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the rapid innovation in the Technology and 

Communications sector, developing always 

smaller, faster chips and integrated circuits 

(ICs), and fulfilling the promise of exponential 

growth in computing power behind Moore’s 

Law. With the trend towards increasing auto-

mation in several industries, and technologi-

cal changes in the semiconductors industry, 

semiconductors are being used for a widening 

range of applications, including automobiles 

and appliances.

As the use of semiconductor devices and com-

ponents becomes more prevalent across differ-

ent types of industries, and concerns intensify 

about global resource scarcity, climate change, 

and impacts of pollution on human health and 

the environment, the environmental and social 

externalities associated with semiconductors 

manufacturing and use are likely to increase, 

posing material risks and opportunities for 

companies in the industry. Management (or 

mismanagement) of material sustainability 

issues has the potential to affect the valuation 

of Semiconductors companies through impacts 

on profits, assets, liabilities, and cost of capital.

Semiconductors companies reporting in their 

regulatory filings metrics on the material 

sustainability risks and opportunities that could 

affect value in the near- and long-term, would 

provide investors with a more holistic and 

comparable view of performance. This would 

include both positive and negative externali-

ties, and the non-financial forms of capital that 

the industry relies on for value creation.

Specifically, performance on the following 

sustainability issues will drive competitiveness 

within the Semiconductors industry:

MateRIaL sustaInaBILIty Issues

environment

•	 Greenhouse	Gas	Emissions

•	 Energy	Management	in	Manufacturing

•	 Water	&	Waste	Management	in	

Manufacturing

Human Capital

•	 Recruiting	and	Managing	a	Global	

Skilled Workforce

•	 Employee	Health	&	Safety

Business Model and Innovation

•	 Product	Lifecycle	Management

Leadership and Governance

•	 Supply	Chain	Management	&	 

Materials Sourcing 

•	 Intellectual	Property	Protection	&	

Competitive Behavior

IntRODuCtIOn

Semiconductors are a vital component of the 

value chain for the computing and electronics 

industries, with companies in the Semiconduc-

tors industry being critical suppliers for manufac-

turers in the Electronics Manufacturing Services 

& Original Design Manufacturing (EMS & ODM) 

and Hardware industries. The industry represents 
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•	 Mitigating	greenhouse	gas	(GHG)	emissions	

during manufacturing;

•	 Managing	energy	consumption	and	improv-

ing energy efficiency of manufacturing;

•	 Managing	water	use	and	minimizing	risks	

associated with water quality and availability, 

while reducing and managing waste gener-

ated during manufacturing;

•	 Securing	and	developing	the	required	

employee skills as research, development, 

and production become increasingly global-

ized and companies face constraints in the 

availability of workers educated or trained 

in Science, Technology, Engineering, and 

Mathematics (STEM) disciplines;

•	 Ensuring	short-	and	long-term	employee	

health and safety, particularly from exposure 

to toxic materials;

•	 Minimizing	product	lifecycle	impacts	through	

innovation in product design and business 

practices;

•	 Managing	the	supply	chain,	including		man-

aging risks associated with the sourcing of 

sensitive or rare minerals; and

•	 Balancing	the	need	to	protect	intellectual	

property (IP) that incentivizes innovation 

with the need to ensure competitive busi-

ness practices.

InDustRy suMMaRy

The Semiconductors industry as discussed 

here broadly includes companies designing or 

manufacturing semiconductor devices, ICs, 

their raw materials and components (such as 

wafers, substrates and solutions), or capital 

equipment (such as deposition equipment, 

thermal processing equipment and back-end 

machinery used in assembly and testing). Some 

companies in the industry provide outsourced 

manufacturing, assembly or other services for 

designers of semiconductor devices.I,II

A majority of industry revenue comes from 

semiconductor device and circuit manufac-

turing, particularly from microprocessors.1 

Global revenues of Semiconductors companies 

amounted to just over $500 billion accord-

ing to the latest annual data, with 72 percent 

of revenues from the semiconductor devices 

segment, and 20 percent from semiconductor 

capital equipment. The remaining $40 billion 

of revenues came from semiconductor manu-

facturing services, and providers of wafers, 

substrates, and materials.2 Industry profit mar-

gins vary depending on the type of segment; 

the leading Semiconductors companies listed 

in Appendix I had gross margins of 52 percent 

on average in fiscal year (FY) 2012, and net 

income margins of 20 percent. 

I Specifically, the industry includes: (1) companies producing capital equipment, both front end (e.g. deposition equipment, thermal processing 
equipment etc. and machinery used to make silicon wafers) and back end (e.g. automated test equipment, encapsulation products etc. that are 
used in assembly and testing); (2) companies producing semiconductor devices or ICs, including companies creating, licensing and marketing 
semiconductor intellectual property; (3) companies providing outsourced manufacturing, assembly, packaging, or test services for designers of 
semiconductor devices; and (4) manufacturers of materials, components or systems used in semiconductor IC manufacturing, including wafers, 
substrates, silicon products, assembly materials and solutions. Based on definitions from the Bloomberg Industry Classification System (BICS) 
obtained from the Bloomberg Terminal on 6 February 2013, and mapped to SICSTM. 
II A list of five representative companies appears in Appendix I.
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Within the semiconductor devices segment, 

manufacturing takes place in highly specialized 

fabrication facilities, or ‘fabs,’ which require 

the use of dust-free environments called clean-

rooms.3 The semiconductors manufacturing 

process involves the use of specialized chemi-

cals, many of which are hazardous to human 

health and the environment, and have resulted 

in a legacy of Superfund sites and lawsuits 

related to employee health and safety.

The volume of electronics products sold 

downstream and the expansion of semicon-

ductor content in devices are major factors in 

the demand for semiconductors and capital 

investments for manufacturing equipment. For 

example, the growing automobiles market in 

emerging markets and increase in embedded 

semiconductor content present a significant 

growth opportunity for the Semiconductors 

industry.4 The industry is characterized by high 

revenue volatility, with demand from down-

stream industries influenced by economic 

activity and consumer spending on electron-

ics goods. This requires sophisticated capacity 

management to ensure that production can be 

ramped up or reduced to meet demand. 

Product innovation and short lifespans of elec-

tronics goods increasing the need for replace-

ments also drive industry demand. Industry 

revenue and profit are impacted by lower 

prices and higher performance of semiconduc-

tors. Revenue growth for U.S. manufacturers 

has been slow during the past five years, due 

to higher imports, the continued outsourcing 

of computer manufacturing to other markets, 

and a decline in average prices for semiconduc-

tors as a result of the economic downturn and 

intense global competition.5

Semiconductor manufacturing is a capital-

intensive process. It costs around $1.6 billion 

to build an average 8-inch fab, while state-of-

the-art fabs can cost between $3-4 billion.6 

Purchases of raw materials or components 

account for a significant proportion of costs. 

2011 industry data shows that the amount 

spent on such purchases in the machinery 

manufacturing segment was around 41 

percent of the value of shipments, and the 

amount on purchases in the device manufac-

turing segment was 16 percent of the value 

of shipments.7 Input prices can also be volatile, 

affecting generally high profit margins among 

semiconductor device manufacturers. Research 

and development (R&D) expenditure is one of 

the highest among all U.S. industries and rep-

resents on average the second largest cost item 

after materials purchases, at around 20 percent 

of revenue, reflecting the high degree of inno-

vation that is characteristic of this industry.8 

Firms in the industry are offshoring produc-

tion through owned operations, joint ventures 

or overseas contractors in an effort to benefit 

from lower labor costs, proximity of custom-

ers (i.e. the manufacturers of devices that use 

semiconductors, such as the computer hard-

ware industry), as well as favorable tax policies 

and regulations in other countries. U.S.-based 

semiconductor operations are focusing on 

manufacturing of higher margin products, R&D 

and sales. At the same time, manufacturers 

from China, Costa Rica, Malaysia and Taiwan, 

which were previously contract manufacturers 

for U.S.-based companies, are now designing 

products and providing efficient, lower-cost 

alternatives, in direct competition with U.S. 

manufacturers. 
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As a result, U.S. manufacturers are impacted by 

declining exports, which account for about 40 

percent of semiconductor device revenues, and 

rising imports, which are expected to satisfy 

around 50 percent of domestic demand in the 

U.S. for semiconductors and related devices.9 

Major industry players earn more than 70 

percent of their global revenues from the Asia-

Pacific region.10

In general, the Semiconductors industry is 

highly competitive. However, industry concen-

tration is high in certain product segments; 

for example, Intel and AMD dominate central 

processors in desktop and mobile computing. 

The scale of some of the established industry 

participants provides them with bargaining 

power over suppliers and customers, and they 

also enjoy economies of scale with respect to 

cost of production and purchasing of materials.11

Competitiveness in the industry is determined 

by, among other things:

•	 Lower	cost	structures,	enabling	price	com-

petitiveness;

•	 Products	with	superior	performance	(includ-

ing low power consumption, particularly for 

use in mobile devices that run on batteries), 

reliability and quality, especially since down-

stream demand for semiconductors can be 

from sensitive or economically important sec-

tors, such as their use in satellite systems; and

•	 R&D	investment	and	effective	protection	

of intellectual property (IP), for example, 

through patents and trademarks, even for 

dominant players like Intel.12

Companies in this industry must demonstrate 

the ability to manage an increasingly complex 

manufacturing process, while also addressing 

current and emerging risks and opportunities 

associated with environmental and human 

capitals, which increasingly contribute to finan-

cial value. 

LeGIsLatIve anD 
ReGuLatORy tRenDs In tHe 
seMICOnDuCtORs InDustRy

Companies in the industry have to comply with 

different types of regulations, including IP laws, 

environmental, health and safety (EHS) policies, 

tax laws, and export controls. The following 

section provides a brief summary of key legisla-

tion and regulations and associated industry 

trends that are likely to affect shareholder value 

and sustainability performance.III

Laws governing IP protection in the U.S. and 

abroad, including those pertaining to patents, 

trademarks, trade secrets and copyrights, are 

critical to safeguard competitive position and 

drive innovation in this industry. The industry 

also faces U.S. federal government export 

restrictions on some products, due to the po-

tential for dual use in military applications.13

The industry is subject to specific environ-

mental regulations related to its GHG emis-

sions and the use of hazardous substances in 

manufacturing and end-products. Under the 

Greenhouse Gas Reporting Program (GHGRP) 

III This section does not purport to contain a comprehensive review of all regulations related to this industry, but is intended to highlight some 
ways in which regulatory trends are impacting the industry. 
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established in October 2009, the U.S. Environ-

mental Protection Agency (EPA) requires report-

ing of GHG emissions from large emissions 

sources in the U.S. The rule applies to direct 

GHG emitters, and the reporting threshold is 

25,000 metric tons or more of carbon-dioxide 

equivalent (CO2e) emissions per year, at the 

facility level. It includes reporting by 41 indus-

trial categories, including the Semiconductors 

industry. According to the EPA, this will allow 

users to identify cost-effective opportunities for 

emissions reduction in the future.14 In addition, 

California’s cap and trade system under Assem-

bly Bill 32 establishes new maximum allowable 

emissions limits for semiconductor operations.15 

Under the Clean Air Act, and National Emis-

sion Standards for Hazardous Air Pollutants 

(NESHAP), the EPA published a national rule 

for semiconductor facilities in 2003 (later 

amended in 2008), to limit emissions of air 

pollutants that may create human health risks, 

through the application of Maximum Achiev-

able Control Technology (MACT).16 Similarly, 

the industry’s management of hazardous waste 

is regulated by the EPA under the Clean Water 

Act, and by state agencies and the EPA under 

the Resource Conservation and Recovery Act 

(RCRA). The industry has also been subject 

to close regulatory scrutiny at the local, state 

and federal levels related to its use of hazard-

ous chemicals in manufacturing, as a result of 

a large number of sites close to companies’ 

manufacturing facilities being included on the 

Superfund listIV in the 1980s.

Since a significant proportion of industry 

products is sold or manufactured overseas, 

semiconductor companies are subject to EHS 

laws in other countries. Operations and sales 

in the European Union (E.U.) are subject to 

restrictions on the use of hazardous substances 

from the Restriction of Hazardous Substances 

in Electrical and Electronic Equipment (RoHS), 

the Waste Electrical and Electronic Equipment 

(WEEE) Directives of 2003, and the REACH law 

of 2007. The first two aim to promote the col-

lection and recycling or reuse of waste electri-

cal and electronic equipment (e-waste), and 

also require heavy metals such as lead, mer-

cury, cadmium, and hexavalent chromium and 

flame retardants to be substituted with safer 

alternatives.17 REACH is not specific to the elec-

tronics industry, but it relates to the Registra-

tion, Evaluation, Authorisation and Restriction 

of Chemical substances including those used 

in semiconductors.18 Similar laws restricting 

hazardous substances in products and govern-

ing e-waste have been implemented in China, 

Japan and other countries where semiconduc-

tors manufacturing or sales occur.19

Although the U.S. currently does not have 

similar regulations, some states are pursu-

ing their own initiatives, including California’s 

Green Chemistry initiative and Safer Consumer 

Products regulations. Furthermore, the Safe 

Chemicals Act of 2013 was recently introduced 

in the U.S. Senate, and if passed, will require 

the EPA to identify and restrict chemicals that 

pose health and environmental risks.20 Lastly, 

IV According to the EPA, “A Superfund site is an uncontrolled or abandoned place where hazardous waste is located, possibly affecting local 
ecosystems or people.” See http://www.epa.gov/superfund/sites/index.htm.
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the EPA is partnering with the industry on lead-

free soldering, as part of its Design for Environ-

ment Program.21

The industry is also required to adhere to 

specific employee health and safety standards, 

which, in the U.S., are enforced by the Occupa-

tional Safety and Health Administration (OSHA) 

of the U.S. Department of Labor. 

Furthermore, the Dodd-Frank Wall Street 

Reform and Consumer Protection Act of 2010 

and subsequent rules adopted by the U.S. 

