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Executive Summary

Digitalization is deeply embedded in the Dutch society and economy. Almost the entire
population has daily access to digital services, and organizations rely heavily on the ICT
infrastructure to operate. At the same time, the Netherlands plays a central role as a Euro-
pean connectivity hub with the Amsterdam Internet Exchange (AMS-I1X) point. Proximity
to this point is ideal for datacenters, making The Netherlands one of the prime points in
Europe for datacenters. This high level of digital maturity supports significant social and
economic benefits, yet it also brings with it substantial environmental pressures. Despite the
growing relevance of sustainability in digital policy, meaningful progress remains limited be-
cause initiatives are fragmented and stakeholders lack a clear overview and therefore, where
interventions would be most effective. An action program published in 2026 by the Dutch
ministry of economic affairs and climate highlights three key environmental concerns of ICT;
Impact of CO, and Critical Resource Materials (CRMs) as well as dependence on energy.
This study aims to gain insight and bridge this gap by providing a complete environmental
baseline for Dutch ICT in 2024 across devices, networks, and datacenters and their major life
cycle stages, as well as to provide interventions to mitigate these impacts.

The study applies a life-cycle assessment (LCA) methodology with a hybrid accounting ap-
proach, combining a consumption-based perspective for devices and a production-based per-
spective for networks and datacenters. This approach is selected based on available data given
the complexity of granularity in ICT. The system boundary includes three tiers: personal and
professional end-user devices (Tier 1), fixed and mobile telecommunication networks (Tier 2),
and datacenters (Tier 3). Environmental impacts are assessed across six midpoints: Global
Warming Potential, abiotic (resource) depletion of elements, abiotic (resource) depletion of
fossil resources, land use, particulate matter formation, and water use, which encapsulate the
key concerns addressed in the action program. provides an overview of the results of
the national ICT footprint baseline across the main midpoint categories assessed in this study.

Table 1: Overview of calculated national impacts of ICT in 2024 and their percentage based

uncertainty.
Midpoint Impact in 2024
Global Warming Potential (GWP) 5.507 Mton CO; eq
Particulate matter (PM) 216.2 disease incidence
Land use (LU) 2.850 billion
Water use (WU) 3.156 billion m?® eq
Resource depletion: fossils (ADPf) 66.77 billion MJ
Resource depletion: metals (ADPe) 136,900 kg Sb eq
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Baseline

In[Table 1] the baseline results shows that the total global warming potential of Dutch ICT in
2024 is approximately 5.50 million tons of CO; eq, corresponding to about 3.7% of national
CO, emissions, with the divet that no exact comparison to the national CO, emissions is
possible given the hybrid approach selected in this study. The sensitivity testing of these
results showed that the most sensitive parameters are the server impacts, database used and
the device lifespan, which have the greatest effects on Land use, particulate matter formation
and metal resource depletion.

When the results are broken down by tier, the results show that end-user devices and dat-
acenters dominate the overall footprint. Devices contribute 47.1% of total greenhouse gas
emissions, datacenters account for 45.4%, and networks contribute 7.5%. Device production
is the largest life cycle stage across the majority of the midpoints as shown in [Figure 1]
Along with device production, other major contributions to the footprint of ICT include the
Use phase of datacenters, the Use phase of devices and the Production phase of datacenters.
These are identified as the overarching hotspots, indicating that interventions at the device
and datacenter level offer the greatest potential for environmental impact. Networks do not
contribute as much as the other two tiers in any midpoint. The majority of the impacts from
both networks are due to their electricity use, although the fixed network contributes 15% to
the metal resource depletion midpoint due to the scale of physical infrastructure.

Figure 1: Share of each of life cycle phase of the three tiers (end-user devices, networks and
datacenters) for each of the six midpoints relative to 100% of the total values calculated in[Table 1

These four key phases were broken down further into their individual make up. The use and
production of devices is fragmented, but shows that the across the midpoints, the biggest



WMIE901-25

impact comes from smart TVs which contribute to 6.5% of the total ICT CO; footprint. For
metal resource depletion, which shares a correlation to the amount of CRMs used in products,
the impacts are divided across the devices which have the highest quantities (smartphones,
tablets, laptops and TVs). The metals involved in the manufacturing of screens, chips, circuit
boards and other components in these devices is approximately 60% of the total metal resource
depletion midpoint, as seen in [Figure 1 The use phase of devices leans towards larger de-
vices or devices that are continuously on. These are televisions, laptops, desktops and routers.

Looking at datacenters, the results are less fragmented. The majority of production and
use phase impacts relate to servers. 37% of total CO, ICT impacts in The Netherlands are
correlated with electricity use. Although many datacenters claim to use green electricity
through purchase power agreements, the effective environmental impact follows the actual
Dutch grid mix, which remains partially fossil based. The production of these servers also
contributes 7.5% to the total global warming potential footprint. Servers with large amounts
of storage have the biggest production impact.

Interventions

Figure 2: The ve modeled interventions in this study compared by their potential improvement to
the baseline impacts for each of the six midpoints shown in

Building on these insights, the study identifies and models several interventions to mitigate
their impacts, shown in [Figure 2] These interventions were developed based on the hotspots,
but also according to the feasibility of modeling their potential, the relevant challenges the
ICT sector faces and solutions expected to cause a reduction.



