aalberts should not assume that customers are 
willing to pay extra for sustainable packaging

I
To gain a better understanding of upcoming 
regulations, an analysis has been performed 
on literature on packaging regulations. Only 
relevant regulations for Aalberts hydronic flow 
control will be discussed in this Chapter.

EU Green Deal
The basis of all upcoming packaging regulations 
is found in the Green Deal of the European 
Union. The goal of this overarching policy is to 
guide Europe to the first climate-neutral continent 
on the planet by 2050 (European Commission, 
2021) (Figure 3.2.1). 

Circular Economy Action Plan
One of the pillars described in the EU Green 
Deal is the Circular Economy Action Plan. The 
pillar is Europe’s new agenda for sustainable 
growth. The new action plan announces 
initiatives along the entire life cycle of products. 
It targets how products are designed, promotes 
circular economy processes, encourages 
sustainable consumption, and aims to ensure 
that waste is prevented and the resources used 
are kept in the EU economy for as long as 
possible (European Commission, n.d.). More 

information on the circular economy and 
Aalberts can be found in Chapter 4.4.

Packaging and Packaging Waste Directive
The Packaging and Packaging Waste Directive is 
part of the pillar Circular Economy Action Plan 
(Anthesis, 2023). The directive was established 
in the early nineties and has undergone multiple 
revisions. Member states of the EU adopt 
measures from these directives into their national 
legislation on waste and packaging (KIDV, n.d.).

Packaging and Packaging Waste 
Regulation
At the end of 2022, the European Commission 
published the proposal for a new packaging 
regulation, the Packaging and Packaging 
Waste Regulation based on the Packaging and 
Packaging Waste Directive (PPWR) (KIDV, n.d.). 
Unlike under the current packaging directive, 
under the new packaging regulation, EU 
countries are not allowed to implement it in their 
own way. The playing field is equalized for all 
member states in the proposal (KIDV, 2023).

Figure 3.2.1: EU Green Deal (Hampsey, 2023)

3.2 Packaging regulations
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Figure 3.2.2: Material composition label textile (Limited, n.d.).

“The intended overarching objective of the 
Regulation is to reduce packaging waste in the 
first instance, improve recyclability and grow the 
market for recycled content” (Hampsey, 2023).

Although the PPWR seems to be part of the 
new packaging regulations, it still needs to 
be approved; “The proposal for the PPWR by 
the European Commission must be approved 
by the European Council and the European 
Parliament before it can come into effect. There 
are various negotiation rounds between the 
European Parliament, the European Council, 
and the European Commission. The outcomes 
of these discussions will determine the final form 
of the PPWR.” (KIDV, 2023). If everything goes 
as scheduled, the PPWR will be published end of 
2024.

Associated regulations
There are two associated regulations that are 
relevant for Aalberts at this moment due to 
its rapid expected implementation: Extended 
Producer Responsibility (EPR) and Taxes. These 
will be discussed in this Chapter. Regulations that 
will play a role in future packaging decisions at 
Aalberts will be explained in Chapter 6.3.2 and 
6.4.2.

Extended Producer Responsibility
The PPWR includes measures that specifically 
apply to producers/importers, as well as 
measures affecting the implementers of extended 
producer responsibility (EPR). Producers that 
bring products to market, like Aalberts, will be 
held responsible for the packaging brought to 
market as well.

Packaging registration
Part of the EPR is that companies will soon have 
to compile a file (with the implementation of the 
PPWR) for each packaging including information 
on the type of product and packaging, the 
composition of materials, recyclability and 
compostability, and the proportion of recycled 
content applied. The European Commission 
requires from every producer and importer 
a ‘packaging passport’ for each packaging, 
including a list of materials used and their 
weights. (European Commission, 2023). 

Label
In addition to the registration of packaging, 
producers, like Aalberts, are responsible for 
labelling of the packaging. When the PPWR 
is implemented, the following needs to be 
presented on every packaging brought to market 
in Europe (Ragonnaud & European Parliamentary 
Research Service, 2023):

- Material composition: 3.5 years after 
entry of the PPWR all packaging must have 
labels containing information on its material 
composition (Ragonnaud & European 
Parliamentary Research Service, 2023). As of 
this moment, it is not yet determined how this 
information should be showed exactly on every 
packaging. However, it is very likely that the label 
on the composition of the packaging materials 
will be comparable to the current labelling 
requirement of the textile industry, where the 
composition of the fabric is explained written in 
decreasing percentage order (European Union, 
2023) (Figure 3.2.2).  

- Recycling codes: 4 years after the 
implementation of the PPWR it is required to 
label packaging with its recyclable content 
(Ragonnaud & European Parliamentary Research 
Service, 2023). Currently there are recycling 
codes available to identify the materials out of 
which the item is made, to facilitate an easier 
recycling process. The presence on an item of 
a recycling code, a chasing arrows logo, or a 
resin code, is not an automatic indicator that a 
material is recyclable; it is an explanation of what 
the item is made of. (Wikipedia contributors, 
2024) (Figure 3.2.3).

Figure 3.2.4: Recycled material symbols (Recycling, n.d.)

Figure 3.2.3: Recycling codes (Recycling Codes, n.d.)

Taxes
Taxes on packaging are also part of the new 
associated legislation PPWR. Member States 
of the European Union will have to pay 
contributions for packaging waste. The States 
are developing different approaches on how 
to finance the Ievy (European Commission, 
2023). These upcoming taxes aim to incentivize 
businesses to adopt eco-friendly packaging 
solutions, promoting a shift towards sustainability 
(KIDV, n.d.). The type of tax system differs per 
Member State of the European Union and it is 
recommended for Aalberts to look more into in 
detail.- Recycled material: 4 years after the 

implementation of the PPWR, packaging is 
required to have recycled contents labelled on it 
(Ragonnaud & European Parliamentary Research 
Service, 2023). It is recommended to use the 
current logo, which is used internationally to 
show the recycled contents as showed in Figure 
3.2.4.

With the implementation of the PPWR (end 
of 2024), the following needs to be registred 
considering packaging information:
- Type of product and packaging
- Composition of materials for the packaging
- Recyclability and compostability of packaging
- Proportion of recycled content applied of 
packaging
- Weight of the packaging brought to market

It is recommended for Aalberts to look deeper 
into the tax regulations on packaging per country 
in the EU

I

I

Producers, like Aalberts, will be held responsible 
for the packaging they bring to market

Taxes on packaging will be implemented to 
stimulate the use of eco-friendly packaging

I

I
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3.3 Materials in the market
This Chapter will discuss the current trend in 
the packaging industry. It provides an overview 
which can be used for inspiration when adapting 
packaging strategies to reduce its environmental 
footprint. 

Recyclable materials
Reyclable packaging is made of materials that 
can be used again, usually after processing. 
Recyclable materials include glass, metal, 
cardboard, paper and some plastics. Currently 
the most common form of recyclable packaging 
is corrugated cardboard. (GWP Group, 2023)

Recycled materials 
A recycled material is a material that has been 
reprocessed from a recovered material, by 
means of a manufacturing process, and then, 
included in a final product or component (Green 
trade world, 2023). The definition of recycled 
materials is often confused with recyclable 
materials (business developer circular packaging, 
2023). It must be recognized that recycled 
materials are made from recyclable materials 
only whereas recyclable materials could be made 
from both recycled or virgin resources.

Recycled materials can be divided into 
mechanical recycled and chemical recycled 
materials. Mechanical recycling is processing 
plastics waste into secondary raw materials 
or products without significantly changing the 
material’s chemical structure. In principle, all 
types of thermoplastics can be mechanically 
recycled with little or no impact on quality. 
(Plastics Europe, 2024)

Chemical recycling is the process of converting 
polymeric waste by changing its chemical 
structure and turning it back into substances 
that can be used as raw materials for the 
manufacturing of plastics or other products. 
The benefit of using chemical recycling over 
mechanical recycling is that it can deal with 
complex plastic waste streams, like films or 
laminates, which would otherwise result in 
incineration or landfill. In contrast, chemical 
recycling is much more costly than mechanical 
recycling. (Plastics Europe, 2024b). In addition 

to this, the environmental impact of chemical 
recycled plastics is greater than for mechanical 
recycled plastics. 

- Mechanical recycled pellets rPE or rPP 0.57kg 
CO2 equiv./kg
- Chemical recycled pellets PE 2.02kg CO2 
equiv./kg 
- Chemical recycled pellets PP 1.85kg CO2 
equiv./kg (Idemat, 2024)

Biodegradable materials
Biodegradable packaging is generally defined 
as any form of packaging that will naturally 
disintegrate and decompose. “Biodegradation is 
the biochemical material conversion
process in the water, biomass, carbon 
dioxide or methane in terms of the action of 
microorganisms.” (Ivankovic et al., 2017). 
Biodegradable materials can be made 
from biomass or fossil based resources. To 
demonstrate complete biodegradability, the 
level of biodegradation of at least 90 % must 
be achieved in less than 6 months (Ivankovic 
et al., 2017). Biodegradable plastic is tested to 
make sure that it breaks down under controlled 
conditions in a lab, including factors such as 
oxygen levels, UV exposure, temperatures, 
and others. However, since nature lacks 
controlled conditions, there is no certainty that 
biodegradable plastic will truly decompose in 
the natural environment if it is discarded. (WWF, 
2022). Biodegradation is very much dependant 
on the environment and it can be different from 
one environment to another. The standards 
(EN 13432) are mainly about industrial 
composting and they cannot be applied to 
other environments, such as soil, marine, etc. 
(Rujnić-Sokele & Pilipović, 2017). When using 
biodegradable materials, it is adviced to use 
materials that are degradable in all conditions. 
In Figure 3.3.3 can be seen that only a few 
biodegradable polymers biodegrade in all 
conditions (PHA and chemical pulp) (Rujnić-
Sokele & Pilipović, 2017).

Compostable materials
Compostable plastics are plastics that are 
biodegradable in the conditions and within the 

time frame of the cycle of composting. During 
industrial composting temperature can reach 
temperatures up to 70 °C. Composting occurs 
in humid conditions, the composting process 
takes place for months (Ivankovic et al., 2017). 
Compostable plastic must be recovered in either 
home or commercial compost, depending on 
what that specific item is designed for. (WWF, 
2022). When using compostable materials, it 
must be communicated that disposal is different 
than for non-compostable packaging. For this 
reason, one could argue that implementing 
compostable packaging makes the disposal of 
packaging more complex.

Biobased materials
Biobased packaging is packaging made from 
biobased materials. These are defined as those 
materials derived from biological sources instead 
of petroleum (fossil fuel) sources (Borras, n.d.). 
Bio-based packaging could be seen as the 
solution to fossil resource depletion (Figure 
3.3.2). Much of the driving force behind the 
circular bioeconomy has been directed at 
reducing petroleum-based plastics packaging 
(Stark & Matuana, 2021). The goal of a circular 
economy for plastic packaging implements that 
the plastics must constantly flow around a ‘closed 
loop’ system, rather than being used once and 
then discarded. According to the Ellen MacArthur 
Foundation, achieving this shift will involve 
gradually disconnecting plastic packaging 
materials from finite (fossil) resources (Stark & 
Matuana, 2021). A list of most commonly used 
biobased packaging materials can be found in 
Appendix 9.13 (Figure 3.3.1). 

When comparing biodegradable PE against 
mechanical recycled rPE, it can be concluded 
that the carbon footprint of rPE is much smaller 
than for bio-PE. Additionally, when comparing 
Bio-PE to Virgin LDPE, it can be concluded 
that the virgin material has a smaller carbon 
footprint. Nevertheless, it’s essential to highlight 
that conventional LDPE is derived from fossil 
sources, leading to increased greenhouse gas 
emissions. In contrast, bio-PE does not contribute 
to these emissions and aligns with the principles 
of the circular economy.
- Mechanical recycled pellets rPE or rPP 0.57kg 
CO2 equiv./kg
- Bio-PE 1.87kg CO2 equiv./kg
- Virgin LDPE 1.84kg CO2 equiv./kg 
(idemat, 2024)

Figure 3.3.3: Biodegradable materials per environment (Rujnić-Sokele 
& Pilipović, 2017).

Figure 3.3.2: Global carbon cycle (Rujnić-Sokele & Pilipović, 2017).

Figure 3.3.1: Coordinated system of bioplastic material (Ottoni et al., 
2018).

Compostable materials are not recommended 
due to making disposal more complex

Biodegradable materials should only be used 
when polymers can degrade in all conditions 
(PHA and chemical pulp)

Recycled and biobased materials are 
recommended as they do not contribute to fossil 
resource extraction.

Mechanical recycled materials are recommended 
over chemical recycled materials due to a lower 
CO2 footprint per kg of material

I

I

I

I
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3.4 Conclusion

To gain a better understanding on sustainable 
packaging in the industry, an analysis has been 
performed based on literature research and 
expert interviews to find current challenges and 
approaches to reducing and implementing 
sustainable packaging in the industry. 

It can be concluded that there are three main 
challenges for the industry to implement 
sustainable packaging: 

First of all, the perception of policies 
and regulations is seen as a challenge. 
Implementation of new regulations do have 
an impact on the generated packaging waste. 
However, companies are not in favour of 
changing regulations and are not always 
aware of the new regulations. Nevertheless, 
governments are likely to introduce new policies 
regarding reducing packaging waste due to their 
positive impact. 

Secondly, companies have a lack of impact 
knowledge on sustainable packaging practices. 
The lack of impact knowledge is partly caused by 
the availability of multiple sustainable packaging 
options, all differing per product. 

Third of all, increased costs and required 
investments for sustainable packaging are 
seen as a challenge to implement sustainable 
packaging. Aalberts should not assume that 
customers are willing to pay extra for sustainable 
packaging since it depends on the type of 
customer. Reusable packaging is seen as more 
risky than single-use packaging due to the fact 
that the company will be also responsible for the 
return of the packaging. 

From literature research on (new) packaging 
regulations can be concluded that producers 
like Aalberts will be held responsible for the 
packaging they bring to market. They will have 
to register a lot of information on packaging 
brought to market with the implemention of the 
PPWR. In addition to this, taxes on packaging 
will be implemented to stimulate the use of 
eco-friendly packaging by companies. It is 

recommended for Aalberts to look deeper into 
the tax regulations on packaging per country in 
the EU. 

From literature research on common packaging 
material types the following can be concluded:

Firstly, using compostable materials is not 
recommended for Aalberts due to making 
disposal of packaging more complex for users 
than for current packaging.

Secondly, biodegradable materials should only 
be used when the polymers can degrade in 
all conditions. This is only applicable for the 
materials PHA and chemical pulp.

Thirdly, the use of recycled and biobased 
materials are recommended to be used as 
packaging material as they do not contribute to 
fossil resource extraction.

Fourthly, mechanical recycled materials are 
recommended over chemical recycled materials 
due to a lower CO2 footprint per kg of material.

Insights and findings mentioned above will be 
taken into account when designing a solution 
for Aalberts to reduce their use of packaging 
material. 
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4. Analysis - Aalberts’ 
targeted position

This Chapter will focus on Aalberts’ challenges 
and targets considering the reduction of 
packaging material. 

As is mentioned in Chapter 1, Aalberts currently 
has the target to reduce 20% of their packaging 
by 2025. This is initiated by Techniek Nederland, 
called “Brancheplan Verpakkingen”. As Aalberts 
is member of the association, it also has taken 
over the goal of “Brancheplan Verpakkingen” to 
reduce packaging by 20% by 2025. 

To validate whether the goal of 20% reduction 
is possible for Aalberts, first needs to be found 
out what the current challenges are regarding 
the reduction of packaging material. This will be 
discussed in this Chapter.

Also, as competing businesses may drive each 
other towards adopting sustainable packaging 
as a means to distinguish themselves in the 
market, the Chapter will dive into the current set 
targets considering the reduction of packaging at 
Aalberts’ competitors. 

Next, the Chapter will look into what is currently 
being done in the market to achieve the 
packaging reduction targets to validate how 
companies aim to achieve current packaging 
reduction targets.

Finally, the Chapter discusses how the reduction 
of packaging is related to the reduction of 
greenhouse gas emissions, the circular economy 
and Aalberts scientific greenhouse gas emission 
targets.
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4.1 Sustainable packaging at Aalberts

To find out more on sustainable packaging 
practices at Aalberts, interviews were conducted 
with a wide variety of employees (interview 
template can be found in Appendix 9.7). In 
total 6 people were interviewed in the area of 
supply chain (n=1), procurement (n=1) and 
product management (n=4) due to the fact 
that these stakeholders are closely involved with 
packaging practices. In this Chapter results from 
the interviews will be discussed. Overall findings 
can be formulated into four areas. Examples 
of current packaging practices can be found in 
Appendix 9.3.

Knowledge on sustainability
Firstly, it was found that knowledge on 
sustainability is lacking. “Often decisions are 
based on gut-feeling. No checks are being done 
whether one type of packaging performs better 
in terms of sustainability than the other. This 
is for example the case for plastic bags versus 
cardboard boxes.” (product manager, 2023). In 
addition to this, the lack of knowledge is often 
blamed on having too little time to investigate 
what the best option is in terms of environmental 
performance (product manager, 2023). It is 
highlighted that currently a packaging is chosen 
on what exist at the packaging supplier (product 
manager, 2023). This might be viewed as 
counter productive since packaging suppliers 
typically strive to maximize product sales. 
Additionally, the majority of information on 
(sustainable) packaging is provided by these 
suppliers (procurement manager, product 
manager, 2023), potentially resulting in biased 
advice. 
 
In addition to this, the majority of the interviewees 
is not aware of the current packaging reduction 
goals. As of today, the company has set a 
goal for 2025 to reduce 20% of its packaging 
(Aalberts, 2022). Nevertheless, in the interviews, 
it was evident that only 1 out of 6 employees was 
cognizant of this objective (product manager, 
2023). This shows that communication on 
sustainable packaging within the company 
should be improved upon.

Customer focus
During the interviews it was mentioned that the 
perceived quality of the packaging is important. 
“According to our customers a packaging 
should be of high quality and align with policy 
regulations” (product manager, 2023). On 
the other hand, during the interviews it was 
mentioned that “the customer prefers as little 
packaging as possible” (product manager, 
2023). These findings potentially show that 
packaging criteria differ per product manager. 
Also, “packaging requirements often depend 
on the type of product that is packaged. If it is a 
fragile product, more packaging is needed. If it is 
not, less packaging would be sufficient.” (product 
manager, 2023). In addition to this, it was 
also said that “sustainability awareness among 
customers is increasing” (product manager, 
2023). This demonstrates a trend towards 
increasing customer influence in the market 
of Aalberts. Last but not least, in all interviews 
was mentioned that the packaging has a strong 
customer focus. In some cases it was recognized 
that “the customer should receive another benefit 
than sustainability to increase the willingness 
to choose for our product over other products” 
(product manager, 2023). 

Costs and investments
Another important topic when it comes to 
sustainable packaging that was brought up 
during the interviews is costs. Multiple times it 
was mentioned that “the pricing of packaging 
depends on the product” (product manager, 
2023). In addition to this, “extra costs of a more 
expensive packaging reduce the margin of the 
product” (product manager, 2023). Because 
Aalberts competes in a very cost-competitive 
market, costs of packaging (and product) usually 
are kept as low as possible to sell as much 
volume as possible. Nevertheless, half of the 
product managers stated that they are prepared 
to lose a bit of their margin if implementing more 
sustainable packaging (product manager, 2023).   
Last but not least, “different packaging materials 
or sizes require adaptations to current production 
lines. The main challenges for these adaptations 

arise from the phase-in and phase-out trajectory. 
Transferring from the old to the new packaging in 
automated machines, can lead to (temporarily) 
reduced production output or even set the 
production line to a complete stop, resulting in 
increased costs.” (supply chain manager, 2023). 

Types of packaging
In addition to the previously mentioned topics, 
during the interviews it was brought up by all 
product managers that “every production facility 
of Aalberts Hydronic Flow Control has its own 
challenges considering sustainable packaging. 
The type of packaging depends on the product 
and thus differs per location”. (product manager, 
2023).

Conclusion
All in all, four main topics considering packaging 
are seen as important to Aalberts arised from 
six interviews with employees at Aalberts. First 
of all, most decisions considering packaging 
changes at Aalberts are based on intuïtion 
and the majority of Aalberts’ employees is not 
aware of current packaging reduction targets. 
This demonstrates a lack of knowledge on 
sustainability at Aalberts. Second of all, it can 
be said that sustainability awareness among 
customers is increasing and that Aalberts’ 
packaging is strongly customer focused. This 
shows a trend on increasing customer influence 
at Aalberts. Third of all, costs and investments 
are seen as a threshold for Aalberts to change to 
more (expensive) sustainable packaging. For this 
reason it is recommended to keep investments 
low to increase chances of implementation of 
sustainable packaging changes at the company. 
Fourth of all, it is recognized that for every 
factory of Aalberts different packaging solutions 
to reduce packaging material are needed.

Keep investments low to increase chances 
of implementation of sustainable packaging 
changes

Communication on sustainable packaging within 
the company should be improved upon

Trend on increasing customer influence at 
Aalberts

For every factory different packaging solutions to 
reduce packaging material are needed

I

I

I

I
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4.2 Competitor analysis

4.2.1 Published initiatives

4.2.1 Targets

Uponor - paper fillings
Uponor makes use of paper fillings to replace 
plastic air pillow packing. However, the 
company claims that it is used as void fill, not 
for protection. Uponor has made the decision to 
use paper fillings to align with their core values. 
(Uponor North America, 2024).

Danfoss - honeycomb cardboard 
|redesigned packaging
Danfoss started using cardboard instead of 
polystyrene to protect small VLT drives during 
shipment. Implementing this change saves 300 
tons of plastic foam annually. Danfoss states 
that switching from plastic foam to cardboard 
increases costs because foam is more affordable. 
Customer requests for plastic alternatives drive 
the change, aligning with Danfoss’ updated 
Packaging Standard prioritizing sustainability in 
new packaging selection and design (Danfoss, 
2023).

Danfoss redesigned his service nozzle packaging.
The new packaging is using fewer materials. 
The new service nozzle packaging eliminates the 
sleeve, reducing material use. The one-piece 
stamped box is easily opened with a perforated 

To explore sustainable packaging initiatives in 
the hydronic flow industry, an analysis has been 
conducted on published sustainable packaging 
initiatives of Aalberts’ competitors. Additionally, 
goals mentioned in the competitors’ annual 
reports are compared to gain insights into 
their perspectives on sustainable practices. 
The following competitors were taken in 
consideration:

- Uponor
- Danfoss
- IMI
- Giacomini (no sustainable packaging initiatives 
could be found)
- Oventrop (no sustainable packaging initiatives  
or sustainability goals could be found)

tear strip, providing a sturdier container for 
improved storage. (Major, 2023).

IMI - recyclable cardboard and new 
packaging methods
IMI plans to cut plastic use by packaging 
actuators in recyclable cardboard tubes instead 
of bubble wrap. The tubes not only decrease 
plastic use but also provide an increase in 
protection for actuators during transit as stated 
by IMI (2023).

IMI has discovered a method cutting plastic 
use by 26%, maintaining package protection, 
volume, and packing time. The method is 
applied to U-vessels and the Zeparo range. (IMI, 
2023a)

IMI is decreasing plastic pallet packaging, 
shifting from plastic to cardboard wrapping in 
one Climate Control facility, resulting in a 5.5-
ton reduction in plastic use over recent months 
(IMI, 2023c).

By examining the annual reports of the previously 
mentioned companies, a comparison has been 
drawn regarding their sustainability targets on 
carbon and packaging reduction. Findings on 
industry competitors sustainable packaging 
annual reports can be found in Appendix 9.12.

Aalberts Hydronic Flow Control
- Carbon zero by 2050.
- Reduce packaging by 20% by 2025.
(Aalberts, 2022).

Uponor
- Carbon zero by 2040.
- Minimize packaging and phase out single use 
plastic packaging. 
(Uponor, 2022).

Danfoss
- Carbon zero by 2030. 
- 25 % decrease in ‘purchased goods’. 
(packaging is part of this category).
(Danfoss, 2022a).

IMI
- Carbon zero by 2040. 
- Fully recyclable packaging by 2025.
(IMI, 2022).

Giacomini
- At the moment, the company does not have 
clear goals to reduce or replace their packaging 
by more sustainable alternatives. 
(Giacomini, 2023).

Oventrop
- No objectives could be found.

Conclusion
In conclusion, the analysis on published 
sustainable packaging initiatives shows that 
3 out of 5 direct competitors of Aalberts are 
working on implementing sustainable packaging. 
From the packaging changes can be concluded 
that all competitors have packaging initiatives 
focussing on replacing plastics with paper 
based alternatives. When 3 out of 5 competitors 
are implementing and publishing sustainable 
packaging initiatives, it can be said that 
commercializing sustainable packaging changes 
and minimizing waste by reducing packaging 
is promoted by the majority of Aalberts’ 
competitors, demonstrating two trends in the 
market where Aalberts is participating in.

From the sustainability targets comparision 
considering carbon and packaging reduction can 
be concluded that 3 of 5 competitors of Aalberts 
have developed goals in sustainability. Of which 
2 out of 5 have clear goals on their packaging 
strategy. These strategies are focussing on 
making packaging fully recyclable, minimizing 
packaging and phazing out single use plastics. 

It can also be concluded that all competitors 
strive to achieve carbon neutrality. This 
demonstrates the trend that sustainability is seen 
as a core value to Aalberts and its competitors in 
this market. 

Trend on commercializing sustainable packaging

Trend on sustainability as a core value

Aalberts wants to reach net-zero by 2050

Trend on minimizing waste by reducing 
packaging

I

I

I

I
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4.3 Current initiatives to reduce packaging
As of currently, competitors are working on 
multiple initiatives to reduce their packaging 
waste. It is recognised that packaging itself is 
only used because of its function of protection, 
as an installer mentioned during an interview: 
 
“Packaging itself is not neccessary. Delivering 
damage free products is. In essence, we do not 
need packaging” (Installer, 2024).

In this Chapter, current sustainable packaging 
initiatives are discussed. 

Prefab
Currently, within the industry there are initiatives 
to reduce packaging waste by prefabricating 
parts before installing the products on the build 
site. By prefabricating products before arrival, 
the total amount of packaging can be saved; 
products will be preassembled, and therefore 
require less packaging material per assembled 
product since the complete product only needs 
to be protected with packaging compared to 
all parts separately. By preassembling the parts 
into a product, the total surface of the object is 
decreased, requiring less packaging material 
per preassembled product over packaging 
components seperately. This new way of shipping 
products often saves installers time in handling 
and installing the product as well (Techniek 
Nederland, 2023).

In addition to this, prefab is seen as one of the 
solutions to solve the issue of packaging as 
mentioned by Batenburg, one client of Aalberts. 

“Prefab solves the packaging issue. It also 
makes it easier for us to install. We save time 
on unboxing the products. Wasco is already 
providing prefab products.” (Batenburg, 2024).

Bulk packaging
Another initiative to reduce packaging is bulk 
packaging. By delivering products in bulk, less 
packaging is needed in total. This method, 
however, is dependent on the demand of the 
amount of products and only applicable to large 
batches (Techniek Nederland, 2023).

