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Semiconductor
sustainability trends

Strategy 1: Chip companies are stepping up efforts to reduce
direct emissions and other environmental impacts caused by

semiconductor manufacturing
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Serijes overview

As illustrated in the graphic below, through our experience in the industry,
Deloitte is seeing four broad sources of pressure toward increased sustainability
in the semiconductor sector. Companies’ responses are coalescing into six

next-generation semiconductor sustainability strategies.

Sustainability pressures and strategies in today’s semiconductor sector

Internal pressures

Pressure 1: Semiconductor manufacturers
have a growing sense of urgency as early
progress towards sustainability goals has slowed

Pressure 2: Semiconductor manufacturers
realize the need for more sophisticated supply
chain and ecosystem engagement

Leading to the
development of

External pressures .
next-generation

sustainability
strategies

Pressure 3: Key markets are introducing
regulation that increases sustainability
performance and transparency requirements
and links these to cost of market access

Pressure 4: Expectations of stakeholders
have increased. Semiconductor customers
frequently expect suppliers to adhere to
sustainability goals. End consumers,
shareholders, and employees also regularly
factor sustainability into decisions

Semiconductor sustainability strategies

Strategy 1: Further address direct emissions from
semiconductor manufacturing

Redouble efforts to reduce direct Scope 1 and 2
emissions and other direct environmental impacts
from manufacturing

Strategy 2: Reduce business ecosystem emissions
Address supply chain, procurement, and other
business ecosystem Scope 3 emissions

Strategy 3: Reduce products’ life cycle energy use
Design products to reduce energy use and emissions
throughout their whole life cycle, including during their
application by end users

Strategy 4: Reengineer for circularity
Reengineer products, logistics, and business models
for circularity

Strategy 5: Make sustainability a business value driver
Develop new sustainability-related brand value,
businesses, and revenue streams

Strategy 6: Sharpen and integrate sustainability strategy
Revise and integrate sustainability strategies into businesses

This article discusses the specific drivers and the distinct solutions that companies
are implementing to pursue Strategy 1: redoubling efforts to reduce direct Scopes 1
and 2 greenhouse gas (GHG) emissions and other direct environmental impacts

from semiconductor manufacturing.
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Context

Many of the world’s leading semiconductor manufacturers
publicly announced sustainability goals in recent years.
While each has pursued its own set of initiatives to move
toward achieving these goals, many initial efforts have
focused on relatively accessible progress such as procuring
renewable energy where possible. For example, 93% of
Intel’'s energy needs were met by renewables as of its
2022-23 fiscal year

The imperative to further improve the industry’s
sustainability (see Drivers, below) continues to intensify,
accentuated by the ongoing growth of the industry and
the greater energy demands of manufacturing the latest-
generation chips. Thankfully, new technologies, processes,
and incentives are becoming available to enable further
improvements in the environmental footprint of chip
fabrication and assembly. We can thus anticipate improved
environmental performance from both the next generation
of plants and from retrofitting and upgrading existing
facilities. A full transformation of chip manufacturing

with adoption of the latest technologies, processes, and
approaches can reduce the intensity of energy, water, and
process gas use significantly.



SEMICONDUCTOR SUSTAINABILITY TRENDS ARTICLE 2

How are the market drivers and
opportunities for investing in
increased chip manufacturing
sustainability manifesting for
semiconductor manufacturers?