WMIE901-25

The summarized results in identifies device lifespan extension as the most impactful
intervention across the six midpoints. Increasing the average lifespan of devices by 0.5 years
has strong potential for impact across all six midpoints due to the reduced allocated impact
from production. The energy efficiency of devices rarely outweighs the embodied emissions
from production, meaning that the extension of the useful life of the device is the best en-
vironmentally impactful intervention. Streaming using smaller devices has less of an effect
on the total footprint and only shows some small improvements to global warming potential.
Datacenters can meaningfully cut operational emissions by better optimizing their server
utilization, this can be through aligning with traffic patterns produced daily at AMS-IX or
focusing on reducing idle time of servers, which reduces both the number of servers required
and their associated embodied and operational impacts. Current utilization of servers av-
erages between 15 to 40% based on limited reporting from Dutch datacenters. Improving
this value to 75% offers a 5% improvement in the global warming potential, land use and
fossil resource depletion midpoints. However, with a growth in the number of Al servers,
meeting this target may not be possible for every server. The final intervention modeled is
the reuse of waste heat from datacenters, this is an expected solution, which improves the re-
liance on fossil resources and a 2% improvement to the total global warming potential impact.

Together, these results and interventions highlight potential for improvement in the envi-
ronmental footprint of Dutch ICT. A potential reduction of 14.9% from the CO; eq value
presented in is possible with cumulative effect of the interventions. Furthermore, a
potential reduction of 6.5% in CRMs use is found with one intervention focused on lifetime
expansion, and fossil resource dependence can also potentially be reduced by 16.5% with
interventions. This shows potential to target the three main pillars identified by the sustain-
able digitalization action program. Furthermore, this baseline establishes the quantitative
foundation for long term monitoring and provides direction for reducing the environmental
footprint of ICT while supporting continued digital innovation in the Netherlands.
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1 Introduction

Digitalization has become a de ning feature of the Dutch economy and society. The Nether-
lands is among the most digitally advanced countries in Europe, with near universal broad-
band access and 98.5% household internet connectivity, the consumption of digital services
in the country is very high. Not only is the consumption of these digital services high, also
the production of digital services is high. This is not related to the Dutch pace of digiti-
zation but rather The Netherlands' unique position as a connectivity hub for Europe as a
central location, hosting dense clusters of datacentefs [1]. This high level of digital maturity
creates substantial value for the population and the economy due to the interconnectivity
and innovation potential it brings. However, this strong digital position also introduces a
less visible environmental challenge. Information and Communication Technology (ICT) is
not an impact neutral practice, and its expanding use carries energy, material and resource
burdens with it.

Sustainability encompasses the intersection of so-

cial, economical and environmental practices, the

so-called triple bottom line shown in[ Figure B.

The triple bottom line shows how sustainability

is only achieved by addressing all three domains.

ICT is not growing randomly, it plays an impor-

tant role in society and the economy. While it has

grown in an economic and social manner over the

last decades, there is a need to ensure that the en-

vironmental domain is also adequately addressed

to achieve sustainability. The importance of ICT

is undeniable in the social and economic domains,;igure 3: The triple bottom line showing
An example of each is 98.5% of the Dutch popUshe intersection of sustainability between so-
lation have access to internet in their homes andgja|, economic and environmental factors.

the largest Dutch company (ASML) develops the

machines which make chips for digital devices|[1]. ICT serves a broad purpose, bene ting the
Dutch population personally and many professionally. Its usefulness and inevitability make
it a challenge to live day to day without it [2].

ICT will continue to grow, and this expansion increases environmental pressures as the sector
works to meet rising social and economic demands. To address this, it is necessary to identify
where environmental measures within Dutch ICT can have the greatest impact. The Ministry
of Economic A airs and Climate Policy (EZK) currently oversees the country's digital and
sustainability a airs. They have major goals for sustainable ICT in the country. This includes

a focus towards safety and sovereignty of ICT due to the current dependence on big tech as
well as goals in environmental sustainability [3]. The focus of this work is on the environ-
mental impacts of ICT, as the rst step of these goals is to establish a clear understanding of
current impacts. This understanding is quantitative and presented in section 4, from which
targeted interventions could be extracted from where impact could be most e ective. This
is presented in section 5. The purpose of the intended design of this report is therefore to
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guantify the environmental footprint of Dutch ICT and to make critical decisions to bring
these numbers alive in recommendations and interventions. These insights can then support
EZK make informed, strategic decisions about sustainable ICT.

2 Problem Context

The goal of this project is to build an environmental baseline of Dutch ICT in 2024. To do
so, there needs to be an understanding of what ICT is and what is included. Furthermore,
there needs to be clear direction in providing purpose to EZK, by understanding who they
are and what they need from such a baseline.

2.1 Problem De nition

Digital services is a broad eld that encompasses many di erent things. The formal name
for capturing all digital services is Information and Communication Technology (ICT). ICT

is de ned as \all hardware, software, networks, and services used to store, retrieve, manipu-
late, transmit, and receive information digitally” [4]. This de nition covers a broad number

of physical and cyber infrastructures, these will be further scoped to the needed context in
subsection 3.3. The impacts of ICT are determined by the environmental footprint of mate-
rials and energy needed to support their function. This relates directly to the hardware and
indirectly to the software. Hardware can be categorized into three overarching tiers. These
are 1. End-user devices, 2. Networks and 3. Datacenters. These relate to the overarching
purposed of ICT which are: 1. Consumption, 2. Transportation and 3. Production. Digital
resources are used to discuss this collective, which uses energy and materials to operate ICT.

