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Future-Fit Heatmap 
Semiconductor manufacturing 

Introduction to semiconductor manufacturing 
Nearly all current electronic technology uses semiconductors - electronics manufacturing services, original design manufacturing, the hardware 

industries, and increasingly the automobile and appliance industries. A typical company would manufacturers semiconductors or other integrated 

chips, encompassing semiconductor devices, integrated circuits and components (such as wafers, substrates and solutions), but excluding raw material 

input or equipment. [1] [2] [3] 

A semiconductor is a material whose electrical conductivity is less than a conductor (such as metallic copper), but more than an insulator (such as 

glass). A semiconductor product (or ‘integrated circuit’, also known as a ‘microchip’, ‘silicon chip’ or ‘computer chip’) is composed of ‘wafers’, made 

from a base material such as silicon, germanium or gallium. The wafers are layered, each one customised through a series of processes, such as 

‘doping’ - the addition of tiny quantities of impurities such as arsenic, boron or phosphorous, to alter its conductivity. As a result, a sterile environment 

and repeated cleaning of the wafers are crucial to the process. 

The manufacturing process is highly technical and occurs in ‘fabs’ - specialised facilities that contain highly pure environments known as ‘cleanrooms’. 

It requires the use of many specialised, and often hazardous chemicals, as well as a significant amount of energy to heat furnaces, power processing 

and cleaning machines, and vast quantities of water for continuous rinsing of equipment. Intellectual Property (IP) related to chemicals and production 

processes is critical in ensuring companies remain competitive in this fast-evolving industry.  
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Impact level definitions 

 

Summary of Heatmap 

Impact Level  Notation Definition 

Highest ◉ Typical business activities cause severe harm to people or planet in this issue area.  

Highest/Medium ◉◉ Different subsets of typical business activities fall into either highest or medium impact levels. 

Medium ◉ There is no evidence that typical business activities cause either severe or little harm to people or planet in  

this issue area. 

Medium/Lower ◉◉ Different subsets of typical business activities fall into either medium or lower impact levels. 

Lower ◉ Typical business activities cause little harm to people or planet in this issue.  

Unlikely ◉ Typical business activities are unlikely to cause any harm to people or planet in this issue area. 

Impact 
level 

Break-Even Goal 

Highest BE01: Energy is from renewable resources 

BE02: Water use is environmentally responsible and socially equitable 

BE04: Procurement safeguards the pursuit of future-fitness 
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BE05: Operational emissions do not harm people or the environment 

BE06: Operations emit no greenhouse gases 

BE07: Operational waste is eliminated 

BE09: Community health is safeguarded 

BE10: Employee health is safeguarded 

BE14: Employee concerns are actively solicited, impartially judged and   transparently addressed 

 BE19: Products can be repurposed 

 BE22: Lobbying and advocacy safeguard the pursuit of future-fitness 

Medium BE08: Operations do not encroach on ecosystems or communities 

BE11: Employees are paid at least a living wage 

BE12: Employees are subject to fair employment terms 

BE13: Employees are not subject to discrimination 

BE17: Products do not harm people or the environment 

BE20: Business is conducted ethically 

BE21: The right tax is paid in the right place at the right time 

Lower 

 

BE15: Product communications are honest, ethical, and promote responsible use 

BE16: Product concerns are actively solicited, impartially judged and transparently addressed 

BE23: Financial assets safeguard the pursuit of future-fitness 

Unlikely BE03: Natural resources are managed to respect the welfare of ecosystems, people and animals 

BE18:  Products emit no greenhouse gases 
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Property Break-Even Goal 
Impact 

level 
Relevant Impact Characteristics Rationale for Assessment 

Energy BE01: Energy is 
from renewable 
sources 

◉ 
A typical company requires a 
specialised environment which 
depends on high energy-input 
for its maintenance 

The creation of semiconductors consumes significant amounts of 
electricity - up to 100 MWh of energy per hour. Fab infrastructure 
is responsible for 60% of total energy use through processes such 
as air filtering and ventilation in cleanrooms, as well as lighting and 
water treatment. Manufacturing tools, such as plasma-etching 
torches, consume the remaining 40%. [4] [1] [5] 