Securities and Exchange Commission (SEC), 

require companies to publicly disclose their use 

of “conflict minerals” if they are “necessary to 

the functionality or production of a product” 

that the company manufactures, or contracts 

to be manufactured. These minerals include 

tantalum, tin, gold, or tungsten (3TG) origi-

nating in the Democratic Republic of Congo 

(DRC) or adjoining countries. Specifically the 

provision requires SEC-registered companies 

to determine if they have exposure to DRC-

sourced 3TG; 3TG minerals are commonly used 

in semiconductor devices. Companies with 

exposure must subsequently determine and 

report on the specific source.22 The rules, which 

would require companies to make their first 

filings effectively by 2 June 2014, have been 

upheld by the U.S. District Court for the District 

of Columbia, despite a legal challenge from 

trade associations.23 

In addition to these regulations, industry initia-

tives, including collaboration with government 

agencies, may create competitive drivers for 

the industry to act on environmental issues. For 

example, the industry is collaborating with the 

EPA on emissions measurement and reduction 

through the PFC Reduction/Climate Partnership 

for the Semiconductors Industry. This voluntary 

partnership catalyzed a global industry emis-

sions reduction goal by the World Semiconduc-

tor Council (WSC) in 1999, for a reduction in 

perfluorocompound (PFC) emissions by at least 

ten percent below the industry’s 1995 baseline 

level by end of 2010.24 The Electronic Industry 

Citizenship Coalition (EICC) is another global 

industry initiative whose members commit to 

and implement a code of conduct related to 

environmental, social and ethical responsibility.25

sustaInaBILIty-ReLateD RIsks 
anD OppORtunItIes

Industry drivers and recent regulations suggest 

that while traditional value drivers will continue 

to impact financial performance, intangible as-

sets such as environmental and human capi-

tals, company leadership and governance, and 

the company’s ability to innovate to address 

environmental issues are likely to contribute 

increasingly to financial and business value.

Key industry characteristics drive the materiality 

of certain sustainability issues for the Semicon-

ductors industry:  

•	 Complex manufacturing processes: The 

manufacture of semiconductor devices, 
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components, and machinery involves the 

use of specialized chemicals and production 

technologies that are inherently more com-

plex than most manufacturing processes. 

Many of the chemicals used are hazardous 

to human health and the environment, cre-

ating significant negative environmental and 

social externalities and exposing companies 

to reputational and regulatory risks from 

increasingly stringent environmental and 

health laws. 

•	 natural capital inputs: Production can 

be energy-intensive, increasing companies’ 

vulnerability to fluctuations in the price 

and availability of energy supply as climate 

change and energy-specific regulations 

become common. Use of ultra-pure water 

requires sourcing large volumes of water for 

the manufacturing process, with risk associ-

ated with water availability and quality.

•	 Intellectual capital inputs: Human re-

sources and patent generation and produc-

tion are key value drivers, which, if managed 

inappropriately, could have negative societal 

repercussions and drain company value.

•	 product lifecycle innovation: Expanding 

use of semiconductors in the economy ex-

acerbates the impacts of the industry’s raw 

material use including mineral, metal, and 

petroleum-based resources during manufac-

turing, as well as the impact of products at 

the use and disposal phases. The Semicon-

ductors industry is well positioned to use its 

innovation potential to manage the product 

lifecycle and reduce associated negative 

environmental and social externalities.

•	 Global supply chain: Companies in the 

industry have an increasingly global supply 

chain, which is susceptible to supply disrup-

tions and price volatility for key inputs such 

as minerals and components.

The following section provides a brief descrip-

tion of each sustainability issue that is likely 

to have material implications for the Semicon-

ductors industry. Included in the description is 

evidence of materiality as well as an explana-

tion of how the issue could impact valuation. A 

table indicating the nature of the value impact 

and evidence of interest from stakeholders 

appears in Appendix IIA. Appendix IIB expands 

on the channels of financial impacts of each 

sustainability issue and the recommended dis-

closure framework appears in Appendix III.

envIROnMent

The environmental dimension of sustainability 

includes corporate impact on the environ-

ment, either through the use of non-renewable 

natural resources as input to the factors of 

production (e.g., water, minerals, ecosystems, 

and biodiversity) or through environmental 

externalities or other harmful releases in the 

environment, such as air and water pollution, 

waste disposal, and greenhouse gas emissions.

Semiconductor industry operations depend on 

natural resources as key inputs to production, 

including energy, water, and raw material in-

puts such as silicon and tantalum. At the same 

time, industrial processes can create environ-
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mental externalities that may affect the value 

of a Semiconductors company.V As resources 

become limited or exhibit price volatility, 

and legislation seeks to address externalities, 

companies need to manage these risks and 

innovate to reduce the environmental impacts 

of their operations, in order to protect share-

holder value.

Greenhouse Gas 
Emissions

GHG emissions are a source of regulatory 

risk for companies, arising from current and 

potential future regulations in the U.S. and 

abroad. With a trends towards offshoring 

in the industry, the likelihood and impact of 

climate change regulations are increasingly 

dependent on the location of fabs. Semicon-

ductors companies focused on mitigating GHG 

emissions from operations under their control 

are likely to be better able to manage long-term 

regulatory risks. 

The main direct sources of GHG emissions from 

the Semiconductors industry are the fluori-

nated compounds used in the manufacturing 

process, for example, in plasma etching and for 

cleaning chemical vapor deposition chambers. 

Under normal operations, ten to 80 percent of 

these compounds are released unreacted into 

the atmosphere. The compounds, collectively 

termed “perfluorocompounds,” have a high 

Global Warming Potential (GWP) and are long-

lasting, with an atmospheric lifetime ranging 

from 270 years to 50,000 years.26

While PFCs contribute to climate change, they 

are currently a vital component for the industry, 

and have enabled the manufacture of higher 

performing semiconductor devices since the 

1980s. The materiality of reducing PFC emis-

sions for specific companies in the industry is 

likely to depend on their product types and 

manufacturing processes, as PFC emissions 

and abatement needs can vary depending on 

these aspects.27 Industry efforts at reducing 

PFCs have involved developing new manufac-

turing technologies, optimizing processes for 

increased efficiencies, using abatement devices 

and alternative chemicals, re-using chemicals, 

and eliminating non-essential uses of PFCs.28,29

evidence

The EPA Inventory of Greenhouse Gases shows 

that although semiconductors manufacturing 

is not a significant source of CO2 or methane 

emissions, it accounted for 65 percent of per-

fluorocarbon emissions and seven percent of 

SF6 emissions in the U.S., on average between 

2008 and 2011.30 (The industry accounts for 

only 0.12 percent of the total annual GHG 

emissions in the U.S.)31

Despite the small contribution of the industry 

to total U.S. GHG emissions, the potency of 

PFCs and the potential for mitigation has led 

to regulatory actions affecting the industry. 

The EPA introduced reporting requirements for 

semiconductor manufacturing facilities under 

V Many companies in the industry outsource manufacturing to third parties; however, this industry under the Sustainable Industry Classification 
System (SICS)TM includes the companies that provide outsourced manufacturing services for designers of semiconductor devices. Furthermore, 
some large companies such as Intel have their own manufacturing facilities. See for example, Intel’s 10-K disclosure to the SEC for 2011, page 6.
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the GHGRP for Electronics Manufacturing 

(Subpart I) in December 2010.32 In 2011, the 

International Sematech Manufacturing Initia-

tive estimated that total compliance costs to 

the Semiconductors industry for Subpart I re-

quirements would be greater than $119 million 

in the first year, and $82 million for subsequent 

years, which are over 40 and 15 times greater 

than the EPA’s estimated first year and subse-

quent year costs, respectively, for the electron-

ics industry as a whole.33 

Apart from compliance costs for reporting 

requirements, the material impact on value 

is likely to occur through other means. For 

example, industry emissions could also affect 

the permitting of semiconductor facilities.34 

Furthermore, as discussed in the Legislative and 

Regulatory Trends section, California’s cap-and-

trade program applies to semiconductor facili-

ties, which are required to reduce emissions 

of fluorinated gases or heat transfer fluids.35 

Actual reduction of PFCs, which are critical to 

semiconductors manufacturing, may require 

developing new manufacturing techniques, 

seeking alternative chemicals, or installing 

abatement equipment at facilities, as discussed 

earlier, resulting in additional R&D, capital or 

operating expenditures.

Recognizing the importance of the issue, indus-

try players have engaged in voluntary reduction 

efforts through industry partnerships, includ-

ing the PFC Reduction/Climate Partnership 

with the EPA and PFC reduction efforts of the 

WSC, mentioned in the Legislative and Regu-

latory Trends section. According to the EPA, 

participants in its Climate Partnership program 

(which include major industry players like Texas 

Instruments and Intel) achieved a 37 percent 

reduction in emissions from 1999 to 2002.36 

Through such partnerships, the U.S. Semicon-

ductors industry as a whole achieved the target 

of ten percent reduction in emissions under the 

WSC initiative seven years ahead of schedule, 

in 2003, despite increasing wafer demand.37 

In fact, the global Semiconductors industry 

achieved a 32 percent reduction in total PFC 

emissions by 2011 under the WSC initiative, 

and set a new ten-year goal for best practices 

at all new fabs, which is expected to reduce 

normalized PFC emissions by 30 percent by 

2020.38 While voluntary, these programs inform 

regulatory actions by setting industry standards 

and therefore put pressure on non-participating 

firms to reduce their GHG emissions.

Leading companies in the industry generally 

disclose risks related to air emissions, some 

particularly mentioning GHG emissions, in their 

annual 10-K filings, suggesting that the issue 

is likely to be material for their operations. In 

its Form 10-K for FY 2013, Intel clearly outlines 

business risks related to GHG emissions, stat-

ing, “[…] climate change mitigation programs 

and regulations can increase our costs. The 

cost of perfluorocompounds (PFCs)—a gas 

that we use in manufacturing—could increase 

under some climate-change-focused emis-

sions trading programs that may be imposed 

through regulation. If the use of PFCs is pro-

hibited, we would need to obtain substitute 

materials that may cost more or be less avail-

able for our manufacturing operations. Under 

recently adopted greenhouse gas regulations in 

the U.S., many of our manufacturing facilities 

have become “major” sources under the Clean 

Air Act. At a minimum, this change in status 

results in some uncertainty as the EPA adopts 

guidance on its greenhouse gas regulations. 
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Due to the dynamic nature of our operations, 

these regulations will likely result in increased 

costs for our U.S. operations.”VI

value Impact

Evidence suggests that GHG emissions from 

the industry, particularly those of PFCs, pose 

a regulatory risk for companies. In addition to 

compliance costs of federal reporting require-

ments in the U.S., permits may be denied for 

setting up or expanding fabs, depending on 

the type of regulation, or terms and conditions 

related to emissions abatement may be im-

posed for issuing permits. Together with GHG 

reduction requirements in certain U.S. states or 

other countries, these could impact operating 

expenses and require additional capital expen-

ditures related to internalizing carbon prices or 

limiting emissions, and could inhibit revenue-

generation if production cannot be expanded. 

Regulatory risk also creates uncertainty about 

the revenue growth and cost structure of com-

panies, leading to increased operating risks and 

higher risk to capital. 

Companies pro-actively managing this issue 

may be able to achieve cost-effective emissions 

reductions that do not disrupt operations and 

maintain or enhance semiconductor device 

performance. Through early action, companies 

may also be able to limit further regulations 

that put a price on carbon. Yet, as newer or 

more stringent GHG regulations continue to be 

implemented, the probability and magnitude of 

these impacts are likely to increase in the future.

Energy Management in 
Manufacturing

Manufacturing semiconductor devices and ma-

chinery is an energy-intensive process and in-

volves high energy costs, for example, with the 

use of high-temperature furnaces and plasma-

etching torches, as well as the ventilation and 

air-conditioning of cleanrooms.39 As manufac-

turing becomes more complex with industry 

innovation, new manufacturing technologies 

will likely become more energy-intensive40 un-

less companies invest in the energy efficiency 

of their operations. 

Fossil-fuel based energy production and 

consumption contribute to significant environ-

mental impacts, including climate change and 

pollution, which have the potential to indirectly 

yet materially impact the results of operation of 

Semiconductors companies. Sustainability fac-

tors, such as GHG emissions pricing, incentives 

for energy efficiency and renewable energy, 

and risks associated with nuclear energy and 

its increasingly limited license to operate, are 

leading to an increase in the cost of conven-

tional energy sources while making alternative 

sources cost-competitive. Therefore, it is be-

coming increasingly material for companies in 

energy-intensive industries to manage overall 

energy efficiency, reliance on different types 

of energy and associated risks, and access to 

alternative energy sources. 

VI Form 10-K filings mentioned throughout the document for different companies were obtained from company websites. The fiscal year for the 
filing is mentioned before each quote throughout the document.
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evidence

Manufacturing processes in the Semiconduc-

tors industry require significant energy con-

sumption. According to 2010 data from the 

U.S. Energy Information Administration’s (EIA) 

Manufacturing Energy Consumption Survey, 

semiconductors and related devices (NAICS 

code 334413) accounted for about 37 percent 

of the net electricity demand by the computer 

and electronic products manufacturing in-

dustry (NAICS code 334) and 1.3 percent of 

net electricity demand by all manufacturing 

industries.41 The industry for semiconductor 

and related devices paid an average price for 

purchased energy of $13.88 per million Btu in 

2010, significantly higher than average costs 

for manufacturing industries in general of 

$9.12 per million Btu.42

The above figures do not include energy 

consumption in the manufacture of chemicals 

and machinery upstream from semiconductor 

device manufacturers (included in SASB’s Semi-

conductors industry classification), which can 

also be significant. A recent lifecycle analysis 

of energy consumption in laptop computers 

(albeit using old data) indicates that electronic 

chemicals and semiconductor machinery manu-

facturing together account for 1,377 MJ per 

computer, or about 30 to 40 percent of manu-

facturing energy consumption for laptops.43

Together with semiconductors machinery 

manufacturing, semiconductor and related 

device manufacturing companies spend around 

$760 million on purchased electricity, according 

to 2011 data from the Annual Survey of Manu-

facturers of the U.S. Census Bureau. Purchased 

electricity accounted for around 3.4 percent 

of the total cost of materials overall for the 

two segments, compared to 1.6 percent for all 

manufacturing industries.44 A separate calcula-

tion indicates that companies on average may 

spend about five percent of their revenues on 

utility expenditures.45 

According to the Lawrence Berkeley National 

Laboratory, in the extreme, a class I cleanroom 

can consume 500 to 1,000 times more energy 

per square foot than a typical office building, 

and that the cost-effective savings potential for 

such facilities is roughly 50 percent.46 A 2005 

study considering benchmark analysis showed 

that efficiency indicators for cleanrooms varied 

by a factor of 20:1 and a single mid-sized 

cleanroom had an implicit savings potential of 

$400,000 a year.47

Given these material impacts and energy ef-

ficiency potential, Semiconductors companies 

have worked to reduce energy consumption. 