Moreover, Aalberts Hydronic Flow Control is 

also working on bulk packaging initiatives. In the 
factory of Brescia, bulk packaging offers a way 
to reduce the total amount of packaging at the 
factory. One of the downsides, however, is that 
the customer needs to be willing to purchase 
more products as well. This is not applicable to 
all products. Currently only a small part of the 
type of product that is produced in this factory is 
shipped out in bulk (product manager, 2023).

Redesiging packaging
Currently in the industry there is a focus to 
reduce packaging. While interviewing a customer 
of Aalberts, the following considering this trend 
was mentioned.

“All our customers are working on reducing 
packaging materials as well. It becomes a hot 
topic”. (Batenburg, 2024)

Furthermore, in the competitors analysis focused 
on sustainable packaging (Chapter 4.2), it can 
be concluded that some competitors are working 
on reducing the amount of packaging per 
product by redesigning its packaging.

Reusable packaging
Reusable packaging also is an upcoming trend 
when it comes to packaging in the industry. As 
mentioned by Installer Batenburg: 
 
“The Technische Unie has developed reusable 
packaging, which we use for some applications 
because it is more convenient. We are getting 
more enthousiastic on reusable packaging. We 
tend to ask for more applications to use reusable 
packaging because of its convenience over 
traditional packaging.” (Batenburg, 2024).

In addition to this, Aalberts Hydronic Flow 
Control has already implemented a reusable 
packaging solution with OEM-customers. 
However, the main advantage of this supply 
chain is that it is very simple. There is a direct 
connection between the producer and the client. 
This is not the case for all other products which 
are sold via the wholesaler (Aalberts, 2023).

Prefab, bulk, redesigning and reusable packaging are 
common ways to reduce packagingI

4.4 Circular economy & Aalberts
This Chapter will explain what the effects of the 
circular economy are on reducing greenhouse 
gas (GHG) emissions for the packaging industry 
and Aalberts. 

Circular economy
In our current economy, we extract materials from 
the Earth, manufacture products, and ultimately 
discard them as waste in a linear process. In a 
circular economy, on the other hand, the aim is 
to prevent the generation of waste right from the 
beginning. (Ellen MacArthur Foundation, 2023)

Kirchherr et al. (2017) provide a precise 
definition of the circular economy by 
consolidating 114 different definitions: 

“An economic system that replaces the ‘end-of-
life’ concept with reducing, alternatively reusing, 
recycling and recovering materials in production/
distribution and consumption processes. It 
operates at the micro level (products, companies, 
consumers), meso level (eco-industrial parks) 
and macro level (city, region, nation and 
beyond), with the aim to accomplish sustainable 
development, thus simultaneously creating 
environmental quality, economic prosperity and 
social equity, to the benefit of current and future 
generations.” (Kirchherr et al., 2017)

Circular economy and greenhouse gas 
emissions
Currently, material extraction and use amount 
to 70% of global greenhouse gas emissions 
(Circular Gap Report, 2021). This indicates, 
by reducing material extraction, emissions can 
be drastically reduced. The circular economy 
aims to prevent the generation of waste from 
the beginning. And therefore, by applying 
the circular economy, less material extraction 
is needed, leading to less greenhouse gas 
emissions. 

Circular economy and the packaging 
industry
The circular economy could lead to less GHG 
emission for the packaging industry as well. 
As  stated in a study focussing on the Chinese 
plastic recycling industries, it was concluded the 
following: “Integrating the concepts of circular 

economy in this industry could be deemed an 
effective strategy, one which not only reduces 
post-consumer waste pollution, but also mitigates 
GHG emissions.” (Liu et al., 2018). This shows 
that applying the circular economy to the industry 
of packaging would help to reduce GHG 
emissions. 

Circular economy and policy
Also regulations are based on the principles 
of the circular economy. As the European 
Commission adopted the new circular economy 
action plan (CEAP). It is seen as one of the main 
building blocks of the European Green Deal (as 
mentioned in Chapter 3.2). According to the EU 
(2015) the transition to a circular economy will 
reduce pressure on natural resources and help 
to achieve 2050 climate neutrality targets. The 
CEAP aims to ensure that waste is prevented and 
the resources used are kept in the EU economy 
for as long as possible (European Commission, 
2015). This shows that regulations are based on 
principles of the circular economy as well to help 
reduce waste and GHG emissions. 

Circular economy and Aalberts
Applying the circular economy to Aalberts can 
help the company to reduce both waste and 
GHG emissions as well. Especially considering 
the targets for 2050 of the company to become 
net-zero, it is advised for Aalberts to apply the 
principles of a circular economy to reduce its 
GHG emissions.

R-ladder
The R-ladder (circularity ladder) contains a 
wide range of hierachically arranged strategies 
in the process towards a circular economy 
(CBS, 2023). There are various strategies to 
enhance circularity and reduce the use of natural 
resources while minimizing waste production. 
These strategies can be prioritized based on their 
circularity levels (Figure 4.4.1).

In general, more circularity in a product chain
leads to reduced consumption of natural 
resources and materials, and consequently to 
fewer environmental effects brought about by 
that product chain, as well as in related product
chains (Potting et al., 2017).
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All in all, by applying the R-ladder to packaging 
at Aalberts, the principle of a circular economy 
can be pursued. By implementing the circularity 
strategies, waste and greenhouse gas emissions 
(GHG) can be reduced at Aalberts.

R-ladder (circularity ladder): ladder on circular strategies

Figure 4.4.1: R-ladder with circular strategies (Bassens et al., 2020) 

By implementing circular strategies (R-ladder), 
waste and greenhouse gas (GHG) emissions can 
be reduced at Aalberts

Implementing circular strategies can lead to a 
reduction in GHG emissions

I

I

4.5 Conclusion

From interviews with employees of Aalberts can 
be concluded that there are three major topics 
considering changing packaging practices.  
 
Firstly, most packaging change decisions at 
Aalberts are based on intuïtion, demonstrating a 
lack of knowledge on sustainability at Aalberts.  
 
Secondly, Aalberts is strongly customer focused 
considering packaging and sustainable 
awareness among customers is increasing. This 
shows a trend on increasing customer influence 
at Aalberts.  
 
Thirdly, costs and investments are seen 
as a bottleneck to change to sustainable 
(more expensive) packaging. Therefore it 
is recommended to keep investments low 
to increase chances of implementation of 
sustainable packaging.

When looking at Aalberts’ competitors, the 
majority is implementing and publishing 
sustainable packaging initiatives, indicating 
a trend towards commercializing sustainable 
packaging changes and a trend towards 
minimizing waste for customers by reducing 
packaging. It can also be concluded that all 
competitors strive to achieve carbon neutrality, 
demonstrating a trend for sustainability as a core 
value in this market.

In the current industry four main types of 
packaging reduction initiatives can be seen: 
Prefab, bulk, redesigning and reusable 
packaging. These are the current approaches for 
companies in the same industry as Aalberts to 
reduce packaging material.

Finally, it is recommended to Aalberts to apply 
the R-ladder to packaging to pursue the principle 
of the circular economy. The implementation 
of the circular strategies can reduce waste and 
greenhouse gas emissions at Aalberts, helping to 
achieve their goal to become net-zero by 2050.
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5. Analysis - 
Conclusion

In order to recommend on how to achieve the 
target of 20% reduction and develop a concept 
to reduce packaging waste for Aalberts, research 
has been performed on the current packaging 
status of Aalberts, the industrys current position 
and regulations and Aalberts targeted future 
position. From this research the following can be 
concluded. 

Packaging has three main functions: product 
protection, product information and product 
handling. Aalberts Hydronic Flow Control used 
2739 tons of packaging in 2022. From the 
analysis on Aalberts’ current packaging status 
can be concluded that PEX pipe, Expansion 
Vessels, Valves and Fittings contribute most to 
Aalberts’ packaging use with 1484 tons (54% of 
all packaging), representing 59% of all plastic 
(92 out of 155 tons), 48% of all cardboard (872 
of 1807 tons) and 67% of all wood (520 of 777 
tons) packaging. To have most significant impact 
on packaging reduction at Aalberts, it was 
decided to focus on these product categories.

In addition to this, the current supply chain 
of Aalberts is very complex and involves a 
lot of stakeholders. This has to be taken into 
consideration when recommending on new 
packaging practices influencing Aalberts’ supply 
chain. Reusable packaging, for example, is often 
seen as more risky than single-use packaging 
due to the fact that Aalberts will be also 
responsible for the return of the packaging.  

Also, from the analysis can be concluded 
that there are three main challenges when 
implementing sustainable packaging.

Firstly, the perception of policies and regulations 
is seen as a challenge to the industry. Due to its 
positive impact on reducing packaging waste, 
governments are very likely to introduce new 
policies. However, companies are not in favour 
of changing regulations and are not always 
aware of the new regulations. The solution of 
this thesis should prepare Aalberts for upcoming 
packaging regulations. 

The European Union and governments in 
Europe are targetting for less packaging waste. 
Upcoming regulations show that producers 
like Aalberts will be held responsible for the 

packaging they bring to market. They will 
have to register information on the packaging 
that they have shipped. Also, packaging taxes 
will be implemented to encourage packaging 
reduction and the implementation of eco-
friendly packaging. Using less packaging will 
be stimulated by regulations, encouraging 
companies to reduce their packaging brought to 
market.

Secondly, companies deal with a lack of impact 
knowledge on sustainable practices, partly 
caused by the availability of multiple sustainable 
packaging options differing per product. 
From interviews with Aalberts’ employees can 
be concluded that most packaging change 
decisions at the company are based on intuïtion, 
also demonstrating a lack of knowledge on 
sustainability at Aalberts. Therefore, the solution 
should provide Aalberts with a clear plan on the 
recommended steps to reach their targets. 

Thirdly, increased costs and investments are 
seen as a challenge in both the industry and 
at Aalberts. Costs and investments are seen 
as a bottleneck to change to sustainable 
(more expensive) packaging. Therefore it is 
recommended to keep costs and investments 
low to increase chances of implementation of 
sustainable packaging. In addition to this, 
it is recognized by Aalberts that its customers’ 
sustainable awareness is increasing. This, in 
combination with the strong customer focus of 
Aalberts considering its packaging, indicates 
a trend on increasing customer influence. But 
research also shows that the willingness to pay 
for sustainable packaging depends on the type of 
customer, showing that it will be safer for Aalberts 
to assume that customers are not willing to pay 
for sustainable packaging. Costs and investments 
need to be kept to its minimum to increase 
chances of implementation by Aalberts.

Furthermore, results from literature research on 
common packaging material types show the 
following four findings:  
 
Firstly, using compostable materials is not 
recommended for Aalberts due to making 
disposal of packaging more complex for users 
than for current packaging.  
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Secondly, biodegradable materials should only 
be used when the polymers can degrade in 
all conditions, only being applicable for the 
materials PHA and chemical pulp.  
 
Thirdly, the use of recycled and biobased 
materials are recommended to be used as 
packaging material as they do not contribute to 
fossil resource extraction.  
 
Fourthly, mechanical recycled materials are 
recommended over chemical recycled materials 
due to a lower CO2 footprint per kg of material. 

When looking at Aalberts and its competitors, 
it can be concluded that there is a trend on 
commercializing sustainable packaging and a 
trend on minimizing waste for customer due to 
the fact that the majority is implementing and 
publishing sustainable packaging initiatives. In 
addition to this, because of all competitors’ have 
goals to achieve carbon neutrality, it can be 
concluded that there is a trend on sustainability 
as a core value in Aalberts’ market.

To add, pursuing the circular economy will 
reduce packaging waste and greenhouse gas 
emissions. By implementing circular strategies 
by applying the R-ladder to packaging can help 
Aalberts to achieve packaging and greenhouse 
gas emissions reductions. This contributes to 
achieving Aalberts’ goal of becoming net-zero by 
2050.

All in all, insights from the analysis will contribute 
to the development of a clear and achievable 
plan for Aalberts to reduce their packaging 
in the future. The plan will be based on both 
current and new, future oriented, targets for the 
company.
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6. Aalberts’ future 
packaging position

6.1 Strategic roadmap
In the analysis phase it was found that there are 
multiple approaches to reduce packaging as 
mentioned in Chapter 3.1. It is not reasonable 
to tackle all packaging reduction options at 
the same time. Therefore a roadmap has been 
created, dividing the approaches into three 
different periods. The roadmap tackles two of the 
three bottlenecks formulated earlier: the lack of 
impact knowledge and the risks of investing (as 
mentioned in Chapter 3.1).

Lack of impact knowledge
Firstly the roadmap tackles the lack of impact 
knowledge by providing examples and 
recommendations on how to reduce single-use 
packaging. It does this by providing objectives, 
supported by actions (providing examples 
on how to reduce packaging). For example, 
reducing plastic bag sizes and using different 
shapes of cardboard packaging. In addition to 
this, the roadmap shows targeted results which 
can be reached by following the objectives 
and actions, demonstrating what is needed to 
achieve Aalberts’ current goal of 20% packaging 
reduction.

Risks of investing
Secondly, the roadmap adresses the bottleneck 
of risks of investing. During research it was found 
that the need for making investments increases 
the barrier for companies to move towards more 
sustainable packaging. Therefore, it is necessary 
to explore solutions which are associated with a 
low level of investment risk. 

Policy and regulations
Although the roadmap does not explicitly tackle 
challenges related to policy and regulations 
it must be noted that the bottleneck can be 
addressed by basing packaging decisions on 
future upcoming regulations. This could prevent 
a company from making last-minute, not well 
thought out decisions. Therefore it would be key 
to use future regulations as one of the drivers for 
certain packaging changes.

Periods
The roadmap can be divided into three periods. 
To establish the roadmap, the Three Horizons 
model is used, comprehending three parallel 
scenarios based upon three different life cycles 
of strategic business innovation (Simonse, 2018).  
The periods are based on Aalberts target of 20% 
reduction by 2025 and incoming regulations 
established by the European Union according to 
the PPWR. 
- The first period (now-2025) is focused on 
the implementation of most financially appealing 
packaging changes for Aalberts to reach the 
target of 20% reduction by 2025. Investments 
are needed, but are estimated to be profitable 
within 2 years of implementation. 
- The second period (2025-2035) is focused 
on reducing unnecessary packaging and 
redesigning packaging for recycled and less 
material use. In this period investments are 
needed to reduce packaging, contributing to 
even more packaging reduction at Aalberts. 
- The third period (>2035) aims at eliminating 
single-use packaging through implementing the 
concept of packaging as a product. This requires 
a bigger change in packaging practices than 
the two periods before, but eliminates single-use 
packaging completely.

Reduce, reuse and rethink
The first period is based on the circular strategies 
of “Reduce” and “Reuse” (more efficient use 
of products through the use of fewer natural 
resources and materials, and reuse of discarded 
yet still usable product, for the same purpose, 
by a different user) according to the R-ladder 
(Chapter 4.4). The second period is based 
on the circular strategy of “Reduce”. The third 
period is based on a different circular strategy 
than reducing and reusing. The aim of this 
period is based on the circular strategy of 
“Rethink”, since the packaging will receive an 
additional function, making it a multi-functional 
product on the market (Chapter 4.4). This type 
of solution can be seen as the long-term vision 
of packaging at Aalberts due to the fact that the 
solution offers a completely different approach 
to packaging than is currently the case. Because 
the concept of packaging as a product scores 
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higher on the R-ladder than reducing, reusing 
and eliminates single-use packaging completely, 
more packaging material can be saved by 
following the concept of packaging as a product, 
thus reducing packaging at Aalberts even more 
than in the first two periods. Reducing packaging 
can only be done to a certain amount, limiting 
the potential of reducing single-use packaging. 
In the end, packaging is still used as a single-
use product. Rethinking packaging by giving 
it another function can have a much greater 
impact on the reduction of single-use packaging. 

Pillars
Recommended targeted results on the reduction 
of packaging at Aalberts of the roadmap 
are based on objectives and actions. These 
objectives and actions are built on three pillars. 

Regulations
Firstly, the pillar of regulations will have an 
impact on the recommended actions in the three 
periods showcased in the roadmap. Since all 
companies are required to follow regulations, 
so is Aalberts. Changing regulations regarding 
packaging forces the company to change 
packaging practices. This pillar will have a large 
impact on the formulated objectives and actions.

Business economics
Secondly, the pillar of business economics does 
have influence on the packaging practices of 
Aalberts, since increasing or decreasing material 
prices or taxes can stimulate the company from 
focussing on reducing certain types of packaging 
materials. Business economics do have a direct 
impact on the profit a company makes and is 
therefore seen as an important foundation for the 
recommended actions and objectives.

Market trends
Thirdly, market trends play a role on the actions 
and objectives recommended in the roadmap. 
Market trends predict future customer behaviour 
and will therefore influence on the number 
sales of the company. By taking market trends 
into account, Aalberts is likely to respond 
well on the requirements and wishes of his 
clients. Additionally, by following the trends, 
Aalberts decreases risks of losing customers to 
competitors which are following these trends.

For the reasons mentioned above, the three 
pillars, regulations, business economics and 
market trends are taken into account in the 
roadmap. These pillars will form the foundation 
of the recommended actions and objectives for 
Aalberts.

Chapter 6 will delve into the details of the 
timeline, while Chapter 7 will provide an in-
depth exploration of packaging as a product. 
All packaging reduction figures (%) are based 
on current (2022) figures to allow for equal 
comparison.



5756

Strategic roadmap for Aalberts packaging reduction
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Targeted results per recommended action

1. Reduce bag sizes Valves and Fittings by 
50%
It is recommended to reduce unnecessary 
packaging because it saves the company 
material and costs, a win-win scenario for 
Aalberts. It is advised to start with the reduction 
of plastic bag sizes for Valves and Fittings (46 
tons, 1.7% of all packaging at Aalberts) since 
this provides the largest packaging reduction of 
unnecessary packaging.

RHow to reach the target of 20% reduction 
by 2025?
In order to reach the target of 20% reduction 
by 2025, investment based packaging 
changes need to be made. Most financially 
appealing actions that are recommended to be 
implemented before 2025 are the following: 

2. Reusable pallets PEX pipe
Changing to reusable pallets for PEX pipe 
provides the largest reduction in packaging 
material with 520 tons (19% of all packaging at 
Aalberts). This change does require a one-time 
investment of €385,000 but saves €200,000 
per year on single-use pallets. Therefore return 
on investment will be within 2 years. Since the 
packaging change offers a large reduction 
(close to the target of 20%) and saves costs in 
the long term, this action is recommended to be 
implemented as soon as possible to reach the 
target before 2025 (together with reducing bag 
sizes for Valves and Fittings). 

R
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6.2 Achieving 20% reduction by 2025 - 
current target

A

The first period is from now to 2025. The focus is 
on actions to achieve the target of 20% reduction 
by 2025.

Aim
As mentioned before in Chapter 3.1.3 it was 
concluded that one of the bottlenecks of 
sustainable packaging is the risk of increased 
costs and investments. Since the target of 20% 
reduction is only achievable with investment 
based changes, it has been decided to 
recommend actions which are financially 
rewarding for Aalberts, in addition to reducing 
single-use packaging. By making the packaging 
changes financially rewarding for the company, 
chances of implementation will be increased.

Target of 20% reduction by 2025
The following actions are recommended for 
Aalberts to be implemented to reach the current 
target of 20% packaging reduction by 2025:

- Reduce bag sizes Valves & Fittings by 
50% (46 tons reduction)
Currently plastic polyethylene bags are the 
common way to package valves and fittings. 
As stated in Chapter 2.4, a total of 92 tons of 
plastic bag packaging is used to package these 
type of products. 

The bags which these type of small components 
are shipped in, are usually a lot bigger than 
needed. Typically, a bag is 2-4 times bigger 
than the components inside (Figure 6.2.1.1 
& 6.2.1.2). By decreasing the size of the 
polyethylene bags, a total in unnecessary 
packaging materials can be reduced. The 
amount of packaging material that can be 
reduced by decreasing its size differs per product 
that is packaged. Nevertheless, it can be said 
that per product, plastic packaging can be 
saved by approximately 50%-75%, as supported 
by R&D in the factory Brescia (where Multiskin 
fittings are produced). Currently the reason for 
not reducing these bags is based on having no 
priorities to look over current packaging (2023). 

It should be encouraged by management to 
reduce plastic bag sizing to increase priority 
considering reducing packaging.

Research shows that other products (pipe 
brackets) produced by Aalberts HFC are sold 
in tightly packaged PE bags (Figure 6.2.1.3). In 
addition to this, in the fashion industry, clothes 
are often packaged very closely to the product 
(Figure 6.2.1.4), also demonstrating that 
packaging plastic bags close to its product is 
feasible. 

It is estimated with current procurement figures of 
Aalberts, that for the product categories Valves 
and Fittings €240,000 is spend on plastic bags 
yearly. By saving 50% on plastic bags, €120,000 
can be saved yearly.

If plastic bag consumption for the product 
categories valves and fittings can be reduced by 
50%, a total of 46 tons of plastic can be saved 
per year.

6.2.1 Product
A

Figure 6.2.1.1: Press fitting in PE bag (current packaging).

Figure 6.2.1.2: Nexus Valve in PE bag (current packaging).

R

Figure 6.2.1.3: Tightly packaged products by Aalberts HFC.

Figure 6.2.1.4: Efficient packaging by Patagonia (Patagonia, 
2021).

- Reusable pallets PEX pipe (520 tons 
reduction)
At the factory in Nevers, 520 tons of single-
use wooden pallets is used every year. By 
implementing reusable pallets, a large 
reduction in single-use packaging material can 
be realized. For this change an investment is 
required in reusable pallets. With a constant 
exchange value of €7 per pallet in Europe 
(Epal, 2023), it is expected that Aalberts has to 
invest in approximately 55.000 reusable pallets 
(according to supply chain of the factory of 
Nevers) worth €385,000. Currently the factory 
buys in single-use pallets worth €200,000 
every year. Therefore it is estimated that return 
of investments could be achieved within 2 
years. Due to the international deposit system 
of reusable EUR-pallets (Epal, 2023) and the 
versatility of these pallets (as pallets are used 
as standard in the transport sector), it could be 
viable for Aalberts to implement this type of reuse 
system over specific product category related 
reuse systems. Additionally, reusable pallets 
are already used in other factories of Aalberts’ 
(Netherlands & Belgium), demonstrating that 
these pallet systems are already used. All in all, 
by implementing the change to reusable pallets, 
520 tons of single-use wooden pallets can be 
saved.

R
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Targeted results
When implementing all actions mentioned above 
the following results can be achieved by 2025.

- Plastic reduction of 46 tons (30%)
As of this moment, Aalberts Hydronic Flow 
Control used 155 tons of plastic packaging in 
2022. By focussing on the product categories 
Valves and Fittings, 92 tons of plastic bag 
packaging is represented. Reducing the amount 
of plastic per bag by approximately 50% could 
lead to savings of 46 tons of plastic per year, 
taken into account that future production is 
similar to current production. By implementing 
this action, on a total of 155 tons plastic, 30% of 
all plastic packaging at Aalberts can be saved.

- Single-use wood reduction of 520 tons 
(67%)
Currently Aalberts uses 777 tons of single-use 
wood per year. By replacing single-use pallets 
by reusable ones in the factory of Nevers, a 
reduction of 520 tons of single-use wood can be 
realised. A total of 67% of single-use wood can 
be reduced when implementing reusable pallets 
in Nevers. It is also recommended to perform 
more research in single-use wooden pallet 
use for other product categories or factories 
of Aalberts, to stimulate a greater reduction 
of single-use pallets by replacing them with 
reusable ones.

T

T

Alignment current Aalberts
target (2025 -20%)
By implementing all recommended actions 
mentioned in the first period, a total of 566 tons 
of packaging material can be saved. The total 
consumption of packaging material at Aalberts 
was 2739 tons in 2022. Therefore, it can be 
concluded that these changes can reduce all 
packaging at Aalberts by approximately 21%.  
 
Currently Aalberts has set the goal to reduce 
packaging by 20% by 2025. It can be concluded 
that the goal can be achieved by implementing 
these two recommended actions. The goal 
cannot be achieved by implementing only 
no-investment packaging reduction changes. 
Packaging changes requiring investments are 
needed to reach the target. 

In order to increase chances of implementation, 
investments have to be financially appealing to 
Aalberts (in the long term) as increased costs for 
sustainable packaging is seen as a bottleneck 
(as mentioned in Chapter 3.1.3 and 4.1). By 
implementing the two recommended actions, 
a one-time investment of €385,000 is needed. 
Nevertheless, due to saving €320,000 per year 
on single-use packaging, it is expected that the 
return on investment is within 2 years for Aalberts 
after implementation of the recommended 
actions.

The current reduction target is set for 2025. 
Due to the fact that less than a year is left to 
reach the target, it is recommended to start with 
the implementation of the actions as soon as 
possible. It is expected that investment based 
packaging changes require a longer period to be 
implemented, due to the fact that these changes 
require greater packaging practices adaptations. 

Period I alignment current Aalberts
target (2025 - 20%)

Target of Aalberts to reduce packaing waste by 20% by 2025
Targeted results with recommended actions per period (accumulative)

Periods

I

I

I

Figure 6.2.1.5: Alignment current Aalberts target - in red the current target and 
in green the expected targeted result is shown.
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Aim
As mentioned before in Chapter 3.1.3 it was 
concluded that one of the bottlenecks of 
sustainable packaging is the risk of investments. 
For this reason it has been decided to start 
reducing packaging at Aalberts by reducing 
unnecessary packaging (for the product 
categories PEX pipe, Expansion vessels, Valves 
and Fittings). These recommended actions 
are based on reducing packaging by leaving 
out material without compromising packaging 
functions significantly as described in Chapter 
2.1. Therefore, the changes do not require 
investments and thus lowering the risk of 
implementation. 

In addition to reducing unnecessary packaging, 
during the second period it is recommended to 
redesign single-use packaging for recycled and 
less material usage (for the product categories 
PEX pipe, Expansion vessels, Valves and Fittings). 
These packaging changes will be recommended 
to be implemented after unnecessary packaging 
reduction changes. In order to reduce packaging 
even more at Aalberts, additional investments are 
required.

Reduce unnecessary packaging
Unnecessary primary packaging can be reduced 
by the following actions:

- Reduce feuillard PEX pipe by 50% (4 tons 
reduction)
Currently a polypropylene strap is used to keep 
a coil of PEX pipe together before placing the 
product in a cardboard box (Figure 6.3.1.1). In 
2022 8160kg of the packaging material is used. 
As of this moment, €26.025,- is spent on straps 
made of polypropylene in the factory of Nevers 
every year. 

By reducing the amount of straps per coil of 
PEX pipe from 6 to 3 straps, 50% can be saved 
on both material and costs. This results in a 
material saving of 4080kg of polypropylene and 
€13.013,- in costs. Changing from 6 to 3 straps 
does not involve any significant changes in the 
production process. According to R&D at the 
factory of Nevers (2023), a simple programming 
change can be made in the coiling machine 
to reduce the amount of straps used per coil. 
All in all, this results in no investment costs. 
Furthermore, according to the department, the 
change in packaging does not affect (perceived) 
quality of the product drastically and therefore 
would be viable (2023). 