Water BE02: Water 
use is 
environmentally 
responsible and 
socially equitable 

◉ 
A typical company's operations 
depend on significant water 
consumption 

Water is fundamental to the manufacturing of semiconductors. 
After each layer of material is added to the silicon wafer, it is 
typically rinsed with ‘Ultra-Pure Water’ (UPW) to remove chemical 
and particle impurities. As a result, creating one microchip can 
require 2,200 gallons of water. Machines used to dry clean final 
semiconductors, air conditioning units, cooling towers and other 
cleaning equipment also require water. [1] [6] [7] 

A typical company creates 
highly contaminated 
wastewater which requires 
specialised treatment 

The production of semiconductors results in chemical-heavy 
wastewater. Chemicals include arsenic, hydrogen peroxide and 
ammonium hydroxide, which are toxic and highly corrosive. [8] [9] 
[1] [7] 

Natural 
Resources 

BE03: Natural 
resources are 
managed to 
respect the welfare 
of ecosystems, 
people and animals 

◉ 
A typical company does not 
manage natural resources 

Natural resources such as germanium, boron, arsenic, gallium, 
graphite, copper and silicon are used in the production of 
semiconductors. However, because they are procured, rather than 
extracted by semiconductor companies, the impacts fall within 
BE04: Procurement. [10] [1] [11] [12] 
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Property Break-Even Goal 
Impact 

level 
Relevant Impact Characteristics Rationale for Assessment 

Pollution BE05: Operational 
emissions do not 
harm people or the 
environment 

◉ 
A typical company uses harmful 
substances as a product input or 
operational input 

A multitude of harmful and toxic chemicals are used in the 
production of semiconductors. For example, chlorine is used to 
clean silicon and hydrofluoric acid is used to clean wafers. 
Chemical disposal methods include combustion or oxidation, which 
results in significant emissions. [1] [13] [14] [15] 

A typical company's activities 
lead to a significant risk of spills 
or leaks 

Leakage of underground organic solvent storage tanks within fabs 
can also lead to toxic liquid emissions. These chemicals 
contaminate groundwater and drinking water. Such incidences 
have led to the designation of ‘Superfund’ sites in the US. [16] [1] 
[17] [18] 

BE06: Operations 
emit no 
greenhouse gases 

◉ 
 BE01: Energy has been 
upgraded 

 

Semiconductors are highly energy-intensive to produce, as 
explained under BE01: Energy.  

A typical company emits 
significant GHGs as operational 
by-product 

The main source of greenhouse gases (GHGs) within this industry 
are perfluorocompounds (PFCs), 10-80% of which are released 
unreacted into the atmosphere. They are used in manufacturing 
processes, such as plasma etching and cleaning chemical vapour 
deposition chambers. This group of GHGs has a high Global 
Warming Potential (GWP) and a long atmospheric lifetime. [1] [15] 

BE17: Products do 
not harm people or 
the environment 

◉ 
No upgrading or downgrading 
characteristics are fulfilled 

 

 

Semiconductors do not harm people or the environment during 
use. At end-of-life, electronic waste as a whole is considered 
hazardous to humans and the environment. [19] This is because 
people come into direct contact with harmful materials during the 
collection process, are exposed to toxic fumes when elements are 
burnt, and ecosystems are disrupted as metals leach into soil. 
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Property Break-Even Goal 
Impact 

level 
Relevant Impact Characteristics Rationale for Assessment 

However, while semiconductors exist in almost all forms of modern 
electronics, they are considered a relatively small component of 
this broader e-waste issue. [20] [21] 

BE18: Products 
emit no 
greenhouse gases 

◉ 
A typical company’s products do 
not force user to emit GHGs 
during use or post-use 

Semiconductors are a component of electronic goods. Such goods 
require electricity to function, which will have associated Scope 2 
GHG emissions. However, semiconductors do not force the user to 
emit GHGs during or post-use and therefore do not fall under this 
goal.  