Users engage directly with the social and economic sides of ICT which typically are two
di erent manners, as shown in Figure 4. The connection to the digital economy is a more
direct link with the economically bene cial sides of ICT. This includes services only o ered
through ICT, a direct link of what ICT has to o er to the economy. On the other hand,
there is digitalization which refers to the adoption of ICT in practices which do not need
it. Both of these domains continue to grow in demand as technological advances continue
to be a standard. This growth in digitalization has many positive outcomes with regards to
environmental metrics as it can improve e ciency and redundancies. In addition it serves
economic bene ts too by optimizing processes. The digital economy shares a more direct link
to social use of ICT, but every aspect remains interconnected.

The digital economy shares a more direct link with users, where expansion is both on a
personal and professional level. According to the CBS, 98.5% of the Dutch population have
access to the internet from their homes, and 96.0% of them make use of it daily. 82.1% of the
population use the internet to watch videos or Ims, 95.4% to send text messages, and 94.8%
use it to communicate by email [1]. All of this falls under personal use of ICT. Also, for the
functioning of organizations and businesses has ICT use expanded. On the professional side
of ICT, 84% of the working population use the internet at work, with approximately 65% of
these employees using company-owned ICT devices such as laptops or PCs, depending on the
size of the company [5]. These numbers are growing, which has consequences not only for the
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Figure 4: Schematic overview of ICT types, their uses in society and the economy and their emer-
gence from factors which determine the consequences of ICT

number of devices, but also for the networks and datacenters which have to accommodate
higher tra c. The amount of data and internet tra c is expected to double in the coming 5
years.

This growth of ICT highlights the cruciality of its sustainability. It also goes hand in hand
with the market push from users, which promotes the production of more technologically
advanced devices. Technological advancement comes with higher energy needs in produc-
tion. This increase in devices also results in more data on the networks that require more
datacenters, a major user of electricity in The Netherlands. In the datacenter domain alone,
electricity consumption has increased by a factor of 4.6 since 2013 to a value of 5.093 TWh
in 2024 [7]. This number far surpasses expectations from that period as shown in Figure 5
[6] and illustrates the pace at which digital demand is growing. Although the electricity mix
aims to become greener in accordance with The Paris Agreement, the current electric mix
on the grid is not projected to reach full carbon neutrality before 2050. The renewability of
the current composition still heavily depends on uctuating factors such as sun and wind,
creating large di erences in production during summer and winter [8]. Datacenters in The
Netherlands currently claim to be 99% operated on green electricity [9]. However, this num-
ber only exists through purchasing power agreements with guarantees of origin, meaning that
their operation in The Netherlands uses electricity from the grid, regardless of their o setting
elsewhere.

This disconnect creates a form of greenwashing that suggests better environmental perfor-

10
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Figure 5: Data from 2013 showing then-current values of electricity usage and the predicted trends
over the coming 15 years [6]. The red star indicates the current consumption of electricity by
datacenters compared to what was predicted in 2013 which is green in the graph.

mance than is actually the case. The need for this sustainable illusion demonstrates the
strides ICT has taken in the social and economic domains and the fall behind the environ-
mental one. In datacenters, their continuous growth is now put on hold, not only from the
environmental side, but rather economical challenges. Net congestion, which is especially
severe in and around Amsterdam has become a major barrier to further datacenter expan-
sion, a barrier to close proximity to the Amsterdam Internet Exchange (AMS-1X) Point [10].
The Noordzeekanaalgebied, the surrounding region, has already expressed that there will be
inadequate power supply for datacenter demand [11].

Yet, electricity consumption is only one dimension of the environmental impact of ICT. The
hardware, also makes up a large footprint in production and its waste, as will also be explored
and found in section 4 For example, the increasing intricacy of chip manufacturing means that
even small pieces in machines have large environmental e ects in their manufacturing stage.
This is not only due to energy used to achieve intricacy, but also the materials involved in the
process. Many of these materials needed in ICT also have their own challenges. A category of
rare metals are deemed critical raw materials (CRMs). Not only are rare metals considered
to be relevant to this category, but also those that are scarcely extracted within Europe. This
dependence on non European sources raises questions of labor conditions and rights of those
extracting them, supply security, geopolitical vulnerability, and also comes with doubts con-
cerning environmental responsibility [12]. The increase manufacturing of devices also means
more CRMs are needed. Maintaining sovereignty over material ows becomes an additional
increasingly important element of sustainable ICT policy.

An overview of the central challenges that ICT currently faces is summarized in Table 2.

This table serves as the basis for what the solution needs to address and the interlinking of
the triple bottom line within ICT.

11
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Table 2: Triple Bottom Line factors and their intersectional challenges relating to Dutch ICT
currently.

Social Factors & Economic Factors & Environmental Factors &
Challenges Challenges Challenges
Extremely high adoption and | ICT drives the digital Overall ICT growth increases
daily use of ICT by the economy and services, electricity demand across
Dutch population growing demand for devices, | datacenters, networks, and
network capacity, and devices.
datacenters.
Societal expectations for Net congestion (especially Grid electricity not yet
continuous technological around AMS-IX) constrains | carbon neutral in The
advancement in services and| further datacenter expansion.| Netherlands and dependent
capabilities. on seasonal factors
Labor condition and rights Dependence on Hardware production has
concerns linked to extraction | non-European CRMs creates| large impacts in material
of critical raw materials supply security and processing and an
(CRMs). geopolitical vulnerabilities. overabundance of e-waste.