For example, research on annual energy usage 

of fabs indicates that the energy efficiency of 

process equipment has improved by 50 percent 

between 1997 and 2011.48 Texas Instruments 

reports in its 2011 Corporate Citizenship Re-

port that the company has invested in energy 

efficiency projects since the early 1970s, which 

have collectively provided average savings of 

$5 million per year.49

Energy efficiency is also an important driver of 

financial performance in manufacturing opera-

tions outside the U.S., affecting both domestic 

Semiconductor companies with manufactur-

ing abroad and their foreign competitors. For 

example, electricity demand in Asia has been 

increasing as the region moves from agricul-

tural to industrial activities. Electricity demand 
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in Southeast Asia increased five-fold between 

1990 and 2011, and energy demand in the 

industrial sector accounted for 30 percent of 

total final consumption in 2011 in ASEANVII 

countries. Analysis from the International En-

ergy Agency (IEA) indicates that higher energy 

prices to 2035 in ASEAN countries will make 

energy efficiency improvements attractive – 

fuel cost savings will likely exceed energy ef-

ficiency investments, with cumulative reduced 

energy expenditure in industry being about 

$125 billion.50 

Globally, there is uncertainty about the pass-

through of costs incurred by utilities in comply-

ing with various regulations on climate change. 

For example, in relation to California’s AB32, 

Pacific Gas and Electric says, “The financial im-

pact on customers will depend upon how the 

CPUC [regulatory body] decides to return auc-

tion revenue to customers, so it is not known 

at this time.”51 Evidence from 10-K disclosures 

highlights the materiality of this issue for 

Semiconductors companies. In its 2011 10-K, 

Intel discusses the unavailability of resources, 

including electricity, and the potential impact 

on production or costs in the “Risk Factors” 

section. Specifically, the company recognizes 

“the potential for higher energy costs driven by 

climate change regulations. This could include 

items applied to utilities that are passed along 

to customers, such as carbon taxes[…].”52 In 

its 2011 Corporate Responsibility Report, the 

company reports that purchase of renewable 

energy certificates “has placed Intel at the 

top of the EPA’s Green Power Partnership for 

the past four years and was intended to help 

stimulate the market for green power, leading 

to additional generating capacity and, ulti-

mately, lower costs.”53 

Other Semiconductors companies acknowledge 

the materiality of energy management in their 

regulatory filings in the context of environmen-

tal, health and safety, and climate change laws. 

value Impact

Energy costs associated with energy-intensive 

manufacturing processes have the potential 

to impact profitability. Cost savings can be 

achieved through energy efficiency as well as 

optimizing the sources of energy. At the same 

time, efforts to improve energy efficiency or 

reduce dependence on specific types of energy 

can require additional capital expenditures. 

Reliance on specific types of energy can create 

operational risk with an impact on long-term 

profitability, particularly with rising or volatile 

energy prices and potential disruptions to 

energy supply, affecting the risk profile of a 

company and therefore its cost of capital. 

Energy efficiency improvements can lower  

operating costs and lead to improved and  

competitive profit margins over time, as  

lower cost structures in the industry create 

the potential for price reduction and improved 

competitiveness.

VII Association of Southeast Asian Nations (ASEAN), used interchangeably in the IEA report with Southeast Asia.
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Water & Waste 
Management in 
Manufacturing

Water is critical to the semiconductors produc-

tion process, which requires significant volumes 

of “ultra-pure” water for cleaning purposes, to 

avoid trace molecules from affecting prod-

uct quality. As manufacturing becomes more 

complex, companies in the industry are finding 

it increasingly challenging to reduce the use of 

ultra-pure water.VIII,54

Water is becoming a scarce resource around 

the world, due to increasing consumption from 

population growth and rapid urbanization, and 

reduced supplies due to climate change. Fur-

thermore, water pollution in developing coun-

tries makes available water supplies unusable 

or expensive to treat. Based on recent trends, 

it is estimated that by 2025 important river 

basins in the U.S., Mexico, Western Europe, 

China, India and Africa will face severe water 

problems as demand overtakes renewable sup-

plies. Many important river basins can already 

be considered “stressed”. Water scarcity can 

result in higher supply costs, supply disruptions, 

and social tensions, which companies across 

different industries, particularly water-intensive 

ones, will need to contend with.55

Semiconductor manufacturing facilities, de-

pending on their location, may be exposed to 

the risk of reduced water availability due to 

the factors discussed above, and related cost 

increases. Extraction of water from sensitive 

areas for the purposes of manufacturing may 

also create tensions with local communities, 

for example, if they are deprived of drinking 

water as a result. Furthermore, contamination 

of source water, potentially from Semiconduc-

tor companies’ own operations, could increase 

costs of water purification and lead to social 

unrest or governmental intervention. 

Semiconductors manufacturing also involves 

hazardous materials, many of which are subject 

to EHS regulations, and the process generates 

harmful waste, which may be released to the 

environment in the form of water and air emis-

sions, and solid waste.IX For example, the ‘wet 

etching’ process uses highly toxic materials, 

including buffered hydrofluoric acid for wafer 

processing. Underground storage tanks have 

previously resulted in large quantities of toxic 

solvents such as trichloroethylene and poly-

chlorinated biphenyls being released into the 

ground, resulting in contamination of drinking 

water, and a high concentration of Superfund 

sites in areas of the U.S. where semiconductor 

manufacturing operations were concentrated. 

This led to local, state and then federal regula-

tions related to underground storage tanks.56 In 

addition, waste-water from manufacturing may 

contain small quantities of harmful chemicals 

like arsenic, antimony and phosphorus, and 

acids like hydrofluoric and sulfuric acid.57 

As a result, Semiconductor companies’ man-

agement of water and waste – in the form of 

efficiencies in water use, reducing or replacing 

the use of hazardous materials in the manufac-

VIII For example, in its 2011 Corporate Responsibility Report, Intel discusses this challenge and discloses that its gross absolute water withdrawals 
are increasing. 
IX Note that the focus in this discussion is waste generated during the manufacturing process, including hazardous substances, but not toxic 
materials used in the products themselves that may harm consumers or others through their use, or at the end of product life. This latter issue is 
discussed under Product Lifecycle Management below.
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turing process, investments in treatment, reuse 

and recycling systems, and considering water-

related risks of specific manufacturing locations 

– is likely to impact profitability directly. Com-

panies would benefit from managing water 

and waste actively, not only for U.S. operations 

but also for global operations under their con-

trol, in the context of evolving environmental 

regulations in the U.S. and abroad.  

evidence

Large quantities of water are used in produc-

ing semiconductors, with implications both for 

the cost structure of Semiconductors compa-

nies and local water availability and quality. 

Estimates suggest that around 2,200 gallons 

of water are used for creating an IC on a 300 

mm wafer; ultra-pure water accounts for 

about 1,500 gallons.58 This places significant 

constraints on the water supplies of local com-

munities where semiconductors are manufac-

tured. In Santa Clara, California, the electronics 

industry (consisting of semiconductor manufac-

turers) is estimated to have used approximately 

24 percent of the city’s water between 1994 

and 1995.59 

According to a 2008 report from JPMorgan, 

the primary water-related risks to Intel and 

Texas Instruments are the unavailability and 

contamination of water, resulting in a fab shut-

down or delay in constructing facilities. While 

there is no precedent for this, JPMorgan esti-

mates that a shut-down could negatively affect 

the companies’ ability to meet demand during 

a given quarter, resulting in about $100-

200 million of lost revenue during a quarter, 

equivalent to roughly $0.02-0.04 per share, 

depending on which products are delayed. The 

report considers water to be a material cost in 

semiconductors manufacturing, accounting for 

20 to 30 basis points of the cost of goods sold 

for Intel and Texas Instruments. It estimates 

that a water shortage that led to a 2X increase 

in costs would reduce their earnings per share 

by $0.02 for Texas Instruments and $0.01 for 

Intel in 2008.60 

In its 10-K disclosures, Intel discusses the un-

availability of water and its impact on produc-

tion or costs as a material risk factor, along 

with energy. According to Intel, “Many of our 

operations are located in semi-arid regions, 

such as Israel and the southwestern U.S. 

Some scenarios predict that these regions may 

become even more vulnerable to prolonged 

droughts due to climate change.”61 In the com-

pany’s 2011 Corporate Responsibility Report, 

“Water Conservation” is highlighted as one of 

the “Key Sustainability Challenges and Oppor-

tunities” for the company.62 

Use of hazardous substances in the manufac-

turing process can also result in substantial air, 

water and solid-waste contamination, exposing 

the industry to regulatory risk from the Clean 

Water Act and RCRA in the U.S., and REACH 

and RoHS in Europe, among others. Semi-

conductor and other electronic component 

manufacturing (NAICS code 3344) ranked 17th 

in terms of the fifty largest quantities of RCRA 

hazardous waste generated in 2011 in the 

U.S.63 Semiconductor and related device manu-

facturing (NAICS code 334413) facilities spent 

around $290 million on pollution abatement 

operating costs, and accounted for 1.8 percent 

of pollution abatement capital expenditures 

by all U.S. manufacturing industries, at around 

$108 million, according to EPA data for 2005 

(the latest available data). The majority of oper-

ating costs were related to managing emissions 

to water and “Treatment” costs, while the seg-

ment spent only seven percent on recycling.64
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In general, water management systems can ac-

count for a significant proportion of capital and 

operating costs for Semiconductors compa-

nies. A complete water management system, 

including recycling of waste-water, can cost 

between one to 1.5 percent of capital costs of 

a fab, and the industry spends about $1 billion 

on water and waste-water systems and services 

every year. According to some estimates, the 

industry would save over $100 million annually 

from the reduction, reclamation and recycling 

of water, due to lower capital and operating 

costs.65

The materiality of harmful releases from semi-

conductors manufacturing is best exemplified 

by the long-term implications of contamination 

from underground storage tanks belonging to 

Semiconductors companies in the 1970s that 

led to the creation of Superfund sites. Santa 

Clara County, home to a large number of 

semiconductor manufacturing operations, has 

23 Superfund sites, the most of any county in 

the U.S., 19 of which were contaminated by 

the operations of technology firms using toxic 

chemicals in manufacturing.66

Despite the legacy nature of Superfund sites, 

laws and regulations requiring clean-up of such 

sites continue to affect Semiconductors compa-

nies. For example, in its Form 10-K for 2013, 

Advanced Micro Devices (AMD)  discloses, 

“The Company is named as a responsible party 

on Superfund clean-up orders for three sites in 

Sunnyvale, California[...] Since 1981, the Com-

pany has discovered hazardous material re-

leases to the groundwater from former under-

ground tanks and proceeded to investigate and 

conduct remediation at these three sites. The 

chemicals released into the groundwater were 

commonly used in the semiconductor industry 

in the United States in the wafer fabrication 

process prior to 1979. In 1991, the Company 

received Final Site Clean-up Requirements Or-

ders from the California Regional Water Quality 

Control Board relating to the three sites… To 

address anticipated future remediation costs 

under the orders, the Company has computed 

and recorded an estimated environmental 

liability of approximately $5.4 million and has 

not recorded any potential insurance recover-

ies in determining the estimated costs of the 

cleanup. The progress of future remediation 

efforts cannot be predicted with certainty and 

these costs may change.”

value Impact

Use of large quantities of water in the semi-

conductors manufacturing process has direct 

impacts on costs and profitability. More ef-

ficient use of water over time could generate 

cost savings, and lower operating expenses. 

Large water withdrawals in water-scarce 

regions create operational risks related to price 

and availability, potentially disrupting produc-

tion, creating additional permitting require-

ments, and thereby affecting companies’ ability 

to meet demand. This could have an impact on 

long-term growth prospects and market share 

as well as the risk profile of a company, and 

therefore its cost of capital.

Compliance with waste management stan-

dards and regulations can increase operating 

costs and require additional capital expendi-

ture. In addition, waste incidents such as site 

contamination can have an impact on Selling, 

General, and Administrative expenses and 

extraordinary expenses for small and frequent 

incidents, with a chronic impact on value. 

There may also be significant one-off impacts 

on contingent liabilities and cost of capital due 

to new remediation requirements. 
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HuMan CapItaL

Human capital addresses the management 

of a company’s human resources (employees 

and individual contractors), as a key asset to 

delivering long-term value. It includes fac-

tors that affect the productivity of employees, 

such as employee engagement, diversity, and 

incentives and compensation, as well as the 

attraction and retention of employees in highly 

competitive or constrained markets for specific 

talent, skills, or education.

Companies in the Semiconductors industry are 

both affected by, and can influence human 

capital in society, through their workforce 

recruitment policies. Semiconductor manu-

facturing is a complex, high-precision process, 

dependent on intellectual capital and requiring 

highly-skilled employees. While acquiring and 

retaining employees is critical to innovation 

and manufacturing performance, the nature of 

manufacturing and the use of toxic materials 

in operations also raise concerns about ensur-

ing employee health and safety, both over the 

short- and long-term.

Recruiting and Managing 
a Global Skilled 
Workforce

The industry’s dependence on intellectual capi-

tal and high levels of R&D expenditure high-

light the importance of attracting and retaining 

highly-skilled employees, which include electri-

cal engineers, research scientists, and process 

engineers. Compensation for such employees 

is a significant cost component for the indus-

try, as there is competition in recruiting them 

and their skills command higher-than-average 

wages. 

The industry is experiencing a shortage in 

skilled domestic employees educated or trained 

in Science, Technology, Engineering, and 

Mathematics (STEM) disciplines. As a result, 

Semiconductors companies in the U.S. are in-

creasingly recruiting foreign nationals with the 

necessary skills for their domestic needs, even 

as they offshore operations, bringing with it as-

sociated sustainability and employee manage-

ment challenges.

Recruitment of foreign workers can create 

social tensions in both the host and home 

country of workers, as the broader societal 

impacts of migration are not always fully 

understood. While migration of skilled labor 

benefits the migrating worker, overall, the issue 

is typically perceived in terms of its negative 

impacts, which could include ‘brain drain’ over 

the longer-term in the home country of foreign 

workers and negative pressure on wages in the 

host country.67 As a result, Semiconductors com-

panies may face uncertainties about the stability 

and growth of their migrant workforce in the 

context of social tensions, immigration policy 

changes, and protectionist tax or trade policies.