Figure 6.3.1.1: coiled PEX pipe in packaging, a roll of feuillard 
and the coiling machine used for PEX pipe packaging.6.3.1 Product

6.3 Reducing unnecessary single-use 
packaging and redesign single-use 
packaging for recycled and less material 
usage

R

A

A

The second period is from 2025 to 2035. During 
this wave unnecessary packaging will be reduced 
and single-use packaging will be redesigned for 
recyled materials and minimized in weight and 
volume.

- Replace outer boxing with tape PEX pipe 
(12 tons reduction)
As of this moment, outer boxing (secondary 
packaging) is used for the product category PEX 
pipe to keep individual packaging of the coils 
on the pallet. According to the supply chain of 
the factory, 12 tons of cardboard is used for this 
packaging application every year (2023). 

By replacing the outer boxing by an alternative 
like (paper based) tape, less cardboard 
material can be used. In order to succeed in 
the implementation it is adviced to use water 
based tape, which is recycleble with cardboard 
(Gallagher, 2021). With €5,- per roll on tape 
expenses (RS, 2024), 50m of tape per roll and 
2 stokes of tape for one pallet, 6 pallets can be 
taped per roll of tape. In total 940 rolls of tape 
are needed every year, accumulating to a price 
of €4700,- on tape. With this implementation, 
12.000 kg of cardboard can be saved leading to 
€17.000,- in financial savings.

Figure 6.3.1.2: outer boxing for PEX pipe.

R
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Minimize processing
The carbon footprint can be reduced by 
minimizing processing of Aalberts’ packaging 
by implementing the actions below. This does 
not directly align with the goal of reducing 
packaging material, however, does also have 
an effect on the environmental footprint of 
Aalberts. Additionally, the client of this thesis 
asked for a clarification of the environmental 
impact of printing and white cardboard boxes. 
Based on the requests, the following actions are 
recommended:

- Minimize printing
It is recommended to keep the amount of 
(surface) printing on packaging as little as 
possible. In the following paragraphs will be 
explained why this recommendation is listed.

Printing can have a negative effect on the 
environmental impact of packaging. Printing 
inks, varnishes, lacquers, moistening solutions 
and washing solvents contain volatile organic 
compounds (VOCs) and air pollutants (HAPs) 
(Aydemir & Özsoy, 2020). Solvent-based inks, 
which are commonly used in flexographic, 
gravure, and screen printing, as well as in offset 
printing dampening solutions and cleaning 
solvents, typically have a high concentration of 
volatile organic compounds (VOCs). During 
the production process, VOCs will evaporate, 
causing harm to the environment (Aydemir & 
Özsoy, 2020).

VOCs and HAPs contribute to the formation 
of photochemical smoke, air particles and 
ground level ozone emission in the atmosphere. 
Additionally, VOCs can lead to soil and water 
pollution when left in landfill. Flexo, gravure, and 
screen-printed products typically retain only 3-4% 
of the total ink solvent used in their composition. 
The rest of the solvent in the printed ink content 
evaporates in its own environment after the 
printing process, causing negative effects on 
health and environment (Aydemir & Özsoy, 
2020). Figure 6.3.1.3 shows the in- and output 
of VOCs during the printing process.

To reduce the pollutants released to the 
environment, the Environmental Protection 
Agencies in US, Europe, Canada, and many 
other countries have restricted the amount of 

solvent that can be released into the air (Saad, 
2007).

To decrease the VOC output, mineral oils and 
hydrocarbon solvents used in production of 
cold-set, heat-set and sheet-fed ink should 
be minimized or should be replaced with the 
solvents with low aromatic content (linseed–
soybean oil-based). In addition to this, the 
release of volatile solvents used in producing 
flexographic and gravure inks is minimized by 
utilizing fully enclosed or covered systems. 

Because no single ink technology or printing 
process provides a universal environmental 
friendly solution, the most suitable production 
and ink option should be determined by 
considering factors such as substrate absorptivity, 
energy source, energy consumption, and carbon 
footprint. But generally it can be said that using 
too much ink can harm the environment by 
increasing the consumption of energy resources. 
To promote environmental sustainability in 
printing, it’s crucial to keep ink consumption 
at a minimum level throughout the production 
process. It should be considered not using 
solvents or replacing them with harmless or 
less harmful alternatives. When possible, water 
and plant-based systems should be prioritized, 
reducing the release of volatile organic 
compounds (VOCs) into the atmosphere and 
minimizing hazardous waste. (Aydemir & Özsoy, 
2020). Furthermore, it is advised to use as little 
ink as possible. It is even preferred by the KIDV 
to have no ink to increase the recyclability of the 
packaging. If it is not possible to reduce the ink 
consumption, producers should consider using 
inks that are easily deinkable (KIDV, 2020).

As of the current situation, the main type of 
printing used at Aalberts is flexography, which 

Figure 6.3.1.3: VOC input and output during the printing process. 
(Aydemir & Özsoy, 2020).

R

- Implement brown boxes over white
Currently a lot of cardboard that is used at 
Aalberts HFC, is a white type of cardboard. 
Multiple examples can be found in Figure 6.3.1.5. 
It is recommended to switch from white to brown 
cardboard. In these paragraphs will be discusses 
why this change in packaging is recommended.

In order to produce white cardboard, cellulose 
fibres are bleached. The bleaching process is a 
sequence of different oxidising processes utilising 
different chemicals and conditions in each stage. 
Typically, washing is done between the stages. 
The bleaching process, including the production 
of bleaching chemicals from cradle to gate, 
transportation of these chemicals to the pulp mill, 
and the actual bleaching process, forms 15-
41% of the overall carbon footprint (Jour et al., 
2013). The increase in carbon footprint can be 
mostly referred to the large amount of electricity 
that is needed to produce sodium chlorate and 
sodium hydroxide, which is used for bleaching 
pulp (Jour et al., 2013). In addition to this, pulp 
bleaching belongs to one of the main subsystems 
contributing to the overall environmental impact 
(Jawjit, 2006).

Moreover, the company Camfil changed to 
brown boxes, reducing 13% of their CO2 impact 
per box compared to the previous white version 
(Camfil, n.d.).

In conclusion, in the recycling process cardboard 
needs to be bleached when produced in white. 
This is not the case for brown cardboard, which 
is unbleached, reducing it’s carbon footprint 
by 15-41%. Therefore, by replacing white, 
bleached, cardboard by brown cardboard, CO2 
emissions can be reduced.
Given the fact that white cardboard is used for 
expansion vessels mainly (Packaging designer 
Aalberts, 2023), approximately 674 tons of white 
cardboard is used in the factory of Almere. In 
total, this accounts for 488 tons of CO2 equiv. 
if only using brown cardboard. When mainly 
bleached, white cardboard is used, the CO2 
impact is increased from 488 tons to 560 tons of 
CO2 equiv. Therefore, by changing from white to 
brown cardboard, 72 tons of CO2 equiv. can be 
saved by the factory of Almere (taking a increase 
of 15% CO2 equiv. for white cardboard versus 
brown cardboard).

As of this moment, the decision to use white 
cardboard is mainly because of marketing 
reasons. It is believed by Aalberts that white 
boxes stand out more than brown cardboard 
boxes, leading to more sales. Therefore it 
is recommended to validate multiple brown 
cardboard alternatives with Aalberts’ clients. 
During this thesis, due to time constraints, this 
recommendation has not been validated with 
clients.

is a very common to use solvent-based ink 
(Sumitomo Riko Company, 2014). This shows 
that printing should be kept to  a minimum to 
have the least environmental impact as possible 
(Figure 6.3.1.4).

Figure 6.3.1.4: Flexography (Sumitomo Riko Company, 
2014).

Figure 6.3.1.5: White cardboard use at Aalberts.

R
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Redesign primary packaging closer to 
products
Primary packaging should be designed closer 
to products to reduce the amount corrugated 
cardboard packaging weight by eliminating 
as much unused space as per packaging as 
possible. This recommended action is based 
on a comparison between four ways to reduce 
corrugated cardboard packaging (Figure 
6.3.1.6). In this comparison the following 
four categories are validated; using thinner 
cardboard, providing partly protection, pulp 
moulded paper and different shapes of 
packaging. 

Thinner cardboard 
Firstly, to reduce cardboard packaging use 
it could be considered to use thinner (non-
corrugated) cardboard. Instead of using three 
layers, for corrugated cardboard, only one 
layer can be used. When discussing the option 
with one of the product managers at Aalberts it 
was stated that the type of cardboard already 
has been optimized considering the type of 
cardboard. Using less layered cardboard types 
increases the risk of the packaged product 
getting damaged. According to the product 
manager, the thin cardboard already causes 
for damaged products and/or packaging and 
therefore could not be reduced (2023). 

Partly protection
Secondly, to reduce cardboard packaging 
consumption, it was considered to protect the 
products on only its most vulnerable spots, 
allowing for less cardboard to be used per 
packaging. By implementing this change, the 
risks of damaging the product increases a 
lot. Doubtlessly, this change in packaging is 
seen as riskier than using thinner cardboard 
as some parts of the product are exposed 
during transport, increasing the risks of product 
damage. For this reason, reducing packaging by  
protecting products only on its most vulnerable 
places would not be desirable for Aalberts.

Pulp moulded paper
Thirdly, using pulp moulded paper as packaging 
material instead of corrugated cardboard could 
reduce the weight of the packaging. Due to 
its low density compared to cardboard, pulp 
packaging could reduce the total packaging 

weight (Munari, 2017). Nevertheless, the 
production of pulp packaging requires a mould 
(Dey et al., 2020). Producing moulds for 
pulp paper packaging requires investments of 
approximately € 20.000 per mould, whereas no 
investments are needed for corrugated options 
(Stratasys, 2023). Per unit of pulp moulded 
packaging costs are expected to be € 0.10-€ 

1.50 (Lian Pack, 2024). As concluded from 
the research in Chapter 3.1, investments are 
seen as a treshold to swithch to sustainable 
packaging practices. For this reason it will not be 
recommended to produce pulp paper packaging 
to reduce packaging weight at Aalberts.

Different shapes
Fourthly, by packaging closer to products with 
different packaging shapes, material can be 
reduced (as shown on the next page in this 
thesis). Thus, by using different shapes the 
volume (and thus weight) of a packaging can 
be reduced. When looking at various packaging 
shapes available on the market, it can be 
concluded that round, octagon and hexagon 
shapes can be used over (traditional) rectangular 
shapes to reduce cardboard packaging. These 
packaging shapes offer a packaging closer to 
the product, reducing its weight. In addition to 
this, corrugated packaging is more affordable as 
pulp moulded packaging as it uses more mass 
production (Kubbinga, 2023). When looking into 
alternative shape packagings to package closer 
to the product, round, octagonal and hexagonal 
packagings have been considered. Out of the 
three, octagon and hexagon packaging offer 
better stackability when placed on its sides 
than round shapes due to its shape (which is 
currently the case for transport applications). 
This is essential for transport purposes, making 
octagon and hexagon packaging more suitable 
options. Nevertheless, octagon and hexagon 
packaging is expected to be more expensive 
than traditional rectangular boxes. Based on 
a comparison of octagon and hexagon versus 
squared boxes via off-the-shelf corrugated boxes, 
it can be concluded that octagon and hexagon 
boxes are to be expected to be 1.5 times more 
expensive as squared boxes (Alibaba, 2024). 
Therefore, although corrugated cardboard 
options are more affordable than pulp moulded 
packaging options, investments are still needed 
to implement the recommended packaging 

Validated options to reduce corrugated cardboard

practices. Per unit of corrugated packaging, 
costs are expected to be € 0.10-€ 0.75 (Lian 
Pack, 2024). This indicates a comparable price 
to pulp packaging per unit, while not needing 
investments to produce moulds, making it the 
most appealing option for Aalberts.

All in all, packaging material per product can be 
reduced when packaging products closer to its 
packaging. A comparison between four options 
was made, considering using thinner cardboard, 
partly protecting products, pulp moulded 
paper and packaging closer to products with 
different shapes (Figure 6.3.1.6). The last 
option, considering the shapes octagonal and 
hexagonal was found to be most promising for 
Aalberts. Recommendations considering reducing 
packaging material by packaging closer to its 
products with octagonal and hexagonal shapes 
can be found on the next pages.

Figure 6.3.1.6: Four options to reduce corrugated cardboard packaging at Aalberts - the chosen direction is shown in red, other validated 
directions are shown in grey.
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- Octagon & hexagon packaging 18L & 
25L Vessels (103 tons reduction)
As of this day, expansions vessels are packaged 
in squared cardboard boxes. Every year, a total 
of 674.000 kg of white cardboard is used for the 
packaging of expansion vessels. The two sizes 
which are sold most are 18L and 25L expansion 
vessels (Figure 6.3.1.7).

Octagon expansion vessels
For 18L expansion vessels it is recommended to 
use octagonal packaging. Per product, a total of 
17.2% of packaging material can be saved by 
implementing this change (Table 6.3.1.9, Figure 
6.3.1.8).

Figure 6.3.1.7: Expansion vessels on a pallet in the factory of 
Almere, left 18L right 25L vessels.

Figure 6.3.1.8: Section cut expansion vessel packaging shapes.

Table 6.3.1.9: 18L expansion vessel packaging material savings calculations.

18L expansion vessels Size lxbxh (mm) Top & bottom (mm2) Sides (mm2) Total (mm2) Total reduction 
(%)

Current packaging 289x289x423 167.042 488.988 656.030 0
Octagonal packaging 289x289x423 138.382 405.064 543.446 17.2

R

Hexagon expansion vessels
For the 25L expansion vessels it is also 
recommended to package closer to the round 
product. However, in this case it would be best 
to package the product in hexagonal packaging 
since it provides an additional benefit over saving 
packaging material. 

Currently  25L expansion vessels are packaged 
in rectangular cardboard corrugated boxes as 
can be seen in Figure 6.3.1.7. By changing to 
hexagonal packaging, more products can be 
loaded onto one pallet. The capacity of 1 pallet 
can be raised from 25 to 32 products if the 
vessels are packaged in hexagonal boxes. This 
results in 28% more efficiency if using hexagonal 
boxes over rectangular boxes (Table 6.3.1.12).

Total dimensions are 832mm by 1249mm. Note 
that  the dimensions are slightly larger than the 
size of an Euro pallet (1200mm by 800mm). 
However, currently 18L vessels are packaged 
on a pallet in such a way that the overall size is 
67mm too big for the pallet. In addition to this, 
the layout of the packaged products on the pallet 
is in such a way that the protruding parts can be 

overlapped during transport so no trailer capacity 
is lost (Figure 6.3.1.10, Table 6.3.1.11). This 
currently happens with transport for expansion 
vessels as well, as can be seen in Figure 6.3.1.7.

Currently it is estimated that €909,000 is spent 
on expansion vessels at Aalberts yearly. Since it is 
expected that octagon and hexagon packaging 
is 1.5 times more expensive (as mentioned in 
Chapter 6.3.1), it is expected by implementing 
this change, yearly costs will rise to €1,365,000 
with and increase of €456,000 yearly.

All in all, by packaging expansion vessels in 
octagonal and hexagonal corrugated cardboard 
boxes, it is expected to have a packaging 
reduction of 15.3% on average. In 2022 
674 tons of corrugated cardboard is used for 
expansion vessel packaging. Therefore it can 
be concluded that the implementation of this 
action could result in a packaging reduction of 
approximately 103 tons cardboard.

RectangularHexagonalOctagonal

Figure 6.3.1.10: Protruding parts can be overlapped during transport 
to prevent trailer capacity loss.

Table 6.3.1.12: 25L expansion vessel packaging pallet dimensions calculations.

Figure 6.3.1.13: Comparison packaging reduction rectangular versus hexagon and octagonal packaging.

25L expansion vessels Size lxbxh 
(mm)

Maximum layers 
(limit 2200mm) 

(Eurosender, n.d.)

Products per 
layer (pce)

Height incl. 
pallet (144mm) 

(mm)

Total 
products per 
pallet (pce)

Increase 
products per 
pallet (pce)

Total increase 
in efficiency 

(%)

Current packaging 333x333x440 5 5 1904 25 0 0

Hexagonal packaging 333x333x440 4 8 1799 32 7 28

Table 6.3.1.11: 25L expansion vessel packaging material savings calculations.

25L expansion vessels Size lxbxh (mm) Top & bottom (mm2) Sides (mm2) Total (mm2) Total reduction 
(%)

Current packaging 333x333x440 221.778 586.080 807.858 0
Hexagonal packaging 333x333x440 192.066 507.566 699.632 13.4

Hexagon + OctagonRectangular

Hexagonal boxes during transport
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- Octagon packaging PEX pipe (8 tons 
reduction)
To reduce the amount of packaging material
per packaged product, a packaging needs to
be as tight as possible to its product. Therefore,
the least amount of material is used to protect
the product during its handling. Since coils are
a round product, space and material is not
used to its full potential by having a rectangular
packaging. To package for a round product it
is recommended to use an octagon packaging
since these shapes are stackable (more easily
than round shapes) while being most efficient 
compared to hexagonal boxes looking at 
material efficiency. In Table 6.3.1.16 can be 
seen how much material can be saved when 
implementing the change from rectangular to 
octagon packaging. These figures on packaging 
material are supplied by supply chain from the 
factory of Nevers (where PEX pipe is produced). 
By implementing octagonal packaging for PEX 
pipe, approximately 8 tons of cardboard can 
be saved per year (currently 56 tons is used 
yearly for these products). On average 14.65% 
cardboard can be saved per sold product. 

Since octagon packaging is expected to be 1.5 
times more expensive as rectangular packaging 
(like mentioned in Chapter 6.3.1), costs are 
expected to rise from €91,000 to €137,000 per 
year. Extra investments of €46,000 are required 
for this packaging change.

In total, by implementing octagonal packaging 
for PEX pipe, 8 tons of cardboard can be saved 
per year.

Current size(mm) Current weight (g) Amount used 2022 
(pce)

Potential savings (%)

800x190x800 1165 29.985 14.6
800x110x800 928 12.840 14.2
800x230x800 1039 6.360 14.8
800x285x800 1636 1.524 15

14.65 (avg)
Table 6.3.1.16: Cardboard savings per box.

Figure 6.3.1.15: Cardboard boxing for PEX pipe.

R

Rectangular Octagonal

Figure 6.3.1.14: Comparison packaging reduction rectangular versus 
octagonal packaging.

- Octagon (pallet) packaging PEX pipe (14 
tons reduction)
Currently loose coils are shipped in boxes of 
120x80 cm. Per box on a pallet, 4 coils can be 
shipped. Using these types of boxes and pallets, 
in total 99 pallets with 396 coils fit in 1 trailer. 
In 2022 119.568kg of 120x80 are used at the 
factory of Nevers (Figure 6.3.1.17). 

By changing from 120x80 to 80x80cm 
packaging, 63 coils can be loaded more per 
truckload. In this calculation the following 
dimensions of a truck were taken 245x1360cm 
(Truck Dimensions, n.d.). However, implementing 
a change from 120x80cm boxes to 80x80cm 
boxes does influence the amount of packaging 
negatively; 8011kg of packaging is used more. 
Nevertheless, by changing from squared 80x80 
packaging to octagonal packaging, a total of 
13.870 kg cardboard can be saved compared to 
120x80 packaging. In Figure 6.3.1.18 and Table 
6.3.1.19 the changes of the implementation can 
be seen.

Currently, according to the figures of supply 
chain Nevers, €163,000 is spent on this type of 
cardboard every year. Since octagon packaging 
is expected to be 1.5 times more expensive (like 
mentioned in Chapter 6.3.1), it is expected that 
costs increase with €81,000 to €243,000 per 
year.

In conclusion, approximately 14 tons of 
cardboard can be reduced by implementing 
octagonal (pallet) boxes, while increasing the 
total amount of coils transported per truck load. 

Figure 6.3.1.17: outer boxing for PEX pipe.

Table 6.3.1.19: Comparison in material of cardboard boxing 1200x800 (4 coils), 800x800 (3 coils) & 800x800 octagonal (3 coils).

Figure 6.3.1.18: Comparison in material of cardboard boxing 1200x800 (4 coils), 800x800 (3 coils) & 800x800 octagonal (3 coils).

Outer boxing size (mm) Pallets per truck 
(pce)

Coils per 
box (pce)

Coils per truck 
(pce)

Packaging 
comparison per 396 

coils (%)

Packaging savings 
per 396 coils (%)

Packaging 
savings (kg)

1200x800 99 4 396 100 0 0

800x800 153 3 459 106.7 -6.7 -8.011

800x800 octagonal 153 3 459 88.4 11.6 13.870

R

Rectangular (1200x800mm) Rectangular (800x800mm) Octagonal (800x800mm)
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Eliminate virgin fossil-based materials 
primary packaging
- 100% recycled plastic bags Valves and 
Fittings
With the upcoming regulations stating that in 
2030 packaging needs to have a certain amount  
recycled content, it would be recommended to 
prepare for these packaging changes. 

Furthermore, it is expected that the use of 
alternative materials becomes mainstream by 
2030. Recycled materials are referred to with 
alternative materials. (Deloitte, 2023). Also, it 
will be more cost-efficient to implement recycled 
materials over virgin materials due to the fact 
that material prices are expected to be lower, 
while not compromising quality (to a great extent) 
of the packaging (as mentioned in Chapter 
3.3). Mechanical recycled plastics are expected 
to be €954/tonne, whereas virgin plastics are 
expected to be €1278/tonne by 2030 according 
to Deloitte (2023). This means a decrease in 
price per tonne of 25% when using mechanical 
recycled plastics over virgin plastics by 2030.

Currently approximately €240,000 is spent on 
plastic bags every year according to Aalberts. 
When material prices of packaging decrease with 
25%, material costs of plastic bags can decrease 
with €60,000 to €180,000 when implementing 
recycled materials over virgin materials.

It would be recommended to implement the use 
of 100% recycled plastic packaging to prepare 
for the upcoming regulations considering 
minimum recycled contents. For this reason, 
is the packaging change placed in the second 
period. Although the packaging change is 
not directly connected to reducing packaging 
material, it does contribute to a decrease in 
carbon footprint as stated earlier in Chapter 3.3. 
Also, because of the goal of Aalbert to be net-
zero in 2050 (Chapter 4.2), it is recommended 
to implement the packaging change to recycled 
plastic packaging.

Figure 6.3.1.22: Plastic bag packaging produced by Aalberts.

Figure 6.3.1.20: Plastic bag packaging produced by Aalberts.

Figure 6.3.1.21: Plastic bag packaging produced by Aalberts.

R

Targeted results
When implementing all actions mentioned above 
the following results can be achieved by 2035.

- Plastic reduction of 4 tons (3%)
Aalberts used 155 tons of plastic in 2022. 
By implementing the packaging changes in 
the second period, a total of 4 tons of plastic 
packaging can be reduced. Compared to 2022 
figures, 3% of all plastic packaging at Aalberts 
can be reduced if the recommended actions are 
implemented.

- Cardboard reduction of 137 tons (8%)
In 2022, Aalberts used 1807 tons of cardboard 
as mentioned in Chapter 2.4. By implementing 
the recommended redesigns of packaging and 
reducing unnecessary packaging in this period, a 
total of 137 tons of cardboard can be reduced. 
This amount accounts for 8% of all cardboard 
use at Aalberts compared to 2022 figures. 

T

T
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Alignment current Aalberts
target (2025 - 20%)
By implementing all recommended packaging 
changes discussed in the second period, a total 
of 141 tons of single-use packaging can be 
reduced. This represents 5% of all of Aalberts’ 
packaging use in 2022. 

The second period accounts for packaging 
reduction changes, reducing packaging 
even more after the first period changes. 
When accumulating the targeted results of 
both periods, a total of 26% reduction of 
all packaging at Aalberts can be reduced 
compared to 2022 figures. A total of 707 tons of 
packaging can be reduced after this period.

It is recommended in this period to start with 
packaging changes that reduce unnecessary 
packaging and implement recycled materials. 
This is because these type of changes reduce 
both packaging and costs for Aalberts. 
After these implementing these actions it is 
recommended to reduce packaging even more 
by redesigning for less material usage. These 
changes are based on investments, but reduce 
packaging at the company even more.

Target of Aalberts to reduce packaing waste by 20% by 2025
Targeted results with recommended actions per period (accumulative)

Period II alignment with current Aalberts
target (2025 - 20%)

I

I

Figure 6.3.1.23: Alignment current Aalberts target - in red the current target and 
in green the expected targeted result is shown.
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The European Union has set a goal for 2030 
to reduce greenhouse gas emissions by 55% 
compared to 1990 levels (European Parliament, 
2023). To achieve this goal, new regulations 
will be implemented. The need to redesign 
packaging for recycled and less material usage 
copes with the following regulations.

Firstly, packaging will be required to be 
minimized in weight and volume. Although not 
being specified what is exactly meant by to be 
minimized in weight and volume at the moment 
(European Parliament, 2023), it indicates 
that there will be new regulations upcoming 
considering the design of current packaging. 
This will encourage the company to redesign 
packaging closer to its product so that volume 
(and therefore weight) will be reduced.

Secondly, the PPWR shows a regulation 
considering minimum recycled contents for 
packaging. Although not specified at this 
moment, regulations considering recycled 
contents will be implemented in the near future 
(CMS, n.d.). By implementing fully recycled 
packaging Aalberts can already prepare for 
the incoming regulation, lowering the risks for 
late-minute packaging adjustments potentially 
leading to downtimes in busy production periods, 
since transferring from old to new packaging in 
automated machines can lead to (temporarily) 
reduced production output as mentioned by the 
supply chain manager of Aalberts (2023).

Packaging will be required to be minimized in 
weight and volume in upcoming regulations

Packaging will be required to have minimum 
recycled contents in upcoming regulations

Targets on reusable transport packaging (pallets) 
will be implemented in upcoming regulations

I

I

I

6.3.2 Regulations

Reducing packaging materials is partly driven by 
regulations becoming stricter. 

In 2025 the Packaging and Packaging Waste 
Regulations will be introduced (European 
Parliament, 2023). As explained in Chapter 
3.2 the new regulations will be implemented in 
the European Union (and therefore influencing 
packaging practices at Aalberts because most of 
their factories are based in countries belonging 
to the European Union). There are two main 
reasons for Aalberts to reduce unnecessary 
packaging. 
 
First being the introduction of the Extended 
Producer Responsibility (EPR). Companies will 
become responsible for the environmental 
consequences of the packaging of their 
products brought to market. EPR will lead to 
more transparancy on packaging materials. 
Companies will be required to register 
information considering used packaging amounts 
and label packaging on material composition 
(European parliament, 2023).

Second being the implementation of packaging 
taxes. All member states of the European Union 
will have to pay for packaging waste. Member 
states are developing different approaches to 
how finance the Ievy (CMS, n.d.). In countries 
like the Netherlands, France, Germany and the 
United Kingdom, packaging taxes are already 
taking shape. Companies are required to pay 
waste management fees to governments for 
the packaging brought to market (European 
Parliament, 2023).

With the packaging taxes upcoming, it will be 
recommended for Aalberts to reduce packaging 
as much as possible, to limit the amount of taxes 
needed to be financed.