The complexity of ICT makes it a challenge to simply map. Each of the factors listed in Ta-
ble 2 is interconnected with di erent factors of the triple bottom line. A global study carried
out a baseline environmental impact study of ICT in the year 2023, highlighting the urgency
of understanding the environmental impacts of ICT and its scale. Their ndings were that at
the current rate ICT adoption is taking place, the CQ budget per person compatible with
the Paris Agreement is already 40% dedicated solely to ICT. This growth is not maintainable,
especially since ICT is still a much smaller impact than travel or food on a personal level [13].

Globally it is a challenge to draw direct similarities from as the Netherlands is a highly
advanced digital society. France and Switzerland also published this same style of study in
2024 and 2025 respectively, scoping the level down to national factors. Rather than looking
at a total CO, budget with these results, the split within ICT can better be analyzed. These
studies nd largely varying results in the split of impact from datacenters and devices, shown
in Figure 6. Both nd only a small amount of impact is allocated to the national networks,
but nd a major di erence in how much impact the datacenters have. France's footprint is
half allocated to datacenters, whereas in Switzerland this is only 20% of the footprint of ICT.
This variety in results highlights this need for understanding of national circumstances such
as electricity system constraints, the sustainability of the electricity mix, datacenter cluster-
ing and the density of digital infrastructure. Or, to ensure that each of the factors discussed
in Table 2 are addressed.

A clear discrepancy exists between the desired situation for sustainable digitalization in the
Netherlands and the current reality. Ideally, national policymakers would have access to a
complete, transparent, and methodologically consistent overview of the environmental foot-
print of ICT, one that includes all relevant life cycle stages, captures both upstream and
domestic impacts, and provides the granularity needed to identify actionable hotspots. This
would allow the EZK and related stakeholders to guide interventions, track progress, and

12
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Figure 6: Baseline study results of the global warming potential (% CQ eq) of ICT in Swiss (2024)
and French (2022) studies with the same goal and scope.

align national digital policy with climate and resource e ciency objectives. In contrast, the
actual situation is characterized by fragmented data, incomplete reporting (particularly for
datacenters and hardware manufacturing), and a dominant focus on operational electricity
use rather than comprehensive life cycle impacts. Existing studies either omit large portions
of scope 3 emissions, rely on partial datasets, or focus on narrow subsectors of ICT, leav-
ing policymakers without a coherent baseline from which to act. This gap between what is
needed and what is currently available motivates the development of a full national environ-
mental baseline for ICT, providing an evidence based foundation for targeted and e ective
sustainable digitalization policies.

2.2 Problem Analysis

The Netherlands places high importance on both the environment and digital infrastructure.
Understanding the footprint attached to ICT is essential for anticipating the consequences of
current ICT demand as well as its continued digital growth. As the Netherlands continues to
strengthen its digital capabilities with regards to cyber safety and sovereignty, it also plans
to do so with respect to environmental aspects. However, creating impact through action is
only possible with understanding where in the broad ICT category environmental pressures
exist and what their magnitude is. Only after identifying these hotspots and directing actions

in these places can impact be delivered. To identify these hotspots, a baseline is needed for
the entire Dutch ICT landscape, as is presented in section 4.

The development of an environmental baseline for Dutch ICT does not emerge in isola-
tion. On top of the studies done globally, in Switzerland and in France, in recent years,
the Ministerie van Economische Zaken en Klimaat (EZK) has become involved in national
action on the topic of sustainable digitalization. EZK developed a Sustainable Digitalization
Action Plan (Duurzame Digitalisering Actieprogramma) [3]. This sets forwards their goals
of the Netherlands being a pioneer in digital maturity and sustainable digitalization. They
identi ed strategies that looked at public action and the importance of device lifespan, but
also for datacenters working on reusing heat.

13
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As a result of wanting to further their knowledge, in 2023 the EZK requested numerous
studies to further understand the context of Dutch ICT, with regard to social, economic and
environmental impact. This resulted in the studies: De digitale voetafdruk (2023) [14] and
Het belang van digitale infrastructuur voor de Nederlandse digitale knooppuntrol (2024) [2].

These publications translate to The Digital Footprint and The Importance of Digital In-
frastructure for the Dutch Digital Hub. The rst, which by title has an objective identical

to the outcome proposed in this study, has a di erent scope and methodological approach,
leaving out relevant aspects of ICT. The study focuses on scope 1 and 2 emissions according
to the GHG protocols. This addresses the electricity factors addressed in Table 2, but not
concerns about the materials used in ICT, nor the impact upstream of ICT hidden in scope
3. It splits ICT into devices, networks and datacenters and nds high use of electricity from
both devices and datacenters compared to networks [14]. The following publication focused
on the importance of The Netherlands being a digital hub. Looking at the quality of the dig-
ital infrastructure and its interconnectedness, they conclude that this position provides the
country a "(very) high value for the economy"”, demonstrating the importance of the digital
infrastructure at the national level and strengthening the context needed for an environmental
study to meet sustainable ICT goals [2].

Subsequently, the EZK requested research on where \data over duurzaame digitalisering"
(data on sustainable digitalization) [15] could be found in late 2024. This research, published
in 2025 was carried out by Dialogic and SEO, research institutes closely linked to the Dutch
government. This study was conducted to identify public sources of information which could
be used for a Sustainable ICT monitor at the national level, highlighting the importance
of quantifying ICT and the idea of a national environmental baseline. It also serves as a
useful starting point for developing said baseline. The national level monitoring promises a
continuous look at sustainable ICT, but it needs a grounded point to have as a comparison.
Conducting a thorough study of Dutch ICT of one year, beyond only publicly available num-
bers creates a baseline on which the monitoring system can be based..