Drivers and solutions for reducing direct sustainability impacts from semiconductor chip manufacturing

Internal drivers External drivers
Driver 1: Rapid growth of the global semiconductor Driver 3: Increased market stakeholder awareness and
industry is heightening the need for greater expectations for efforts to reduce the sustainability
sustainability and efficiency in manufacturing footprint of semiconductor manufacturing
Driver 2: Recognition that improved manufacturing Driver 4: Government policies and regulation are
sustainability supports core business goals such providing clearer requirements and incentives for
as cost management and resiliency investments in improved manufacturing sustainability

Leading to investment in more sustainable approaches

to semiconductor manufacturing:

Solution 1: Adopting manufacturing processes that use Solution 4: Introducing manufacturing technologies
lower global-warming inputs, especially in process gases that recycle inputs

Solution 2: Investing in advanced emissions

abatement technology Solution 5: Investing in on-site and procured

renewable energy
Solution 3: Sensing, automating, and modeling to

monitor and reduce raw materials use
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From Deloitte’s experience, we see the varied pressures
to reduce the environmental footprint of semiconductor
manufacturing being expressed via four main drivers:

Driver 1. Rapid growth of the global

semiconductor footprint

The rapid expansion of semiconductor chip manufacturing

is leading to a growing environmental footprint, which can

be at odds with the stakeholder sustainability expectations,
publicized sustainability goals, and business incentives (see
Driver #2, below). This is amplified further by the fact that
manufacture of the most advanced semiconductors has an
even greater environmental impact than past generations of
devices. Advanced node technologies (sub-10nm) have longer
manufacturing processes, which increase the sustainability
impact. Moving from a mature technology such as 28nm to
advanced node manufacturing at 2nm needs 3.5x as much
energy, 2.3x as much water, and 2.5x as many greenhouse
gases.” Broad recognition of—and concern about—these trends
is further accentuating the sense of urgency to reduce the chip
manufacturing sustainability footprint.

Driver 2. Alignment with core business goals

There is growing understanding among semiconductor-sector
executives that improving sustainability can be directly
supportive of significant business goals.

Many semiconductor manufacturers and their business
customers have set explicit goals for reducing their GHG
emissions and other sustainability impacts. Given that the
majority of such impacts are concentrated in the fabrication and
assembly process steps, progress toward these goals requires
addressing impacts from these processes.

Further, it has come to be understood that addressing
manufacturing process sustainability can directly support
business fundamentals: A growing scarcity of key inputs such as
water and energy in the countries where manufacturing plants
are located means that increased efficiency in their use can
support business growth and operational continuity. Onsite solar
power, for example, tends to buffer grid outages and can reduce
energy costs. Recycling water can help address local community
concerns about water availability and cost. Similarly, efforts to
reduce volume or recycle water and other manufacturing inputs
such as gases often have a cost-reduction benefit. In a potentially
slowing global economy, these cost-favorable drivers serve

to further bolster the case for investments in sustainability-
enhancing efficiency improvements.
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Driver 3. Increased awareness and expectations of
market stakeholders

Recent years have seen the combination of semiconductors
becoming ever more prevalent in our economies and daily lives,
with growing stakeholder understanding of the environmental
impacts of chip manufacturing, such as water use, energy use,
and process use of gases with strong global warming impacts.
This is leading stakeholders, including customers, investors,

and even staff, to demand a redoubling of efforts to reduce the
semiconductor manufacturing sustainability footprint. Investors
are starting to pay attention to how much energy, water, and
high global warming potential (GWP) process gases are used per
unit of revenue.?

Driver 4. Regulation and government incentives

As described in other articles in Deloitte’s Semiconductor
Sustainability series, a range of government policies and
incentives, especially in the United States and Europe, are
driving a transition to greater energy efficiency, which in
turn is supporting a shift toward greater sustainability in the
manufacture of semiconductors.

In the United States, incentives for energy efficiency have been
strengthened by the Inflation Reduction Act, which includes
significant grants and other incentives for energy efficiency in
buildings, corporate fleet electrification, and renewable energy
expansion (@mong other areas.) The recently passed California
Climate Corporate Data Accountability Act (SB 253) as well

as the European Union’s Corporate Sustainability Reporting
Directive broadly require companies to publicly disclose

and verify their greenhouse gas emissions, thereby creating
transparency incentives to reduce energy use and the related
emissions. When these incentives are viewed in combination
with the CHIPS Act, which is prompting semiconductor
companies to investigate opportunities to expand their R&D,
manufacturing, assembly, packaging, and testing in the United
States, one can anticipate an increasing investment in more
efficient semiconductor plants.
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Solutions

In response to these drivers, semiconductor companies
are pursuing a strategy of further investing in the
reduction of environmental impacts from their
manufacturing operations. What specific solutions

are they pursuing?