Because of upcoming packaging taxes, it is 
recommended for Aalberts to reduce packaging 
(weight) as much as possible
Implementation of packaging taxes in period I
Introduction of the Extended Producer 
Responsibility in period I

I

I

I
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Figure 6.3.3.1: Mechanical recycled plastics, mechanical pulp and chemical pulp price 
forcasts (Deloitte, 2021) (Johnston, 2016).

Year

Pr
ic

e 
€ Packaging taxes are expected 

to increase over time

Recycled materials are 
expected to decrease in price

Pulp is expected to increase in 
price

I

I

I

6.3.3 Business economics

Business economics are expected to play a big 
role for Aalberts to reduce packaging. Due to 
rising taxes on packaging, the company will 
be encouraged to reduce packaging. The UK 
government announced that taxes on plastic 
packaging will increase by 2024 by 3% to 217 
pounds per tonne (UK Government, 2023). 
Also in the Netherlands, packaging taxes 
are increasing from 2016 to 2024, plastic 
packaging tax increased from €0.12 to €0.23 
per kg of material. Additionally, packaging taxes 
on cardboard increased from €0.011 to €0.015 
per kg of material from 2016 to 2024 in the 
Netherlands (Verpact, n.d.). Also in Germany 
taxes are increasing. A new plastic packaging 
tax will be implemented, requiring companies 
to pay €0.876 per kg of plastic bag packaging 
(Laird, 2023). In Italy, plastic packaging taxes 
are implemented as well. The rate has been 
set at €0.45 per kg of plastic (KPMG, 2021). 
Additionally, Member States of the European 
Union will have to pay contributions of €0.80 per 
kg for non-recycled plastic packaging waste. As 
all factories of Aalberts are based in countries 
being part of the EU, it is expected that Aalberts 
has to pay for these taxes as well.

Governments are likely to increase their taxes 
considering packaging to motivate corporates to 
reduce the environmental impact of packaging, 
as is currently also the case (as mentioned 

in Chapter 3.1.1). These regulations could 
stimulate Aalberts to reduce packaging.

In addition to increasing packaging taxes, 
material prices are expected to change over 
time. As projected by Deloitte (2021), prices 
of recycled materials are expected to decrease 
(Figure 6.3.3.1). Since prices of packaging 
materials have an effect on the margins of 
a product (as mentioned in Chapter 4.1), 
decreasing material prices could encourage a 
company to switch over packaging materials. 
Since recycled materials are expected to 
decrease in price, it is recommended for Aalberts 
to switch to this type of packaging material (in 
addition to upcoming regulations considering 
recycled contents as mentioned in Chapter 
6.3.2). 

Also, in the future, due to increasing material 
prices, the difference between traditional shaped 
packaging and unconventional packaging 
(requiring less material) might decrease. Since 
traditional packaging requires more material per 
packaging for its product than unconventional 
(closely to the product designed) packaging, like 
explained in the recommended actions above, 
prices for these two packagings could be less 
than expected in first instance. The increasing 
material prices, as can be seen in Figure 6.3.3.1, 
(of cardboard) could encourage companies to 
redesign packaging for less materials use. 

6.3.4 Market trends now-2035

The following market trends will play a role in 
the need to reduce unnecessary packaging and 
redesign single-use packaging for recycled and 
less material usage at Aalberts in period II.

Commercializing sustainable packaging
Currently, and in the future, where companies 
invest their money will depend more on how 
sustainable and effective those businesses are. 
Companies will be focussing on three lenses: 
decreased leakage, improved circularity and 
a reduced carbon footprint. As a result of this, 
there are stronger efforts to commercialize 
packaging innovations, as well as better 
marketing of their performance (Feber et al, 
2022). For the industry of Aalberts, this can be 
seen by the marketing actions of competitors 
by showcasing reductions or material changes 
in packaging (as discussed in the competitor 
analysis). It can be concluded that sustainable 
packaging is valuable to be advertised by the 
marketing departments. To prevent Aalberts 
from falling behind on sustainable practices on 
their competitors, it is essential for the company 
to reduce packaging, for all types: primary, 
secondary and tertiary packaging (as mentioned 
in Chapter 2.1). 

Increasing customer influence
In the current trend, there is a significant 
emphasis on bringing sustainable packaging 
into the commercial sphere. Customers play a 
pivotal role in influencing how brand owners 
navigate the market. This has led to a surge 
in the adoption of sustainability targets and 
concrete actions (Feber et al., 2022). Within 
the industry of Aalberts, customer focus is seen 
as an important factor in changing packaging 
practices. As discussed in the interviews with 
employees of Aalberts (Chapter 4.1) it can be 
concluded that customers have a large role in 
packaging decisions for the company. Since 
customers prefer to have as little packaging 
as possible, as mentioned in Chapter 4.1, it is 
key to reduce packaging material as much as 
possible.

Minimizing waste in construction
In this phase, there is a growing prevalence of 
eco-friendly construction, driven by a demand 
to reduce emissions and waste (Feber et al., 
2022). Since the main target group of Aalberts 
are installers, working in the construction 
industry, packaging needs to be reduced to 
facilitate a reduction in waste in the construction 
industry. As discussed earlier in (Chapter 4.3) it 
can be concluded that the industry of Aalberts 
is reducing packaging waste via initiatives of 
Techniek Nederland. The branche organisation 
also has set goals together with competitors and 
clients of Aalberts to reduce packaging waste by 
20% (Techniek Nederland, 2023). 

Sustainability as a core value
As governments and society pay more attention 
to sustainability, people are starting to see that 
only companies actively embracing sustainable 
practices will have lasting value. Investors are 
getting more involved in political talks and are 
gaining more influence on what companies 
do regarding sustainability. Both internal and 
external stakeholder will play a significant 
role in making sure companies stick to their 
sustainability goals and actions (Deloitte, 
2023). As investors of Aalberts Hydronic Flow 
Control also have sustainability as one of their 
values, it is important for the company to focus 
on reducing packaging waste. Additionally, 
overpackaging products could often lead to 
higher packaging costs, potentially leaving 
less margin on products sold, since extra 
packaging costs reduce the margin of the 
product as mentioned in Chapter 4.1 by a 
product manager. To keep the sales margin to 
the targeted level, products need to be packaged 
with minimum packaging. Also, for this reason 
it is recommended to reduce unnecessary 
packaging in the first phase. 

Trend on commercializing sustainable packaging Trend on minimizing waste in construction

Trend on increasing customer influence Trend on sustainability as a core value

I I

I I
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Sustainable consumption
In this period, customers will become more 
aware of how their consumption and lifestyle 
choices affect the environment, resulting in a 
higher demand for sustainable packaging. They 
are also inclined to research the sustainability 
practices of companies before making purchases 
and are willing to pay a premium for products 
that are environmentally and socially responsible. 
This forces companies to be more transparent, 
adopt sustainable practices, and fulfill the 
growing demand for eco-friendly products 
(Feber et al., 2022). During the conversations 
with Aalberts employees discussed in Chapter 
4.1 it was concluded that packaging is strongly 
customer focused. It will therefore be important 
for Aalberts to align with the desires from 
customers considering sustainable packaging, 
showing the need to redesign packaging to be 
more eco-friendly. 

Availability of alternative materials
Ongoing efforts in material development involve 
exploring options like biodegradable plastics 
derived from plant materials and recycled waste. 
These emerging materials present promising 
opportunities for creating innovative products 
with both eco-friendly and highly functional 
attributes. Advancements in material technology 
are expected to drive the development of 
products and functionalities that contribute to 
a more sustainable future (Deloitte, 2023). The 
new emerging materials can offer Aalberts more 
possibilities in sustainable packaging. Materials 
that are recycled offer better environmental 
performance as virgin materials (as explained 
in Chapter 3.3), offering the company other 
possibilities considering sustainable packaging.

Trend on sustainable consumption

Trend on availability of alternative materials

I

I

6.4 Eliminate single-use packaging with 
packaging as a product
The third period is from 2035. The period 
focuses on eliminating single-use packaging with 
the concept of packaging as a product. 

Aim
The aim for the third period is to eliminate 
single-use packaging (for the categories PEX 
pipe, Expansion vessels, Valves and Fittings). This 
could be done by implementing the concept of 
packaging as a product.

Packaging as a product
Using less material per packaging can only 
save a limited amount of packaging. In the end, 
single-use packaging is still used to transport 
products. There are multiple approaches 
to eliminating single-use packaging. Three 
directions considering the packaging (based on 
the R-ladder like mentioned in Chapter 4.4) have 
been validated; refuse, reuse and rethink.

Refusing packaging
Firstly, the direction of refusing packaging 
is validated. According to the R-ladder the 
following is meant considering the strategy 
of Refuse: “Turning a product redundant by 
cancelling its function.” (Bassens et al. 2020). 
Only refusing packaging is not possible due 
to the main functions of packaging: protection 
during transport, providing product information 
and providing product handling. Implementing 
this direction could lead to more damaged 
products, since no protection during transport 
of the product is offered. This is likely to lead 
to more discarded products, leading to more 
harm than good considering the environmental 
footprint of this direction. For this reason, the 
direction would not be desirable for Aalberts.

Reusing packaging
Secondly, the direction of reusing packaging 
has been considered. According to the R-ladder 
the strategy of reuse is described as: “Reuse 
of discarded yet still usable product, for the 
same purpose, by a different user.” (Bassens 

et al. 2020). As mentioned in Chapter 3.1 & 
2.3, during the analysis of challenges in the 
industry and the supply chain at Aalberts, we 
discovered that one of the three obstacles for a 
company to transition to more environmentally 
friendly packaging was the risks of increased 
costs and investments. Reusable packaging is 
seen as a risky packaging change compared to 
single-use packaging according to interviews 
with experts as mentioned in Chapter 3.1. In 
addition to this, as the supply chain of Aalberts 
is complex (with reference to Chapter 2.3), it 
would be an uncertain move for Aalberts to 
implement reusable packaging since a lot of 
stakeholders are involved. The more stakeholders 
are involved in the supply chain, the harder it will 
be for Aalberts to get their reusable packaging 
returned, increasing the risk of implementation. 
In addition to this, during a conversation with the 
company, it is believed by Aalberts that reusable 
packaging wouldn’t be a viable solution due to 
the great risk involved (2023). For these reasons 
has been decided that reusable packaging 
wouldn’t be favourable for Aalberts.

Rethinking packaging
Thirdly, the direction of rethinking the packaging 
was considered. According to Bassens et al 
(2020), the strategy means: “Intensifying product 
use via multifunctional products.” For this 
direction, the packaging is still used in a linear 
supply chain (from producer to installer), but 
also used for an additional function than offering 
protection during transport. The direction offers 
the least amount of risks when implemented 
compared to refusing and reusing packaging 
for Aalberts. As companies tend to mitigate 
risks as much as possible (as mentioned in 
Chapter 3.1), this direction offers most chance 
of implementation of the three for Aalberts. The 
following vision has been formulated:

Vision: “Design a packaging with a double 
function in a way that the packaging 

acquires another additional function by 
replacing another product.”

6.4.1 Product

A

A
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Requirements
The direction of rethinking packaging can be 
applied to all product categories that contribute 
most to packaging material at Aalberts. 
Rethinking packaging must eliminate single-
use packaging as mentioned in Chapter 6.4.1. 
Multiple rethinking packaging concepts have 
been generated to demonstrate the possibilities 
of the concept. To guide the initial concepts, the 
following requirements have been set up:

1. The packaging must replace another 
product
As mentioned in Chapter 6.4.1, rethinking 
packaging requires the packaging to be 
intensified via multifunctional use and must 
eliminate single-use packaging. Therefore, the 
packaging must replace another product. 

The packaging of PEX pipe, Expansion vessels, 
Valves and Fittings can be redesigned so that 
it replaces another product. The additional 
function of the new packaging differs per product 
category as different products will be replaced 
with the new packaging. For this reason, 
underfloor heating pipe will likely have a different 
function for its packaging as for expansion 
vessels, valves or fittings. 

2. The size of the packaging must not 
exceed the size of a pallet of 800x800
In order to make chances of implementation of 
the packaging change as large as possible at 
Aalberts, the size of the packaging cannot be 
bigger than a pallet size of 800x800 (Chapter 
6.3.1). In this way, transport of the product 
does not have to be changed, thus lowering the 
threshold of implementation.

Context analysis
When designing a packaging with a double 
function that should replace another product, 
the context in which the original product is 
used, should be analysed to determine which 
products could be replaced. Due to the fact 
that every context is different for each product 
category, it is likely that for different product 
categories different packaging concepts are 
required. For example, expansion vessels are 
mainly used closely to central heating boilers, 
whereas fittings could be used in other hydronic 
applications, which do not have to be related 

to heating systems. The difference in context 
will have an influence on the function of the 
packaging. Additionally, it’s worth noting that the 
installer isn’t obligated to install the packaging 
right away. Alternatively, they can carry it to their 
next customers and install it there if the initial 
customer either already has the product in place 
or doesn’t require it.

Selected concept direction
One of the four product categories (PEX pipe, 
expansion vessels, Valves and Fittings) has been 
selected for further development to demonstrate 
its feasibility, desirability and viability. The deep 
dive is based on the rate of automatisation of 
the packaging process in current factories. While 
talking to R&D and Supply chain and visiting 
factories where these products are produced, it 
was found that packaging of Expansion vessels, 
Valves and Fitting was all done automatically. 
For the product categories PEX pipe packaging 
was still executed by manual labour. Changing 
packaging practices at a factory with only 
manual packaging could increase chances 
of implementation due to the non-automated 
packaging process. As mentioned in Chapter 
4.1, transferring from the old to the new 
packaging in automated machines can lead to 
reduced production output resulting in increased 
costs. Although slightly decreased production 
output is also temporarily expected for manual 
packaging processes when changing packaging,  
changing practices will have less influence 
overall for manual labour than for automatic 
packaging practices according to Aalberts 
R&D (2023). For this reason has been decided 
to further develop the concept of rethinking 
packaging for PEX pipe. 

On the following pages the product categories 
contributing to most packaging material at 
Aalberts will be discussed regarding the topic 
rethinking packaging: packaging as a product. 
For each product category a recommendation 
on packaging as a product was made based on 
the context analysis of the product. The product 
category PEX pipe will be briefly discussed in this 
Chapter, but will be discussed in more detail in 
Chapter 7.

Context analysis expansion vessels

Limitations & advantages

- Expansion vessels
Since expansion vessels are installed in heating 
related environments and bound to the central 
heating boiler, an application for its packaging 
can contribute to increasing the efficiency of 
the central heating boiler. For example by 
implementing a packaging which helps to 
insulate heating pipes entering and exiting the 
boiler, efficiency of the system can be increased, 
also cutting down on heating costs (Regionaal 
Energieloket, 2023). This shows that the 
packaging functions as insulation, replacing 
insulation material which would currently be 
bought seperately. In addition to this, the 
average house in the Netherlands still has 10 
to 20 meters of pipe which can be isolated. A 
meter of insulation saves approximately 3m3 of 
natural gas consumption every year (Regionaal 
Energieloket, 2023). Therefore, packaging 
for expansion vessels could be used to isolate 
heating systems to increase efficiency of the 
system. 

Packaging as pipe insulation

Figure 6.4.1.2: Limitations & advantages for packaging as a product Expansion vessels - the potential options are shown in red, 
other validated directions are shown in grey..

Figure 6.4.1.3: Proposed concept packaging as a 
product Expansion vessels.

Figure 6.4.1.1: Context analysis Expansion vessels.
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- Fittings
The product category Fittings has a wide variety 
on locations of installation. Nevertheless it 
can be said that these products are bound to 
hydronic pipes. The use of multiskin fittings for 
example varies from sanitary water to heating 
applications (Comap, 2024). For this reason, 
the context of application is less specific than 
for expansion vessels. Nevertheless, in can 
be said that in all applications, fittings (and 
hydronic pipes) need to be secured in place. As 
of this moment, this is done with pipe brackets 
needed to be bought seperately. By designing a 
packaging which can be used as pipe brackets, 
packaging of both pipe brackets fittings can be 
eliminated. 

Limitations & advantages

Context analysis fittings

Packaging as a bracket

Figure 6.4.1.5: Limitations & advantages for packaging as a product Fittings - the chosen direction is shown in red, 
other validated directions are shown in grey.

Figure 6.4.1.4: Context analysis Fittings.

Figure 6.4.1.6: Proposed concept packaging as a 
product Fittings.

- Valves
Valves are commonly installed in heating related 
environments. For this reason it is recommended 
to produce the packaging out of insulation 
material. The packaging of Valves can therefore 
contribute to increasing the efficiency of the 
heating system. The principle works the same as 
for packaging as a product Expansion vessels (as 
mentioned in Chapter 6.4.1). The packaging can 
be used as insulation material for heating pipes. 

In addition to this, since Valves are installed on 
heating circuits for central heating systems, it 
can decrease thermal losses when insulated. 
Therefore it could also be an option to insulate 
the valves itself with the packaging.

Limitations & advantages

Context analysis Valves

Packaging as valve insulation

Figure 6.4.1.8: Limitations & advantages for packaging as a product Valves - the potential options are shown in 
red, other validated directions are shown in grey.

Figure 6.4.1.7: Context analysis Valves. Figure 6.4.1.9: Proposed concept packaging as a 
product Valves.
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- PEX pipe
PEX pipe produced in Nevers is used for 
underfloor heating applications. When attaching 
the pipe to the floor, a type of attachment system 
is needed in all applications of underfloor 
heating. In this case, packaging can be 
used to function as an attachment system. 
Therefore the packaging eliminates all single-
use packaging which is currently used for the 
pipe, while replacing the attachment system. A 
context analysis has been made for PEX pipe 
and products needed for its installation (Figure 
6.4.1.10).

Four products that are used for the installation 
of underfloor heating were considered to be 
replaced by rethinking a packaging. 

Firstly, the distribution block has been considered 
to be replaced with a packaging. This product is 
very complex and fragile and therefore would not 
be suitable to be replaced by a packaging.  
 
Secondly, insulation was considered to be 
replaced by a packaging. Nevertheless, 20m2 of 
insulation is needed for 100m of PEX pipe, the 
maximum amount of pipe that could be installed 
in one go (Uheat, 2023). Since current insulation 
is approximately 100mm thick, 2m3 of insulation 
is needed per packaging (100m of pipe). This 
means that the total volume of the packaging 
from insulation would be 2m3. This volume 
would not fit on a pallet sized 800x800mm, a 
height of 3.1m is required for all insulation and 
therefore does not fit the requirement (Chapter 
6.4.1). Even when less insulation is used so 

that the PEX pipe and insulation could fit on 
one pallet, extra insulation would have to be 
bought additionally by the installer, making the 
installation of underfloor heating more complex.
Since the required amount of insulation does 
not fit on one pallet, replacing insulation with 
packaging for PEX pipe would not be feasible.

Thirdly, brackets have been considered to be 
replaced by its packaging. These brackets are 
currently used to guide the PEX pipe close to the 
distribution block (Aalberts, 2023). It was found 
that the size of the brackets was significantly 
smaller than the product PEX pipe. For this 
reason, replacing brackets with PEX pipe is not 
feasible. 

Fourthly, the attachment system has been 
considered to be replaced by its packaging. 
Due to the size of the rails elements (a type of 
attachment system currently used for underfloor 
heating installation), the fact that the product is 
also needed during installation and it would be 
used in the same context (for underfloor heating), 
the product has been selected for further 
development. A more extensive explanation 
and visualization on rethinking packaging for 
underfloor heating will be given in Chapter 7.

Limitations & advantages

Context analysis PEX pipe

Figure 6.4.1.11: Limitations & advantages for packaging as a product PEX pipe - the chosen 
direction is shown in red, other validated directions are shown in grey.

Figure 6.4.1.10: Context analysis PEX pipe.

Targeted results
If the concept of packaging as a product is 
applied to the product categories contributing 
most to packaging material at Aalberts (PEX pipe, 
Expansion vessels, Valves and Fittings), all single-
use packaging could be eliminated. This has the 
following effects on the total packaging use at 
Aalberts.

- Plastic reduction of 92 tons (59%)
In 2022, Aalberts Hydronic Flow Control used 
155 tons of plastic as mentioned in Chapter 2.4. 
By getting rid of all single-use plastic packaging 
for the product categories Valves and Fittings, 
a total of 92 tons of plastic can be reduced. 
Compared to all plastic consumption at Aalberts, 
a total reduction of 59% of plastic packaging 
can be realised when implementing packaging 
as a product. 

- Cardboard reduction of 872 tons (48%)
Aalberts used a total of 1807 tons of cardboard 
in 2022. When eliminating all single-use 
cardboard for the product categories PEX pipe 
and Expansion Vessels, a reduction of 872 tons 
could be made. This amount accounts for 48% 
of all cardboard consumption at Aalberts. By 
implementing the concept of packaging as a 
product, 48% of cardboard use at Aalberts can 
be reduced.

Total reduction
A total reduction of 35% can be realised if 
eliminating all single-use packaging for the 
categories PEX pipe, Expansion vessels, Valves 
and Fittings. The reduction of 35% represents 
964 tons (eliminated packaging) of 2739 tons of 
total packaging use at Aalberts in 2022. When 
including the recommended impact of packaging 
reduction of the first two periods, a total 
packaging reduction of 54% can be realised at 
Aalberts.

Although the third period packaging as a product 
could be seen as more challenging as the first 
two periods, it does provide the opportunity 
to reduce more packaging material than all 
recommended packaging changes combined 
in period I and II. This shows that the direction 
of rethinking packaging with packaging as a 
product could potentially realise much greater 
packaging reductions for Aalberts.

T

T
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Alignment with current reduction targets
As mentioned in Chapter 6.3.1, if all 
recommended actions are implemented in 
period one and two, a total reduction of 26% 
of all packaging at Aalberts can be realised. In 
period III a total 35% of all packaging could be 
achieved. When accumulating all packaging 
reduction from period I, II and III, a total of 54% 
of single-use packaging reduction could be 
achieved.

New reduction targets
Critics could say that no more reduction of 
packaging material is needed after achieving the 
goal of 20%. Nevertheless, it is recommended 
for Aalberts to set up long-term goals 
considering the reduction of packaging (currently 
20% reduction by 2025 is the only target on 
packaging). Especially considering the fact 
that the company has set the goal to become 
net-zero by 2050 as mentioned in Chapter 
4.2. It is advised to Aalberts to increase targets 
considering reduction of single-use packaging 
as it also contributes to reducing company 
emissions (as explained in Chapter 4.4), are 
important for the company becoming net-zero by 
2050.

In addition to this, regulations considering 
packaging are expected to become more strict. 
As mentioned in the roadmap and Chapter 
6.4.2, regulations implementing bans on single-
use plastics are scheduled for 2040. New targets 
for Aalberts on packaging reduction should focus 
on the upcoming regulations. For this reason 
it is recommended for the company to set the 
target to reduce all single-use plastics by 100% 
by 2040 considering the upcoming bans in the 
United Kingdom and France.

Also, considering the targets set by the European 
Union to have no net greenhouse gas emissions 
by 2050, the goal of Aalberts to become net-
zero by 2050, and the target of the United 
Kingdom for 2050 to eliminate avoidable waste 
of all kinds and more countries are expected 
to follow (Chapter 6.4.2), it is advised for 
Aalberts to adapt the current reduction goal to 
these targets. As packaging contributes to the 
greenhouse gas emissions of a company as 
mentioned in Chapter 4.4, and Aalberts’ target 
is to reach net-zero emissions, eliminating single-

use packaging can contribute to reaching their 
target. Therefore, it is recommended for Aalberts 
to set the new target to eliminate all single-use 
packaging by 2050.

Period III alignment with current Aalberts
target (2025 - 20%)

A

I

I

Figure 6.4.1.12: Alignment current Aalberts target - in red the current 
target and in green the expected targeted result is shown.
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The European Union has announced the goal 
to be climate neutral by 2050. The law sets the 
target in the European Green Deal for Europe’s 
economy and society to become climate neutral. 
“Climate neutrality by 2050 means achieving net 
zero greenhouse gas emissions for EU countries 
as a whole” (European Commission, 2021) 
In addition to this, the climate law includes a 
commitment to negative emissions after 2050 
(European Commission, 2021), showing 
that clear targets considering the reduction 
of emissions are set. These targets set by the 
European Union could lead to reducing the 
emissions of packaging production as well. 

Also in Member States of the European Union 
is expected that new regulations considering 
packaging will be introducted. In the French 
market, a ban on all single-use plastic packaging 
is anticipated by 2040, while in the United 
Kingdom, efforts will be made to eliminate 
all avoidable plastic packaging (Plastic and 
Packaging Waste Laws and Regulations | CMS 
Expert Guide, n.d.). The United Kingdom is even 
expected to have a regulation implemented 
by 2050 to eliminate avoidable waste of all 
kinds (Plastic and Packaging Waste Laws and 
Regulations | CMS Expert Guide, n.d.). With the 
new (incoming) regulation “The UK government 
became the first major economy in the world 
to set a legally binding target to achieve net 
zero greenhouse gas emissions from across 
the UK economy by 2050” (United Kingdom 
Government, 2021). Although the UK is the first 
country setting targets to achieve EU goals, it 
is expected that other countries in Europe are 
following due to the net zero emissions target of 
the European Union.

All in all, as carbon neutral targets are set 
by the European Union and new regulations 
considering elimination or reduction of 
packaging are scheduled to be implemented, it is 
recommended to choose for packaging solutions 
that do not produce waste after use. 

6.4.2 Regulations 6.4.3 Market trends >2035

The following market trends will play a role in the 
need to redesign packaging at Aalberts.

Zero waste
At the beginning of this period, it is expected 
that the initiative to produce zero waste will 
be mainstream adopted. Achieving zero waste 
will be achieved through the implementation 
of a circular economy, which involves reducing 
consumption of single-use items. A zero-waste 
lifestyle not only benefits the environment but 
also has the potential to save money by reducing 
waste disposal (Deloitte, 2023). Research into 
the trend of zero-waste is already increasing as 
publications of the zero waste research domain 
are increasing by 60% over 2014-2020 (Zhang 
et al., 2022). In addition to this, the European 
Union is working on plans for a zero waste 
programme by following the guidelines of a 
circular economy as explained in “Towards a 
circular economy: A zero waste programme for 
Europe” (European Parliament, 2020).

Trend on zero wasteTargets on zero emissions by the EU will force 
to reduce emissions of packaging production 

Bans on single use plastics are incoming

Bans on avoidable waste are incoming

I
I

I

I
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6.5 Conclusion

R

R 2. Reusable pallets PEX pipe
Moving to reusable pallets for PEX pipe provides 
the largest reduction in packaging material with 
520 tons (19% of all packaging at Aalberts). 
This change does require a one-time investment 
of €385,000 but saves €200,000 per year on 
single-use pallets. Therefore return on investment 
will be within 2 years. Since the packaging 
change offers a large reduction (close to the 
target of 20%) and saves costs in the long term, 
this is recommended to be implemented as soon 
as possible to reach the target before 2025 
(together with reducing bag sizes for Valves and 
Fittings). 