This current research aims to address the gap in ICT environmental studies in The Nether-
lands by building a multi criteria environmental baseline that integrates detailed inventory
data and life-cycle stages, forming a more holistic assessment of the Dutch ICT footprint.
This will be done over the duration of a year to capture the dynamics of ICT and to give the
functional unit enough grip of the importance ICT has in a year. This increased granularity
is essential within the context of the Dutch Sustainable Digitalization Action Plan published
by the EZK [3]. The methodology for doing so will be explored in section 3. The research
will identify the key problems holding back the environmental performance of ICT by having

a baseline picture to assess where hotspots are in section 4. Solutions for addressing these
hotspots and their uncertainty will be assessed using the baseline and prospective factors in
section 5. It also supports the intention to develop a national monitoring dashboard capable
of tracking the environmental performance of ICT infrastructures and services for longevity
of data in this domain.

The diversity and scale of the ICT system mean that reliable modeling can only be achieved

14
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through collaboration with actors holding operational, statistical, and technical knowledge.
For this reason, TNO has taken on the role of developing this baseline, but not by themselves.
The existence of a Dutch coalition of sustainable digitalization (Nationale Coalitie Duurzame
Digitalisering, NCDD) poses as the perfect place for collaboration with stakeholders who are
already committed to developing the eld of green ICT. This collaborative structure enables
better data, producing more accurate results.

Following the current state of the art literature on this subject and the key problems ad-
dressed in Table 2, the central problem can therefore be summarized as follows:

The environmental impact of ICT needs to be addressed in working towards sustainable ICT.
However, the environmental footprint of ICT in the Netherlands is currently not fully visual-
ized; by developing an environmental baseline assessment of ICT over the duration of a year
in The Netherlands, the key hotspots can be identi ed where interventions can be directed
towards. By addressing this gap, the project will develop a design valuable for policymakers,
organizations, and citizens, enabling them to make informed decisions about digital su ciency
and resource e ciency.

2.3 Research Questions
To be able to work towards the intended results, a set of research questions have been created.

The central research question to be answered in this project is:

What are the environmental impacts of Information and Communication Technology (ICT)
over its di erent life cycle stages in 2024 in The Netherlands and where are the most signi -
cant hotspots located to enable targeted interventions?

With the following supporting sub questions:

1. What interventions hold the most potential for environmental impact in The Nether-
lands?

2. What split can be derived between personal and professional use of ICT and how can
interventions be developed to re ect the results of this split?

3. What prospective factors are relevant to consider and in what way can these be modeled
with their uncertainty?

4. Are the selected interventions robust for the future of ICT?

2.4 Operationalization

To bridge this knowledge gap and operationalize the research questions, Table 2 is the starting
point of identifying which metrics are needed, given the current state of challenges in ICT.
These key metrics concern the COimpacts of ICT, the CRMs used by ICT and the energy
use of ICT in The Netherlands. In order to gather this information, an LCA will be discussed

15
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as the key methodology of this study in the following section.
operationalize this study is as follows:

1. Data Collection for the Life Cycle Inventory

2. Model the baseline through LCA

3. Validate results with comparison and sensitivity analysis
4. Design impactful interventions for the identi ed hotspots

5. Test the robustness of the interventions given uncertainties

16
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3 Methodology

The methodology used for this study is a Life Cycle Assessment (LCA). An LCA is the most
appropriate methodological choice for this study because it provides a complete, system wide
view of environmental impacts that cannot be captured through alternative methods such as
Material Flow Analysis, Environmentally Extended Input{Output analysis, or carbon foot-
printing alone. Following the action program of the EZK, priority lies in monitoring the
carbon footprint, CRMs and the energy use of ICT. Of the various environmental modeling
methods that exist, LCA o ers the most complete methodology. As a result, it is the only
methodology capable of accurately identifying hotspots across tiers, and providing a scientif-
ically robust foundation for targeted intervention design and long term national monitoring.

3.1 General principles of LCA
3.1.1 De nitions

Di erent methods exist to assess environmental impacts, one of which being a Life Cycle
Assessment (LCA). LCA is a comprehensive methodology used to evaluate the environmental
impacts of a product or service throughout its entire lifespan. Its main characteristics include:

A

Multi-criteria assessment: LCA considers multiple environmental indicators includ-
ing global warming potential, depletion of abiotic resources, and pollution of water, air,
and soil, etc.

Life-cycle perspective: All stages of a system's life are taken into account. These are
raw material extraction, manufacturing, distribution, use, and end-of-life, which ensures
a holistic view of environmental impacts.

Quantitative evaluation: Each indicator is measured quantitatively, allowing exter-
nal impacts to be compared on a shared basis and supporting objective decision making.

Functional approach: The study focuses on the function that a product or service
delivers. To enable a comparison between technical solutions, the functional unit is a
reference unit that determines the quantities of input and output ows.

3.1.2 Standards

Life Cycle Assessment is governed by two primary international standards: ISO 14040 and
ISO 14044. 1SO 14040 establishes the overarching principles and framework, de ning the
goal, scope, and general structure of the study, to ensure consistency. Complementing this,
ISO 14044 provides the technical requirements and guidelines for data collection, allocation
procedures, and impact assessment. These ISO standards form the basis for credibility, the
study will further integrate frameworks such as the Product Environmental Footprint (PEF).
Developed by the European Commission's Joint Research Center, this framework o ers ad-
ditional precision and comparability [16].