Waste BE07: Operational 
waste is eliminated ◉ 

A typical company’s operations 
create significant quantities of 
hazardous waste 

The majority of chemical 'waste' created in the semiconductor 
industry escapes as gas, which is covered by BE05: Operational 
Emissions. [10] [1] [16] [22] However, semiconductor 
manufacturing generates spent solvent and aqueous metal 
containing hazardous waste. Typical hazardous waste streams 
include waste rinsing water, spent process baths waste acids and 
bases used for cleaning and metal salts. [23] Although tightening 
regulation has driven innovation to reduce use of harmful 
chemicals and increase recycling, hazardous waste is still inherent 
to the industry. It is emitted into air or water, stored in 
underground injection wells, or sent to landfill or incineration. [16] 

BE19: Products can 
be repurposed ◉ 

A typical company's products 
are difficult to disassemble by 
end user 

Electronic waste is considered the fastest growing stream of 
hazardous waste in the world. [24] [25] [26] Given the valuable 
virgin natural resources used in semiconductors, there is a need to 
improve repurposability of such components. 

Physical  
Presence 

BE08: Operations 
do not encroach on ◉ 

No upgrading or downgrading 
characteristics are fulfilled 

Fabs tend to cluster around urban hubs and there is no reason for 
fabs to be located near High Conservation Value land. There is 
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Property Break-Even Goal 
Impact 

level 
Relevant Impact Characteristics Rationale for Assessment 

ecosystems or 
communities 

some risk of fabs drawing water upstream of important municipal 
sources, which would put them at risk of encroachment. [12] 

People BE09: Community 
health 
is safeguarded 

◉ 
A typical company relies on or 
produces significant quantities 
of harmful substances as a 
product, operational input or 
by-product  

The activities of semiconductor production undermine community 
wellbeing in various ways. The industry uses harmful substances in 
its operational processes, such as hydrogen fluoride, ammonia and 
sulphuric acid. Post-use, these or reacted compounds become by-
products or are stored as solvents. They may be emitted as 
gaseous emissions or as wastewater. Organic solvents from 
underground storage tanks can leak into local groundwater 
sources, having detrimental impacts on health including birth 
defects in children. Toxic air and groundwater pollution are also 
caused by wastewater and gaseous emissions. EPA cleanup 
'Superfund' sites have been established across the US due to 
extensive contamination. [27] [7]  

A typical company's operations 
depend on significant water 
consumption or the industry 
uses water as a main or sole 
product input 

As noted under BE02: Water, this is a highly water-intensive 
industry. This has created competition between semiconductor 
companies and local farmers, especially where there is a high 
concentration of fabs in one region. [7] 

BE10: Employee 
health 
is safeguarded 

◉ 
A typical company potentially 
exposes employees to harmful 
substances as a product input, 
operational by-product or final 
product 

Potentially hazardous chemicals such as photoactive chemicals, 
organic solvents, acids and toxic gases are used in the 
semiconductor industry. Employees are at risk of exposure to such 
chemicals – some with established carcinogenic qualities. Working 
in fabs also exposes employees to significant levels of radiation. 
Furthermore, the industry's reliance on IP, and consequent secrecy 
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Property Break-Even Goal 
Impact 

level 
Relevant Impact Characteristics Rationale for Assessment 

around substance use, has made it difficult to investigate 
associated chronic health risks. [1] [28] [29] 

BE11: Employees 
are paid at least a 
living wage 

◉ 
No upgrading or downgrading 
characteristics are fulfilled 

The semiconductor industry is highly technical and relies on high-
skilled workers, such as engineers and scientists. However, there is 
evidence that the back-end activities needed to make 
semiconductors (assembly, testing, and packaging) are more 
labour-intensive than front-end work. These steps are generally 
outsourced to Asian countries with low labour costs. Therefore, 
there remains a risk of poor employment terms and wages for 
some employees. [30] [31] [32] [33] 

BE12: Employees 
are subject to fair 
employment terms 

◉ 
No upgrading or downgrading 
characteristics are fulfilled 

See BE11: Living Wage. 