New targets
Due to upcoming regulations on packaging, 
goals of Aalberts and the European Union to 
become net-zero by 2050, the following new 
targets are advised:
- Reduce all single-use plastics by 100% by 2040
- Reduce all single-use packaging by 100% by 
2050

The new targets could be achieved with the 
concept presented in the third period of the 
strategic roadmap: packaging as a product. This 
concept aims to eliminate single-use packaging 
completely through redesigning packaging to 
replace another product by providing packaging 
with an additional function.

Further development
PEX pipe underfloor heating pipe has been 
selected for further development for the concept 
of packaging as a product because of three 
reasons:

First, PEX pipe is commonly used in the 
market and at Aalberts for underfloor heating 
applications, hence the decision to focus on 
underfloor heating pipe.

Second, packaging of PEX pipe is done manually 
as opposed to the other main product categories 
(Expansion vessels, Valves and Fittings, which are 
automated), leading to less risks when changing 
packaging practices. Although PEX pipe 

A strategic roadmap has been designed based 
on insights and findings from the analysis 
phase of this thesis. The roadmap focuses on 
the product categories that contribute most to 
packaging used at Aalberts (PEX pipe, Expansion 
vessels, Valves and Fittings). The roadmap is 
designed using the Three horizon model, dividing 
the roadmap into three periods:
- The first period (now-2025) is focused on 
the implementation of most financially appealing 
packaging changes for Aalberts to reach the 
target of 20% reduction by 2025. Investments 
are needed, but are estimated to be profitable 
within 2 years of implementation. 
- The second period (2025-2035) is focused 
on reducing unnecessary packaging and 
redesigning packaging for recycled and less 
material use. In this period investments are 
needed to reduce packaging, contributing to 
more 5.2% more packaging reduction (141 tons) 
at Aalberts. 
- The third period (>2035) aims at eliminating 
single-use packaging through implementing 
the concept of packaging as a product. This 
requires further investments and a bigger change 
in packaging practices than the two periods 
before, which eliminates single-use packaging 
completely, leading to 35.2% reduction of all 
packaging (964 tons).

How to reach the target of 20% reduction 
by 2025?
In order to reach the target of 20% reduction 
by 2025, investment based packaging 
changes need to be made. Most financially 
appealing actions that are recommended to be 
implemented before 2025 are the following: 

1. Reduce bag sizes Valves and Fittings by 
50%
It is recommended to reduce unnecessary 
packaging because it saves the company 
material and costs, a win-win scenario for 
Aalberts. It is advised to start with the reduction 
of plastic bag sizes for Valves and Fittings (46 
tons, 1.7% of all packaging at Aalberts) since 
this provides the largest packaging reduction of 
unnecessary packaging.

represents second of all packaging material used 
at Aalberts (7.2%) and Expansion Vessels first 
(representing 24.6%), it does provide the highest 
chances of implementation, leading to the (first) 
recommended packaging as a product change.

Third, an attachment system is seen as the most 
feasible option to make a packaging out of (as 
opposed to a distribution block, insulation and 
bracket(s)) due to its size and simplicity and 
therefore more prone to be implemented. 



9392

7. Deep dive: 
packaging as a 

product

7.1 Attachment systems
As stated in Chapter 6.4.1, underfloor heating 
pipe has been selected for further development 
due to its common use for PEX pipe, non-
automated packaging practices at the factory (as 
opposed to the other main product categories) 
and that an attachment system is seen as the most 
feasible option to make a packaging from (as 
opposed to a distribution block, insulation and 
bracket(s)).

When considering the installation of underfloor 
heating attached to the ground before pouring 
concrete to secure it in place, there are several 
options currently available in the market. In all 
cases the underfloor heating pipes are connected 
to a layer of insulation. Usually this layer is made 
from a type of foam where the products will be 
mounted onto. In general, these options to fixate 
the underfloor heating pipes to the insulation 
layer can be divided into the following categories: 

- Tacker system. This system is based on tackers, 
small nails to attach the pipe to the insulation 
layer. The system is mainly used in large buildings 
and is adaptable to any structure (Comap, n.d.) 
(Figure 7.1.1). 

- Plate system. Stud systems are commonly used 
for underfloor heating applications in houses. The 
solution causes for 1 person installation and a 
quick installation (Comap, n.d.) (Figure 7.1.2).

- Rails system. Rails systems can be placed without 
restriction in any orientation. The simple and 
flexible system can be used in all types of projects, 
including on walls. (Comap, n.d.) (Figure 7.1.3).

For underfloor heating applications there are wet 
and dry systems available. The systems that are 
mentioned above are based on a wet system. It 
has been decided to focus on the wet system due 
to the fact that these types of systems are a lot 
more efficient to run than dry systems. In addition 
to this, this type is the most commonly used type 
of underfloor heating (Notion services, 2022).

Figure 7.1.1: Tacker system (Comap, n.d.).

Figure 7.1.2: Plate system (Comap, n.d.).

Figure 7.1.3: Rails system (Comap, n.d.).
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The different type of systems have been compared 
with each other based on the following criteria. 
The criteria are based on the formulated vision 
to rethink/redesign a packaging with a double 
function in a way that the packaging acquires 
another additional function by replacing another 
product (as mentioned in Chapter 6.4.1)

The packaging must replace another 
product
As mentioned in Chapter 6.4.1 a requirement 
of the concept of packaging as a product is 
that the packaging should replace a product 
that is already used while installing underfloor 
heating. This will make installing the product 
more convenient due to the fact that no extra 
equipment or packaging is needed. While 
speaking to installers, it became clear that most 
packaging was left at the building site due to 
extra costs and effort for disposing packaging 
(Installer, 2024). Installing the product will lead 
to zero-waste on the building site, making the 
product more advantagous over single-use 
packaged products. 

The attachment system should be able 
to be used in all underfloor heating 
applications 
There are various kinds of attachment systems to 
fixate underfloor heating pipes to the insulation 
layer. However, to make sure the packaging can 
be used in all applications, it is required that the 
type of attachment system would be suitable for 
all buildings. When comparing the three types of 
attachment systems to each other, only the tacker 
and rails system are suitable for all building 
types and are configurable in all types of layouts  
(Comap, n.d.). Nevertheless has been chosen for 
the rails systems to be worked out due to the fact 
that it can also be installed on the walls, whereas 
the tacker system cannot (product manager, 
2024). Due to the fact that this systems offers a 
wider use application, the decision was made to 
continue with this concept. 
 

In addition to this, due to the large size of the 
plate system, the size of the packaging will be 
increased if the packaging will be used as an 
attachment system. The total surface of the 
current packaging is approximately 1.5m2. 
Assuming that 100m of coil is the maximum 
amount of coil needed due to the maximum 
circuit length and a spacing of 200mm per pipe 
is needed, a total surface of 20m2 should be 
covered with one packaging (Uheat, 2023). 
Because a lot of material is needed to install 
underfloor heating pipe with the plate system 
compared to the rails system, it would not be 
possible to make a packaging out of this (as 
mentioned earlier in Chapter 6.4.1). 

When rails elements of 40mm wide (current 
size) are used, a total of 52 railses can be 
created from a box of 800x800x120 mm 
(Techniekwebshop, 2024). Each rails will have 
a length of 800mm. This totals in a length of 
41.6m. Since 20m2 of floor will be covered with 
100m pipe, the rails can be laid with a (minimal) 
distance of 500mm (Uheat, 2023). All in all, this 
led to the decision to use the rails attachment 
system to make a packaging out of. In Figure 
7.1.4 the amount of rails per type of layout can 
be seen. Note that the layouts are based on a 
maximum use of the rails (52), less rails can 
be used if preferred. Currently it is adviced to 
use a rails element for every 1m of pipe. In this 
system, for every 0.5m of pipe a rails element 
can be installed, demonstrating that there will 
be no shortage on rails elements for the concept 
of packaging as a product. On the other side, 
too many rails elements could lead to waste. 
In any case all rails elements can be used to 
provide a stronger connection between the floor 
and the underfloor heating pipe. Nevertheless, 
more research should be performed on the exact 
amount of rails elements required per 100m of 
underfloor heating pipe as the amount of leftover 
rails and shortage on rails could be optimized. 
This change does not affect the design of the 
concept as width dimensions of the rails can be 
scaled.

Figure 7.1.4: Possible layouts - in black and grey are rails elements shown, PEX pipe is shown in red.
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7.2 Design criteria and concepts 
underfloor heating

7.2.1 Design criteria
To guide the exploration of different types of 
packaging that can be used as rails for underfloor 
heating, design criteria were developed. The 
criteria are based on the formulated vision to 
rethink/redesign a packaging in a way that it can 
be reused as a product. In addition to design 
criteria, requirements have been estabished for 
the concept. Initial requirements can be found 
in Appendix 9.5. Face to face interviews with 
installers (n=5) were conducted to find out more 
on their requirements considering packaging. 
Interviews were conducted at wholesalers sale 
locations (n=2) and took approximately 15 
minutes per participant. During the interview a 
concept was presented to the installer to gain 
insights on their opinion and requirements for 
the concept. More detailled information on the 
interview procedure and concept can be found in 
Appendix 9.18.

The following design criteria were formulated and 
ranked on importance based on interviews with 
installers and the products use application:

Time-efficient/convenient 
According to installers (personal communication, 
2024), time is the most important factor when 
selecting products from the wholesaler. Especially 
in Western Europe it is key that a product should 
be quick to install since labor is expensive 
(product manager, 2023). Since HFC sells most 
products in Western Europe, this criteria is seen as 
the most important one. In the end, the product 
should be as quick to install as the current 
products being packaged seperately.

Configurability
The rails should allow for maximum freedom in 
layouts. Installers should be able to place the 
underfloor heating rails wherever is preferred. 
The product should have as much freedom in 
configurability as the current rails.

Impact resistance (during transport) 
Because the product will be used as a packaging 
it should be able to withstand impact and 
vibrations during transportation. The packaging 
must endure an impact force equivalent to 
the maximum force applied to cardboard. 
Furthermore, the packaging should endure a 
compression force at least equivalent to the force 
exerted on a similar corrugated box.

Sustainability 
The carbon footprint of the packaging as a 
product should be lower than the current type of 
packaging and product.

Multiple concepts were created for the rails 
system. Based on the design criteria discussed 
earlier, the best concept has been selected 
for further development.  During this phase of 
ideation, the system to connect the different rails 
parts together in the shape of a packaging has 
not been taken fully into account. Nevertheless 
thinking about the connection system up-front 
helped in generating the concepts phase. 
Concepts have been validated on the criteria by 
comparing them to each other. Exact criteria for 
the concepts have been validated (in comparison 
with the current packaging) in Chapter 7.5.

Figure 7.2.1.1: Underfloor heating rails.

7.2.2 Standalone
Standalone is the first generated concept. 
The concept is based on a traditional 
type of underfloor heating rails. The rails 
can be attached to the insulation layer by 
either adhesive tape or via a mechanical 
connection (e.g. nails). In Figure 7.2.2.2 can 
be seen how the product functions on the 
floor and as a packaging.

Prototyping and testing
The concept has been prototyped to explore 
its strengths and weaknesses. The prototype 
can be seen in Figure 7.2.2.1. Testing 
reveals that the concept provides outstanding 
configurability, allowing it to be arranged 
in any desired direction or shape. A 
disadvantage is the use of two parts per rails 
where the underfloor heating pipe should 
be connected in. In theory, it may enhance 
the security of the pipe connection to the 
rails; however, in practice, it complicates 
the process of connecting the pipe to the 
product. Installation time can be saved by 
using one part per rail for inserting the pipe. 
Another downside is the use of adhesive tape 
to attach the prototype to the floor. In some 
cases the adhesive was not strong enough 
resulting in undesired movement of the rails.

Figure 7.2.2.2: Standalone concept.Figure 7.2.2.1: Prototype.
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Wedge is the second generated packaging 
as a product concept. The concept relies 
on other (similar) parts to attach underfloor 
heating to. The rails will “stand-up” by 
wedging one into another. After the rails 
is set-up in the correct layout, underfloor 
heating pipe can be installed. In Figure 
7.2.3.1 can be seen how the product 
functions on the floor and as a packaging.

Prototyping and testing
The prototype in Figure 7.2.3.2 has 
been developed to assess the strengths 
and weaknesses of the concept. The 
concept provides an effective method for 
connecting pipes in corners, because of its 
interconnecting structure. This also prevents 
undesired movement when installing pipe. 
Nevertheless, the product requires an 
additional rail element for support and 
cannot be installed independently, leading to 
constraints on the variety of layouts that can 
be created. Another challenge that could 
arise is the way the rails is connected to the 
insulation layer. The limited rail-to-ground 
surface restricts adhesive use, necessitating a 
mechanical connection in the design.

Figure 7.2.3.1: Wedge concept.Figure 7.2.3.2: Prototype.

7.2.3 Wedge

Last but not least is Snap-In. This is the third 
generated concept based on packaging as 
a product. The concept exists of parts which 
can be laid in any direction or layout on the 
insulation layer. Then, “snap-ins” are used 
to attach the rails to the insulation layer. In 
these “snap-ins” the underfloor heating pipe 
can be installed. In Figure 7.2.4.1 can be 
seen how the product functions on the floor 
and as a packaging.

Prototyping and testing
The system was lasercut to allow for a 
quick prototype (Figure 7.2.4.2). It can be 
concluded that the rail design facilitates 
strong connections both vertically and 
along the same axis. On the downside, 
however, inserting attachments can be time-
consuming. This would not be appealing to 
the target group since time of installation 
should be restricted. Another drawback is the 
small size of the attachments, making them 
vulnerable to breaking. 

Figure 7.2.4.1: Snap-in concept.

Figure 7.2.4.2: Prototype.

7.2.4 Snap-in
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Type of system Standalone Wedge Snap-in

Time-efficient/ 
convenient

3

No inserts and can be 
placed on its own

2

Cannot be placed on 
its own and has no 

inserts

1

All inserts need to be 
placed before installation 

of underfloor heating
Configurability 3

Can be placed 
wherever is preferred

2

Dependent on other 
rails parts. Cannot be 

laid seperate

3

Can be placed wherever 
is preferred

Impact 
resistance

3 

No material loss on 
outside (bottom), this 
will make the part the 
strongest of the three

1

Lots of cutouts of the 
part (sides) will make 

the part weaker

2

Slightly material loss 
because of cutouts will 
make the part weaker

Sustainability 2

Uses the most 
amount of material

3 

Least amount of 
material use

3 

Least amount of material 
use

Total 11 8 9
Table 7.2.5.1: Concept comparison.

In this Chapter the three concepts will be rated on the design criteria presented previously. Each 
concept is rated on time-efficiency/convience, configurability, impact resistance and sustainability. The 
concepts are rated from 1-3 (3 is the highest ranking, 1 is the lowest ranking). Total scores can be 
seen in Table 7.2.5.1 to see which concept is most suitable for further development.

Analyzing Table 7.2.5.1, it is evident that the 
standalone concept is regarded as the most 
promising type of rails for advancing into a 
packaging solution. This concept is viewed as the 
most time-efficient and convenient among the 
three, due to the fact that no inserts are needed 
and the concept can be placed on its own. 
Moreover, the standalone rails can be positioned 
in any direction without relying on other rail 
elements. It is also seen as the rails which is 
most impact resistant due to having no cut-outs 
or gaps, decreasing the impact resistance of the 
rails when used as a packaging. The concept of 
standalone is therefore seen as the strongest of 
the three. The concept standalone scores highest 
on most criteria mentioned.  

Nevertheless, in terms of sustainability, it scores 
lower than the other two concepts, mainly 

because it utilizes more material. To address this, 
there is a need to iterate on the rails design to 
reduce material usage. Additionally should be 
looked at sustainable materials to produce the 
rails from. The concept standalone is chosen for 
further development.

7.2.5 Concept selection 7.3 Manufacturing
7.3.1 Manufacturing methods
Based on the research before, it was concluded 
that risk prevention and investments are one 
of the three main reasons why companies 
have struggles switching to more sustainable 
packaging. Therefore the manufacturing method 
that is recommended should not require any 
significant investments before starting production. 
In addition no-investment manufacturing 
methods, the packaging should be made from a 
material that is biobased (Chapter 7.3.3). Hence 

From the selection can be concluded that not 
all manufacturing methods are suitable for the 
criteria of biobased products and no-investments. 
The criteria of no-investments leads to the 
recommendation of avoiding using manufacturing 
processes based on a mould due to the fact that 
producing mould require investments.

In addition to no need for investments to produce 
parts on laser cutting machines, the carbon 

footprint during operation is often presented as 
a low-energy alternative to other manufacturing 
processes (Goffin et al., 2023). 

When looking at Table 7.3.1.1 it can be 
concluded that the most suitable manufacturing 
method to produce this product is laser cutting 
due to the quick cycle times and low costs per 
product.

the selection of all manufacturing methods which 
can produce biobased products.  In Table 7.3.1.1 
a comparison on all suitable manufacturing 
methods can be found. 

Manufacturing 
method

Materials Requires 
mould

Costs Carbon footprint 
kg CO2 equiva-

lent

Injection moulding Biobased plastics Yes € 50.000 per mould (Rex plastics, 2020) 0.47/kg
(Delft University of 
Technology, 2024)

Extrusion Biobased plastics Yes € 50.000 per mould (Rex plastics, 2020) 0.35/kg
(Delft University of 
Technology, 2024)

Thermoforming Biobased plastics Yes € 50.000 per mould (Rex plastics, 2020) 0.22/kg
(Delft University of 
Technology, 2024)

Blow moulding Biobased plastics Yes € 50.000 per mould (Rex plastics, 2020) 0.22/kg
(Delft University of 
Technology, 2024)

Paper making Pulp paper, cardboard Yes € 20.000 per mould (Stratasys, 2023) 0.13/kg
(Delft University of 
Technology, 2024)

Machining Biobased plastics, 
wood

No Slow cutting speeds and low accuracy 
compared to laser machines (Yijinsolution, 

2023)

0.75/kg
(Congbo et al., 

2013)

Laser cutting Biobased plastics, 
wood, cardboard 

sheets

No Laser machines have quicker cycle time than 
CNC machines, reducing the costs per part. 
They have smaller and lesser parts involved 
which further reduces the operational costs 

(Yijinsolution, 2023).

Unknown

Lasers are often 
presented as a low-
energy alternative to 
other manufacturing 
processes. (Goffin et 

al., 2023)
 Table 7.3.1.1: Comparison of all suitable manufacturing methods.
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7.3.2 Laser cutting industry

Laser cutting is a popular technology used 
in a range of different industries. It is used to 
cheaply and quickly produce flat, precisely cut 
components (Xometry, 2023). In addition to this, 
the global laser cutting machine market size was 
valued at USD 5.59 billion in 2022, indicating 
the manufacturing process is widely adopted 
(Fortune Business Insights, 2023).

Laser cutting of wood
Laser cutting of wood is seen as a precise 
and efficient process that allows wood to be 
processed quickly and cost-effectively. Compared 
to conventional wood manufacturing methods 
such as sawing or milling, laser cutting can save 
a considerable amount of time and money. In 
addition to this, due to the small size of the laser 
beam, less material is wasted than for other 
production processed such as machining. Also, 
the production technique offers the possibility of 
automated production, enabling cost reductions 
even more (Justlaser, 2023).

Laser machines are typically used to cut complex 
shapes and designs that would be difficult 
or impossible to achieve with conventional 
tools (Figures 7.3.2.1-7.3.2.4). The areas of 
application are diverse and range from furniture 
production to the manufacture of packaging 
materials and the design of art objects. Laser 
cutting also offers numerous advantages in terms 
of the quality and precision of the cut parts. In 
addition, the surface of the cut material remains 
smooth and undamaged, which offers further 
advantages in terms of aesthetics and durability. 
Last but not least, the manufacturing process 
of laser cutting is also seen as environmentally 
friendly, as it does not require any chemical 
additives (Justlaser, 2023).

All in all, the advantages of wood laser cutting 
lie primarily in its fast, precise and cost-effective 
processing.

Figure 7.3.2.4: Lasercut packaging.

Figure 7.3.2.3: Lasercut plywood.

Figure 7.3.2.2: Lasercut packaging.

Figure 7.3.2.1: Lasercut packaging.

7.3.3 Materials

In order to select the material to make the 
packaging from, the manufacturing method, 
costs of material, strength of the material and 
the product application has been taken into 
consideration. In this Chapter the reasoning 
behind the material selection will be discussed.

Storing carbon
According to the UN, the construction industry 
causes for a major part of CO2 emissions. 
In total it is responsible for 40% of all CO2 
emissions on the planet. Additionally, the sector 
seems to emit more CO2 emissions than ever, 
leading to record-high CO2 emissions for the 
construction industry (United Nations, 2020).

Since the product will be used as a rail for 
underfloor heating, and it will be installed 
permanently, it is recommended that it is made 
from materials that can store carbon. Carbon 
storage in buildings can largely contribute to 
reducing carbon emissions (Pittau et al., 2018). 

Bio-based materials are made from biomass 
products. These materials can store carbon due 
to the fact that for example forests, kelp beds and 
other forms of plant life absorb carbon dioxide 
from the air as they grow and bind it into biomass 
(Myles, 2020) (Figure 7.3.3.1).

Material selection
A requirement is that the packaging should not 
be made out of fossil sources. Currently many 
industrial products are traditionally made using 
fossil-based raw materials, which come from non-
renewable sources. There are two main option 
considering materials: 

- Biobased materials
‘Bio-based’ materials are created using 
renewable biomass sources. These sources 
commonly include plants, animals, marine, 
and forestry materials (Stahl, 2023). Bio-based 
materials should be used to prevent resource 
depletion, air pollution and (extra) CO2 
emissions (National Geographic, 2023). 

- Recycled materials
Recycled materials are another option to 
eliminate the need for fossil sources. However, 
producing the product from recycled materials 
is less environmentally friendly than producing it 
from plywood. In fact, producing the rails from 
plywood has a 30% smaller carbon footprint 
than producing it from recycled polypropylene 
(Appendix 9.11). In addition to this, producing 
products from recycled plastics would require 
a mould for production. Producing moulds 
require investments and increase the threshold 
to implement sustainable packaging (as was 
mentioned in Chapter 3.1 and 4.1).

For the reasons mentioned above, it has been 
decided to select biobased materials to produce 
this type of packaging.

Water resistance
In addition to all the criteria above, when using 
the packaging as a rails to install underfloor 
heating, it is required to be water resistant so that 
once the concrete is poured over the rails, the 
pipe does not get detached from the insulation 
layer. Hence the decision to not use a pulp-based 
packaging because of its low resistance against 
moisture. Nevertheless, waterproof paper exists. 
However, due to the fact that the coating material 
is typically made from synthetic materials (such as 
HDPE) it does not match the requirements for a 
bio-based material (Fuller, 2023). In addition to 
this, pulp-based packaging with coatings would 
not result in completely waterproof paper (FedEx, 
n.d.).

Figure 7.3.3.1: Infographic of storing carbon in biomass 
(Department of Environmental Protection, 2018).
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Based on the arguments mentioned above, the 
material for the packaging has to be selected on 
either biobased plastics or wood.

Biobased plastics require a mould to be produced 
in the preferred shape, whereas wood does not. 
As a mould requires investments and investments 
are seen as a challenge for the implementation of 
sustainable packaging (as mentioned in Chapter 
3.1 and 4.1), wood is selected out of the two as 
type of material for the packaging.

Type of wood
To determine the type of wood used for the 
packaging, a literature analysis will be performed 
based on properties like: weight, strength and 
price of the material. Most commonly used types 
of wooden sheets are plywood and MDF sheets 
(Bouwsite, 2023).

MDF
MDF (Medium-Density Fiberboard) is among 
the small group of construction materials that 
have a positive impact on the environment. The 
production of MDF helps reduce CO2 emissions 
because the trees used absorb CO2 from the 
atmosphere during their growth.

MDF production generally occur near forests, 
eliminating the need for long-distance 
transportation of raw materials and further 
reducing CO2 emissions. The wood used 
for MDF production comes from forests with 
ecologically responsible forest management and 
is certified with FSC and PEFC labels.

MDF is manufactured with a relatively small 
amount of urea-formaldehyde adhesive (synthetic 
resin glue), around 10%. However, this glue 
is environmentally taxing as it is derived from 
petroleum (AllesoverMDF, n.d.).

Plywood
Plywood is a sheet material made up of various 
thin layers of wood veneer bonded together. 
Due to this structure, plywood is very strong and 
durable, providing good resistance to warping 
and deformation.

MDF vs Plywood
When comparing the two materials together, the 
following can be said:

Strength and Durability: Plywood is typically 
stronger and more durable than MDF due to its 
layered construction. It exhibits better resistance 
to bending, warping, and splitting. In contrast, 
MDF is less robust and more prone to damage, 
especially when exposed to moisture.

Weight: In general, MDF is heavier than plywood 
because of its higher density. 

Cost: Typically, MDF is more affordable than 
plywood because it is a manufactured material 
and involves less labor in its production.

Due to the fact that one of the three main 
purposes of packaging is providing protection 
during transport, strength and durability are 
considered as the most important criteria when 
choosing the material. Additionally, because 
plywood is lighter than MDF due to its lower 
density, plywood is preferred over MDF to be 
used in transport. More weight in transport leads 
to higher CO2 emissions (Delft University of 
Technology, 2024).

Although costs of MDF are slightly lower than 
for plywood, the decision has been made to use 
plywood as the type of material for the packaging 
due its superior strength, durability and weight 
properties over the others.

Types of plywood
There are three main types of plywood available: 
Beech, birch and poplar. Poplar is most 
affordable and the lightest of the three, making 
it more appealing to use for a packaging, due 
to decreased CO2 emissions because of lower 
transport weights (pontmeyer, 2024). In addition 
to this, as price of sustainable packaging is 
seen as a challenge for implementation of the 
packaging (as mentioned in Chapter 4.1), it is 
important to keep the price as low as possible 
to increase chances of implementation. For this 
reason, poplar plywood has been selected as 
material for this packaging.

Plywood
In addition to the arguments mentioned 
before plywood offers the following additional 
advantages:

- Poplar is the most produced type of wood in 

France (Noriega, 2020). Producing the packaging 
from locally sourced poplar plywood could 
lead to less CO2 emissions during transport in 
production over more exotic wood types (Figure 
7.3.3.2).
- Furthermore, poplar is currently used commonly 
as various applications like light weight 
packaging, pallets and as a construction material 
in the industry (The Exploded View, 2021).
- Poplar has a short rotation cycle of 15-18 years, 
providing a quick wood resource compared to 
other species (Noriega, 2020).

For all the reasons mentioned above, it can 
be concluded that poplar plywood is the most 
suitable material to make the packaging from. In 
Figure 7.3.3.3, the summarized material selection 
process can be seen.

Nevers

Figure 7.3.3.2: Poplar forestations in France.

Figure 7.3.3.3: Material selection process - the chosen direction is shown in red, other validated directions are shown in grey.

Material selection process
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7.3.4 Carbon sequestation

A tree absorbs approximately 25kg of CO2 per 
year. The chemical composition of wood doesn’t 
vary much from tree to tree and therefore carbon 
sequestation can be seen as equal for all types 
of trees. Cellulose (C6H10O5) is the main 
component of the cell walls of trees. Cellulose 
is a chain of glucose molecules that the tree 
produces through photosynthesis. It makes up 50-
80% of wood. By producing cellulose, CO2 from 
the atmosphere gets absorbed. Photosynthesis is 
the process of converting CO2 and H2O (water) 
into glucose and oxygen by means of the sun’s 
energy. In Figure 7.3.4.3 can be seen step by step 
how carbon sequestation works (EcoTree, n.d.).