17
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Figure 7: Life cycle phases and their inter connectivity.

3.2 Phases of LCA

LCA is a method used to evaluate the environmental impacts of a product, process, or activity
throughout its entire life cycle, including all stages of the life cycle: from the extraction of
raw materials through manufacturing, distribution, use, and end-of-life as shown in Figure 7.
LCA aims to provide a comprehensive understanding of the environmental impacts associated
with a product or activity so that informed decisions can be made to mitigate these impacts

Figure 8: The four phases of LCA and their interconnectivity to each other and speci cally the
interpretation phase.

The methodological stages of the LCA encompass four steps. A life cycle analysis looks to
examine the entire life cycle of a particular product with regards to its manufacturing, use
and other involved processes. These processes then entail their own environmental impacts.
The rst stage of the LCA is de ning the goal and scope. This de nes the assessment
purpose and determines the study boundaries and assumptions. This includes de ning a
functional unit that sets the standard for the quantitative analysis of each life stage. It sets
the goals and identi es which environmental indicators will be assessed. The second step of
the the Life Cycle Inventory (LCI), data is collected on all inputs (e.g., materials, energy)
and outputs (e.g., emissions, waste) associated with each stage of the product life cycle. This

18



WMIE901-25

is divided into data collection for the foreground and background systems. The former refers
to activities and products directly under the study's scope, where detailed and representative
data is needed. The latter includes supporting activities upstream and downstream of the
foreground, where generic data from databases is typically used. The third stage of the LCA is
the Impact Assessment (LCIA), this entails evaluating the environmental impacts associated
with the inventory data collected in the previous step. LCIA can characterize impacts such as
global warming potential, acidi cation, eutrophication, or resource depletion. The selection
of these midpoints depend on de ned goal and scope of the LCA. Finally, the interpretation
step is the fourth step of the LCA. Here, the results of the assessment are interpreted and
communicated to stakeholders. This step involves analyzing and visualizing results that lead
to recommendations.

3.3 Goal and scope
3.3.1 Goal de nition

The selected methodology and scope of the study place the focus on environmental sustainabil-
ity. The goal of the study is to assess the environmental impacts of ICT in The Netherlands
over one year (2024) to locate where intervention action is needed.

3.3.2 Scope of the system

The scope of the study is de ned as the entirety of digital equipment and infrastructures
in use in The Netherlands, for personal or professional use. This covers the three di erent
categories of equipment de ned earlier, device, networks and datacenters. These are classi ed
as tiers, de ned by the following:

1. Tier | - End-user equipment: This category groups all ICT equipment which the
population uses. This groups together mobile devices with a battery as well as plugged
in devices such as monitors, desktops or televisions and loT, other equipment which
falls under ICT categorization. These are in the LCI, presented in subsection 3.4. This
data is divided into devices used for personal use owned by the user and into devices
used for professional used, owned by a company or organization lent to a used.

2. Tier Il - Telecommunication Networks: This category groups equipment that
transmits data between the users and the datacenters. This includes the xed and
mobile network, which share a backbone network.

3. Tier Il - Datacenters: This category groups equipment used in data centers. This
includes the dedicated servers which process, transmit and store data, as well as the
surrounding site infrastructure needed for their function such as cooling and backup
energy sources.

Due to a lack of specic data for professional data about networks and datacenters, these
tiers did not get split into personal and professional categorization.

Furthermore, since datacenters and networks can also cross international borders for their use
and infrastructure, it is also important to de ne that they are only being considered within the
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geographical boundaries of the Netherlands, therefore taking a production approach for what
is produced in the Netherlands rather than what is consumed for datacenters. This creates
two di erent approaches which can be considered. The rst of which is a consumption-
based approach, de ned in literature as an approach which attributes impacts to the

nal consumers of goods and services, regardless of where those impacts occurred glob-
ally [17; 18]. Second is the production-based approach, also referred to as a territorial
approach, which measures environmental impacts that occur physically within a

speci ¢ geographical boundary, such as a city, region, or country [17]. In Figure 9 the

use of the two approaches is shown for this study.

Figure 9: Hybrid approach method taken in this study whereby a combination of the consumption
and production-based approaches is taken for accomplishing the goal of the study.

This study applies a hybrid accounting perspective to achieve the goal. For end-user
devices, a consumption-based approach is used, because these impacts are most directly linked
to Dutch ownership and use. For networks and datacenters, a production-based approach is
used, because the associated impacts are challenging to reliably allocate to Dutch consumption
due to cross border data ows, hosting, and storage. Adopting a production-based approach
for networks and datacenters therefore provides a more feasible and transparent basis given
the available data. This means that di erent parts of the ICT system are allocated using

di erent logics, which becomes relevant when comparing results across tiers in section 4.

3.3.3 Functional unit

The functional unit needs to capture a very broad scope and the hybrid approach across
tiers. It describes the function of the system, basing the LCA on an action or service. The
‘function’ which ICT has is provision. This is the provision needed to facilitate the social and
economical Dutch ICT demand. The functional unit is de ned formally as:

\The provision of ICT hardware and software services including all equipment and infras-
tructure related to digital technologies in The Netherlands during a year"

With this functional unit, both the use and the physical infrastructure are equally impor-

tant as ICT cannot provide without one. The hybrid approach is also taken into account by
specifying the function to the Netherlands.
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3.3.4 Life Cycle Stages

The following life cycle stages were each considered in this study:

1. Manufacturing stage: Comprises of raw material extraction and upstream transporta-
tion, as well as manufacturing/production processes involved in creating the ICT equip-
ment (i.e. chip manufacturing).