Solution 1. Adopting manufacturing processes which
use lower global-warming inputs

Semiconductor manufacturers are investing in new plants and
retrofitting existing plants with processes that make use of raw
materials such as chemicals and gasses with lower emissions
and lower GWP.

Established chip manufacturing processes use several gases
that have very high GWP, especially fluorinated gases such

as perfluorocarbons (PFCs), hydrofluorocarbons, nitrogen
trifluoride (NF3), and sulfur hexafluoride. In the majority of
established manufacturing processes up to 80% of fluorinated
gases are released into the atmosphere at the end of the
process.* There has been progress in finding alternative gases—
for example, replacing PFCs with NF3, which has a lower GWP.>
Tokyo Electron Limited (TEL) announced a new high-aspect ratio
etch process that significantly reduces both energy and the

CO2 footprint of the etch. The etch is performed at cryogenic
temperatures and uses an alternative chemistry to the current
process. TEL claims that the etch is 2.5x faster, uses 43% less
power, and reduces GHG by 83%.°

Samsung Semiconductor is also developing process gas with
lower global warming potential. This alternative gas has been
developed to replace PFCs, one of the most potent greenhouse
gases, used in the four major semiconductor processing
steps—etching, diffusion, chemical vapor deposition, and
metallization. PFCs have been replaced in processing several
products since 2018.” Nevertheless, finding and introducing
alternative gases is a lengthy process that tends to yield
incremental improvements. This points to the growing
importance of the next solution: abatement.

Solution 2. Investing in advanced emissions

abatement technology

Given the challenges in identifying and introducing lower GWP
process gases, abatement of high GWP process gas emissions is
a key solution being adopted ever more widely in semiconductor
manufacturing plants. Capturing and destroying (for example,
by burning or chemical conversion) as much of the high GWP
process gases is key; abating 99% of NF3 is now possible.®
Samsung Semiconductors has introduced the Regenerative
Catalytic System (RCS), a facility on the rooftop that handles all
the process gas with catalysts. By treating process gas at a low
temperature, Samsung Semiconductor’s RCS tends to use less
fuel and emit fewer air pollutants compared to point-of-use
facilities widely used by other manufacturers. Samsung also
announced that they have developed a more durable catalyst for
their RCS with up to 95% processing efficiency.”

Solution 3. Sensing, automating, and modeling to monitor
and reduce raw materials use

Increasingly, internet of things technologies are being used

to sense and optimize individual manufacturing machinery

and process stages to minimize use and leakage of energy,
gases, water, and chemicals used in manufacturing processes.
In many cases, leaks can be detected, and systems can be
idled or powered down when not in use. For manufacturing
process stages that are hard to access or monitor in real time,
process modeling and use of digital twins can be used. While
fully upgrading a decade-old chip manufacturing plant can cost
hundreds of millions of dollars, the gains in sustainability and
operating costs increasingly justify it.

Building information management (BIM) is a technology
increasingly used to design and manage the performance and
sustainability of semiconductor manufacturers’ buildings (as,
indeed, itis in other industries). BIM is the process of creating
and managing information on a construction process, and

by incorporating this additional dimension, the virtual model
is designed to depict not just the physical, temporal, and
cost-related aspects of the building but also its environmental
and social implications. Consequently, this could become a
valuable resource for evaluating how the building affects its
surroundings and community and for recognizing opportunities
for enhancement.'®
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Solution 4. Introducing manufacturing technologies

that recycle inputs

Logically, one of the most effective approaches to reducing

the volume of inputs used in a manufacturing process is to

find ways to feed them back into the process multiple times.
Semiconductor manufacturers are following this approach with
several inputs—for example, with the previously discussed
process gases and also with water (@around 76% of the water

use in the semiindustry is for the manufacturing process)."