The carbon storage capacity of a tree depends 
on its species due to the variety in mass. Per m3 
less carbon can be stored in Poplar trees (density: 
400kg/m3) as for Weymouth Pine (density 
1000kg/m3 and Ebony (density: 1400kg/m3) 
(EcoTree, n.d.).

In addition to wood, biobased plastics can also 
be used to store carbon due to the fact that these 
plastics are made from renewable materials. As 
of currently, bioplastics are mainly used in the 
packaging industry (Figure 7.3.4.2). In Figure 
7.3.4.1 can be seen which bioplastics are mostly 
produced (European Bioplastics, 2023).

Figure 7.3.4.2: Global production capacities of bioplastics 2023 (European 
Bioplastics, 2023).

Figure 7.3.4.3: Carbon storage in wood.

Figure 7.3.4.1: Global production capacities of bioplastics 2023 (European 
Bioplastics, 2023).

Figure 7.3.4.5: Carbon sequestation in biomass.

Although bio-plastics and wood types can store 
carbon over time, it depends per material how 
much carbon can be stored. In Table 7.3.4.4 can 
be seen what the carbon content per material 
is for commonly used bioplastics on the current 
market (European Bioplastics, 2023).

From the Figure can be concluded that all 
biobased plastics have higher carbon contents 
per kg of material than for (poplar) wood. 
As discussed previously (Chapter 7.3.3) it 
is recommended to produce the product 
from poplar wood due to no requirements 
on investments because of the production of 
a mould (which is needed to produce parts 
with bioplastics). In addition to this, poplar is 

comparable when it comes to pricing per kg 
(2.7$/kg) to some bioplastics, however no 
investments are needed to work with the material, 
therefore making it more appealing to work 
with (Sóti et al., 2018). Nevertheless, if (in the 
long term) investments are willing to be made it 
would be adviced to produce packaging from 
biobased plastics with high carbon contents if the 
packaging is used as a product. Carbon can only 
be stored in a material if the product is used for 
long term. Incinerating the product will result in 
the carbon that was sequestered in the product 
being released back into the atmosphere (Myles, 
2020).

Material Carbon Content (%) Costs ($/kg) Costs ($/kg) fossil 
alternative

Bio-PET 62.39 2.4-3.2 0.4-2.2

Bio-PA 59.04 - 1-3

PLA 53.67 4-20 n/a

Bio-PE 82.4 1.3-1.8 1-1.2

Bio-PP 81.97 ~20 1-16

Pine sawdust 46.12 - n/a

Poplar 46.45 2.7 n/a
 Table 7.3.4.4: Carbon content, costs and costs fossil alternative per material (Rahman & Bhoi, 2021) (Zhou et al., 2021) (Sóti et 
al., 2018).
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7.4.1 Corner connection methods

7.4 Realization

In order to determine on the type of 
connection that should be used for the 
product, multiple kinds of connections 
have been assessed. The five following 
connections have been evaluated for the 
corner connetions of the box:

- Finger connection (Figure 7.4.1.1)

- Press-fit connection (Figure 7.4.1.2)

- Chamfer connection (Figure 7.4.1.3)

- Flexure connection (Figure 7.4.1.4)

- Snap-fit connection (Figure 7.4.1.5)

Other type of connections have been 
taken into account for the connections 
of the rails parts on the same plane of 
the product packaging because these 
need a different type of connection. 
These connections will be discussed in 
Chapter 7.4.2.

Figure 7.4.1.5: Snap fit connection flat and assembled.

Figure 7.4.1.4: Flexure connection flat and assembled.

Figure 7.4.1.3: Chamfer connection flat and assembled.

Figure 7.4.1.2: Press-fit connection flat and assembled.

Figure 7.4.1.1: Finger connection flat and assembled.

The connection types mentioned above have 
been rated on the following criteria. The 
importance of criteria is ranked from high to low:

- Deassembly-time and effort. According to 
installers (n=5), time of installation is the most 
important factor when selecting products from 
the wholesaler (interview template can be seen in 
Appendix 9.18). Especially in Eastern Europe it is 
key that a product should be quick to install since 
labor is expensive (personal communication, 
2024). Since HFC sells most products in Eastern 
Europe, this criteria is seen as the most important 
one.

- Material efficiency. Since the packaging is 
prefered to be as light as possible due to less 
CO2 emissions during transport. The material 
usage should be as efficient as possible.

- Connector strength. A strong connection is 
required to prevent the connection from breaking 
during transport.

- Vibration resistance. The connection should 
be resistant against vibrations due to the product 
being used in transport. Shock and vibration 
dynamics possess energy that has the potential 
to cause both physical and cosmetic damage to 
packaged products (Lansmont, 2023).

- Sealing. During transport and when stored in 
the warehouses, the product should be protected 
from the elements. Most protection will be offered 
if the packaging completely seales the product.

- Required space (for transport). The packaging 
should not take more space during transport and 
storage when needed. Due to the shape of some 
connections, in total more space is needed for 
this type. The smaller the connection, the better.

The connections were tested by applying impact 
force and shaking to the connections to simulate 
movements that are  common in transportation. 
Based on the criteria, the following conclusions 
were made Table 7.4.1.6.

The finger connection method offers the best 
score overall. Hence the decision to move 
forward with this connection system. 

The finger connection offers the packaging 
to be easily and quickly deassembled, while 
simultaniously wasting no material and space 
during transport. The connection offers a 
packaging without any gaps which expose the 

product to the elements. While validating the 
different connection systems, it was found that 
the finger connection offers great connection 
strength and vibration resistance which is required 
during transportation. Another big advantage of 
the connection is that it is able to strenghten the 
complete packaging because of the interlocking 
parts reinforcing each other.

Criteria Finger Press-fit Chamfer Flexure Snap-fit

Deassembly-time and 
effort

3
Easy and quick

2
Easy

2
Easy

1
Hard

1
Hard

Material efficiency 3
No material 

wasted

2
Some material wasted

2
Some material wasted

1 
Lots of material 

wasted. Also material 
cut out for connection

2
Some material 

wasted

Connector strength 2
Based on clamping

3
Strong connection

3
Strong connection

1
Flimsy connection. 

Thin walls

3
Strong connection

Vibration resistance 2
Friction fit

2 
Friction fit

2 
Friction fit

3
Clicks into place, hard 

to get out

3
Clicks into place, 
hard to get out

Sealing 3 
No gaps

3
No gaps

3
No gaps

2
Some gaps

3 
No gaps

Required space (for 
transport)

3
No extra space 

needed for 
connection

2
Some extra space is 
lost due to overlap

2
Some extra space is 
lost due to overlap

2
Some extra space is 
lost due to overlap

2
Some extra space is 
lost due to overlap

Total 16 14 14 10 14

 Table 7.4.1.6: Corner selection comparison.
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Connection 
type

Finger Breakable

Ease of use 3
Offers 90 degree 
angle attachment 
for another rails

2
Easy to break from 

other rails

Strength 2 
Relies on tolerances 

of laser cutter 
for strength of 

connection

3

Vibration 
resistance

2
It is made out of 
multiple parts, 

tolerances play a 
big role in vibration 

resistance

3
It is made out of 1 

part

Assembly effort 1
Takes a lot of time 

to assemble

3 
Very quick and easy 

assembly

Total 8 11

 

In order to determine which type of connection 
is preferred to assemble the rails on the same 
plane, two options have been validated. 

The following criteria were considered to decide 
on the best connection method in the same 
plane:

   - Ease of use
   - Strength
   - Able to resist vibrations
   - Assembly effort

Finger method
First, the finger attachment method has been 
tested. When joining two parts together, 
tabs and slots are often placed next to one 
another to create “fingers” that hold the parts 
together. This method relies on the principle 
of wedging. It is one of the most common, 
simplest ways of joining two or more parts. The 
more tabs and slots are used, the stronger the 
joint (Sendcutsend, 2023). This option offers 
the advantage of the rails being to able to 
be attached to another rails in a angle of 90 
degrees. This would not be possible for the 
breakable method due to the lack of fingers 
when broken. Last but not least, it is important 
to have the right tolerances to guarantee the 
packaging being able to resist vibration and 
impact during transport. More information on 
tolerances will be explained later in this Chapter.

Breakable method
The second method that has been validated is 
based on breaking the packaging. When laser 
cutting the correct shapes for the packaging, 
lines can be cut over the vertical plane of the 
rails. Once it arrives at the customer, he can 
break the packaging into single rails parts. This 
connection offers a stronger packaging overall 
which is more resistant against impact and 
vibrations. In addition to increased strength, this 
option offers for easier assembly and thus lower 
costs per product (Figure 7.4.2.2).  

Other methods
In addition to these two systems, there are other 
possibilities to attach multiple beams to each 
other on the same plane. However, these systems 
require an additional plane in another direction 
to be assembled.  This complicates assembly 
unneccesarily leading to extended assembly 
times, which will eventually end up in increased 
costs per product.

Selection same plane connection
The breakable method has been chosen for 
the same plane connection. This is due to the 
factor to have a strong connection that is still 
easy to use. The main disadvantage is that the 
breakable method lacks the ability to have 90 
degree attachment for another rails. This feature 
allows the rails to be connected to the whole 
rails system which will decrease the chance of 
accidently changing the position of the rails. 
To compensate for this disadvantage, the 
attachment method (which secures the rails to 
the insulation layer) has to guarantee a strong 
connection so that the rails can still be laid in a 
90 degree angle if needed.

Table 7.4.2.1: Connection type comparison.

7.4.2 Flat surface connection methods

Figure 7.4.2.2: Physical prototypes.
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Figure 7.4.2.3: Sizing of the concept rails elements.

Because laser cutting is a highly precise 
manufacturing method, accurate sizing is crucial 
when avoiding the use of glue to maintain 
the packaging’s integrity during transport. 
Simultaneously, it should facilitate easy 
disassembly upon arrival at the building site. For 
both connection methods must be noted that the 
size of the finger and cuts have an influence on 
the strength of the material. 

Sizing cutouts
The product should be strong enough to 
withstand impact forces during transportation, 
but should be easily broken into multiple rails 
parts when arrived at location of the end-user. 
Multiple tests were performed to find the optimal 
sizes for the cuts while enabling the packaging to 
be broken into rails. All images of the tests can 
be seen in Appendix 9.14. 

It can be concluded that the packaging with 
cutouts of 30mm alternated with 10mm of no 
cutouts, gave the best results for 5mm thick 
poplar. Breaking of this part gave a clean edge 
on the side of the rails on the desired places. 

Sizing rails inserts
While prototyping it was found that for the rails 
inserts an oversize of 0.3mm was required to 
offer a strong connection that stays in place 
permanently. Bigger than 0.3mm would make 
the rails hard to insert, complicating the assembly 
process. Smaller than 0.3mm resulted in the rails 
being able to pull out (Figure 7.4.2.3). 

Sizing fingers
Sizing of the fingers does have an influence on 
the tightness of the connection. While prototyping 
it was found that an oversize of 0.08mm 
offered a strong connection which was easy to 
disassemble, while staying in place. 

It’s important to highlight that the precision can 
vary among laser cutting machines. The tests 
conducted were on a laser machine with an 
accuracy of 0.01mm. Although these tolerances 
could provide a starting point, more testing is 
required when implementing the packaging. 
These tests have been performed with 5mm thick 
poplar plywood.

Concrete will be poured over the underfloor 
heating rails when the pipe is installed. The 
current procedure is as follows:

1. The rails will be laid down in a desired layout
2. The rails will be attached to the insulation 
layer
3. The pipe will be attached to the rails
4. The underfloor heating system will be filled 
with water (to prevent the pipe from flowing 
during concrete pouring)
5. The concrete is poured (typically 50mm) 
(Aalberts HFC, 2024)

Prototyping and testing
Tests with prototypes have been conducted to 
determine the optimal depth of rail element 
cutouts ensuring a secure rail-pipe connection. 
The different depths can be seen in Figure 
7.4.3.1. For these tests, pieces of pipes have 
been have been inserted in the cutouts. The 
pipes are taped off on each ends in order to 
make sure the connection between the rails 
and the pipe would also be sufficient when the 
installer forgot to fill the pipe with water before 
pouring concrete, serving as an additional safety 
measure. Next, the bucket with prototypes is filled 
with water to examine the minimum depth of the 
cut-out. Water is used as a transparant fluid to 
examine the floating effect of the pipe. The fluid 
can be compared to concrete as water is used to 
produce concrete (ratio water to cement, 0.4 to 
0.6) (Concrete Supply Co., 2019). Additionally, 
this test was conducted to confirm the ease of 
inserting the pipe into the cutouts. The test was 
performed for 24 hours (curing time for concrete) 
(Palmer, 2023). In Appendix 9.15, the physical 
prototype can be seen.

Conclusion
Figure 7.4.3.1 illustrates that cut-outs of 0 and 1 
mm failed the test, causing the pipe to float when 
water was poured. The 2 and 3 mm cutouts did 
stay in place during the complete test. The 3 mm 
cutout gave a rewarding click when inserting the 
pipe, the 2 mm cutout did not. For both cutouts 
the pipe could be inserted by hand. The 4 and 
5 mm cutouts were hard to place as it could not 

be done by hand (without any tools). Therefore 
has been decided that 3 mm inserts provide the 
optimum depth for a strong connection between 
the pipe and the rails. In addition to this, the 
rewarding click when inserting the pipe can be 
seen as valuable to the user as it confirms a tight 
connection.

Figure 7.4.3.1: Different depths for pipe attachment.

7.4.3 Cut-outs
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Figure 7.4.4.1: Tackers (Vloerverwarming-Direct, 2020).

Figure 7.4.4.3: Attachment system.

7.4.4 Attachment methods

Figure 7.4.4.2: Current rails system.

To determine the type of attachment method, 
there has been looked at multiple ways of 
connecting the rails to the insulation layer. 
The attachment methods can be divided into 
two categories: adhesive and mechanical 
connection. 

Considering the attachment system the following 
requirements were created to ensure a proper 
connection between the rails and the insulation 
layer:

- The attachment system should not increase 
the height of the rails, as an increase in height 
increases the amount of concrete that should be 
poured (Figure 7.4.4.2).
- The maximum depth of the attachment 
system in the insulation layer should be 60mm 
(Vloerverwarming-Direct, 2020) 

While testing rails prototypes with adhesive it 
was concluded that the attachment method of 
this kind cannot ensure prevention of undesired 
movement due to the limitations of adhesive 
tape. Furthermore, when dealing with a (slightly) 
uneven insulation layer, a mechanical connection 
adheres more effectively than an adhesive-
based connection. Therefore has been decided 
to use a mechanical nail connection to attach 
the rails to the insulation layer (Figure 7.4.4.3). 
The attachment method is based on the current 
tacker system to fixate pipes in the insulation 
layer (Figure 7.4.4.1)



117116

The final concept developed in this thesis is the 
concept of packaging as a product for underfloor 
heating. The concept saves packaging of both 
the underfloor heating pipe and the rails which 
is used to attach the pipe to the floor. With 
this concept, packaging receives an additional 
function, making it more than a single-use 
product. The packaging will be responsible to 
protecting the product (which is currently the 
main function of packaging), as well as installing 
the product. Therefore, the implementation 
of packaging as a product gives packaging a 
completely new meaning.

Packaging as a product for underfloor heating 
works as follows:

The installer (user) receives the packaging 
with the underfloor heating pipe.

When arrived at the building site. The 
packaging can be opened by pulling the 
top part of the packaging out and remove 
the PEX pipe from the packaging.

Then, the installer can pull on the sides of 
the packaging to deassemble it.

1.

2.

3.

1.

2.

3.

7.5 Packaging as a product: 
Underfloor heating pipe
7.5.1 Handling

The installer breaks the sides into rails 
elements. Designated cutouts in the 
packaging help to break the element 
in a clean cut.

The rails elements can be laid in 
any preferred layout on the floor. 
The shape of the rails allows for 
easy interconnecting parts, making 
assembly more convenient. 52 rails 
element are delivered with every 
100m of heating pipe, allowing for 
all possible layouts (like explained in 
Chapter 7.1).

Supplied nails can be used to attach 
the rails to the insulation layer.

The installer can fixate the underfloor 
heating pipe.

After the installation of the rails and 
underfloor heating pipe, concrete will 
be poured over it (as is currently done 
to install heated flooring).

4.

5.

6.

7.

8.

4.

5.

6.

7.

8.

Insulation 
layer
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During the first validation of the concept 
packaging as a product for underfloor heating 
pipe, it became clear that time is a very important 
factor when it comes to selecting a product for 
purchase. The idea of inserting the attachments 
for the rails did not sound appealing to 4 out 
of 5 interviewed installers (installer, 2024). This 
led to an interation of the concept, focussing on 
a quicker installation time of the rail elements 
(Figure 7.5.2.1). 

Packaging as a product
During a second validation round, installers 
(n=4) were interviewed while using the product. 
Installers were asked to handle the product 
like described in Chapter 7.5.1. During the 
interaction, questions were asked with the goal 
to find out what installers think of the concept of 
packaging as a product for underfloor heating 
and packaging as a concept in general. The 
interview procedure and template can be found in 
Appendix 9.23. 

In general, most interviewees (3/4) were pleased 
with the concept of having products packaged 
in the same box. One of four installers did not 
see the problem of an additional packaging 
for the rails elements. This person stated that 
“the packaging probably gets recycled anyway” 
(Installer, 2024).

“It is nice that the product is the packaging. 
This is very convenient for me and saves time in 
unboxing” (Installer, 2024).

“It is convenient that I do not have to deal with 
the packaging anymore after installation. Usually I 
leave the packaging at the build site since it costs 
me money and effort to dispose it.” (Installer, 
2024)

Opening the packaging
When testing the packaging, two of the 
interviewees had trouble opening the packaging. 
According to the installers, this was because of 
a the handle being to small, making it difficult 
to open (installer, 2024) (Figure 7.5.2.2, Figure 
7.5.2.3). 

7.5.2 Time-efficiency

Figure 7.5.2.1: First iteration of the concept.

Figure 7.5.2.2: Opening of the box.

Figure 7.5.2.3: Opening of the box.

All other interviewed installers did not have 
troubles in opening the packaging. Nevertheless, 
2 installers were wondering whether the 
packaging was strong enough and wouldn’t fall 
apart during transport (installer, 2024).

Breaking the rails
Breaking the packaging into rails elements was 
tested with a different (scaled) prototype. During 
the interviews, all installers were able to break the 
packaging in multiple rails elements. It was found 
that it provided a quick way of disassembling the 
packaging into rails elements (Installer, 2024) 
(Figure 7.5.2.4).

“It is interesting to see that in this way, no 
packaging waste is created.” (installer, 2024)

Fixating the rails
In general all installers found the concept of fixing 
the rails to the insulation layer easy and quick to 
do. Nevertheless was found by two installers that 
they would prefer to fixate the rails with a type of 
tacker nail gun since it wouldn’t require them to 
bend as much as with these rails elements. 

In addition to this, it was recommended to have 
the rails elements combined with nails:

“Rails systems are often used together with a type 
of nail for fixation in corners. These sometimes 
tend to come loose” (installer, 2024)

Installing underfloor heating pipe
As for the installation of the underfloor heating 
pipe in the rails elements, 3 out of 4 installers 
found the connection work very comparable to 
installing a rails which is used currently (installer, 
2024) (Figure 7.5.2.5).

One of the installers mentioned that he currently 
used a type of plate system to install underfloor 
heating, called Fermacell, due to its quick 
installation time compared to a tacker or rails 
system.

2 out of 4 installers found the “click” handy. 

“The pipe connects well to the rails, the click 
confirms it” (installer 2024).

In addition to all comments above, it was 

recommended by two installers to provide 
instructions on dismantling the packaging and 
fixating it to the floor, since it was a type of action 
which they were not familiar with (installer, 2024).

Conclusion
In general it can be said that installers are 
interested in the concept. The idea of having 
no waste after installation sounded appealing 
to this group. Nevertheless, more research is 
recommended on the technical feasibility of the 
product. During the validation with installers, 
topics considering the ergonomics of the 
concept need to be improved showed potential 
for improvements. In addition to this, since the 
interviewed group of (n=4) installers was small, 
it is recommended to perform research with more 
installers.

Figure 7.5.2.4: Breaking into rails element.

Figure 7.5.2.5: Connecting pipe to the rails.
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The criteria was set that the rails should allow for 
maximum freedom in layouts. Installers should 
be able to place the underfloor heating rails 
wherever preferred. The product should have as 
much freedom in configurability as the current 
rails.

Configurability of the concept is comparable to 
the current rails for underfloor heating pipes. 
The packaging as a product rails is laid down 
and attached to the insulation layer, offering 
just as much freedom for configurations as the 
current rails used. Tests have been conducted 
with a prototype to validate the configurability 
of the concept (Appendix 9.17). It was found 
that configurability of the concept is comparable 
to current rails elements. In Figure 7.5.3.1, a 
schematic can be found of the possible layouts 
based on 52 rails elements per packaging. 
Currently, the single serpentine, double serpentine 
and concentric layout are most used layouts for 
underfloor heating applications (Underfloorparts, 
2022).

Figure 7.5.3.1: Single serpentine, double serpentine and 
concentric underfloor heating layouts.

7.5.3 Configurability

To ensure the packaging protects its product 
effectively, multiple tests were performed with 
(physical scaled) model and simulations. 

Compression requirements
Initially, it was necessary to verify the minimum 
requirements for the compression force of 
the packaging. To achieve this, a physical 
test was conducted using a cardboard box 
(300x300x80mm). The thickness of this type of 
cardboard is comparable to the current packaging 
of underfloor heating pipe (4.5mm). The objective 
of the test was to determine the maximum weight 
that the corrugated box could endure before 
collapsing. The test determined that the box could 
withstand a maximum weight of 81 kg before 
collapsing. Therefore, the new packaging should 
withstand a weight of minimal 81kg.

Compression physical (scaled) tests
A test was conducted using a scaled prototype 
of the packaging as a product concept. 
The dimensions of the prototyped box were 
300x300x80mm. The test revealed that the box 
could withstand a force of 81kg (Figure 7.5.4.1) 
(Appendix 9.19).

Impact requirements
In addition to checking the compression 
requirements, the maximum impact that a 
corrugated box has been tested. For this test, a 
sheet of corrugated cardboard of 300x300mm 
has been used. To simulate impact during 
transport, different weights have been dropped 
from a height of 300mm (Appendix 9.20). It 
could be concluded that the maximum impact that 
corrugated cardboard was 3.5kg on a distance of 
300mm before breaking. 

Impact physical (scaled) tests
A trial was performed using a scaled-down version 
of the packaging as part of the product concept. 
Dimensions of the part were 300x300mm. The 
test resulted in breaking the plywood (5mm) sheet. 
This outcome led to the selection of a thicker and 
more robust plywood, measuring 9mm. Most 
common thicknesses of plywood are 5, 9, 12 15 
and 18mm (bauhaus, 2024). For this reason has 

been decided to step up from 5 to 9mm plywood. 
The test was conducted again using 9mm thick 
plywood, enabling it to withstand the impact. 
Therefore it has been decided to make the final 
packaging of 9mm plywood (Figure 7.5.4.2).

7.5.4 Impact resistance

Figure 7.5.4.2: Impact physical (scaled) tests.

Figure 7.5.4.1: Compression physical (scaled) tests.
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In addition to physical tests, simulations were 
performed as well to validate the strength of the 
packaging and the physical tests. 

For each loading test, SolidWorks finite element 
analysis (FEA) was employed, and balsa was chosen 
as the material. Balsa was selected because Poplar 
was not accessible in the software. Balsa possesses 
properties similar to poplar wood, making it an 
equivalent choice (Sun et al., 2021).

Compression tests
Two compression tests were executed on the packaging. 
In these cases a force of 1000N was applied to the 
product. A force of 1000N is comparable to 100kg.

Test 1 - Compression test top
In the first test a force of 1000N was applied to the 
top of the packaging. The bottom of the packaging 
was fixed to calculate the deflection and whether the 
product would break under load (Figure 7.5.4.3). 

Test 2- Compression test side
In the second test a force of 1000N was applied to 
the side of the packaging. The opposite side was 
fixed. Again, the simulation was performed to validate 
whether the product wouldn’t break (Figure 7.5.4.4).

Test 3 - Drop test
For the third test a drop test was simulated. In this 
simulation, the packaging was dropped from 3m high 
(the max height of a trailer) (Tirport, 2023). (Figure 
7.5.4.5).

Conclusion simulations
During the simulations, a maximum yield stress 
of 4.6Mpa was reached. Assuming a maximum 
Yield strength of 34.4 Mpa (Ansys, 2023), it can 
be concluded that the material wouldn’t break. The 
maximum deflection is 2.9mm (test 2). Detailed 
outcomes of the simulation can be found in Appendix 
9.22.

Rails element test
Besides calculations and physical tests on the 
packaging, a test has been conducted to verify the 
product’s strength when utilized as a rail element. 
During this test, an individual with additional weights 
totaling 100kg stood on the rails, simulating the 
presence of a (heavy) installer. The results of the tests 
indicated that the rails were sufficiently robust to 
withstand a load of 100kg (Figure 7.5.4.6) (Appendix 
9.21). Figure 7.5.4.6: Physical rails element test.

Figure 7.5.4.3: Compression simulation top.

Figure 7.5.4.4: Compression simulation side.

Figure 7.5.4.5: Drop test.

7.5.5 Life cycle assessment

As mentioned earlier, the new packaging should 
have a lower environmental impact compared 
to the current packaging and product. In this 
Chapter a life cycle analysis comparison will 
be made from the current type of packaging to 
the concept of packaging as a product for the 
application of underfloor heating. Assumptions 
that were made for this analysis can be found in 
Appendix 9.16. 

As can be seen in Figure 7.5.5.1, the carbon 
footprint (CO2 equiv. per product) is 4 times 
lower for the concept packaging as a product for 
underfloor heating than for the current product 
and packaging (Figure 7.5.5.2, Figure 7.5.5.3). 

It’s essential to point out that the most significant 
reduction in the carbon footprint occurs with the 
transition from polypropylene rails to wooden 
rails, decreasing from 18 kg CO2 equivalent per 
product to 5 kg CO2 equivalent per product.

Nevertheless, it is important to highlight that the 
implementation of this packaging ensures that 
no on-site “waste” is generated by the installer. 

Preserving 3 kg of cardboard for each coil of 
PEX pipe results in a 10% reduction in CO2 
equivalent per coil sold, along with the complete 
elimination of single-use packaging.

In total, utilizing packaging as a product for 
underfloor heating would result in a reduction 
of 74% in carbon footprint per product sold. 
This indicates significant potential for reducing 
the carbon footprint through the packaging as 
a product concept. Nevertheless, in the current 
product and packaging, PP rails represents 86% 
of total CO2 equiv., accounting for the largest 
part in the carbon footprint reduction.