2. Distribution stage: Includes any transportation involved between the manufacturing
location and the use site.

3. Use stage: Includes the electricity and any other resources that were consumed by the
ICT during its operation.

4. End-of-life stage: Covers the disposal processes of ICT equipment such as sorting,
recycling or disposal when thrown away.

These stages align with the ISO norm standards previously described, as it covers the entire
lifespan and its consequential impacts of a digital product and its services.

3.3.5 Data Acquisition

There are two key distinctions in the data used in this project. Data consisting of the equip-
ment related to ICT and data concerning the life cycle environmental impacts of this ICT.
This distinction exists due to the scale of the functional unit. No complete LCI can be
built which dissects all of the ows ICT in The Netherlands has from the technosphere and
biosphere.

By collecting Dutch data about speci ¢ equipment and combining this with environmen-
tal data about each speci c piece of equipment, the results can capture the total Dutch ICT
landscape. In Figure 10, the di erent databases and software used to put together the results
are shown. This includes Resilio and CODDE as the key providers of ICT environmental data.
These sources are combined with data directly from Ecoinvent such as the Dutch electricity
mix and any other equipment which Ecoinvent has but Resilio and CODDE do not. This
environmental data is all then multiplied by the quantities found in the system boundary
dataset, which concerns the quantities of servers and smartphones for example. Additional
information is also collected concerning the electricity use and lifespan of each equipment
considered.

This comes with the challenge that not a full LCI is visible through the use of intermediary
databases which do not share the full inventory list. In looking to test potential interventions,
this has the drawback that in the background of the LCA no changes can be made. For exam-
ple, the electricity used in the manufacturing stage cannot be made renewable. In addition,
it also creates dependence on these databases for which ICT equipment can be included in
the study.

Collecting the Dutch data needed for the Life Cycle Inventory was approached according to
the three de ned tiers. The rst tier data is primarily based on data collected by the Statistics
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Figure 10: The methodology of this study summarized into the stages (Life Cycle Inventory (LCI),
Life Cycle Impact Analysis (LCIA)) of LCA, and the datasets and databases used.

Netherlands (CBS) given the dependence on population, household and business statistics.
The second tier is dependent on the three network operators in The Netherlands who operate
over 95% of the xed and mobile network. Statistics about network use and connectivity are
reported by the ACM in quarterly year reports, and each of the three operators publish an
annual report. For the third tier, the Dutch Datacenter Association (DDA) published a state

of the Dutch datacenters report for 2024 which contains relevant quanti cation of the types
of datacenter and their power allocation in The Netherlands. In addition, starting in 2024,
the RVO began requesting energy-related data from datacenters for the European Energy
E ciency Directive (EED). This was not always delivered however, due to the possibility
for companies to declare it as con dential information. Further explanation of the data
acquisition is provided in subsection 8.1.
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3.3.6 Databases Used

The LCI and LCIA data are not ideally interconnected in this project by coming together
in one large inventory. In order to nd supporting LCIA data to match with the LCI three
di erent databases were used.

1. ResilioDatabase
2. CODDE
3. Ecoinvent

Resilio was used as the key database for LCIA data. They provide a comprehensive envi-
ronmental database speci cally tailored for the ICT sector for both digital equipment and
services. This is dataset that prioritizes standardization, ensuring that there is a fair method
used across the di erent device types. Their database o ers data across the three categories,
with the best and most variety being o ered in the device category.

For the network LCIA data, CODDE was used. This database is derived from the origi-
nal Negaoctet database. The Negaoctet database has been subject to an external critical
review by an independent third party. The NegaOctet database complies with international
standards ISO 14040/44, according to the EF 3.0 format and nomenclature.

This database contains data about network equipment, with exception of COAX (coaxial
cable) equipment as mentioned in subsubsection 3.3.7. In addition, it also o ers data about
datacenters and their particular elements, which was used to compare data to the data Resilio
o ers. The CODDE database o ers a complete construction of the xed and mobile networks
based on the number of set subscriptions and the annual data transferred accordingly. Then,
the electricity used for this phase still can be manually added. Both of these networks are
constructed from European data which is allocated per average user. Given this broad ap-
proach which is not relevant to the Dutch context, it was not used in this study. Instead, both
of the networks were built manually using the collected LCI data. This manual iteration was
compared to the built European function CODDE o ers, whereby when manually adding the
amount of electricity, these numbers di er by a factor of 0.7%.

The third key source of data was directly from Ecoinvent. The electricity mix specic to
The Netherlands was used from here along with printers and speakers for tier 1 data, as well
as cooling and generators for tier 3 data because these could not be found in the Resilio
database.

3.3.7 Exclusions

While the overarching aim of this study is to capture the environmental impacts of all dig-
ital products used within The Netherlands, several categories of data were excluded due to
methodological, practical, or data availability constraints. Before exclusions can take place, it
is rst also important to de ne what is included in the study, to give signi cance to exclusions.
Inclusion in the study is Information and Communication Technology across the three tiers
de ned in subsection 3.3. The types of ICT included are speci cally those whose function is
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central to ICT, meaning it cannot exist without its ICT side, following the de nition of the

ITU [19]. An example of this study is the exclusion of healthcare ICT, which exists without
its ICT side. Exclusions were therefore based on two criteria. The rst is whether it was
intended to be included but could not be due to a lack of data, and the second is exclusions
as they did not t into the scope.