Semiconductor companies that are able to 

put in place education, training or recruitment 

policies that develop and leverage the talents 

of global skilled employees to fill their R&D and 
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engineering needs will likely gain a competi-

tive advantage over peers that are unable to 

develop talent pools or utilize available ones 

effectively. 

evidence

The Semiconductors industry spends on 

average around 20 percent of its revenue on 

R&D, underscoring the importance of highly-

skilled employees to generate returns on these 

investments. Employee costs are significant, 

demonstrating the reliance of the industry on 

highly-skilled employees, with average wages 

accounting for about 12-15 percent of industry 

revenues, and engineers in this industry receiv-

ing higher wages on average than in any other 

industry.68,69

As a result of the lack of qualified U.S. em-

ployees, the industry employs a large number 

of foreign nationals on H1-B visas, making it 

vulnerable to U.S. immigration policies. Foreign 

nationals account for about half of Master’s 

degrees and more than two-thirds of PhDs in 

electrical engineering granted from U.S. univer-

sities.70 The Semiconductor Industry Association 

(SIA) highlights the difficulties in obtaining visas 

for such employees, saying that there are over 

3,700 workers in H-1B status in the Semicon-

ductors industry that are seeking permanent 

resident status, and over 500 applicants have 

been waiting for four years or more for the 

change in status.71

Leading Semiconductor companies recognize 

the importance of highly-skilled employees to 

their business in their regulatory filings and dif-

ficulties in recruiting and retaining employees, 

some specifically mentioning the additional 

complexity of hiring foreign workers. For ex-

ample, Broadcom reported in its Form 10-K for 

2012 that, “[a]s of December 31, 2012 we had 

approximately 8,700 research and develop-

ment employees (or approximately 77% of our 

total employees), including over 850 employees 

with Ph.D.s. These key employees are involved 

in advancing our core technologies, as well as 

product development.”

For Applied Materials, “[…] success, competi-

tiveness and ability to execute on its global 

strategies and maintain a culture of innovation 

depend in large part on its ability to attract, 

retain and motivate key employees, especially 

in critical positions. Achieving this objective 

may be difficult due to many factors, including 

fluctuations in global economic and industry 

conditions[…]competitors’ hiring practices,[…], 

availability of career development opportuni-

ties, the ability to obtain necessary authoriza-

tions for workers to provide services outside 

their home countries, and the effectiveness of 

Applied’s compensation and benefit programs, 

including its share-based programs.”72

value Impact

Semiconductors companies’ recruitment, 

education, and training efforts in the context 

of intense competition for, and a shortage 

of, employees with the required skills could 

influence their revenue-generation ability and 

market share over the long-term, through their 

ability to leverage R&D and create competitive 

products. Companies’ human resources policies 

and practices and responses to talent short-

ages affect their ability to recruit employees, 
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with effects on market share and cost struc-

ture, but also potentially create operating risks 

associated with recruiting foreign workers and 

offshoring critical functions, with impacts on 

risk profile and cost of capital.

As more industries compete for STEM-qualified 

workers and the debate on the respective 

social benefits of high-skill immigration and 

offshoring continues to evolve, the probability 

and magnitude of these impacts are likely to 

increase in the future. 

Employee Health & 
Safety

The Semiconductors industry is a light manu-

facturing industry, with less severe day-to-day 

injuries and illnesses than in heavy industries. 

(The industry has the sixth-lowest rate of on-

the-job injuries among nearly 200 industries in 

its category73). However, long-term health im-

pacts on workers are a major area of concern, 

as some of the many chemicals used in semi-

conductors manufacturing are known to be 

hazardous to human health. Workers in fabs, 

particularly maintenance workers, are at risk 

of exposure, for example, to chemicals used in 

photolithography and X-rays and arsenic from 

ion implantation equipment.74

For many of the chemicals, health hazards are 

yet unknown. Out of 100,000 commercial 

chemicals used in the U.S., there has been 

research on the health impacts of only a small 

fraction – less than one percent – and little 

is known about health risks of exposure to a 

combination of chemicals.75 According to the 

Occupational Safety and Health Administration 

(OSHA) of the U.S. Department of Labor, which 

sets and enforces standards related to worker 

health and safety in the Semiconductors indus-

try, an assessment of hazards in semiconductor 

manufacturing, such as exposure to solvents, 

acid and caustic solutions, toxic metals and 

radiation, becomes difficult to complete due to 

the rapidly changing nature of the manufactur-

ing processes and technologies used in the in-

dustry, and assessments need to be conducted 

more often.76

Companies in the industry are aware of the 

dangers to worker health and safety. Accord-

ing to the Semiconductor Industry Associa-

tion (SIA), some activities to address this issue 

include implementing effective engineering 

controls, introducing less hazardous chemi-

cals where possible or using smaller amounts, 

and seeking chemicals presenting the fewest 

risks to the workforce, among others.77 It can 

be difficult in practice to manage for chronic 

health impacts on workers given limited data 

and inconclusive evidence on long-term effects 

such as increased incidence of cancer.78 

evidence

The hazardous nature of chemicals used in 

semiconductors manufacturing poses worker 

health and safety risks. For example, some by-

products from semiconductor manufacturing 

are known carcinogens, including formalde-

hyde from novorak resin involved in the photo 

process, arsenic from ion implantation, and 

ethylene oxide gas from ethylene glycol.79
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Semiconductors companies generally recog-

nize the materiality of employee health and 

safety in their Form 10-K filings. According 

to SIA, “senior officials from member compa-

nies […] recognized that the semiconductor 

manufacturing process necessarily requires 

use of potentially hazardous chemicals and 

materials.”80 Recognizing the importance of 

addressing this issue, and the concerns raised 

by workers and the media, the industry has 

funded several studies to analyze the long-term 

health impacts of some of these materials. A 

study commissioned by the association in 1989 

showed that women working in specific areas 

of cleanrooms such as photolithography, and 

potentially exposed to ethylene-based glycol 

ethers, were at a higher risk of miscarriage 

than women working in other areas of clean-

rooms. While the industry largely phased out 

the use of these particular chemicals volun-

tarily,81 concerns remain about both the short- 

and long-term health impacts of the thousands 

of other chemicals still used in semiconductors 

manufacturing.82 

The industry’s study on cancer mortality, which 

concluded that there was no association 

between overall cancer mortality and work-

ing in wafer fabrication cleanrooms, has been 

criticized, and the link between the two is still 

inconclusive.83 SIA mentions that according to 

the researchers, the study population had a 

relatively low average age and an associated 

relatively low number of deaths, and concluded 

that regular mortality updates of the study 

population would be needed.84 This indicates 

the uncertainty surrounding the harm to em-

ployee health over the long-term, and the need 

for companies to assess these risks continually.

In the early 2000s, IBM faced more than 200 

worker lawsuits in different states from former 

employees or their relatives, for exposure to 

chemicals in its semiconductor plants lead-

ing to cancer or birth defects. While some of 

these cases were ruled in favor of IBM,85 these 

lawsuits indicate the potential impact on Semi-

conductors companies through litigation and 

settlement costs, in addition to reputational 

impacts, particularly as more data on worker 

health hazards becomes available over the 

medium- to long-term.

Intel’s 10-K for 2012 highlights the potential 

material impacts on Semiconductor company 

operations from failure to comply with EHS 

laws and regulations, including regulatory 

penalties, fines, and legal liabilities, suspension 

or alteration of production, and reputational 

impacts.86

value Impact

Violations of health and safety standards such 

as those of OSHA could result in monetary and 

non-monetary penalties and additional costs 

of corrective actions, with an impact on net 

profits and contingent liabilities. Adverse litiga-

tion rulings against a company from employee 

lawsuits related to both regulated and unregu-

lated but known hazardous substances could 

lead to similar impacts. Performance on health 

and safety is also material in foreign opera-

tions, irrespective of whether local regulations 

are as stringent as those in the U.S., as it could 

affect the company’s reputation and ability to 

expand its markets and operations, or lead to 

government sanctions, with similar impact on 

profits and contingent liabilities.
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Impact is likely to become more significant over 

the medium- to long-term as the quality and 

availability of data on health hazards improves 

and companies have to face new regulations or 

inclusion of new chemicals in existing regula-

tions. Therefore, the probability and magnitude 

of these impacts are likely to increase in the 

future. 

BusIness MODeL anD 
InnOvatIOn

This dimension of sustainability is concerned 

with the impact of environmental and social 

factors on innovation and business models. It 

addresses the integration of environmental and 

social factors in the value creation process of 

companies, including innovation in the produc-

tion process, as well as product innovation and 

looking at efficiency and responsibility in the 

design, use-phase, and disposal of products.

As a key link in the electronics devices supply 

chain, and a highly innovative industry that 

has enabled significant advances in comput-

ing power, the Semiconductors industry has 

the potential to reduce the environmental and 

health impacts of its products during use and 

at the end of life. A company’s ability to im-

prove existing products and services while also 

addressing negative environmental externalities 

will increasingly impact shareholder value, par-

ticularly as legislation and consumer demand 

emphasize product lifecycle management. 

Product Lifecycle 
Management 

Semiconductor machinery and device manu-

facturers can lower the environmental and hu-

man health impacts of their products through 

energy-efficient equipment and chips, and 

products that use less harmful materials. 

As an increasing number of devices, from large 

servers to small consumer devices, are becom-

ing connected to each other and the Internet, 

Semiconductors companies face increasing 

demand for devices that enable higher com-

puting power and lower energy costs. Demand 

for energy efficiency in chips is also driven 

by the increasing environmental footprint of 

technology products, and by related legisla-

tion. Semiconductors companies contributing 

to developing cutting-edge energy-efficient 

devices that enable a longer battery life, reduce 

heat output and allow end users to lower 

energy bills can gain a competitive advantage. 

Energy efficiency of products, therefore, is both 

a traditional business driver and an important 

sustainability consideration. 

Companies can also benefit from working to 

reduce and eventually eliminate the use of 

toxic materials from chips destined for consum-

er devices and therefore likely to contribute to 

electronic waste (e-waste). Known toxins such 

as lead continue to be used in semiconductor 

devices. This includes, for example, the lead-tin 

solder in circuit boards, although companies 

such as Intel are working to reduce its use in 

products and partnering with the U.S. EPA in 

its Lead-Free Solder Partnership.87
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Design decisions and lifecycle considerations 

not only reduce regulatory and market risk 

related to energy efficiency and toxic materials 

in products, but can also influence the energy 

and chemicals used in manufacturing process-

es, which are material concerns to the industry. 

evidence

The Semiconductors industry has tremendous 

potential to enable energy reductions in the 

economy through the design of more energy-

efficient chips that also fulfil the ever growing 

need for higher computing power. Companies 

may face regulatory risks unless they design 

products minimizing energy use and the use of 

harmful substances, both during the manufac-

turing process and in the products themselves.  

Studies on the full lifecycle impacts of com-

puters and electronics products, including 

semiconductor components, are limited or 

were conducted several years earlier, thereby 

not providing a complete picture of a rapidly 

changing technology landscape. Nonetheless, 

regulations, customer demand and concerns 

over brand value are driving Hardware compa-

nies, customers of Semiconductors companies, 

to implement product lifecycle management, 

in turn driving action from Semiconductors 

companies. 

Estimates vary as to whether a majority of 

hardware product lifecycle energy consumption 

is related to the manufacturing or use phases. 

Studies that take into account semiconduc-

tor device and machinery manufacturing, and 

specialty chemicals and other materials used 

in electronics, suggest that the manufactur-

ing phase accounts for 81 percent of lifecycle 

energy consumption in a desktop computer 

and 62 percent on average in a laptop. Never-

theless, energy in the use phase accounts for 

a significant 38 percent of lifecycle energy in 

laptops, amounting to 1,868 to 3,113 MJ of 

energy per computer.88

It is estimated that energy to operate residen-

tial and commercial PCs in California accounts 

for about 1.7 percent of energy used by the 

state’s commercial and residential sectors 

each year,89 and data centers consume about 

1.5 percent of global electricity.90 The GHG 

emissions from such energy consumption are 

drawing public and regulatory attention to en-

ergy efficiency of hardware products, which is 

influenced by the energy efficiency of products 

from the Semiconductors industry. For ex-

ample, legislation such as the E.U.’s Ecodesign 

Directive for energy-related products, which 

covers enterprise servers and data storage 

products under a priority list, could affect sales 

in the E.U.91 Voluntary programs like ENERGY 

STAR of the U.S. EPA are also setting standards 

and driving demand for energy-efficient com-

puting products.

Semiconductors companies recognize the ma-

teriality of energy efficiency, disclosing associ-

ated risks and opportunities in their Form 10-K 

filings. Intel discussed the materiality of energy 

efficiency for its success, in several parts of its 

10-K for 2011. In the Risk Factors section, the 

company discloses that, “[a]s the number and 

variety of Internet-connected devices increase, 

we need to improve cost, connectivity, energy 

efficiency, and security of our platforms to suc-

ceed in these new market segments.”92 Intel’s 

new Haswell chips are said to increase energy 

efficiency and improve battery life of hardware 

products like Apple MacBooks and Windows-

based laptops by 50 percent.93
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AMD discloses regulatory risks related to ener-

gy consumption in its 10-K for 2013, “A num-

ber of jurisdictions including the E.U., Australia 

and China are developing or have finalized 

market entry or public procurement regulations 

for computers and servers based on ENERGY 

STAR specifications as well as additional energy 

consumption limits. There is the potential for 

certain of our products being excluded from 

some of these markets which could materially 

adversely affect us.”

Companies in the industry face regulatory risk 

related to using harmful substances in prod-

ucts, from legislation in the E.U. and other 

markets, mentioned in the Legislative and 

Regulatory Trends section. Similar legislation is 

being proposed at the federal level in the U.S., 

in the form of the Safe Chemicals Act of 2013. 

The state of California has implemented the 

Safer Consumer Products regulations, which 

went into effect on 1 October 2013 and aim to 

reduce toxic chemicals in consumer products.94

Apart from concerns about lead in products, 

silicon and arsenic are necessary components 

of ICs, and replacing them entirely is not easy. 

The focus has instead been on reducing their 

use in semiconductor devices. Given the use of 

harmful chemicals in products and processes 

and the regulations surrounding them, Semi-

conductors companies face demands from 

their customers for information on materials, 

chemicals, and processes used to ensure regu-

lations are being complied with.95

A study on experiences with the E.U. RoHS 

finds a range of costs incurred by companies, 

including R&D and capital costs, and adminis-

trative costs such as requesting materials decla-

ration from suppliers and testing components. 