Conclusion
In conclusion, packaging as a product for 
underfloor heating saves on CO2 equiv 
compared to the current packaging and rails, 
however the most significant reduction comes 
from changing the material from Polypropylene to 
wood. 
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Figure 7.5.5.2: LCA of current packaging by component.

Figure 7.5.5.3: LCA of packaging as a product by component.
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7.5.6 Costs

In this Chapter a costs calculation will be 
formulated and compared to the current 
packaging situation. The costs calculation of the 
new type of packaging will be compared to the 
costs of the current packaging and rails elements.

Consulted by Cutx, a laser cutting company, a 
quotation has been made for the first version 
of the lasercut box. This version was based on 
5mm thick plywood and individual rail elements 
that could be interconnected with each other. 
Therefore, the calculated costs only provide an 
estimation. It is expected that for the new concept 
costs will be lower, due to less labour required 
to assemble the packaging (because the new 
iteration will have less separate interlocking 
parts). 

Current costs of the rails elements and packaging 
are calculated on €47.96. This calculation is 
based on 52 rails elements, which is equal to the 
amount that is used for packaging as a product. 
New costs are expected to be €77.88 per 
product. This estimation includes labour, material 
and laser cutting costs. 

If we only compare the packaging costs 
(cardboard box versus laser-cut packaging), 
it becomes evident that the costs for laser-cut 
packaging are considerably higher than those for 
a cardboard box. Overall costs for the concept of 
packaging as a product are also expected to be 
higher than the current packaging. Considering 
that customers are not likely to pay extra for 
more sustainable packaging as mentioned in 
Chapter 3.1, investments are needed by Aalberts 
to eliminate single-use packaging with the 
concept of packaging as a product. Nevertheless, 
packaging as a product provides a new way of 
packaging which completely gets rid of single-use 
packaging.

When replacing all 50.000 cardboard boxes 
in Nevers by this concept, a yearly investment 
of approximately €1,500,000 is required. In 
this calculation the costs difference between the 
current packaging (and product) is compared to 
the concept. The concept increases €29.92 per 
sold coil compared to using separate packaging 
for the coil and rails.

Table 7.5.6.1: Costs current packaging

Table 7.5.6.2: Costs packaging as a product: underfloor heating pipe.
* Costs for R&D of the packaging as a product is not taken into account

Part Costs per part Total costs per product Reference

Underfloor heating rails (including 
packaging)

€0.87 per 800mm 52 * €0.87 = €45.24

(52 rails per product packaging, 
800x800: 20 rails
800x120: 4 rails)

(Techniekwebshop.nl, n.d.) Excl. BTW
35% margin, 20% discount and 50% 
margin producer on purchase costs 

is taken (€3.36 per 800mm)

Cardboard box €1.36 * 2 = €2.72 Aalberts HFC excel sheet

Total €47.96

 

Part Costs per part Total costs per product Reference

Laser cutting including material 
(5mm poplar plywood)

€1.44 per 800mm €1.44 * 52=€74.88 Consulted by Cutx, laser cutting 
specialists

Labour (assembling the rails 
inserts)

€30/hr, 5 min per box € 2.5 (Eurostat, 2023a)

Labour (assembling the 
packaging)

€30/hr, 1 min per box € 0.50 (Eurostat, 2023a)

Total* €77.88
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7.6 Final concept validation

Impact resistance
Multiple tests were executed to validate the 
concept. The first test was focused on the impact 
resistance of the packaging. For this test, a 
prototype of 9mm thick poplar plywood has 
been created (Chapter 7.5.4). The goal of the 
test was to validate the impact resistance of the 
packaging during transportation in a comparable 
environment as with Aalberts transport. Since 
Aalberts transports their PEX pipe via road 
transport, the prototype has been sent with DHL 
to simulate a comparable road transport test. 
The prototype (Figure 7.6.1) has been sent to a 
location approximately 30 kms away.

From the test can be concluded that the prototype 
is strong enough to be able to resist the impact 
during transport since the prototype survived the 
test. The packaging did show some transportation 
damage marks as can be seen in Figure 7.6.2. 
It is likely to say that the marks do not have an 
effect on the function of the product. 

Online questionnaire
An online questionnaire has been created with 
the goal to validate the demand for the concept 
of packaging as a product (questionnaire 
template can be found in Appendix 9.25). 
The questionnaire has been spread via 
online platforms (reddit, tweakers, forum.fok, 
surveycircle, and other online forums in specified 
groups for installers). This resulted in total thirteen 
respondents. The questionnaire has also been 
spread via a personal connection via Van Dorp 
installations, but unfortunately no installers 
reacted to the questionnaire.

Results from the questionnaire could not be seen 
as representative for the target group, since the 
attendance is too little. In addition to this, only 
four from thirteen participants have indicated to 
be a installer. The rest of the respondents exist out 
of students, engineers and software engineers. 
Therefore results cannot indicate whether there 
is a demand for the concept of packaging as a 
product. 

Participants are based in Western Europe (61%), 
North America (31%) and South Asia (8%). The 
majority of the participants is aged under 35 
(54%). Other participants are aged in between 
35-59 (23%) and >59 years (23%). The larger 
part of the participants has more than six years 
of experience in the industry (61%). Other 
participants have 3-6 (23%) and less than three 
years of experience (23%)

However, although the online questionnaire 
cannot be seen as representative, it can provide 
insights into the concept. Reactions in the 
questionnaire as well as comments on the post 
have been taken into consideration. 

Why would you choose this type of 
packaging?
On the question “How likely are you to choose 
this type of packaging over ‘traditional’ 
packaging?”, the majority answered likely. Out of 
thirteen respondents, 61% reacted positively with 
likely or very likely, 31% reacted negative with 
unlikely or very unlikely and 8% reacted neutral 
(neither likely or unlikely). 

When looking at the reactions of the four 
installers, 50% reacted positive (with likely), 25% 

reacted neutral and 25% reacted unlikely. This 
shows that initial thoughts on the concept are 
overall seen as positive. 

Reasons for choosing this type of packaging over 
‘traditional’ packaging were on the topics of 
sustainability (reducing waste), quick installation 
and ease of having the products in the same 
packaging.  
 
The four installers indicated that they would 
use the packaging over ‘traditional’ packaging 
because the rails and pipe were packaged 
together. Also, if costs were less than current 
attachment system, installers were in favor of 
using the packaging.

Why would you not choose this type of 
packaging?
It might be more insightful to know why people 
would not use the product to improve on and find 
weaker points of the concept as to why people 
would like to choose this type of packaging. 

The four installers indicated that they would 
not choose this concept packaging over the 
‘traditional’ packaging if the product inside the 
packaging would be worse than other products 
and if costs were higher than the current 
attachment system. In addition to this, it was 
indicated to have doubts on the functionality 
of the packaging. It was preferred to use other, 
stronger materials.  
 
Furthermore other participants indictated to 
have doubts on longevity of the product. It was 
wondered what happens if the packaging does 
get damaged: would the rails elements be able to 
be used if it was damaged? 

Figure 7.6.4: Questionnaire results on likeliness to choose concept 
packaging over ‘traditional’ packaging.

Figure 7.6.3: Opening the packaging after arrival.

Figure 7.6.2: Transportation damage marks on packaging.

Figure 7.6.1: Arrival of packaging after transport.
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Also, it was commented on the questionnaire that 
it would make more sense to focus on reducing 
the carbon footprint of concrete flooring than to 
find a solution for packaging waste. The impact 
of concrete flooring would be much higher than 
the impact of packaging, when looking at the 
carbon footprint.

All in all, there are still doubts on packaging as 
a product. Four main challenges indicated in the 
questionnaire are higher costs, the product inside 
the packaging having more influence on whether 
to buy a product than its packaging, functionality 
concerns and quality concerns of the packaging.

Packaging as a product in general
When comparing findings on the concept for 
underfloor heating pipe packaging to the general 
concept of packaging as a product, it can be 
said that participants behaved more positively 
towards the general than the specific concept. 
For the specific concept, 61% reacted positive, 
whereas for the general concept, 69% reacted 
positive. Furthermore, for the specific concept 
31% reacted negative, wheras for the general 
concept 15% reacted negative. This potentially 
shows that the execution of packaging as 
underfloor heating rails might be less favourable 
than other packaging as a product solutions. It is 
recommended for Aalberts to validate packaging 
as a product for other product categories as well 
to find out whether there is more demand for the 
concept for these categories.

Physical product concept evaluation
Tests were conducted with installers to validate 
desirability and feasibility of the concept (interview 
template can be found in Appendix 9.25). 
The goal of this evaluation was to validate 
the perception of installers for the concept of 
packaging as a product, as well as finding 
out whether the target group would use the 
product. Feedback sessions were executed with 
three different installation companies, differing 
in size from 5 to 25 employees. In total five 
installers participated, of which two sessions 
were conducted with a single installer and 
one session with three installers. Sessions were 
conducted at the office of the installers and lasted 
approximately 30 minutes per session. During 
the sessions installers were asked to share their 
opinion on the product via a questionnaire and 
by thinking out loud while using the product. 
When discussing the product, installers were 
asked to share what they would change on the 
design of the concept. 

What do installers think of the concept?
All installers responded positive towards the 
concept at first when showing the product. They 
all started the topic of having to pay for the 
disposal of current packaging used. Installers 
mentioned that this could help to decrease 
disposal costs. All installers indicated in the 
meetings to be satisfied with the concept of 
transforming the packaging into rails elements for 
underfloor heating pipe installation. When diving 
deeper in the question why the participant(s) were 
satisfied with the concept, it became clear that it 
was because of the potential to eliminate waste. 

Some installers mentioned that they are in favour 
of using reducing packaging (even when less 
packaging can be reduced than with this concept) 
since it causes for less disposal overall according 
to them. This indicates that installers do consider 
packaging waste as a problem. 
 
However, when the installers answered the 
question in the questionnaire “What do you 
think of current packaging for products?”, two 
out of five installers indicated that they are fine 
with current packaging. This is remarkable since 
they stated before that packaging waste is seen 
as a challenge for them. This, together with 
the positive reactions at first, might show that 

Figure 7.6.5: Questionnaire results on general concept of using 
packaging as a product.

Figure 7.6.6: Concept validation with multiple installers.

Figure 7.6.7: Concept validation with installers.
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reducing packaging is not a priority for installers. 
It is very likely that the participants care more 
about the product than its packaging and just 
have to deal with the packaging and disposal of 
it. 

Why wouldn’t installers use the concept? 
When comparing the opinion of installers 
of packaging as a product in general to this 
specific concept for underfloor heating, it can 
be concluded that the participants acted more 
positive towards the general concept of using 
a packaging as a product, than for the specific 
situation of this concept. When answering the 
question in the questionnaire “Would you choose 
this product over a traditional packaging?”, the 
majority of participants indicated that it depends 
on price and functioning of the product. Some 
installers were recommending of making the 
product out of plastic since they were wondering 
about the long-term effect of wood in concrete. 
Another reason that was given for the material 
recommendations was that current products 
for attachment systems are made of plastics. 
Therefore it was believed that the product should 
be made out of the same material. 

In the majority of the sessions, installers only 
recommended on changing the material of the 
product. These observations show potentially 
that there are still doubts on the functionality of 
the product, even though the general concept is 
found interesting by the participants. 

All installers did not recommend on changing  
the interaction with the product, likely finding the 
prototype ok to work with. During the sessions 
participants also did not report anything noticable 
on the topic of time-efficiency. However, these 
sessions were executed in different settings than 
where the product will be used. Therefore it is 
recommended to perform tests on build sites with 
prototypes to gather more data on the interaction 
of installers with the product when using the it in a 
more representational environment. 

What do wholesalers think of the concept?
In addition to installers, the concept has been 
discussed with wholesalers (n=1), to find out 
more on their perspective of the packaging. At 
the start of the session it was highlighted by the 
wholesalers that they are focussing on reducing 

and using packaging from recycled materials. 
This is one of their focus points considering 
decreasing the environmental impact of the 
company. It was mentioned by the wholesaler 
that currently there is a lot of packaging waste 
for the products they sell to their customers (the 
installers). They responded positive towards the 
concept. It was found a feasible way to reduce 
packaging waste for installers. When comparing 
the feedback from the wholesaler to the installers, 
it can be concluded that the wholesaler reacted 
more positively towards the concept than 
installers. This could be (partly) caused by their 
current focus to reduce packaging waste as 
well, whereas this is considered less a priority for 
installers. Therefore it is likely that wholesalers 
are more open-minded to new ways to reduce 
packaging waste than installers. 

Conclusion
Installers could be seen as a target group 
which is harder to change behaviour of. This is 
supported by the fact that all installers initially 
reacted positive on the concept, but indicated 
in the questionnaire that current packaging is 
fine to deal with. From the validation can be 
concluded that reducing packaging is not one 
of the priorities for the installer, likely making it 
harder to let them buy the product over others. 
Challenges of the concept that were mentioned 
by the installers were price and material type 
of the concept. They pointed out that price is a 
big factor in determining whether they will buy 
the product. Installers also recommended on 
changing to plastics since this material is currently 
widely used for attachment systems. All in all, 
these findings can be led to the fact that installers 
could be seen as a very conservative group, 
not likely to change current practices. When 
implementing packaging as a product, behaviour 
of installers needs to be changed since the 
purpose of a packaging will change completely. 
This will likely be a big challenge for installers 
to adopt the product. Therefore it could be seen 
as a risky move to implement the concept of 
packaging as a product for Aalberts. 

In addition to this, from the online questionnaire 
can be concluded that there are still doubts on 
packaging as a product. Four main challenges 
are higher costs, the product inside the packaging 
having more influence on whether to buy a 

product than its packaging, functionality concerns 
and quality concerns of the packaging. This too 
can counteract with the successful implementation 
of packaging as a product.

Furthermore, when comparing packaging as a 
product for underfloor heating to the general 
concept of packaging as a product, it can be 
said that people often respond more positively 
towards the general concept than for the specific 
concept. It will be recommended for Aalberts to 
validate other packaging as a product concepts 
with installers, to verify which products have 
most demand when implementing the concept of 
packaging as a product. Increased demand for 
the concept could result in easier adoption of the 
product by installers.

In the next Chapter will be discussed how to make 
the change to packaging as a product successful. 
There will be looked into how to facilitate the 
change of behaviour of the installers considering 
the use of packaging.
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7.7 Adopting packaging as a product

From the previous Chapter on the validation of 
the concept of packaging as a product can be 
concluded that the change to the concept involves 
a behavioural change of installers, since the 
purpose of a packaging will change completely. 
Since this group is seen as conservative, it could 
be a challenge for Aalberts to have a successful 
implementation of packaging as a product. In this 
Chapter will be looked into, and recommended 
on steps to be taken to increase chances of a 
successful implementation of the concept of 
packaging as a product.

Preparing for change
Implementing packaging as a product in 2035 
(like stated in Chapter 6.4.1) without preparations 
with installers will likely cause for a unsuccessful 
implementation of the concept. Since the 
concept requires installers to change behaviour 
and expectations of packaging (as mentioned 
in Chapter 7.6), it is advised to prepare for the 
implementation of packaging as a product. 
Smaller steps for installers are needed considering 
the packaging change to increase likelyhood of 
success for the implementation of the concept. 
The following recomendations are presented to 
Aalberts to prepare their end-customers (installers) 
for the change in behaviour for packaging.

Sharing the problem
A challenge to reducing packaging is that while it 
might be a focus for Aalberts and wholesalers, it 
is not for all installers (as concluded from Chapter 
7.6). It is very likely that installers are not willing 
to change when reducing packaging is not seen 
as a priority for them. Although it is expected 
that sustainability awareness will increase further 
in the future (as stated in Chapter 6.3.4), it will 
help to involve installers more into the challenge 
of reducing packaging. Also, it is recognized by 
Aalberts that sustainability awareness among 
customers is increasing. Therefore, by sharing the 
challenge of reducing packaging with customers 
(not only wholesalers, but also installers) they will 
be (more) involved with the challenge. Involving 
installers into the the challenge and concept(s) 
will likely increase chances of successful 
implementation of the concept, as people tend to 

like things more if they have put effort to create 
them, also called the IKEA effect (Norton et al., 
2011). Therefore, it is advised to involve installers 
with the packaging concept(s). Multiple ways are 
recommended to involve installers more into the 
challenge of reducing packaging and the concept 
of packaging as a product.

Involvement via pilots
Firstly, installers should be involved with the 
development of the concept via pilots. Pilots can 
be used as a way to let installers interact with the 
concept of packaging as a product. Results can 
be used to both improve the concept further, and 
open discussions on the concept. With the pilots, 
the goal is to involve installers into the packaging 
change and let them be apart of the development 
of the concept. Therefore, due to the IKEA effect, 
it is more likely that the packaging change would 
be adopted by the installers after implementation 
by Aalberts. 

Pilots can also be used as a promotional tool to 
show the industry what concept initiatives Aalberts 
is working on. Results from the pilots can be used 
for publishing to keep installers informed and 
involved with the concept as much as possible. 
This could help in preparing the installers for the 
change of using packaging as a product in the 
future.

Involvement via Techniek Nederland
Secondly, installers should be involved with the 
packaging concept via branche organizations. 
As mentioned in Chapter 2.2.2, Aalberts is 
member of a branche organisation called 
Techniek Nederland. In this organisation, 
packaging reduction initiatives are presented 
and validated. Installers could also be involved 
with the packaging concept via the branche 
organization. Via the branche organisation, 
bigger installation companies can be reached 
out to for the packaging concept. Smaller 
installation companies are often not part of the 
packaging reduction initiative called Brancheplan 
verpakkingen of Techniek Nederland.

Involvement via product managers
Thirdly, the larger installation companies (which 
are already clients of Aalberts) can be involved 
in the packaging concept via product managers. 
By visiting these companies, presenting and 
discussing the packaging concept, more installers 
can be involved. Thus, more people will be 
informed on, and prepared for the change to 
packaging as a product.

Involvement via media
Fourthly, installers could be involved with the 
challenge of packaging reduction and the 
concept via (online) media. By showcasing and 
starting discussions on the concept of packaging 
as a product, installers could be involved more. 
The goal is to inform the complete industry of 
the concept and involve them to work together 
to prepare them for the implementation of 
packaging as a product. This could entail 
publishing discussions between installers and 
Aalberts to provoke involvement of more installers 
(and other stakeholders involved). Since Aalberts 
has a strong customer focus considering its 
packaging (as mentioned in Chapter 4.1), the 
company should show this by publishing tight 
collaboration between installers and Aalberts. 
Communication on the concept should be open 
to the installers. The concept should be treated 
by Aalberts as a new way to eliminate single-use 
packaging, which still requires recommendations 
from installers. Packaging as a product could 
be used as the centre of a community within 
the industry to start discussions and close 
collaboration between stakeholders. It is key to 
keep the discussions open to all stakeholders 
to involve as many as possible. All in all, by 
involving installers closely with the development 
of the concept via media, installers will be 
connected with the concept and the challenge of 
reducing packaging. This will prepare installers 
for a change in packaging and likely increase 
chances of successful implementation for 
Aalberts.

Involvement via trade fairs
Fifthly, involving installers in the concept of 
packaging as a product can also be achieved 
via trade fairs. Fairs are commonly used 
for showcasing new products to customers 
and competitors. Latest market trends and 
opportunities are shown here as well. Therefore, 

these places can be used to promote packaging 
as a product and start discussions with 
stakeholders. Introducing stakeholders via trade 
fairs can involve more customers to the concept 
of packaging as a product

Sequence of involving installers
Involving installers with the challenge of reducing 
packaging and the concept of packaging as a 
product should be done in a specific order to 
prepare the industry for a change in packaging. 
The first three recommended steps are based 
on smaller scale involvement of installers and 
improving on the concept. The last two steps are 
based on larger scale involvement, where focus is 
less on improvement and more on promotion of 
the concept.

Firstly, it is recommended to explore the 
limitations and perspectives on the concept better. 
It would be advised to start with pilots to improve 
and start discussion on the concept.

Secondly, when having iterated on the concept, 
the concept can be presented to Techniek 
Nederland to involve bigger installation 
companies. Installation companies being a 
part of the branche organisation plan focussing 
on reducing packaging, will likely have higher 
chances to collaborate on new initiatives. This is 
due to these stakeholders having a similar goal to 
reduce packaging as Aalberts does. 

Thirdly, existing installer clients of Aalberts 
can be reached to involve larger installation 
companies. These stakeholders can be involved 
with the packaging concept via product managers 
at Aalberts. Due to the fact that connections 
between Aalberts and the installation companies 
are already present, involvement of these 
companies is more likely to be achieved.

Fourthly, larger scale involvement of installers 
can be achieved via media. By using media, 
discussions will be opened for all stakeholders, 
contributing to the involvement on a larger scale. 
The goal is to involve more installers as in the 
steps mentioned above by reaching out to more 
installers.

Fifthly, trade fairs can be used to accomplish 
involvement of installers with the concept of 
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packaging as a product. These places can be 
used to physically demonstrate the packaging 
concept to the audience to provoke discussions 
on the concept. More support on the concept 
can be generated by involving stakeholders e.g. 
professionals via trade fairs. 

Conclusion
All in all, in order to increase changes of 
successful implementation of packaging as 
a product in 2035 it is important to prepare 
installers and other stakeholders for the 
packaging change. Packaging as a product 
requires a behavioural change of installers and 
therefore should be gradually be presented to 
minimize risk of unsuccessful implementation. 
Installers should be involved with the packaging 
concept to prepare them for the change. This 
should firstly be done via small scale involvement 
by executing pilots, approaching Techniek 
Nederland and existing clients of Aalberts. Then, 
more involvement of installers can be provoked 
on a larger scale by means of media and trade 
fairs. To increase chances of implementation, it 
is important to inform and work with as much 
stakeholders as possible to change packaging 
behaviour in the industry.
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7.8 Conclusion

All in all, from the deep dive can be concluded 
that the preferred product to replace with the 
packaging as a product for underfloor heating 
pipe is the rails attachment system. Criteria 
to develop the concept further are based on 
interviews with installers and focus on time-
efficiency, configurability, impact resistance and 
sustainability. 

Laser cutting makes it possible to create a 
packaging without having to significantly invest 
(e.g. in moulds or machinery). Poplar wood is the 
recommended material to use the packaging for.

A life cycle analysis (LCA) has been executed 
on the concept of packaging as a product 
for underfloor heating pipes and the current 
packaging and rails elements used. From the LCA 
can be concluded that the new concept reduces 
the carbon footprint by 74% compared to the 
current packaging and rails. Nevertheless must be 
noted that in the current packaging and product 
(rails), polypropylene (material of the current rails) 
accounts for 86% of total CO2 equivalent. It can 
be said that most significant reduction in carbon 
footprint comes from changing the material from 
polypropylene to wood.

The concept of packaging as a product for 
underfloor heating pipe is expected to be more 
expensive than the current packaging and rails. 
It is expected that Aalberts needs to yearly invest 
€1,500,000 to change all current packaging for 
PEX pipe to the new type of packaging. However, 
with the new type of packaging, all single-use 
packaging can be eliminated, showing significant 
impact on the reduction of packaging at Aalberts. 
If packaging as a product is implemented for 
the product categories PEX pipe, Expansion 
vessels, Valves and Fittings, a total of 35,2% of all 
packaging at Aalberts can be saved.

From validation with installers can be concluded 
that they are interested in the concept. They 
were especially interested in creating no waste 
after installing the product. However, it is 
recommended to perform more research into 
concept before implementation. It can also be 

concluded from validation that installers could be 
seen as a target group which is hard to change 
behaviour of. The concept of packaging as a 
product requires a change in mindset on how to 
handle packaging. Reducing packaging is not 
seen as one of the key priorities for the installer, 
likely making it harder to let them buy these 
products over others. Installers mentioned that 
price should be kept low since it will determine 
whether to buy the product or not. Also, installers 
recommended on changing the material of the 
concept packaging to plastics since it is currently 
widely used for underfloor heating attachment 
systems in the industry. Findings show that 
installers could be seen as a conservative target 
group, not likely to change practices easily. 

In order to increase chances of successful 
implementation of packaging as a product in 
2035, installers should be gradually involved with 
the new packaging concept. Firstly, this should be 
done via smaller scale involvement by executing 
test pilots, approaching Techniek Nederland and 
existing clients of Aalberts. Secondly, installers 
should be involved on a larger scale via media 
and trade fairs. It is important to inform and work 
with installers as much as possible to encourage 
a successful behavioural change considering 
packaging in the industry.

In previous Chapter 6.4.1 is stated that the 
concept direction makes use of the “Rethink” 
circular strategy on the R-ladder. But can 
packaging as a product really be seen as a 
circular strategy? This Chapter discusses the 
circular strategy of the concept of packaging as 
a product.

Linear or circular economy?
First of all, critics could say that the concept of 
packaging as a product is not entirely circular 
as it still makes use of a linear approach; the 
packaging is produced, used during transport 
and then used during installation. It could be 
said that the packaging is not part of a closed 
loop where it is used over and over again, like 
reusable packaging. However, the concept of 
packaging as a product does eliminate single-
use packaging. As stated in Chapter 4.4 by 
the Ellen MacArthur Foundation: “The aim of a 
circular economy is to prevent the generation 
of waste right from the beginning.” (2023). 
Therefore it could be said that the concept 
of packaging as a product contributes to the 
circular economy as it eliminates packaging 
waste (Ellen MacArthur Foundation, 2023). 

What happens after installation?
As products do not last forever, so does the 
concept of packaging as a product. When 
used for underfloor heating applications as 
an attachment system it will last as long as the 
building it is installed in. Nevertheless, it could 
happen that the building will be broken down, 
having to dispose the packaging as a product as 
well. Since the packaging is fixated in concrete, 
it could have a negative influence on recycling 
possibilities of the material.

Research from Ince et al. (2021) shows that 
by including wood waste in cement mortar, a 
greener alternative can be offered compared to 
‘traditional cement’. It saves natural resources 
and CO2 emissions required to produce raw 
materials for the manufacture of mortars. As 
cement manufacturing currently contributes to 
approximately 7% of global CO2 emissions, 
including wood waste in mortar can offer a 

greener disposal lane than ‘traditional mortar’ 
for industrial waste (Ince et al., 2021). 

This could convey that settling wood in concrete 
could even lead to reduction of CO2 emissions 
and the use of natural resources. Nevertheless, 
concrete recycling implementation is low in 
many countries (Badraddin et al., 2021). 
More research is required into the effects of 
settling wood in concrete regarding recycling 
possibilities. It should not decrease concrete 
recycling rates as it is already low in many 
countries and it contributes to global CO2 
emissions. 

In addition to this, it is very likely that the impact 
of the entire floor heating system has a much 
bigger influence on the circularity in total. There 
should be looked into different types of systems, 
which can be disassembled after its lifetime, 
enabling for circular use. Nevertheless, this is a 
completely different topic than on what this thesis 
aims at.

7.9 Discussion on packaging as a 
product
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8. Further 
investigation needs

Future research is recommended due to limited 
time of the project. The recommendations are 
divided into two categories: Roadmap and 
packaging as a product.

Roadmap
First of all, the roadmap is based on the four 
product categories (PEX pipe, expansion vessels, 
fittings and valves) representing 54% of all 
packaging at Aalberts. Recommended actions for 
these product categories could also be applied 
to other product categories which require similar 
packaging. Therefore, it is recommended to look 
into other product categories to apply similar 
packaging reduction techniques to reduce 
packaging at Aalberts even more.