A central exclusion concerns public infrastructure, speci cally systems such as public trans-
port screens, security infrastructures, and water management installations. All categories
which can be categorized as essential ICT to Dutch society from a governmental perspective.
Although these systems rely on substantial ICT, any hotspots that come from this level pose
for interventions that will not be considered worthwhile due to the bene ts ICT o ers for the
Dutch people. As a result, public infrastructure was omitted with the understanding that its
inclusion would not contribute meaningfully to actionable interventions.

Figure 11: Tier 1 - End-user devices inclusions and exclusions de ned by the scope and available
data.

The overview of these exclusions is shown in Figure 11 along with the inclusions. The exclu-
sions are di erentiated by exclusion due to a lack of reliable data and exclusion due to it not
being in scope.

Other exclusions in this study arose from the dependence on environmental data provided by
the Resilio and CODDE databases. Given the dependence on these sources as explained in
subsubsection 3.3.5, if insu cient LCIA data is available, they cannot be reliably modeled.
These databases ultimately shaped which digital products could be included in the analysis
and which needed to be excluded. Certain types of personal equipment, such as smartwatches
or IoT items were excluded from the study for this reason. In addition, COAX related data
was not available in the CODDE database where other network data was extracted from.
This means that environmental impacts related to COAX were translated to re ect the types

of equipment present in a ber optic connection. COAX development is quite unique to
The Netherlands, which makes it challenging to source reliable LCIA data elsewhere. For
this reason, in the results only ber optic and copper associated network elements are repre-
sented, which includes additional infrastructure than what is present with the added COAX
subscribers. Lastly, the CODDE database does not provide LCIA results for the distribution
and end-of-life life cycle phases. Given these results only make up a maximum of 1% to the
total contribution in tiers 1 and 3, they were excluded from the study.
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Figure 12: Tier 2 - Networks inclusions and exclusions de ned by the scope and available data.

Building infrastructure (concrete, steel, etc.) surrounding ICT equipment was also left out of
this study such as structural components surrounding antenna installations. Although this
infrastructure is functionally important, it is not specic to ICT alone and therefore falls
beyond the boundaries of this ICT focused assessment. Installation processes were omitted
for comparable reasons, as reliable data on installation impacts is challenging and only very
relevant to the Networks portion of the results.

Internet users connected by satellite were excluded from this study. This number is assumed
to be low as satellite internet is a very niche market. Not only this, but given that the xed
network has very high coverage and speeds in The Netherlands, there is not much incentive
for users to make use of satellite internet. Finally, the number of xed network connections
in The Netherlands (Coax, xDSL and beroptic), while not exclusive to only households,
adds up to 8.37 million. This number aligns closely with the number of households in The
Netherlands in 2024 reported by the CBS (8,374,404).

Figure 13: Tier 3 - Datacenters inclusions and exclusions de ned by the scope and available data.

Finally, for tier 3 many of the excluded factors were similar to those of tier 2. A proper
classi cation of server types is excluded from the study due to insu cient data.
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3.4 Life Cycle Inventory

Table 3: Summarized Life Cycle Inventory of the baseline study divided by tier.

Tier List of devices Quantity | Unit Life span
(vear)
Dutch population 2024| 17,943,000 - -
Dutch households 2024 8,374,404 - -
Dutch businesses 2024 2,359,325 - -
Tier 1 - personal Smartphones 6,189,617 Unit 2.5
Tier 1 - personal Smartphones - mid| 9,284,426 Unit 2.5
range
Tier 1 - personal Laptops 3,947,000 Unit 5.0
Tier 1 - personal Laptops - mid range 2,405,400 Unit 5.0
Tier 1 - personal Laptops - gaming 432,800 Unit 5.0
Tier 1 - personal Tablets 4,105,624 Unit 4.0
Tier 1 - personal Tablets - mid range 2,043,176 Unit 4.0
Tier 1 - personal Desktop - entry range 1,310,26| Unit 6.0
Tier 1 - personal Desktop - mid range 688,477 Unit 6.0
Tier 1 - personal Desktop - gaming 222,089| Unit 6.0
Tier 1 - personal Gaming consoles 1,345,725 Unit 7.0
Tier 1 - personal Small screens (loT) 1,842,280 Unit 8.0
Tier 1 - personal Monitors 1,066,028 Unit 6.0
Tier 1 - personal Speakers 5,715,039 Unit 5.5
Tier 1 - personal Printers 414,611 Unit 8.0
Tier 1 - personal Routers 8,288,458| Unit 7.0
Tier 1 - personal TV boxes 6,880,000 Unit 7.0
Tier 1 - personal TV (not smart) 1,185,405/ Unit 7.5
Tier 1 - personal Smart tv - large 911,135 Unit 7.5
Tier 1 - personal Smart tv - small 797,243| Unit 7.5
Tier 1 - personal Smart tv - medium 3,986,216 Unit 7.5
Tier 1 - professional Smartphones 2,263,179 Unit 2.5
Tier 1 - professional Smartphones - mid 3,394,768 Unit 2.5
range
Tier 1 - professional Laptops 2,398,800 Unit 5.0
Tier 1 - professional Laptops - mid range 702,300 Unit 5.0
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Table 3: Summarized Life Cycle Inventory