BE13: Employees 
are not subject to 
discrimination 

◉ 
No upgrading or downgrading 
characteristics are fulfilled 

Instances of discrimination arise in all industries, and 
semiconductor manufacturing is no exception. [34] Senior 
management and senior technical roles have tended to fall to 
males. [35] This gender disparity creates potential for 
discrimination within the workplace. 

BE14: Employee 
concerns are 
actively solicited, 
impartially judged 

◉ 
BE10: Employee Health, BE11: 
Living Wage, BE12: 
Employment Terms or BE13: 
Discrimination have been 
upgraded  

As noted in BE10: Employee Health, semiconductor workers are 
exposed to significant risk. As a result, if there is an issue related to 
health and safety procedures, it is imperative that employees have 
a clear channel to raise concerns.  
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Property Break-Even Goal 
Impact 

level 
Relevant Impact Characteristics Rationale for Assessment 

and transparently 
addressed 

 

A typical company is highly 
dependent on confidentiality 

The highly guarded nature of IP within the semiconductor industry 
provides opportunities for unethical behaviour, and employees 
should be able to voice concerns confidentially. [36] [37] [1] [29] 

BE15: Product 
communications 
are honest, ethical, 
and promote 
responsible use 

◉ 
A typical company's products 
are unlikely to cause significant 
harm to people or environment 
during intended use, if misused, 
or at end of life 

Semiconductors are an intermediate good, as they form one 
component of a final electronic product: the industry is therefore 
predominantly involved in B2B relationships, with little reason to 
communicate with final consumers. A semiconductor itself is 
unlikely to cause harm, except as a small component of the 
broader e-waste issue noted under BE19: Product Repurposing. 

BE16: Product 
concerns are 
actively solicited, 
impartially judged 
and transparently 
addressed 

◉ 
A typical company's products 
will not pose a risk to the user 
or the environment as a result 
of a fault in production or 
accidental misuse 

Semiconductors are a specialised intermediate good as they form 
one component of a final electronic product: misuse is therefore 
extremely unlikely. They are unreactive and pose little risk to the 
user or the environment in the case of production fault or 
accidental misuse.  

Drivers BE04: Procurement 
safeguards the 
pursuit of future-
fitness 

◉ 
A typical company transforms 
raw materials or refines 
materials into other products 

The semiconductor industry is premised on the transformation of 
raw materials into a manufactured good: procurement of such 
inputs is pivotal. 

A typical company’s products 
are made of multiple materials 
or components 

Semiconductors are dependent on the use of silicon, rare earth 
metals and other mined materials. As a result, product inputs are 
likely to have high intensity Natural resource hotspots. [38] [10] [1] 
[11] 

BE20: Business is 
conducted ethically ◉ 

No upgrading or downgrading 
characteristics are fulfilled 

IP, namely patents and trademarks, is crucial to remaining 
competitive in the semiconductor industry. There is a potential 
issue around IP inhibiting research into health and safety of 
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Property Break-Even Goal 
Impact 

level 
Relevant Impact Characteristics Rationale for Assessment 

 chemicals central to production, and a lack of transparency makes 
regulation and ongoing progress in health and safety research 
difficult. [1] [39] [29] 

BE21: The right tax 
is paid in the right 
place at the right 
time 

◉ 
No upgrading or downgrading 
characteristics are fulfilled 

The semiconductor industry does not have any characteristics that 
would make it more susceptible to breaching the ‘spirit and the 
letter’ of tax regulation. 

BE22: Lobbying and 
advocacy safeguard 
the pursuit of 
future-fitness 

◉ 
A typical company is highly 
reliant on intellectual property 

IP, namely patents and trademarks, is crucial to remaining 
competitive in the semiconductor industry. There is a potential 
issue around IP inhibiting research into health and safety of 
chemicals central to production. Stricter regulation around 
management and disclosure of chemicals presents a potential 
conflict of interest between competitive advantage and employee 
health in the semiconductor industry. [36] [37] [1] [29] [39] 

BE23: Financial 
assets safeguard 
the pursuit of 
future-fitness 

◉ 
A typical company does not rely 
on the management or 
ownership of financial assets 

 

The business model for the semiconductor industry does not rely 
on the ownership or management of financial assets. 
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