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Abstract—The electronics industry, a
vital pillar of modern society, faces sub-
stantial challenges in its path to achieving
net-zero emissions by 2050. Central to this
effort is the need to decarbonize the entire
supply chain. This article explores the com-
plexities associated with collecting primary
emissions data from both manufacturing
processes and supply chain partners. It
emphasizes the importance of primary data
over secondary data, which only provides
industry averages that are insufficient to
achieve a net-zero target. The discussion
looks at technological advancements, col-
laborative strategies, and policy measures
required to transform the electronics indus-
try into a net-zero industry.

Index Terms—Carbon emissions, carbon
footprint, carbon neutral, environmental,
supply chain, sustainable development.

I. INTRODUCTION

HE electronics industry has
become an integral part of mod-
ern life. It is the basis for the
operation of smartphones, computers,
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medical devices, and numerous other
technologies. And its dissemination is
expected to further increase, according
to the European Chips Report, the future
chip demand across industrial ecosystems
is expected to double between 2022 and
2030 [1]. However, the manufacturing
processes, the extensive supply chain,
and the electricity demand during the
use phase generate high levels of carbon
emissions. As part of the global commu-
nity’s efforts to combat climate change,
the electronics industry faces the daunt-
ing task of achieving net-zero emissions
by 2050. This goal requires a compre-
hensive approach that includes reducing
emissions in manufacturing, improving
transparency in the supply chain, and
innovating energy-efficient technologies.
The focus of this article is how transpar-
ency about supply chain emissions can be
achieved and how supply chain emissions
reduction can be managed.

A. Understanding Net-Zero Targets
and Their Meaning

Net-zero targets refer to the balance
between the amount of greenhouse gases
(GHG) emitted into the atmosphere and
the amount that is removed or offset,
resulting in a net-zero carbon footprint.
These targets are critical to mitigating
climate change and preventing global
temperatures from rising to dangerous
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Fig. 1. Overview of scopes and emissions across
a value chain [3].

levels. Achieving net zero requires reduc-
ing emissions as much as possible and off-
setting the remaining emissions through
compensation strategies such as refor-
estation or carbon capture and storage.
Net-zero targets are important because
they provide governments, businesses, and
organizations with a clear and measurable
goal to work toward to ensure that efforts
to combat climate change are coordinated
and effective. By committing to net-zero
emissions, companies demonstrate their
commitment to sustainability, reducing the
impact of global warming and protecting
the environment for future generations [2].
“The Greenhouse Gas Protocol” sup-
plies the most widely used GHG account-
ing standards and guidance. It defines
which GHGs are to be considered and
structures GHG emissions in direct emis-
sions (Scope 1), indirect energy related
emissions (Scope 2), and indirect supply
chain emissions (Scope 3 upstream and
Scope 3 downstream) [3]. See Figure 1
for the overview of scopes and emissions
across a value chain.
Theterms“carbonneutral”’and‘“‘net-zero”
are often used interchangeably, but they
have distinct meanings and implications.
Carbon neutrality typically covers only
a defined part of business operations,
e.g., Scope 1 and Scope 2, and means
that any carbon dioxide released into the
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Fig. 2. Net-zero/carbon neutrality target dates of
selected chip manufacturers [5][6][7][81[9][10].

atmosphere from a company’s activities is
balanced by an equivalent amount being
removed or offset. This can be achieved
by purchasing carbon credits that support
renewable energy projects, reforestation,
or other carbon offset initiatives.

Net-zero emissions means that a com-
pany includes all its GHG emissions
across its whole supply chain (Scope 1,
Scope 2, and Scope 3) to as close to zero as
possible, and any remaining emissions are
balanced out by removing an equivalent
amount of GHGs from the atmosphere. [4]

Figure 2 illustrates the climate targets
of some leading semiconductor manufac-
turers as of May 2024. Several companies
are aiming for a net-zero target for 2050.
Others have committed to carbon neutral
goals.

B. Importance of Primary Data

Secondary data related to GHG emis-
sions refers to information previously
collected and published by other sources.
This data is usually aggregated and avail-
able through various platforms, including
industry reports, government publica-
tions, and foremost life cycle assessment
databases such as Ecoinvent and GaBi.
Secondary data provides industry aver-
ages, general trends, and benchmark
values in terms of GHG emissions from
different sectors, processes, and activities.
Although widely used, it does not capture
the specific emissions of individual sup-
pliers, processes, or products. Therefore,
while secondary data can be valuable to
understand general patterns and establish
a baseline, it is insufficient to achieve
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precise and targeted emission reductions
required for net-zero targets.

Primary data is company-specific
data collected from individual suppliers.
Accurate primary data is essential for
identifying emission hotspots and imple-
menting targeted reduction strategies [11].