According to the study, lead-free solder costs 

about twice as much as lead-based solder, and 

that manufacturing costs increase because 

lead-free components have higher failure rates 

and require greater energy consumption during 

manufacturing.96 Another study estimates that 

total weighted average cost (weighted by rev-

enue) for electronics industry players for initial 

RoHS compliance was almost $6 million, with 

annual maintenance costs at around $1.5 mil-

lion. About 30 percent of surveyed companies 

reported lost sales as a result of RoHS, with an 

average loss of about $1.8 million.97

Analog Devices, Inc., in its 10-K for 2012, 

highlights regulatory and customer demand 

risks and potential impacts of chemicals used in 

products, “Our products are subject to increas-

ingly stringent regulations regarding chemical 

content in jurisdictions where we sell products, 

including the […] (RoHS) directive in the Euro-

pean Union and China and the […] (REACH) 

directive in the European Union. Contracts 

with many of our customers reflect these and 

additional EHS compliance standards.” The 

company says that compliance with such laws 

and regulations has not impacted it materially, 

but that there can be no assurance that current 

and future laws will not be costly. It says that 

failure to comply with laws and contractual 

obligations “could result in fines, suspension 

of production, the need to alter manufacturing 

processes and legal liability.”98

value Impact

Highly energy-efficient semiconductor products 

could help Semiconductor companies attract 

new customers and gain competitive advan-

tage over time. On the other hand, market 
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expansion could be limited if products do not 

meet evolving energy-efficiency regulations 

and industry standards.

Actions to reduce or eliminate toxic materials 

in products will likely require additional R&D or 

capital expenditures and may impact the cost 

of raw materials, with impact on operating 

expenses. The dynamic nature of toxic materi-

als legislation in the U.S. and abroad poses 

both near- and long-term regulatory risks for 

companies. Companies unable to comply with 

regulations or to enable their customers to do 

so are likely to face extraordinary expenses af-

fecting their net income or may incur liabilities, 

due to fines or other penalties. They may also 

face lower revenues through loss of market 

share or restrictions on product sales.

The dynamic regulatory environment around 

product lifecycle suggests that the probability 

and magnitude of these impacts are likely to 

increase in the future.

LeaDeRsHIp anD GOveRnanCe

As applied to sustainability, governance 

involves the management of issues that are 

inherent to the business model or common 

practice in the industry and that are in po-

tential conflict with the interest of broader 

stakeholder groups (government, community, 

customers, and employees) and therefore cre-

ate a potential liability, or worse, a limitation 

or removal of license to operate. This includes 

risk management, safety management, supply 

chain and resource management, conflict of 

interest, anti-competitive behavior, and corrup-

tion and bribery. It also includes risk of business 

complicity with human rights violations. 

Semiconductor companies rely on increasingly 

complex and geographically diverse supply 

chains for critical raw material inputs, magni-

fying some of these risks. Furthermore, Intel-

lectual Property (IP) protection and compliance 

with IP laws have implications both for innova-

tion and competition in the industry. Potential 

for anti-competitive behavior exists due to 

the reliance of the electronics and hardware 

products value chain on standardized processor 

architecture, cooperative industry activities like 

cross-licensing and patent pools to navigate 

patent thickets, and control of valuable IP by 

industry leaders with dominant positions in 

some market segments. 

Supply Chain 
Management &  
Materials Sourcing

Semiconductor companies are exposed to risk 

of supply chain disruptions, input price increas-

es or volatility, and damage to brand reputa-

tion, particularly when rare earth or “conflict” 

minerals and metals are used in their products. 

The use of minerals that originate from certain 

zones of conflict also exposes Semiconductors 

companies to regulatory risks associated with 

the Dodd-Frank Act. 

Companies face pressure to track and eliminate 

the use of minerals responsible for conflict 

in the Democratic Republic of Congo (DRC) 

from legislation, actions by non-governmental 

organizations (NGOs), demand from Hardware 

company customers, input price risks, and 
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leadership from peers. At the same time, there 

are material sourcing risks related to rare earth 

minerals and metals due to a low substitution 

ratio, concentration of deposits in only a few 

countries, and geopolitical considerations. 

Technology companies also face competition 

from increasing global demand for these min-

erals from other sectors, including Transporta-

tion, Renewable Energy and Infrastructure, 

which, along with supply constraints, can  

result in significant price increase- and supply 

chain-risks.

Semiconductor companies with strong sup-

ply chain standards and the ability to adapt 

to increasing resource scarcity will be better 

positioned to protect shareholder value. Inno-

vations at the product-design phase to reduce 

dependence on some of these materials also 

contributes to lower risk.

evidence

Semiconductors companies face potential 

disruptions in the sourcing of materials within 

their supply chain. Industry products depend 

on minerals such as tantalum, tungsten, and 

tin that have the potential to fuel conflict, 

human rights violations and illicit activities in 

regions where they are mined, in addition to 

their environmental impacts. The industry also 

competes for the sourcing of rare earth and 

critical minerals such as Hafnium, Tellurium, 

and Selenium, which are essential to several 

other industries, with limited global production 

and volatile prices.

In general, hardware products use 50 to 60 

percent of global tantalum supplies, up to 26 

percent of tin supplies, and nine percent of 

gold, accounting for a significant amount of 

global use of three of the four minerals (3TG) 

at the center of the “conflict minerals” issue. 

Artisanal and small-scale mining in the DRC is 

responsible for much of the current global out-

put of 3TG. While such mining is an important 

source of livelihood to the local population, it 

also is helping to finance armed conflict in the 

region and has significant ecological impacts. 

Several legislative and project-based efforts are 

underway globally, including by industry asso-

ciations such as the EICC, to improve traceabil-

ity and due diligence of the supply of minerals 

from the DRC. These have the potential to 

affect Semiconductors companies and their 

customers (Hardware companies) and suppli-

ers, including providing incentives and resourc-

es for leadership in supply chain management, 

such as the USAID’s Responsible Minerals Trade 

Program, which includes the creation of a pilot 

conflict-free supply chain.99

The SEC estimates that costs to comply with 

the Conflict Minerals provision of the Dodd-

Frank Act will include a total of $3 to $4 billion 

in the first year and at least $200 million each 

year afterward. Other estimates suggest com-

pliance costs may be as high as $16 billion.100 

However, the SEC expects that non-reporting 

companies that are part of reporting compa-

nies’ supply chains will bear much of the cost 

of the final rule.101 The new disclosure rule was 

expected to affect approximately 6,000 issuers 

and their 275,000 suppliers. Technology indus-

try companies were expected to be in one of 

four most heavily impacted industries.102
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Apart from regulatory costs, global input prices 

of 3TG have shown high volatility, sometimes 

related to the conflict in the DRC. A 31 percent 

increase in tin prices in 2008 coincided with a 

rebel offensive against the DRC’s primary tin 

trading center. The DRC also leads in the global 

production of tantalum, with various estimates 

suggesting it is responsible for 8 to 20 percent 

of global production.103 Due to supply con-

straints and rising demand, the price of tanta-

lum increased from $110 per kilogram (kg) in 

2011 to nearly $300 per kg in 2012.104

Some companies, including Intel have taken a 

leadership role in mitigating such risks. In its 

Form 10-K for 2012, the company reported, 

“In 2013, Intel will continue to work to es-

tablish a “conflict-free” supply chain for our 

company and our industry. In 2012, Intel veri-

fied, after inquiry, that the tantalum we use in 

our microprocessors is “conflict-free,” and our 

goal for the end of 2013 is to manufacture the 

world’s first verified, “conflict-free” micropro-

cessor.”105 According to the company’s FY 2013 

10-K filing, it achieved its goal of manufactur-

ing microprocessors that are DRC conflict-free 

for 3TG. In the Corporate Responsibility section 

of its website, Intel says that instead of simply 

banning conflict minerals from the DRC, “Intel 

developed and implemented systems and  

processes to ensure the [3TG] used in our  

products are not inadvertently supporting  

conflict in the DRC.”106

New sources of minerals and related conflict 

require companies to continue to be vigilant 

in their supply chain management beyond 

the DRC, particularly as they look to diversify 

their supply chain and sourcing of minerals. 

Reports suggest that in the related Hardware 

industry, some Hardware companies purchase 

parts from a company whose supplier imports 

tungsten ore from Colombia, where tungsten 

extraction is said to supply cash to the Colom-

bian FARC rebels.107

Concentration of rare earth minerals in par-

ticular geographies could pose problems for 

Semiconductors companies due to political or 

social unrest, climate change impacts, or other 

environmental and social factors.108 For ex-

ample, the British Geological Survey estimates 

that China is the top producer of 27 out of 52 

critical minerals and metals.  In 2010, China re-

stricted the export of rare earth elements sup-

posedly due to environmental concerns; this 

led to a five-fold increase in the price of such 

materials while Chinese companies were able 

to obtain the same materials at lower cost. 

Prices of cerium oxide, used in semiconductors 

polishing, increased sevenfold in the second 

half of 2010 due to the Chinese export quotas. 

Recent Yale University research shows that out 

of 62 metals or metalloids commonly used in 

technology hardware, none had alternatives 

that performed equally well, whereas 12 had 

no alternatives at all.109,110

In 1993, an explosion at a chemical plant in Ja-

pan shut down a factory supplying over 50 per-

cent of the global supply of a high purity resin 

used in semiconductors. As a result, spot prices 

for a type of chip (DRAM) nearly doubled, and 

some DRAM buyers were paying over $300 

million a week for the resin, for several weeks 

after the explosion.111
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The above instances highlight the direct impact 

on Semiconductor companies of disruptions to 

raw materials supplies and input price volatility 

due to geographic concentration, low substitu-

tion possibilities, and social and environmental 

impacts of critical and conflict minerals, which 

are also recognized by executives in the indus-

try. For example, a 2011 survey conducted by 

PricewaterhouseCoopers targeting 69 senior 

executives from different sectors found that 78 

percent of respondents in the high tech sec-

tor perceived minerals and metal scarcity as a 

pressing issue for their company.112

value Impact

Failure to effectively manage the supply chain 

has the potential to result in price increases 

or supply constraints of key inputs and lost 

revenue due to disruptions in production. 

Companies could face significant regulatory 

compliance costs or damaged relationships 

with customers and therefore lower revenues, 

related to their sourcing of conflict miner-

als. The increasing scarcity or unavailability of 

certain key materials used by semiconductor 

companies increases their risk profile and can 

lead to higher cost of capital. It also suggests 

that the probability and magnitude of these 

impacts will increase in the future. 

Intellectual Property 
Protection & Competitive 
Behavior 

While IP protection is inherent to the business 

model of companies in the Semiconductors 

industry, companies’ IP practices can some-

times conflict with the best interests of society. 

IP protection, on the one hand, is an impor-

tant driver of innovation; on the other hand, 

companies could use it to restrict access to the 

benefits from innovation, particularly if they are 

dominant market players.

Technology development in the Semiconduc-

tors industry occurs both through internal R&D, 

as well as strategic alliances including patent 

licenses. As with the software and internet in-

dustries, the Semiconductors industry is affect-

ed by what is known as the “patent thicket,” 

or an overlapping set of patent rights requiring 

companies to obtain licenses from multiple 

patent holders in order to commercialize new 

technology. Companies also face the risk that 

new products will inadvertently infringe on pat-

ents issued to others after their own products 

were designed. With formal standard setting 

important to commercializing new technology 

in the Semiconductors industry, this problem 

is particularly acute. Industry standards setting 

can involve complex negotiations over pat-

ent rights and licensing terms, and companies 

are using cross-licenses and patent pools to 

address difficulties around patent thickets. 

However, such industry cooperation can also 

raise anti-trust concerns, for example, with 

provisions in portfolio cross-licenses that could 

enable price-fixing.113,114,115

A study by the National Bureau of Economic 

Research (NBER) discusses the risks to Semicon-

ductors companies like Intel and IBM, which, 

for example, may easily infringe on patents in 

designing a microprocessor, exposing them to 

“billions of dollars of liability and/or injunc-

tion forcing them to cease production of key 

products.” The analysis also notes that increas-

ingly companies in the industry are engaged 
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in patent mining, by asserting their patents 

more aggressively against infringing firms, even 

those who are not competitors. There is an in-

creasing propensity to patent, and an increase 

in defensive patenting practices.116

Dominance of certain market segments, pro-

cessor architectures, and related IP by players 

like Intel (x86 processor architecture) and ARM 

(RISC-based processor architecture) (see also 

Evidence section) add to anti-trust concerns. 

AMD microprocessors, for example are not 

compatible with motherboards designed to 

support Intel processors, due to restrictions in 

its licensing agreement with Intel.117

As a result, companies may find themselves 

constantly in litigation or subject to regulatory 

scrutiny, requiring changes to business prac-

tices or paying significant or recurring fines. 

Companies that are able to protect their IP 

and use it to spur innovation resulting in new 

products and services, while ensuring their 

IP management and other business practices 

do not unfairly restrict competition, have the 

potential to lower regulatory scrutiny and legal 

actions, while improving revenues.

evidence

Semiconductors companies face a growing 

number of lawsuits related to patent protec-

tions, due to the complexities discussed above. 

The computer hardware/electronics industry 

ranked fourth among all industries in terms of 

the total number of patent cases with decisions 

between 1995 and 2012, and third between 

2007 and 2012, with 101 cases during this pe-

riod, compared to 24 cases between 1995 and 

2000. The increase in cases in this industry is 

indicative of the overall increase in, and corre-

lation between, patents granted by the United 

States Patent and Trademark Office (USPTO) 

and patent case filings among all industries, 

particularly in the last five years. Patent protec-

tion affects value in computer hardware/elec-

tronics. The median damages awarded in the 

50 decisions made related to patent cases in 

this industry between 1995 and 2012 amount-

ed to just over $10 million.118

Leading Semiconductors companies, some with 

dominant market positions, have faced a num-

ber of patent-related lawsuits in recent years. 

For example, between 2011 and 2013, Intel 

was involved in an average of approximately 

16 cases of patent litigation per year; the cor-

responding numbers for Texas Instruments and 

Qualcomm were 11 each, respectively.119

Some companies dominate key market seg-

ments, and the ownership of IP associated 

with them. Patent protection, together with 

the dominance of existing players, can serve 

as barriers to market entry, giving rise to anti-

trust concerns. For example, Intel accounts for 

around 80 percent of the global microproces-

sors market, a major segment in the Semicon-

ductors industry, and Applied Micro Devices 

(AMD) accounts for another 13 percent. Texas 

Instruments has about 65 percent of the 

market share for Digital Signal Processors.120 

According to McKinsey, a market share of 

40 percent or more within a segment in the 

Semiconductors industry enables companies 

to achieve higher profits, and top performers 

focus on building leading positions early on.121
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Intel and AMD were previously engaged in 

lawsuits related to anti-trust and patent cross-

license disputes. In November 2009, the two 

companies came to an agreement whereby 

Intel would pay AMD $1.25 billion in cash and 

allow AMD to outsource the production of 

its chips based on Intel patents as long as the 

company abided by certain provisions related 

to business practices. In exchange for this, 

AMD agreed to end all litigation against Intel 

and withdraw its global regulatory complaints. 