Second, in the first phase of the roadmap is 
recommended to change from single-use pallets 
to reusable pallets for the product category PEX 
pipe. This recommended action results in a 
significant reduction of single-use packaging at 
Aalberts. Switching from single-use to reusable 
pallets for other product categories other than 
the four main categories, could contribute 
significantly to the reduction of packaging as 
well. Therefore is recommended to look further 
in the implementation and consequences of 
the switch to reusable pallets for other Aalberts’ 
factories.

Third, more research should be performed on 
the commercial impact of the recommended 
packaging changes to gain better insights in 
the financial consequences. There should be 
looked into whether the recommended changes 
influence the perceived price and quality of the 
product for Aalberts’ customers. For example it 
is advised to validate the commercial impact of 
changing cardboard boxes from white to brown 
and changing plastic bag packaging from virgin 
to recycled plastics. Also, the effect of different 
shaped packaging on the willingness to pay for 
Aalberts’ customers should be validated. 

Fourth, it is recommended for Aalberts to look 
further into their willingness to invest in reducing 
packaging. Reducing packaging at the company 

requires investments. Also, from research in 
this thesis can be concluded that investments 
are needed to achieve the current target of 
20% packaging reduction at Aalberts in 2025. 
More research has to be done in how Aalberts 
is willing to go in terms of increased costs and 
investments to reduce packaging.

Packaging as a product
Fifth, future research should consider more 
pilots with larger groups of installers to iterate 
and gather more perceptions of the concept of 
packaging as a product. This should be done 
for both packaging as a product for underfloor 
heating pipe, like explored in this thesis, and 
also for other product categories. Results could 
show new insights contributing to successful 
implementation of the new packaging concept.

Sixth, it is recommended to perform further 
research other involvement strategies to work 
with and inform installers. The concept of 
packaging as a product requires a behavioural 
change and needs to be introduced gradually to 
increase chances of successful implementation.  

Seventh, future research should explore the end-
of-life of packaging as a product. More research 
into the consequences of packaging as a product 
for underfloor heating for long term behaviour 
of wood in concrete is required. It should be 
investigated how wood affects concrete recycling 
compared to current plastic attachment systems. 
This should also be done for other packaging as 
a product applications before implementing the 
packaging.

8.1 - Further research recommendations
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8.2 - Personal reflection

Personal ambitions
Conducting user and expert research
Througout this project I have been able to 
conduct user and expert research. At the start 
of this thesis, explorative interviews with experts 
in the packaging industry have helped to define 
the current challenges within the industry. This 
provided the opportunity to talk to experts in 
the field, which helped to develop my skills 
considering qualitative interviews. In addition 
to expert interviews, user research has been 
performed during this project. This was done 
throughout the whole process, from talking 
to and interviewing employees of Aalberts, to 
demonstrating and letting installers interact with 
the concept prototypes. This did not only provide 
insights into sustainable packaging in Aalberts’ 
industry for this thesis, but also helped me to 
understand the attitude towards sustainable 
packaging in this industry better. All in all, the 
project allowed me to improve my skills on 
conducting user and expert research, which will 
be helpful in the work I aim to do next.

Understanding sustainable corporate 
change
This project also allowed me to investigate the 
current challenges to sustainable transitions for 
a company. The thesis helped me to understand 
better what holds companies back to change 
current practices. I believe these insights are 
very valuable to me since I plan to work in the 
industry after this project and thus helps to find 
better arguments to encourage transition within 
a company. Understanding the reasoning why 
companies are (not) willing to change current 
practices provide me valuable insights for my 
future career.

Promoting sustainable change in a 
business context
During the project I have received the opportunity 
to advise on practices to reduce packaging at 
Aalberts. Recommended changes on packaging 
practices had to be discussed in order to find 
convincing arguments to stimulate the transition. 
Advising the company on sustainable packaging 
practices also allowed me to explain to Aalberts’ 

employees what current challenges of packaging 
are and how to tackle these challenges. Although 
advising a company on more sustainable 
packaging practices brings a lot of responsibility, 
it also provided me the opportunity to improve 
on persuasiveness and argumentation. 

Develop a sustainable packaging solution
The last learning goal was to develop a 
sustainable packaging solution. During 
the project I have learned that developing 
sustainable packaging can be difficult, 
considering the fact that all products need a 
different packaging solution. In addition to this, 
packaging is often not seen as a priority for a 
company, making it harder to change current 
practices. During this thesis, I have learnt a lot on  
the development of (more) sustainable products, 
LCA’s and its challenges. 

The journey
Looking back at the project I would say that 
it has been a journey with lots of ups and 
downs. Designing for a reduction of packaging 
consumption can be difficult. Especially 
considering the facts that costs need to be 
as low as possible and current packaging is 
already optimized many times. During this 
project I have found that companies often 
tend to stick with current practices and are 
hesitant to change.  This certainly applies to 
topics that are not seen as a key priority, like 
packaging. Luckily regulations is one of the 
factors currently stimulating companies to 
change their current practices to become more 
sustainable considering their packaging. In 
the industry can be seen that companies are 
slowly starting to move towards other, more 
sustainable, packaging practices. This provided 
the opportunity to me to do my graduation thesis 
at Aalberts, advising on packaging reduction 
practices.

During this thesis, I have learned a lot on 
packaging, sustainability at corporates, 
impact of materials, challenges of changing 
current practices and sustainability in general. 
Changing packaging differs per product and 
can be seen as a big challenge for companies. 
During the project I have learned that involving 
stakeholders in the changes, will contribute to 
the implementation of the concept(s). I am proud 
to say that I have been able to work with people 
from various backgrounds to start a discussion 
on the challenges of current packaging. While 
some people are not open to change yet, others 
do see value in changing current practices. The 
change to (more) sustainable packaging in the 
industry is very likely to require more projects 
on this topic to explore other ways of packaging 
reduction. However, I am satisfied to have 
explored and contributed to new solutions to 
reduce packaging.
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Appendix 9.3 - Packaging practices at 
Aalberts Hydronic Flow Control
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Appendix 9.4 - Products and product 
categories



177176

Appendix 9.5 - Initial requirements

We have established requirements and criteria to guide the generation of concepts that fulfill the 
preferences of the target audience. A requirement implies that it must adhere to specific standards.
Requirements have been set up to. A criteria refers to the standard or measure by which something is 
evaluated or judged. It is a benchmark used to evaluate how well something fits in. In this appendix 
requirements for the product will be discussed. The requirements below are the initial requirements 
before development of the concept:

The solution should not be made from virgin fossil resources.

The solution should have the same functionality or better as the current packaging

The solution should allow for easy and safe handling during transport, storage and use

The solution should allow for easy opening and closing

The solution should be used without any tools

The solution should be able to withstand 100 kg of weight

The solution offers a new meaning to packaging

The solution differentiates the product on the shelf from others

The solution should represent a future vision on rethinking packaging

The packaging should be able to contain information of Aalberts

The solution be able to provide instructions for assembly or use

The solution should have less CO2 impact than the current packaging

The solution should cause for less waste than the current packaging

The solution should comply with future regulations

The packaging should replace a product that is applicable to the use-case of installing the 
product that is contained in the packaging

The solution should be cost-effective for small batches in order to keep the implementation 
threshold as low as possible for Aalberts.

The solution should not require any investments for production to keep the threshold of 
implementation as low as possible

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.
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Appendix 9.6 - Interview template experts

(n=4)

Goal: 
- Find bottlenecks and possibilities of sustainable packaging solutions.

Research question
To gain insights into the packaging industry and identify its challenges, exploratory interviews were 
conducted with experts from various fields related to packaging. The established research question is:

What are the bottlenecks and potential opportunities for sustainable packaging solutions in the 
packaging industry?

Method
Apparatus
- Interview questions
- Recorder

Participants
Packaging experts from the industry:
- B2B packaging researcher
- Packaging consultant
- Business developer circular packaging
- Packaging technologist.

Stimuli
Interview questions were created to steer the conversation. In case of any confusion, additional 
questions will be posed to clarify the uncertainties.

Procedure
The questions listed below will serve as a guide to direct the conversation as necessary. Initially, 
introductory questions will be posed to familiarize the interviewer with the interviewee. Subsequently, 
the discussion will delve deeper into the challenges faced by the industry, with a primary focus on 
B2B packaging practices. The interview is a semi-structured interview. This approach combines open-
ended questions with the flexibility to explore specific topics in more detail based on the expert’s 
responses. It allows for a more natural and in-depth conversation while ensuring that key areas of 
interest are covered.

Each interview will take approximately 1 hour per participant.

Interview questions
1. Can you provide an overview of your research in the B2B sustainable packaging sector, and what 
areas of the supply chain or industry you have focused on?

2. What are the key distinctions between the sustainable packaging dynamics in B2C and B2B 
settings?

3. What can be said about lack of awareness for the packaging industry considering sustainability?

4. From a B2B perspective, what are the most significant bottlenecks or challenges when it comes to 
adopting and implementing sustainable packaging solutions?

5. How do you see the balance between sustainability and cost-effectiveness in the development and 
implementation of sustainable packaging? What challenges does this present?

6. How do supplier relationships and sourcing challenges impact the integration of sustainable 
packaging within the B2B sector?

7. What are common hurdles and considerations related to the logistics and distribution (supply 
chain) of sustainable packaging materials and products in a B2B context?

8. Is there a difference between different stakeholders and their requirements within the supply chain 
regarding sustainable packaging?

9. Are there any regulatory or compliance issues specific to the B2B sector that create bottlenecks for 
businesses looking to adopt sustainable packaging solutions?

10. From a B2B perspective, what emerging trends or innovations in sustainable packaging do you 
believe have the potential to address or alleviate bottlenecks in the industry?

11. Can you share an example of a successful sustainable packaging innovation, either on a small 
or large scale, that has made an impact, and what key elements contributed to its succes, whether in 
terms of the business model or packaging itself?

Data collection
Data will be gathered by writing down keywords and creating a voice recording of the entire interview.
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Appendix 9.7 - Interview template project 
manager, supply chain and procurement
(n=6)

Goals: 
- Formulate the packaging context within the company
- Find the bottlenecks and opportunities of sustainable packaging within the company

Research question
To gain insights into the packaging practices, its bottlenecks and opportunities within the company, 
exploratory interviews were conducted with managers from various fields involved with packaging. 
The established research question is:

What is the packaging context within the company, and what are the bottlenecks and opportunities for 
sustainable packaging within the organization?

The main research question can be divided into two sub-questions: 
- What are the current packaging practices within the company?
- What are the bottlenecks and opportunities for sustainable packaging within the organization?

Method
Apparatus
- Interview questions

Participants
- Supply chain director (n=1)
- Procurement director (n=1)
- Product management (n=4)

Stimuli
Interview questions were developed to guide the conversation. If there is any confusion, additional 
questions will be asked to clear up uncertainties.

Procedure
The questions provided below will act as a guide to steer the conversation as needed. To begin, 
introductory questions will be asked to acquaint the interviewer with the interviewee. Following this, 
the conversation will delve deeper into the challenges experienced by the company. The interview will 
follow a semi-structured format, employing open-ended questions and allowing flexibility to explore 
specific topics in greater detail based on the interviewee’s responses. This approach facilitates a more 
natural and in-depth conversation, ensuring that key areas of interest are thoroughly covered.

Each interview will take approximately 45 minutes per participant.

Interview questions
1. Aalberts Hydronic Flow Control has had several initiatives for using less packaging material (e.g. 
KFE Ball valves). When looking at product management in your department, what are often the 
challenges with these initiatives?

2. How do you assess the sustainability and feasibility of a proposed change?

3. What is the key driver to implement a change?

4. For product management, it is crucial to reduce costs. Regarding costs, how is sustainability 
managed within your department?

5. Are there any examples where costs played a factor to implement sustainable packaging?

6. Are there packaging solutions which did not go through because of costs issues?

7. Are there packaging solutions that did go through because of more margins?

8. Within product management, are there currently strategies that are being used for improving 
packaging sustainability?

9. Are you aware of the 3R’s? Reduce, reuse, recycle?

10. Are there requirements outside product management that encourage sustainability?

11. Which parties impose these requirements to encourage sustainability?

12.What are the most important requirements of customers regarding packaging?

13. How does product management stay up-to-date on the latest sustainability innovations?

14. How do you perceive the level of awareness regarding sustainable packaging?

15. Do you believe there is sufficient attention given to sustainable packaging?

Data collection
Information will be collected by writing down keywords and quotes throughout the interview.
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Appendix 9.8 - Specific interview template 
Aalberts employees
(n=3)

Goal:
- Find out where most packaging is currently used for for the three factories that bring most packaging 
to market.

Research question
To understand the current packaging practices and the primary usage of packaging, exploratory 
interviews were conducted with employees from various Aalberts Hydronic Flow Control factories. The 
research question established is:

What are the primary usages of packaging for the three factories that contribute the most to the 
market?

Method
Apparatus
- Excel sheet Aalberts Hydronic Flow Control with packaging used per facility
- Interview questions

Participants
Aalberts Hydronic Flow Control Employees:
- Supply chain (n=2)
- R&D manager (n=1)

Stimuli
Interview questions were crafted to steer the conversation, and in case of any confusion, additional 
questions will be posed to resolve uncertainties. The questions are derived from the Excel file that 
details packaging consumption per factory at Aalberts Hydronic Flow Control.

Procedure
The questions below will guide the conversation as necessary. The interview will be semi-structured, 
using open-ended questions and allowing flexibility to delve deeper into specific topics based on the 
interviewee’s responses. This approach encourages a natural and comprehensive discussion, ensuring 
that important areas are thoroughly explored.

The estimated duration for each interview is around 30 minutes per participant.

Interview questions
When looking at the amount of cardboard, plastic and wood that is bought in for the factory of X. 
There are a couple of things that grabbed my attention.

1. First one being the amount of wood that is used at the factory. Could you elaborate on where it is 
used for and why?

2. Is there currently a deposit (Euro-pallet) system in place?

3. What applications would you consider use the most material?

4. Additionally, when looking at the amount of packaging used. Could you explain me on the 
application of cardboard use within the factory?

5. Lots of different sizes are registred for cardboard packaging. What is the reason for using so many 
sizes?

6. What applications would you consider use the most material?

7. Does the factory of X make use of outer boxing? If so, can you provide me with more information 
on this?

8. In the excel I find that a lot of X is used. Could you explain me more on this?

9. In the excel file can be seen that X amount of plastic is used. Could you provide me an overview 
on the applications of plastic packaging at the factory of X?

10. More specifically X tons of film is bought in. Where is this used for?

11. Has there looked at other (more sustainable) packaging options?

12. Are there a lot of products packaged similarly to other factories of Aalberts?

Data collection
Information will be collected by writing down keywords and quotes throughout the interview.
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Appendix 9.9 - Sustainable packaging
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Appendix 9.10 - Functional packaging
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Appendix 9.11 - Carbon footprint calculations

Material & 
manufacturing 

method

Material carbon 
footprint kg CO2 

equiv.

Manufacturing method 
carbon footprint kg 

CO2 equiv.

Total carbon 
footprint kg CO2 

equiv.
Virgin PP, extrusion & 

laser cutting
1.63 0.35 + laser 1.98 + laser

Virgin PP, injection 
moulding

1.63 0.47 2.1

Recycled PP, extrusion 
& laser cutting

0.57 0.35 + laser 0.92 + laser

Recycled PP, injection 
moulding

0.57 0.47 1.04

Plywood & laser 
cutting

0.65 laser 0.65 + laser

 

Appendix 9.12 - Industry competitors 
sustainable packaging annual reports

Danfoss supports the objective of the Packaging and Packaging Waste 
Directive. Their packaging does not contain lead, cadmium, mercury 
or hexavalent chromium in concentrations exceeding the threshold 
limit values stated in the directive. The company is in dialogue with our 
suppliers to ensure that they are aware of the Packaging and Packaging 
Waste Directive and understand the requirements listed here and set out in 
the Danfoss Negative List.

In addition to this, packaging of the company is optimized to:
- Minimize use of packaging material
- Optimize protection from transport damage by determining minimum 
amount of packaging material for critical stacking height according to 
ASTM D642

Essential requirements listed in the Directive and related standards (EN 
13427-32) are observed when developing packaging material for our 
products. Furthermore, Danfoss has signed up with collective schemes in 
EU member states where they place products on the market and report 
packaging volumes as required by the transposed Directive in each 
member state. Last but not least, all Danfoss manufacturing facilities are 
required to be ISO 14001 certified, and compliance to national and 
international environmental legislation is part of third-party certification 
procedures. (Danfoss, 2022)

Uponor aims to reach net-zero in 2040. The company has the following 
statements on packaging: Plastic, our major raw material, is emission-
intensive and it must be handled accordingly. We acknowledge our 
responsibility and diligently measure our operations to lower our 
impact on the environment. We are actively promoting the transition to 
renewable raw materials and moving towards a more circular approach 
in manufacturing products and their packaging. We continue innovating 
products based on recycled and renewable raw materials, and to influence 
the decision-makers to best support sustainable choices. Uponor has the 
commitment to increase the use of recycled or renewable plastic in our 
production as well as poineering to research alternatives for fossil-fuel-
based products. (Uponor, 2023)
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IMI is committed to making sure that the way their are making their 
products does not have a negative impact on the environment. The 
company is seeking for the most sustainable ways of working at every 
stage and are committed to reducing energy, water, pollution, waste and 
resource use at their facilities. 

The company aims to reduce plastic packaging waste by packaging in 
recyclable cardboard (IMI, a2023). In addition to this, the company aims 
to become net-zero by 2040. As well as being committed to innovative, 
energy-saving solutions to reduce the impact of HVAC systems on the 
environment they are also committed to sustainable practices throughout 
the entire value chain. Reducing waste and plastic is one of the three 
pillars of their sustainable manufacturing strategy and of of their key 
priorities looking to improve the sustainability of their packaging 
to minimize pollution. To find the best packaging solution, they are 
conducting various tests with different materials, including cardboard, 
stackable boxes, compostable air cushions and protective rings (IMI, 
2023a).

Giacomini has multiple pillars when it comes to sustainability. They 
aim to protect the environment through the following initiatives: 
 
- A responsible use of energy and environmental resources;
- Great care in the way we use raw materials, constantly monitoring 
atmosphere emissions, water drains and industrial waste;
- Purchase of “green” electric energy only and not from fossil fuels;
- Preferential use of clean energy sources, like the 20,000 m2 photovoltaic 
field on our production plant roof that provides electric energy to our 
headquarters of San Maurizio d’Opaglio;
- The installation of geothermal and solar thermal HVAC systems in 
certain production divisions, housed in buildings with a low environmental 
impact.

At the moment, the company does not have clear goals to reduce or 
replace their packaging. (Giacomini, 2023)

No sustainability goals Table X: Most commonly used biobased plastics (Stark & Matuana, 2021)

Appendix 9.13 - Production of biobased 
materials
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Appendix 9.14 - Sizing breakable packaging

Size (cut, gap) (mm) Breakable? Clean edge?

30, 10 Yes Yes

30, 5 Yes Yes

20, 10 Yes No

10, 20 No n/a

15, 20 No n/a

 

Appendix 9.15 - Physical prototype cut-outs 
test
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The following assumptions were made to provide an complete Life Cycle Analysis:
- The place of production of the polypropylene rails is not taken into account. As the exact 
location is unknown.  

- The rails is packaged in the same size box as the current packaging of the coil. 

- End of life is not taken into consideration due to the fact that this differs per country. 

- Transportation distance from the factory of Nevers and the wholesaler is unknown as this 
differs per product. The average km for international transport in the EU is taken for this. 
611km

- Poplar transportation from the forests to the packaging supplier is not taken into account as 
this unknown. As there are a lot of poplar plantations in the area of Nevers. It is expected that 
the CO2 footprint of transport from the plantation to the factory is neglectible.

- The CO2 equivalent of laser cutting poplar wood is unknown, therefore laser cutting of 
aluminium is taken. Laser cutting wood is anticipated to have a lower CO2 footprint compared 
to aluminum, primarily because less energy is needed for the laser cutting process of wood.

- Weight for poplar rails is 136g (80cm). A total weight for the box is 7072g. In total the box 
exists out of 52 rails elements. 

- Weight for the PP rails is 123g (80cm). In total, 6396g of PP rails elements are needed to 
equal the amount of rails elements for the packaging as a product concept.

- Weight for the cardboard box of PP rails and underfloor heating pipe is 1500g per box.

Appendix 9.16 - Assumptions LCA Appendix 9.17 - Prototyping pictures
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Appendix 9.18 - Interview template valida-
tion concept packaging as a product
(n=5)

Goal:
- Find out what installers do with their current packaging and what they think of the concept 
packaging as a product.

Research question
To explore whether installers desire the concept of packaging as a product, interviews should 
be carried out with the target group. The main research question established is:

What are the current practices of installers regarding their packaging, and what are their 
opinions on the concept of packaging as a product?

The primary research question can be broken down into two sub-questions:
- What are the current practices of installers regarding their packaging?
- What are the opinions of installers on the concept of packaging as a product?

Method
Apparatus
The necessary equipment for this test includes:
- Interview questions
- Renderings of packaging as a product concept

Participants
Installers at wholesalers

Stimuli
To gather information about the disposal options for current packaging, questions were 
posed to installers regarding this topic. Additionally, to understand the perception of installers 
regarding the concept of packaging as a product, visuals such as renderings and pictures were 
presented.

Procedure
To address the research question outlined earlier, a set of interview questions was created, 
totaling six. The initial questions aimed to understand the target group’s perspectives on current 
packaging practices and their disposal methods. As the interview progressed, the concept 
of packaging as a product was gradually introduced. Towards the end, various pictures 
and renderings depicting the packaging concept for underfloor heating were shown, and 
participants were invited to share their opinions on the concept.

Interviews are estimated to take approximately 15 minutes per participant.

Interview questions
1. Wat vind je van de manier waarop huidige producten zijn verpakt?

2. Hoe ga jij op dit moment om met verpakkingen nadat je het product geinstalleerd hebt?

3. Wat vind je van het idee om helemaal geen verpakkingen te gebruiken?

4. Wat vind je van het idee om de verpakking onderdeel van het product te laten zijn? 

5. Ik heb een concept bedacht voor vloerverwarmingsleidingen, waarbij de verpakking als rails 
kan functioneren. De verpakking kan gebruikt worden als rails welke bevestigd wordt aan de 
isolatielaag op de vloer. Hierna kan de leiding voor de vloerverwarming gelegd worden. Het 
bestaat uit twee soorten onderdelen welke in elkaar geschoven kunnen worden om een rails 
te maken. Dit zorgt er uiteindelijk voor dat je geen verpakkingsmateriaal meer weg hoeft te 
gooien omdat je deze al gebruikt voor het leggen van de leidingen. Hoe denk je hier over?

6. Wat zijn de eisen waaraan hij moet voldoen volgens jou zodat je deze verpakking zou willen 
gebruiken?

Data collection
Responses to the interview questions will be documented using keywords. Complete quotes will 
be recorded in writing.
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Appendix 9.19 - Compression test

22kg of compression force

81kg of compression force

22kg of compression force

Cardboard section cut
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Appendix 9.20 - Impact test

Test setup

250g of impact over 300mm
Results:
- Cardboard intact
- Plywood intact

Results:
- Cardboard intact
- Plywood intact

Results:
- Cardboard intact
- Plywood intact

1kg of impact over 300mm

2kg of impact over 300mm

3.5kg of impact over 300mm

Results:
- Cardboard broken
- Plywood broken

3.5kg of impact over 300mm 
for 9mm plywood
Results:
- Plywood intact
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Appendix 9.21 - Weight test Appendix 9.22 - Simulations
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Appendix 9.23 - Second interview round 
with installers
(n=4)

Goal:
- Find out what installers think of the concept packaging as a product: underfloor heating pipe

Research question
To make sure whether the concept of packaging as a product is desired by the target group 
(installers), an interview should be conducted with a physical prototype of the packaging. Therefore 
the following main research question has been created:  
 
How should a packaging be designed so that installers will use the packaging as a product for the 
installation of underfloor heating pipes?

In order to answer the main research question the following sub-questions have been formulated:
- What do installers think of packaging as a product for the concept created for underfloor heating 
pipe?
- What do installers think of the concept of packaging as a product in general?

Method
Apparatus
Equipment that is needed for this test:
- Prototype of the packaging as a product box
- 16mm PEX pipe
- Prototype which can be used to create rails elements
- Nails

Participants
Installers at wholesalers

Stimuli
To validate whether installers would use the concept of packaging as a product, prototypes were 
created. These prototypes will be used to explain the concept. Moreover, a product demonstration will 
be conducted initially to illustrate how it works to the installers.

Procedure
In order to answer the research questions, in total 8 interview questions were set-up. The initial part 
of the interview is aimed at understanding the installer better and providing information on the topic, 
gradually transitioning to the concept of packaging as a product.  
 
Afterward, the concept is explained, accompanied by a demonstration of the packaging. In the 
demonstration the packaging will be shown and disassembled. Another prototype will be used to 
demonstrate the breaking of the packaging into rails elements. This prototype will also be used to 
simulate the process of attaching the rails to the insulation layer. Exact connection between the two 
parts will not be done as no insulation layer prototype is used in this test. Finally, the last part of the 
demonstration shows how the underfloor heating pipe is attached to the rail elements. 

After the demonstration, the interviewee is asked to perform the dissassembly of the packaging. 
He will be asked to think out loud, stimulating to observe initial reactions. While taking apart the 

components, the interviewer poses the additional questions listed below to the interviewee. 
 
In total, the interviews are expected to take approximately 15 minutes per installer. The interviews will 
be taken at wholesalers.

Interview questions
1. Als je een product inkoopt bij de groothandel en deze geïnstalleerd hebt bij de klant. Wat doe je 
met de verpakkingen?

2. Wat vind je van het idee om helemaal geen verpakkingen te gebruiken?

3. Ik heb hier een concept voor een verpakking die moet fungeren als product. In dit geval is de 
verpakking voor vloerverwarmingsleidingen. De verpakking dient als rails om deze leiding aan 
vast te maken. Hierdoor heb je geen verpakkingsmateriaal wat je overhoudt bij de installatie van 
vloerverwarming. Wat vind je van bovenstaan idee?

*Demonstratie van het product.* 

4. Zou je de verpakking willen openen, een rails element willen afbreken en de leiding willen 
installeren? Wat vind je hiervan? Je kunt hardop nadenken tijdens het openen.

5. Wat vind je van het openenen van de verpakking?

6. Wat vind je van de tijd die het vergt om het product te installeren (vergeleken met de huidige 
verpakkingen)?

7. Wat vind je van de rails elementen (en de connectie met de isolatielaag)?

8. Wat vind je van de verpakking zelf?

Data collection
Responses to the interview questions will be documented using keywords. Complete quotes will be 
recorded in writing.
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Appendix 9.24 - Third concept validation 
online questionnaire
Link to online questionnaire: https://forms.gle/YnCdVMYLKxzsCZ7LA
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Appendix 9.25 - Third concept validation 
questionnaire