C. Corporate Carbon Footprint vs.
Product Carbon Footprint

When accounting for GHG emissions,
a distinction is generally made between
two basic approaches: The corporate
carbon footprint describes the GHG
emissions of a company as a whole. The
product carbon footprint (PCF), on the
other hand, comprises product-specific
emissions, i.e., emissions that can be
directly attributed to a product [11]. To
calculate carbon emissions along the sup-
ply chain, it is required to exchange PCF
at every step of the supply chain.

II. EMISSIONS FROM OWN
MANUFACTURING

The first major challenge in decarbon-
izing the electronics industry is for com-
panies to accurately measure and reduce
emissions from their own manufacturing
processes. These emissions come from
various sources, including the direct con-
sumption of fossil fuels and electricity
consumption.

A. Energy Consumption in
Manufacturing

Production facilities in the electronics
industry are generally highly automated
and rely heavily on electricity. Especially
cleanrooms consume large amounts of
energy compared with non-classified
rooms; scientific literature and experience
in the field show that cleanrooms use up
to 25.3 times more energy (1.25 kW/sqm

vs. 0.06 kW/sqm). The energy require-
ment of HVAC systems usually amounts
to 50%—75% of electricity consumption
in a clean production space due to the
high airflow rates needed for particu-
lar ISO classes [12]. But also processes
such as soldering, etching, and assembly
are energy-intensive. The production of
printed circuit boards (PCBs), for example,
involves several steps that consume energy,
such as laminating, drilling, and coating.

B. Strategies for Reducing Emissions

Technological Advancements in
Manufacturing

To mitigate these emissions, the indus-
try is exploring various technological
advancements. These include the develop-
ment of more energy-efficient fabrication
techniques, e.g., STMicroelectronics has
reduced its energy consumption per unit
of production by 56% since 1994 [13].

Renewable Energy Sources

The use of renewable energy sources
is a widely used method to reduce carbon
emissions. Apple, for example, has com-
mitted to powering all of its facilities with
100% renewable energy and has already
achieved this milestone for its corporate
offices, data centers, and retail stores
worldwide [14]. However, it is import-
ant to understand that due to the fact that
Apple’s manufacturing is outsourced to
third-party suppliers, the manufacturing
facilities are not included in that renew-
able energy claim.

Product Design

In many products, the rigid PCB also
primarily fulfills a mechanical function,
which simplifies the product design but
worsens the GHG balance. Sometimes up
to half of the PCB area is used merely to
bridge a gap between two pole connec-
tions, for example. Alternative approaches
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to secure fixing and contacting could sig-
nificantly improve the GHG balance.

Advanced Cooling Technologies
Innovation in advanced cooling tech-
nologies is another key area. Traditional
cooling methods for semiconductor man-
ufacturing facilities are energy-intensive.
Newer methods, such as immersion cool-
ing and more efficient HVAC systems, can
significantly reduce energy consumption.

Materials Science Innovations

Advancements in materials science
are also contributing to lower emissions.
Researchers are developing new materi-
als that require less energy to produce and
have better electrical properties, which
can reduce the overall energy consump-
tion of electronic devices. For instance,
gallium nitride semiconductors are more
efficient than traditional silicon semi-
conductors and are increasingly used in
power electronics.

III. SUPPLY CHAIN EMISSIONS

In order to accurately calculate the
environmental impact of electronic prod-
ucts, it is essential to determine the PCF.
This calculation requires a comprehensive
analysis of the upstream supply chain for
all suppliers and sub-suppliers. The dif-
ferent stages of the upstream supply chain
are referred to as Tier 1, Tier 2, Tier 3,
etc., starting from the original equipment
manufacturer. Figure 3 shows an example
of an upstream supply chain.
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Fig. 3.

Exemplary upstream supply chain.

Understanding these stages and the
associated emissions is crucial for cal-
culating the PCF and achieving net-zero
targets.

A. Complexity and Lack of
Standardization

Collecting primary emissions data
from the supply chain is a complex
challenge. The electronics supply chain
is global and involves multiple tiers of
suppliers spread across different regions
with different environmental regulations
and levels of transparency. The lack of
standardized calculation and report-
ing practices increases the difficulty of
obtaining accurate emission data. If PCF
calculations are not comparable between
different manufacturers and if there is not
a standardized reporting template, the
efforts for companies along the supply
chain are tremendous; that is why as of
today, only very few companies actually
provide PCF data.