The share price of AMD, which was struggling 

before the deal, increased by 26 percent fol-

lowing the announcement of the deal.122,123

Intel continues to be affected by anti-trust 

investigations, some of which were initiated 

by AMD complaints in the early 2000s. The 

company paid a fine of $1.447 billion as of 

May 2009 to the European Commission (EC), 

which found Intel engaging in anti-competitive 

pricing practices, including offering conditional 

rebates and payments requiring customers to 

buy all or most of their x86 microprocessors 

from Intel and preventing sales of specific rival 

products through payments to manufactur-

ers. Apart from the significant fine, the com-

pany was also asked to immediately end the 

infringement. Intel appealed the EC decision, 

and is expecting a decision in 2014.124

In general, semiconductors companies have 

faced scrutiny from competition authorities 

in different countries for allegedly engaging 

in anti-competitive business practices. Several 

company 10-K filings, such as those of Intel, 

Qualcomm, and Micron Technology highlight 

material fines and legal proceedings related 

to such practices.125 Between 2004 and 2006, 

the U.S. Department of Justice imposed fines 

worth $729 million on four manufacturers of 

DRAM chips for collusion using a network of 

contacts to exchange confidential information, 

and fixing prices of DRAM chips sold to hard-

ware manufacturers.126 In 2010, the European 

Commission also fined nine chip manufacturers 

$404 million in relation to the same activity, 

which took place between 1998 and 2002. 

The companies admitted involvement in the 

cartel activity, receiving a 10 percent reduction 

in penalties in return.127

Semiconductor companies commonly discuss 

issues related to IP disputes and competitive 

behavior in their 10-K filings. For example, in 

its 10-K for FY 2013, KLA-Tencor states, “We 

might be involved in claims or disputes related 

to intellectual property or other confidential 

information that may be costly to resolve, 

prevent us from selling or using the challenged 

technology and seriously harm our operating 

results and financial condition.” In its 10-K 

for 2012, SanDisk outlines several claims and 

counterclaims in legal proceedings related to IP 

and anti-trust, highlighting the complexity of IP 

management in the industry. 

Texas Instruments highlights the risks of in-

advertently infringing IP in its 10-K for 2012, 

saying “Access to worldwide markets depends 

in part on the continued strength of our intel-

lectual property portfolio. There can be no 

assurance that, as our business expands into 

new areas, we will be able to independently 

develop the technology, software or know-how 

necessary to conduct our business or that we 

can do so without infringing the intellectual 

property rights of others. To the extent that 

we have to rely on licensed technology from 

others, there can be no assurance that we will 
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be able to obtain licenses at all or on terms we 

consider reasonable. The lack of a necessary 

license could expose us to claims for damages 

and/or injunction from third parties, as well as 

claims for indemnification by our customers in 

instances where we have a contractual or other 

legal obligation to indemnify them against 

damages resulting from infringement claims.”

value Impact

Semiconductor companies can face extraordi-

nary expenses and contingent liabilities from 

adverse legal or regulatory rulings related to 

anti-trust and IP. Such rulings may also affect  

a company’s market share and pricing power  

if its patents or dominant position in key 

markets are legally challenged, with significant 

impact on revenue. Strong reliance on IP and 

market dominance can also be a source of risk 

if they are vulnerable to legal challenge, in-

creasing the risk profile of companies and their 

cost of capital. 

sasB InDustRy WatCH LIst

The following section provides a brief descrip-

tion of sustainability issues that did not meet 

SASB’s materiality threshold at present, but 

could have a material impact on the Semicon-

ductors industry in the future. 

Delivering sustainability solutions

Semiconductors companies with a portfolio 

of products and services focused on address-

ing sustainability issues in markets such as 

healthcare and energy are increasingly likely 

to enhance shareholder value. By developing 

products for applications such as smart grids 

with significant growth potential, Semiconduc-

tors companies could expand their revenue-

generation opportunities, while fulfilling the 

potential of semiconductors to generate signifi-

cant energy savings across the economy.

Estimates suggest that by 2020, the Technolo-

gy and Communications sector as a whole has 

the potential to enable GHG reductions of 5.5 

to 6.5 times its own GHG footprint (including 

energy embodied in materials and manufactur-

ing, and energy consumed in the use phase). 

‘Smart grid’ technologies, which depend to a 

large extent on semiconductors, present the 

most significant opportunity for the sector to 

enable energy efficiency, and it could lead to 

reductions of around 2 GtCO2e.128

In its modeling of a “Semiconductor-Enabled 

Efficiency” scenario, which assumes both un-

derutilized current generations of semiconduc-

tor technologies, but also “next generation” 

devices and systems, the American Council for 

an Energy-Efficient Economy (ACEEE) estimates 

that semiconductor-enabled energy savings can 

reduce U.S. electricity use to about 27 percent 

below the U.S. Energy Information Administra-

tion’s (EIA) 2030 reference case projections. 

The ACEEE estimates that with the support of 

market-based policies and incentives that en-

courage investments in such technologies, the 

cumulative net electricity bill savings in the U.S. 

economy enabled by semiconductors might 

exceed $1.3 trillion through 2030, while reduc-

tions in energy-related CO2 emissions would 

exceed 700 million metric tons by that year.129
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McKinsey notes that a key factor contributing 

to the growth of Semiconductors companies is 

the choice of market (more so than an increase 

in market share in existing markets) contrib-

uting to around 70 percent of the growth 

between 2005 and 2008 for the semiconduc-

tors peer group analyzed. According to McK-

insey, proactively managing product portfolios 

contributes to value creation in the industry.130 

Companies investing in R&D and developing 

next generation devices and systems that can 

meet market needs and potential for energy 

efficiency could, therefore, benefit through 

revenue growth.

However, the market for smart grids and smart 

meters, while projected to have strong growth 

and potentially contributing to value materially 

for the Semiconductors industry in the future, 

is as yet a small proportion of overall industry 

revenues. For example, global revenues for 

semiconductors in smart meters are forecast 

to be around $1 billion in 2015, exhibiting an 

average annual growth of about 15 percent 

between 2010 and 2015.131 This compares 

to global Semiconductors industry revenues 

of $500 billion according to the latest an-

nual data. SASB will continue to evaluate the 

materiality of this issue and may consider it for 

inclusion in Semiconductors industry standards 

in the future. 
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appenDIx I: Five Representative Companies | semiconductorsx

COMpany naMe (tICkeR syMBOL)

Intel Corp. (INTC)

Qualcomm Inc. (QCOM)

Taiwan Semiconductor – ADR (TSM)

Texas Instruments (TXN)

Applied Materials (AMAT)

X This list includes five companies representative of the Semiconductors industry and its activities. This includes only companies for which the 
Semiconductors industry is the primary industry, companies that are U.S.-listed, but are not primarily traded Over-the-Counter, and where at 
least 20 percent of revenue is generated by activities in this industry, according to the latest information available on Bloomberg Professional 
Services. Retrieved on 3 February 2014.
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appenDIx IIa:  
evidence for Material sustainability Issues 

evIDenCe OF InteRest
evIDenCe OF  

FInanCIaL IMpaCt
FORWaRD-LOOkInG IMpaCt

HM 
(1-100)

IWGs
EI

Revenue / 
Cost

Asset/ 
Liabilities

Cost of 
Capital

EFI
Probability/ 
Magnitude

Exter- 
nalities

FLI
% Priority

GHG emissions 60 86 3t Medium • • Medium • • Yes

Energy 
management in 
manufacturing

100 71 2t High • • Medium • Yes

Water & waste 
management in 
manufacturing

97
100 water

86 waste

1 water

2t waste
High • • • Medium No

Recruiting & 
managing a 
global, skilled 
workforce

45 71 4 Medium • • Medium • Yes

Employee health 
& safety 55 79 3t Medium • • Low • Yes

Product lifecycle 
management 83 79 3t High • • High • • Yes

Supply chain 
management & 
materials sourcing

40 100 1 High • • • High • Yes

Intellectual 
property 
protection & 
competitive 
behavior

80 N/A N/A Medium • • • Medium No

HM: Heat Map, a score out of 100 indicating the relative importance of the issue among SASB’s initial list of 43 generic sustainability issues. The score is 
based on the frequency of relevant keywords in documents (i.e., 10-Ks, shareholder resolutions, legal news, news articles, and corporate sustainability reports) 
that are available on the Bloomberg terminal for the industry’s publicly listed companies.

IWGs: SASB Industry Working Groups 

%: The percentage of IWG participants that found the issue to be material. (-) denotes that the issue was added after the IWG was convened. 

priority: Average ranking of the issue in terms of importance. One denotes the most material issue. N/A denotes that the issue was added after the  
IWG was convened.

eI: Evidence of Interest, a subjective assessment based on quantitative and qualitative findings.

eFI: Evidence of Financial Impact, a subjective assessment based on quantitative and qualitative findings.

FLI: Forward Looking Impact, a subjective assessment on the presence of a material forward-looking impact.
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appenDIx IIB: 
evidence of Financial Impact for Material sustainability Issues

Revenue & expenses assets & LIaBILItIes RIsk pROFILe

Revenue Operating Expenses Non-operating 
Expenses Assets Liabilities

Cost of  
Capital

Industry 
Divestment 

Risk
Market Share Pricing Power COGS R&D CapEx

Extra- 
ordinary 
Expenses

Tangible 
Assets

Intangible 
Assets

Contingent 
Liabilities & 
Provisions

Pension 
& Other 

Liabilities

GHG emissions • • • •

Energy 
management in 
manufacturing

• • •

Water & waste 
management in 
manufacturing

• • • • • •

Recruiting & 
managing a global, 
skilled workforce

• • • •

Employee health & 
safety • • •

Product lifecycle 
management • • • • • •

Supply chain 
management & 
materials sourcing

• • • •

Intellectual 
property protection 
& competitive 
behavior

• • • • •

HIGH IMPAcT MEdIuM IMPAcT
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appenDIx III: sustainability accounting Metrics | semiconductors

toPic Accounting metric cAtegory
unit of 

meASure
code

Greenhouse 
Gas  
Emissions 

Gross global Scope 1 emissions and amount of total 
emissions from perfluorocompounds (PFcs)

Quantitative Metric tons 
cO2-e

Tc0201-01

description of long-term and short-term strategy or 
plan to manage Scope 1 emissions, including emissions 
reduction targets, and an analysis of performance against 
those targets

discussion and 
Analysis

n/a Tc0201-02

Energy 
Management 
in Manufac-
turing 

Total energy consumed, percentage grid electricity, 
percentage renewable energy

Quantitative Gigajoules, 
Percentage (%)

Tc0201-03

Water & 
Waste 
Management 
in Manufac-
turing

Total water withdrawn, percentage recycled, percentage in 
regions with High or Extremely High Baseline Water Stress

Quantitative cubic 
meters (m3), 
percentage (%)

Tc0201-04

Amount of hazardous waste from manufacturing, 
percentage recycled

Quantitative Tons (t), 
percentage (%)

Tc0201-05

Recruiting 
& Managing 
a Global 
Skilled 
Workforce

Percentage of employees that are (1) foreign nationals  
and (2) located offshoreXI 

Quantitative Percentage (%) Tc0201-06

Employee 
Health & 
Safety

discussion of efforts to assess, monitor, and reduce 
exposure of employees to human health hazards

discussion and 
Analysis

n/a Tc0201-07

Amount of legal and regulatory fines and settlements 
associated with employee health and safety violationsXII 

Quantitative u.S. dollars ($) Tc0201-08

XI Note to tC0201-06  – Disclosure shall include a description of potential risks of recruiting foreign nationals and/or offshore 
employees, and management approach to addressing these risks.  
XII  Note to tC0201-08 – Disclosure shall include a description of fines and settlements and corrective actions implemented in 
response to events. 
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appenDIx III: sustainability accounting Metrics | semiconductors

toPic Accounting metric cAtegory
unit of 

meASure
code

Product 
Lifecycle 
Management

Percentage of products by revenue that contain IEc 
62474 declarable substancesXIII 

Quantitative Percentage by 
revenue ($)

Tc0201-09

Processor energy efficiency at a system-level for: (1) 
servers (2) desktops, and (3) laptopsXIV 

Quantitative Overall 
ssj_ops/watt; 
base SPEcint 
score/watt, 
base SPEcfp 
score/watt; 
performance 
qualification 
score, battery 
life score (in 
minutes)

Tc0201-10

Supply Chain 
Management 
& Materials 
Sourcing

Percentage of products by revenue that contain critical 
materials  

Quantitative Percentage by 
revenue ($)

Tc0201-11

Percentage of tungsten, tin, tantalum, and gold smelters 
within the supply chain that are verified conflict-free

Quantitative Percentage (%) Tc0201-12

discussion of the management of risks associated with 
use of critical materials and conflict minerals

discussion and 
Analysis

n/a Tc0201-13

Intellectual 
Property 
Protection & 
Competitive 
Behavior

Number of patent litigation cases, number successful, 
and number as patent holder

Quantitative Number Tc0201-14

Amount of legal and regulatory fines and settlements 
associated with anti-competitive practicesXV 

Quantitative u.S. dollars ($) Tc0201-15

XIII Note to tC0201-09 –Disclosure shall include a discussion of efforts to minimize usage of these substances. 
XIV   Note to tC0201-10 – Disclosure shall include a discussion of efforts to design for new and emerging usage patterns with 
respect to energy efficiency in all product categories (i.e., applications for servers, desktops, laptops, workstations, netbooks, 
tablets, mobile phones, and storage).  
XV Note to tC0201-15 – Disclosure shall include a description of fines and settlements and corrective actions implemented in 
response to events.
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appenDIx Iv: analysis of 10-k Disclosures | semiconductors

The following graph demonstrates an aggregate assessment of how the top ten u.S. domiciled companies, by revenue, in the 
Semiconductors industry are currently reporting on material sustainability issues in the Form 10-K.

semiconductors

GHG emissions

Energy management in manufacturing

Water & waste management in manufacturing

Recruiting & managing a global, skilled workforce

Employee health & safety 

Product lifecycle management

Supply chain management & materials sourcing

Intellectual property protection & competitve behavior

0% 10% 20%  30% 40% 50% 60% 70% 80% 90% 100%

DIsCLOsuRe On MateRIaL sustaInaBILIty Issues

 NO dIScLOSuRE BOILERPLATE INduSTRY-SPEcIF Ic  METRIcS

86%

71%

100%

71%

79%

79%

100%

N/A

IWG Feedback*

*Percentage of IWG participants that agreed issue was material

It is illegal to redistribute these materials. Please report any illegal distribution to info@sasb.org



37ReseaRch BRief  |  semiconductoRs© 2014 sasB™

References 

1 Krabeepetcharat, A., “IBISWorld Industry Report 
33329a Semiconductor Machine Manufacturing in the 
US,” IBISWorld, October 2012, and Krabeepetcharat, 
A., “IBISWorld Industry Report 33441a Semiconductor 
& Circuit Manufacturing in the US,” IBISWorld, February 
2013.