The scale of adoption of this approach is illustrated by the fact
that Intel returned more than 80% of its water for reuse in the
manufacturing process,'? while chipmakers across Taiwan report
an average of 85% water recycling between 2016 and 2020.” In
Europe, Infineon has announced that at their production sites in
Dresden (Germany), Regensburg (Germany), and Villach (Austria),
significant amounts of heat are already being generated from
integrated energy recycling via the recovery of exhaust heat,
thereby significantly reducing the demand for energy to produce
heating power.'*

Solution 5. Investing in onsite and procured

renewable energy

One of the most widely adopted approaches to increased
sustainability among semiconductor manufacturers has been a
shift to the use of renewable energy. This has been composed
of both installation of onsite solar power and procurement

of renewable energy from electrical utilities. The availability
and cost of onsite solar generation technologies and limited
availability of renewable energy from energy utilities slowed
adoption initially. However, each of these bottlenecks has
been easing in recent years, with renewable energy being
more available in fabrication countries such as Taiwan and the
Philippines as well as the United States.

Since 2015, NXP Semiconductors has steadily increased their
use of electricity from renewable sources. In 2022, 35% of overall
electricity use was from renewable energy sources, while their
Nijmegen wafer fab in the Netherlands runs on 100% renewable
electricity.” In June 2018, Samsung announced their goal to

use 100% renewable energy for all sites in the United States
and China by 2020. They achieved their goal a year ahead of
schedule, replacing all electricity with renewable energy by
2019 Meanwhile, in their 2021 fiscal year, Infineon switched to
purchasing 100% green electricity for its sites in Europe. In the
2022 fiscal year, the North American site in Austin (Texas, US)
followed suit."”




INn conclusion

The highly complex and costly process for manufacturing
and assembling semiconductor products has presented
challenges for addressing its sustainability footprint.
However, a combination of clear business drivers and

the emergence of technically and economically feasible
approaches is making the sustainability footprint of
semiconductor manufacturing more addressable now
than ever before. This is fortunate given the anticipated
dramatic growth in the use of semiconductors as adoption
of new technologies, such as 5G and Al, continues
seemingly unabated.
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About Deloitte's Semiconductor
Sustainability series of articles

Clients and other industry actors are interested in learning about the broad trends and patterns that we see in our work in
the semiconductor sector, and interest is especially high in the critical task of driving sustainability through their operations

and ecosystems.

Deloitte's series of short Semiconductor Sustainability articles responds to this interest by summarizing emerging sustainability
strategies that Deloitte is seeing through our work with clients. Each article is intended to be a short, accessible summary that can
be read in less than 20 minutes. We hope that the series proves useful to anyone interested in how the semiconductor sector is

working to address its sustainability challenges.

Below is a list of all the articles in this series, in order
of publication:

Series overview: Current sustainability pressures
and next-generation sustainability strategies
in the semiconductor sector

[This article] Strategy 1. Further address direct emissions
from semiconductor manufacturing

Semiconductor companies are redoubling efforts to reduce
direct Scope 1 and 2, greenhouse gas emissions, other
environmental impacts from manufacturing.

Strategy 2. Reduce business ecosystem emissions
Semiconductor companies are addressing supply chain,

procurement, and other business ecosystem Scope 3 emissions.
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Strategy 3. Reduce products’ life cycle energy use
Semiconductor companies are designing products to reduce
energy use and emissions throughout their full life cycles.

Strategy 4. Reengineer for circularity
Semiconductor companies are reengineering products,
logistics, and business models for circularity.

Strategy 5. Make sustainability a business value driver
Companies in the semiconductor sector are developing new,
sustainability-related brand differentiation, businesses, and
revenue streams.

Strategy 6. Sharpen and integrate sustainability strategy
Semiconductor leaders are strengthening sustainability
strategies and integrating them into the businesses.
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