B. Initiatives to Improve
Transparency

Partnership for Carbon Transparency

The  Partnership for  Carbon
Transparency (PACT), initiated by the
World Business Council for Sustainable
Development aims to enhance transpar-
ency and decarbonization in the sup-
ply chain by enabling the secure and
standardized exchange of product-level
emissions data across organizations. The
Pathfinder Framework [15] developed
by PACT provides guidelines for cal-
culating and exchanging primary-data-
based PCFs, improving data reliability
and consistency across value chains.
This initiative also involves collaboration
with technology providers like Siemens,
SAP, and CircularTree to create interop-
erable solutions for data exchange, thus
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fostering transparency and accountability
in corporate climate action.

Industry Initiatives

Addressing the emission challenges in
the electronics industry requires a collab-
orative approach. Companies must work
closely with their supply chain partners
to ensure transparency and consistency
in emission reporting. Industry-wide ini-
tiatives, such as those led by the Japan
Electronics and Information Technology
Industries Association (JEITA), are cru-
cial for fostering cooperation and setting
standardized practices across the sector.
JEITA focuses on promoting sustainable
development and environmental manage-
ment in the electronics industry, advocat-
ing for standardized reporting practices
and collaborative efforts to reduce emis-
sions throughout the supply chain.

C. Workflow for PCF Transparency
and Reduction

CARE Decarbonization Cycle

The key to practical transparency and
decarbonization is efficiency. Only if
companies, especially small- and medi-
um-sized companies, get the opportunity
to achieve transparency and decarboniza-
tion with a reasonable effort, the targets
can be achieved. To empower companies
to do this, CircularTree has developed
the CARE decarbonization cycle. This
approach enhances supply chain trans-
parency and facilitates a gradual path to
decarbonization. The process begins with
uploading a bill of material and a hotspot
analysis using secondary data to identify
key suppliers and components with sig-
nificant emissions. These identified sup-
pliers are then prioritized for requesting
primary data. By obtaining and utiliz-
ing this primary data, reduction targets
can be established collaboratively. This
method continuously refines the PCF by

cacuiatere i, ()
nitially based on secondary data

Fig. 4. CARE decarbonization cycle.

progressively replacing secondary data
with primary data and implementing
agreed-upon reduction targets. As the pri-
mary data share increases, the accuracy
and value of the PCF improves. The steps
of the CARE decarbonization cycle as
illustrated in Figure 4 include:

1. Calculate the PCEF, initially based on
secondary data

2. Analyze emission data to identify
hotspot suppliers

3. Report the PCF to customers
Request emission data from hotspot
suppliers

4. Engage with suppliers and agree on
reduction targets

IV. POLICY MEASURES
A. Regulatory Frameworks

Government policies play a crucial
role in driving the decarbonization of
the electronics industry. Regulations that
mandate emission reporting and set strin-
gent emission reduction targets can com-
pel companies to adopt greener practices.
For instance, the European Union’s Green
Deal aims to make Europe climate neutral
by 2050 and includes measures to reduce
emissions from the electronics sector.

Incentives and Penalties

Incentives for using renewable energy
and penalties for high carbon footprints
can further accelerate the transition to net
zero. Governments can provide tax breaks,
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grants, and subsidies for companies that
invest in renewable energy projects and
energy-efficient technologies. Conversely,
imposing carbon taxes on high-emission
activities can encourage companies to
reduce their carbon footprint.

B. International Agreements

International agreements, such as
the Paris Agreement, also influence the
electronics industry’s approach to decar-
bonization. These agreements set global
targets for emission reductions and
encourage countries to implement pol-
icies that support sustainable practices.
Companies operating internationally
must comply with these regulations and
align their strategies with global sustain-
ability goals.

V. CONCLUSION

Achieving net-zero emissions in the
electronics industry by 2050 is crucial due
to its significant environmental impact. A
multitude of strategies by all companies
in the industry needs to be put in place
to achieve this target. It requires techno-
logical innovation, both in product design
and manufacturing technology, as well as
improved supply chain transparency with
the widespread use of primary data.

Primary data is essential for pinpoint-
ing emission hotspots and implementing
effective reduction strategies. Advanced
technologies and energy-efficient pro-
cesses are key to reducing manufacturing
emissions.

The global and complex nature of the
electronics supply chain necessitates ini-
tiatives like the PACT, which enhances
data transparency and consistency by set-
ting the appropriate standards. Industry-
specific collaborations and standardized
reporting practices are vital for achieving
reliable emissions data.

Policy measures, including regulatory
frameworks, incentives, and international
agreements like the Paris Agreement,
support these efforts by creating an envi-
ronment that encourages sustainable
practices.

In summary, the electronics industry
can achieve net-zero emissions through
coordinated efforts that leverage techno-
logical advancements, supply chain trans-
parency with primary data and supportive
policies, contributing to a sustainable
future.
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