2 Data from Bloomberg Professional service accessed on 
13 February 2014 using ICS <GO> command. The data 
represents global revenue numbers of companies listed 
on global exchanges, or traded over-the-counter, from 
the Semiconductors industry, using the Levels 2 and 3 
Bloomberg Industry Classification System.

3 Ibid.

4 Bloomberg L.P., “Semiconductors Industry Primer (BI 
SEMIG),” Bloomberg Professional Service, 20 February 
2013.

5 Krabeepetcharat, A., “IBISWorld Industry Report 33441a 
Semiconductor & Circuit Manufacturing in the US,” 
IBISWorld, February 2013.

6 “McKinsey on Semiconductors,” Number 1, Autumn 
2011, McKinsey & Company, 2011.

7 SASB calculation for NAICS codes 333295 and 334413 
based on data from the “Annual Survey of Manufactures: 
General Statistics: Statistics for Industry Groups and 
Industries: 2011 (REFRESH),” U.S. Census Bureau, Release 
Date 17 December 2013. Specifically, calculation uses 
data on “Materials, parts, containers, packaging, etc. used 
($1,000)” and “Total value of shipments ($1000).”

8 Krabeepetcharat, A., “IBISWorld Industry Report 
33329a Semiconductor Machine Manufacturing in the 
US,” IBISWorld, October 2012, and Krabeepetcharat, 
A., “IBISWorld Industry Report 33441a Semiconductor 
& Circuit Manufacturing in the US,” IBISWorld, February 
2013.

9 Krabeepetcharat, A., “IBISWorld Industry Report 33441a 
Semiconductor & Circuit Manufacturing in the US,” 
IBISWorld, February 2013.

10 Based on segment data obtained from Bloomberg 
Professional service for the companies listed in Appendix I, 
for FY 2012.

11 Ibid.

12 Ibid. and Krabeepetcharat, A., “IBISWorld Industry 
Report 33329a Semiconductor Machine Manufacturing in 
the US,” IBISWorld, October 2012.

13 Ibid.

14 “Fact Sheet: Mandatory Reporting of Greenhouse Gases 
(40 CFR part 98),” United States Environmental Protection 
Agency, 2011: Web <http://www.epa.gov/ghgreporting/
documents/pdf/2009/FactSheet.pdf> Accessed on 2 April 
2013.

15 Cook, J., “California’s AB32 Global Warming Solutions 
Act of 2006, A Brief Summary, Legislative Update and 
Review of Impacts on the Semiconductor Industry,” EORM, 
2011: Web <http://www.semi.org/en/sites/semi.org/files/
files/EHS-20110712-GHGWorkshop-3Cook.pdf> Accessed 
on 2 April 2013.

16 “Final Rule Amendments for Semiconductor 
Manufacturing. Fact Sheet,” United States Environmental 
Protection Agency, 2008.

17 “Recast of the RoHS Directive,” European Commission. 
Web <http://ec.europa.eu/environment/waste/rohs_eee/
index_en.htm> Accessed on 2 April 2013.

18 “RoHS 2 FAQ,” European Commission, 12 December 
2012: Web <http://ec.europa.eu/environment/waste/rohs_
eee/pdf/faq.pdf> Accessed on 2 April 2013.

19 “RoHS 2 and REACH: Leveraging the New International 
Standard on Material Declaration (IEC 62474),” Webinar, 
Intertek, 29 November 2012. Slide 13.

20 “Safer Chemicals Healthy Families legislative update,” 
2013: Web <http://www.saferchemicals.org/safe-
chemicals-act> Accessed on 2 April 2013.

21 “Design for the Environment. An EPA Partnership 
Program. Lead-free Solder Partnership,” U.S. 
Environmental Protection Agency. Web <http://www.epa.
gov/oppt/dfe/pubs/projects/solder/>

22 “SEC Adopts Rule for Disclosing Use of 
Conflict Minerals,” U.S. Securities and Exchange 
Commission, 2012: Web <http://www.sec.gov/news/
press/2012/2012-163.htm> Accessed on 8 April 2013.

23 “Recommendations for companies pending appellate 
review of the SEC conflict minerals rules,” Hunton & 
Williams LLP, 5 February 2014: Web <http://www.lexology.
com/library/detail.aspx?g=e8dd78f8-6105-4ce0-8782-
615fab7490d4>

24 “PFC Reduction/Climate Partnership for the 
Semiconductor Industry. Basic Information,” United States 
Environmental Protection Agency. Web <http://www.epa.
gov/semiconductor-pfc/basic.html> Accessed on 2 April 
2013.

It is illegal to redistribute these materials. Please report any illegal distribution to info@sasb.org



38ReseaRch BRief  |  semiconductoRs© 2014 sasB™

References (Cont.)

25 Electronic Industry Citizenship Coalition. Web <http://
www.eicc.info/about_us.shtml> Accessed on 2 April 2013.

26 “PFC Reduction/Climate Partnership for the 
Semiconductor Industry. Basic Information,” United States 
Environmental Protection Agency. Web <http://www.epa.
gov/semiconductor-pfc/basic.html> Accessed on 2 April 
2013.

27 Ibid.

28 Kazmierski, C. “Global Semiconductor Industry Exceeds 
Goal to Reduce Greenhouse Gases,” Semiconductor 
Industry Association, 2 June 2011: Web <http://www.
semiconductors.org/news/2011/06/02/news-2011/
global-semiconductor-industry-exceeds-goal-to-reduce-
greenhouse-gases/> Accessed on 10 March 2014.

29 “PFC Reduction/Climate Partnership for the 
Semiconductor Industry. Basic Information,” United States 
Environmental Protection Agency. Web <http://www.epa.
gov/semiconductor-pfc/basic.html> Accessed on 2 April 
2013.

30 “Table 2-1: Recent Trends in U.S. Greenhouse Gas 
Emissions and Sinks (Tg CO2 Eq.),” U.S. Environmental 
Protection Agency DRAFT Inventory of U.S. Greenhouse 
Gas Emissions and Sinks: 1990–2011. Pages 2-4, 5.

31 Kazmierski, C. “Global Semiconductor Industry Exceeds 
Goal to Reduce Greenhouse Gases.” Semiconductor 
Industry Association, 2 June 2011: Web <http://www.
semiconductors.org/news/2011/06/02/news-2011/
global-semiconductor-industry-exceeds-goal-to-reduce-
greenhouse-gases/> Accessed on 10 March 2014.

32 “GHG Reporting for Semiconductor Industry,” Enviro.
BLR.com, 25 July 2011: Web <http://enviro.blr.com/
environmental-news/air/climate-change-greenhouse-gas-
emissions/GHG-Reporting-for-Semiconductor-Industry/> 
Accessed on 2 April 2013.

33 Trammell, S., “ESH Regulatory Overview: Emerging 
Regulations and Industry Impact,” SEMATECH Symposium 
Korea, Manufacturing Session, International SEMATECH 
Manufacturing Initiative, 28 October 2011: Web <http://
www.sematech.org/meetings/archives/symposia/10202/
Session%204-Manufacturing/Manufacturing_Trammel.
pdf> Accessed on 10 March 2014.

34 U.S. Environmental Protection Agency. Web <http://
www.epa.gov/region07/air/nsr/nsrmemos/semiconpsd.pdf> 
Accessed on 2 April 2013.

35 “Final Regulation Order, Regulation to Reduce 
Greenhouse Gas Emissions from Semiconductor 
Operations,” California Environmental Protection Agency 
Air Resources Board. Web <http://www.arb.ca.gov/
regact/2009/semi2009/semifro.pdf> Accessed on 2  
April 2013.

36 PFC Reduction/Climate Partnership for the 
Semiconductor Industry. Basic Information,” United States 
Environmental Protection Agency. Web <http://www.epa.
gov/semiconductor-pfc/basic.html> Accessed on 2 April 
2013. 

37 “Reduction of Perfluorocompound (PFC) Emissions: 2005 
State-of-the-Technology Report,” Executive Summary, 
International SEMATECH Manufacturing Initiative, 
December 2005.

38 Kazmierski, C., “Global Semiconductor Industry Exceeds 
Goal to Reduce Greenhouse Gases,” Semiconductor 
Industry Association, 2 June 2011: Web <http://www.
semiconductors.org/news/2011/06/02/news-2011/
global-semiconductor-industry-exceeds-goal-to-reduce-
greenhouse-gases/> Accessed on 10 March 2014.

39 Krabeepetcharat, A., “IBISWorld Industry Report 33441a 
Semiconductor & Circuit Manufacturing in the US,” 
IBISWorld, February 2013, and “Environmental Issues 
in the Electronics Industry,” presentation. Web < http://
engineering.dartmouth.edu/~d30345d/courses/engs171/
ElectronicsIndustry.pdf> Accessed on 8 April 2013, p.8.

40 Hudson, J., et al., “Q-Series: Global ESG Analyser,” UBS 
Investment Research, 29 October 2012.

41 “Table 11.1 Electricity: Components of Net Demand, 
2010,” 2010 Manufacturing Energy Consumption Survey, 
Energy Information Administration, released March 2013: 
Web <http://www.eia.gov/consumption/manufacturing/
data/2010/#r11> Accessed on 10 March 2014. 

42 Ibid., “Table 7.1 Average Prices of Purchased Energy 
Sources, 2010.” 

43 Deng, R., E. Williams, C. Babbitt, “Hybrid Assessment 
of the Life Cycle Energy Intensity of a Laptop Computer.” 
Web < http://www.lcacenter.org/LCA9/presentations/120.
pdf> Accessed on 10 March 2014.

44 “Annual Survey of Manufactures: General Statistics: 
Statistics for Industry Groups and Industries: 2011 
(REFRESH)” U.S. Census Bureau. Release Date 17 
December 2013.

45 Based on estimates from IBIS World. Krabeepetcharat, 
A., “IBISWorld Industry Report 33329a Semiconductor 
Machine Manufacturing in the US,” IBISWorld, October 
2012, and Krabeepetcharat, A., “IBISWorld Industry Report 
33441a Semiconductor & Circuit Manufacturing in the 
US,” IBISWorld, February 2013.

46 “High-Performance Buildings for High-Tech Industries,” 
Lawrence Berkeley National Laboratory. Web <http://
hightech.lbl.gov/issues.html> Accessed on 10 March 2014.

It is illegal to redistribute these materials. Please report any illegal distribution to info@sasb.org



39ReseaRch BRief  |  semiconductoRs© 2014 sasB™

References (Cont.)

47 Shamshoian, G. et al. “High-Tech Means High-Efficiency: 
The Business Case for Energy Management in High-Tech 
Industries,” 20 December 2005: Web <http://evanmills.lbl.
gov/pubs/pdf/ht_businesscase.pdf> Accessed on 10 March 
2014.

48 “ISMI Energy Study Reveals Significant Opportunities 
to Reduce Consumption, Emissions and Costs in 
Semiconductor Manufacturing,” Sematech, June 2012: 
Web <http://www.sematech.org/corporate/news/
releases/20120604.htm> Accessed on 8 April 2013.

49 2011 Corporate Citizenship Report, Texas Instruments. 
Web <http://www.ti.com/corp/docs/csr/environment/
EnergyUse.shtml> Accessed on 10 March 2013.

50 “Southeast Asia Energy Outlook. World Energy 
Outlook Special Report,” International Energy Agency, 
September 2013: Web <http://www.iea.org/publications/
freepublications/publication/SoutheastAsiaEnergyOutlook_
WEO2013SpecialReport.pdf>

51 “Assembly Bill 32 At-a-Glance. What’s the average 
or overall cost to you?” Pacific Gas and Electric. Web 
<http://www.pge.com/mybusiness/energysavingsrebates/
incentivesbyindustry/industrial/ab32/> Accessed on 10 
March 2014.

52 Form 10-K, Intel, 2011. Pages 11, 14.

53 Ibid. Page 11. 

54 “2011 Corporate Responsibility Report,” Intel, 2011: 
Web <http://csrreportbuilder.intel.com/PDFFiles/CSR_2011_
Full-Report.pdf> Pages 18 and 21.

55 “Watching water. A guide to evaluating corporate risks 
in a thirsty world,” JPMorgan Global Equity Research, 31 
March 2008.

56 Pimentel, B., “The valley’s toxic history / IBM trial is latest 
round in long-running dispute over the tech industry’s 
environmental record,” SFGate, 30 January 2004: Web 
<http://www.sfgate.com/bayarea/article/The-valley-s-toxic-
history-IBM-trial-is-latest-2826844.php#ixzz2SX2EJCa2>

57 “Pure water, semiconductors and the recession,” Global 
Water Intelligence, October 2009, Vol 10, Issue 10: Web 
<http://www.globalwaterintel.com/archive/10/10/market-
insight/pure-water-semiconductors-and-the-recession.
html> Accessed on 8 April 2013.

58 Ibid.

59 “Challenges of Water Scarcity, A Business Case for 
Financial Institutions,” UNEP Finance Initiative and the 
Stockholm International Water Institute, 2004. Page 9.

60 “Watching water. A guide to evaluating corporate risks 
in a thirsty world,” JPMorgan Global Equity Research, 31 
March 2008.

61 Form 10-K, Intel, 2011. Pages 14 and 18.

62 “2011 Corporate Responsibility Report,” Intel, 2011: 
Web <http://csrreportbuilder.intel.com/PDFFiles/CSR_2011_
Full-Report.pdf>

63 “National Biennial RCRA Hazardous Waste Report: Based 
on 2011 Data,” Exhibit 1.9, U.S. Environmental Protection 
Agency, 2011: Web <http://www.epa.gov/wastes/
inforesources/data/br11/national11.pdf>

64 Calculated based on data obtained from “Pollution 
Abatement Costs and Expenditures: 2005 Survey,” United 
States Environmental Protection Agency, National Center 
for Environmental Economics. Web <http://yosemite.epa.
gov/ee/epa/eed.nsf/pages/pace2005.html>

65 “Pure water, semiconductors and the recession,” Global 
Water Intelligence, October 2009, Vol 10, Issue 10: Web 
<http://www.globalwaterintel.com/archive/10/10/market-
insight/pure-water-semiconductors-and-the-recession.
html> Accessed on 8 April 2013.

66 Pimentel, B., “The valley’s toxic history / IBM trial 
is latest round in long-running dispute over the tech 
industry’s environmental record,” SFGate, 30 January 
2004: Web<http://www.sfgate.com/bayarea/article/
The-valley-s-toxic-history-IBM-trial-is-latest-2826844.
php#ixzz2SX2EJCa2>

67 Collier, P., “Migration Is Expensive, but Pays Off in 
Productivity,” Bloomberg, 27 August 2013: Web <http://
www.bloomberg.com/news/2013-08-27/migration-is-
expensive-but-pays-off-in-productivity.html>

68 Center for Work, Technology, and Society, Institute of 
Industrial Relations, University of California, Berkeley. Web 
<http://www.irle.berkeley.edu/worktech/> Accessed on 2 
April 2013.

69 Krabeepetcharat, A., “IBISWorld Industry Report 
33329a Semiconductor Machine Manufacturing in the 
US,” IBISWorld, October 2012, and Krabeepetcharat, 
A., “IBISWorld Industry Report 33441a Semiconductor 
& Circuit Manufacturing in the US,” IBISWorld, February 
2013.

70 “America Needs The World’s Best and Brightest 
Innovators,” Semiconductor Industry Association. Web 
<http://www.semiconductors.org/clientuploads/One%20
Pagers%20July%202012/Best%20Brightest%20
Immigration_FINAL.pdf> Accessed on 2 April 2013.

71 “Policy Priorities. Immigration & Workforce,” 
Semiconductor Industry Association, Web < http://www.
semiconductors.org/issues/immigration/immigration_
workforce/> Accessed on 10 March 2014.

72 Form 10-K for the fiscal year ended 28 October 2012. 
Page 25. Applied Materials, Inc. Web <http://www.sec.
gov/Archives/edgar/data/6951/000000695112000018/
amat10282012-10kdoc.htm>

It is illegal to redistribute these materials. Please report any illegal distribution to info@sasb.org



40ReseaRch BRief  |  semiconductoRs© 2014 sasB™

References (Cont.)

73 Stranahan, S., “The Clean Room’s Dirty Secret,” 
MotherJones, March/April 2002 Issue: Web <http://www.
motherjones.com/politics/2002/03/clean-rooms-dirty-
secret> Accessed on 2 April 2013.

74 Yoon, C., “Much Concern but Little Research on 
Semiconductor Occupational Health Issues,” Journal of 
Korean Medical Science, 25 April 2012: Web <http://www.
ncbi.nlm.nih.gov/pmc/articles/PMC3342533/>

75 Ibid.

76 “Semiconductors,” United States Department of Labor, 
Occupational Safety and Health Administration. Web 
<www.osha.gov/SLTC/semiconductors/> Accessed on 2 
April 2013.

77 “SIA Worker Health Project,” Semiconductor Industry 
Association. Web <http://www.semiconductors.org/> 
Accessed on 2 April 2013.

78 “SIA Worker Health Project,” Semiconductor Industry 
Association. Web <http://www.semiconductors.org/> 
Accessed on 2 April 2013. While a SIA study looked 
at cancer mortality and concluded that there was no 
association between overall cancer mortality and working 
in wafer fabrication cleanrooms, “limited availability of 
reliable data on cancer incidence precluded doing such a 
study” of risks of cancer incidence.

79 Yoon, C., “Much Concern but Little Research on 
Semiconductor Occupational Health Issues,” Journal of 
Korean Medical Science, 25 April 2012: Web <http://www.
ncbi.nlm.nih.gov/pmc/articles/PMC3342533>

80 “SIA Worker Health Project,” Semiconductor Industry 
Association. Web < http://www.semiconductors.org/> 
Accessed on 2 April 2013.

81 Ibid.

82 Varchaver, N., “What really happened in IBM’s Clean 
Room?” CNN Money, 8 December 2003.

83 Ibid.

84 “SIA Worker Health Project,” Semiconductor Industry 
Association. Web < http://www.semiconductors.org/> 
Accessed on 2 April 2013.

85 Richtel, Matt, “TECHNOLOGY; I.B.M. WinsEx-Workers’ 
Cancer Suit,” The New York Times, 27 February 2004: 
Web < http://www.nytimes.com/2004/02/27/business/
technology-ibm-winsex-workers-cancer-suit.html>

86 Form 10-K, Intel, 2011.

87 Ibid. And “Design for the Environment,” United States 
Environmental Protection Agency. Web <http://www.epa.
gov/dfe/> Accessed on 2 April 2013.

88 Deng, R., E. Williams, C. Babbitt, “Hybrid Assessment 
of the Life Cycle Energy Intensity of a Laptop Computer.” 
Web <http://www.lcacenter.org/LCA9/presentations/120.
pdf>

89 Chen, A., “Life-Cycle Analysis. Helping reduce lifelong 
greenhouse gas emissions where you live,” News 
Center, Lawrence Berkeley National Laboratory, 18 
April 2008: Web < http://newscenter.lbl.gov/feature-
stories/2008/04/18/life-cycle-analysis/>

90 “The Ceres Roadmap for Sustainability. Technology: 
Hardware,” Ceres. Web <https://www.ceres.org/roadmap-
assessment/sector-analyses/technology-hardware>

91 “The Ecodesign Directive for energy-related products,” 
Web <http://www.eceee.org/ecodesign> Accessed on 11 
March 2014.

92 Form 10-K, Intel, 2011. Pages 1, 13.

93 Smith, C., “Intel’s power-saving Haswell chips to boost 
laptop battery life by 50 per cent. Huge improvement over 
Ivy Bridge,” techradar.com, 25 May 2013: Web <http://
www.techradar.com/us/news/computing-components/
processors/intel-s-power-saving-haswell-chips-to-boost-
laptop-battery-life-by-50-per-cent-1154414>

94 “Safer Consumer Products,” California Department of 
Toxic Substances Control: Web <http://www.dtsc.ca.gov/
SCP/index.cfm>

95 Kuehr, R., and E. Williams (Eds.), “Computers and the 
Environment. Understanding and Managing their Impacts,” 
Kluwer Academic Publishers and United Nations University, 
2003. Pages 34-37.

96 “EU Studies RoHS Costs & Benefits. Study of the 
RoHS directive Directive 2002/95/EC – RoHS,” RSJ 
Technical Consulting. Web <http://www.rsjtechnical.com/
NewsRoHScost&benefit.htm>

97 “Economic Impact of the European Union RoHS Directive 
on the Electronics Industry,” Technology Forecasters Inc., 
21 January 2008.

98 Form 10-K, Analog Devices, Inc., 2012: Web <http://
www.analog.com/en/index.html>

99 “Greening ICT supply chains – Survey on conflict 
minerals due diligence initiatives,” International 
Telecommunication Union (ITU), 2012.

100 “Conflict Minerals – What you need to know about 
the new disclosure and reporting requirements,” Ernst 
& Young, 2012: Web <http://www.ey.com/Publication/
vwLUAssets/Conflict_minerals/$FILE/Conflict_Minerals_
US.pdf>

It is illegal to redistribute these materials. Please report any illegal distribution to info@sasb.org



41ReseaRch BRief  |  semiconductoRs© 2014 sasB™

References (Cont.)

101 “Summary of the Final SEC Rules on Conflict Minerals,” 
IPC, 2012: Web <http://www.ipc.org/3.0_Industry/3.3_
Gov_Relations/2012/IPC-Summary-of-the-Final-SEC-Rules-
on-Conflict-Minerals.pdf>

102 “Conflict Minerals Survey – How companies are 
preparing,” pwc, 2013: Web <http://www.pwc.com/
en_US/us/audit-assurance-services/publications/assets/pwc-
conflict-minerals-preparedness-survey.pdf>

103 “Conflict Minerals and the Democratic Republic of 
Congo. Responsible Action in Supply Chains, Government 
Engagement and Capacity Building,” BSR, May 2010.

104 Craven, C., “Why US Tantalum Imports – And Prices – 
Are Skyrocketing,” Metal Miner, April 2013: Web <http://
agmetalminer.com/2013/04/03/why-us-tantalum-imports-
and-prices-are-skyrocketing/>

105 Form 10-K, Intel, Fiscal Year 2012. Item I. Business. 
Pages 8, 12.

106 “Corporate Responsibility,” Intel. Web <http://www.
intel.com/content/www/us/en/corporate-responsibility/
conflict-free-minerals.html>

107 Smith, M., “How Colombian FARC Terrorists Mining 
Tungsten Are Linked to Your BMW Sedan,” Bloomberg 
Markets Magazine, 7 August 2013.

108 “Metals, Mines and Mobiles - A risky business,” 
Press Release, British Geological Survey, 12 September 
2011. Page 2: Web <http://www.bgs.ac.uk/news/DIARY/
Mines%20metals%20and%20mobiles%20press%20
release.pdf>

109 “Rare material shortages could put gadgets at risk,” 
BBC News, 6 December 2013.

110 Drajem, M., and G. Ratnam, “Rare Earth Prices Soar 
Even as China Pledges Supply,” Bloomberg News, 20 
October 2010: Web <http://www.bloomberg.com/
news/2010-10-20/china-pledges-to-maintain-rare-earth-
sales-official-says-exports-may-rise.html>

111 “Testimony of the SEMICONDUCTOR INDUSTRY 
ASSOCIATION On the Critical Minerals Policy Act of 2013 
(S. 1600) January 28, 2014.” Web < http://www.energy.
senate.gov/public/index.cfm/files/serve?File_id=73afb656-
1167-4e5e-94de-4f88ccd5a2bc>

112 “Minerals and Metals Scarcity in Manufacturing: The 
Ticking Time Bomb,” pwc, December 2011: Web <http://
www.pwc.com/en_GX/gx/sustainability/research-insights/
assets/impact-of-minerals-metals-scarcity-on-business.pdf>

113 “Antitrust analysis of portfolio cross-licensing 
agreements and patent pools,” Web <http://www.justice.
gov/atr/public/hearings/ip/chapter_3.pdf> Accessed on 15 
March 2014.

114 Adam B. Jaffe et al. (eds.), Shapiro, C. “Navigating the 
Patent Thicket: Cross Licenses, Patent Pools, and Standard 
Setting,” Innovation Policy and the Economy, Volume 1. 
Pages 119-122. January 2001: Web <http://www.nber.org/
chapters/c10778>

115 Krabeepetcharat, A., “IBISWorld Industry Report 
33441a Semiconductor & Circuit Manufacturing in the 
US,” IBISWorld, February 2013.

116 Adam B. Jaffe et al. (eds.), “Navigating the Patent 
Thicket,” Innovation Policy and the Economy, Volume 
1. Page 4. January 2001: Web <http://www.nber.org/
chapters/c10778>

117 Krabeepetcharat, A., “IBISWorld Industry Report 
33441a Semiconductor & Circuit Manufacturing in the 
US,” IBISWorld, February 2013.

118 Barry, C., R. Arad, and K. Swanson, “Big cases make 
headlines, while patent cases proliferate,” pwc, 2013 
Patent Litigation Study, 2013.

119 SASB analysis of Bloomberg Professional service data 
using the LITI <GO> function. 

120 Krabeepetcharat, A., “IBISWorld Industry Report 
33441a Semiconductor & Circuit Manufacturing in the 
US,” IBISWorld, February 2013.

121 “McKinsey on Semiconductors,” Number 1, Autumn 
2011, McKinsey & Company, 2011.

122 “Intel and AMD. Agreeing on a pay-off,” The 
Economist, 12 November 2009: Web <http://www.
economist.com/node/14885938?zid=291&ah=906e69ad0
1d2ee51960100b7fa502595>

123 Krabeepetcharat, A., “IBISWorld Industry Report 
33441a Semiconductor & Circuit Manufacturing in the 
US,” IBISWorld, February 2013.

124 Ibid., and from Intel’s Form 10-K for FY 2012.

125 Form 10-K for Fiscal Year 2012 for Intel, Qualcomm, 
and Micron Technology.

126 “DRAM,” Shearman & Sterling LLP, Cartel Digest. 
Web <http://www.carteldigest.com/cartel-detail-page.
cfm?itemID=22> Accessed on 7 February 2014.

It is illegal to redistribute these materials. Please report any illegal distribution to info@sasb.org



42ReseaRch BRief  |  semiconductoRs© 2014 sasB™

References (Cont.)

127 “Chipmakers fined by EU for price-fixing,” BBC 
News, 19 May 2010: Web <http://www.bbc.co.uk/
news/10126755> Accessed on 7 February 2014.

128 “SMART 2020: Enabling the low carbon economy in 
the information age,” The Climate Group and Global 
e-Sustainability Initiative, 2008.

129 Laitner, J., et al., “Semiconductor Technologies: The 
Potential to Revolutionize U.S. Energy Productivity,” 
American Council for an Energy-Efficient Economy, Report 
number E094, May 2009. Pages 34, 37.

130 “McKinsey on Semiconductors,” Number 1, Autumn 
2011, McKinsey & Company, 2011.

131 “Global Investment in Smart Grids to Double by 2015,” 
IC Insights, 1 December 2011: Web <http://www.icinsights.
com/news/bulletins/Global-Investment-In-Smart-Grids-To-
Double-By-2015/>

It is illegal to redistribute these materials. Please report any illegal distribution to info@sasb.org



SuStAinABility Accounting StAndArdS BoArd®

75 Broadway, Suite 202 

San Francisco, CA 94111

415.830.9220

info@sasb.org

www.sasb.org

iSBn#: 978-1-940504-17-9

The content made available in this publication is copyrighted by the Sustainability Accounting Standards Board. All rights 
reserved. You agree to only use the content made available to you for non-commercial, informational or scholarly use within 
the organization you indicated you represent to keep intact all copyright and other proprietary notices related to the content.  
The content made available to you may not be further disseminated, distributed, republished or reproduced, in any form or 
in any way, outside your organization without the prior written permission of the Sustainability Accounting Standards Board.  
To request permission, please contact us a info@sasb.org.

mailto:info@sasb.org
www.sasb.org
mailto:info@sasb.org



