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TSMC acknowledges responsibility for environmental 
   protection. We not only comply with the environmental  
    regulations of the locations where we operate, but also 
       track new developments in global environmental issues, 
          and take the lead in adopting new environmentally 
           friendly measures. In addition to protecting the 
         environment of our manufacturing sites in Taiwan and 
   around the world, we lead our suppliers to establish a green 
supply chain. At the same time, we also shares environmental 
protection knowledge and offer recommendations to 
government to face a variety of new challenges together. A 
summary of TSMC’s environmental protection approaches 
follows:

Green Management
●  Establish Environmental Management System 

All TSMC fabs adopt the ISO 14001 Environmental 
Management System in early stages of their operation. 
We implement a P-D-C-A (Plan, Do, Check, Action) model 
together with annual audits and a “Green Award” in our 
Total Quality Excellence (TQE) activities to promote 
continuous improvement for environmental protection.

Green Manufacturing
●  Promote “Green Building” Certification 

All newly-constructed facility and office buildings are 
designed and constructed according to U.S. LEED 
(Leadership in Energy and Environmental Design) and 
Taiwan EEWH (Ecology, Energy Saving, Waste Reduction 
and Health) standards. We also adopt green building 
concepts to improve environmental performance for 
existing facilities.

Environmental Protection

Environmental Protection
TSMC’s environmental policy, as set down by Chairman Dr. Morris Chang, is to do our 
utmost to achieve environmental sustainability and to be a world-class company in 
environmental protection. TSMC’s strategies to achieve our environmental goals are 
to comply with regulations, strengthen recycling and pollution prevention, manage 
environmental risks, instill an environmental culture, build a green supply chain, 
and fulfill our corporate social responsibilities.
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●  Promote “Green Factory” Certification
We integrate green facility buildings and clean production 
mechanisms to comply with green factory standards for 
operational fabs.

●  Actions on Climate Change
We continue to promote company-wide greenhouse 
gas inventory and reduction. At the same time, we also 
collaborate with industry, government and academia on 
climate change adaptation, which includes flooding and 
drought risk assessment and prevention.

Green Product
●  Green Product Manufacturing

We take the entire product life cycle into consideration 
in order to reduce environmental impact at each stage. 
At the same time, we established a QC 080000 product 
hazardous substance management system to ensure 
wafers and backend assembly products are compliant 
with international laws and customers’ requirements on 
hazardous substances.

●  Provide Low Environmental Footprint Products
TSMC collaborates with upstream materials suppliers and 
downstream assembly and testing service providers to 
reduce product environmental impact, resources consumed 
and pollutant generated for each unit of production.

●  Provide Advanced Manufacturing Technology, Assist 
Customers’ Green End-product Designs
The continuous development of TSMC’s advanced 
semiconductor process technologies provide our 
customers with more advanced, convenient, energy saving, 
and ecological products.

Green Promotion
●  Enhance Internal and External Environmental 

Education 
TSMC not only instills environmental protection concepts 
in employees through classes and promotions, but also 
assists the local Environmental Protection Bureau to 
establish and maintain environmental education facilities. 
We also share our experiences on water and energy 
conservation with the industrial community.
 

●  Establish Green Supply Chain
TSMC established a sustainability scoring system for 
upstream raw material suppliers and downstream testing 
and assembly sub-contractors to require and encourage 
them to protect the environment, improve safety and 
hygiene, and protect human rights as well as manage risk 
and business continuity, so that we may fulfill our corporate 
social responsibility together.

Selection of Material Environmental Topics
TSMC has a long-term record of assisting governments in 
establishing regulations and promoting projects, and pays 
close attention to the views of academia, media, customers, 
and employees concerning the environment. We also 
participate in non-governmental organizations’ environmental 
activities to understand the issues of greatest concern to 
our stakeholders. We have concluded that the most material 
environmental topics are global climate change, water 
management, green product, and pollution prevention. 
(Please refer to Chapter 3, “Stakeholder Materiality Analysis”  

 in this report) TSMC continues to study and respond to the 
environmental topics that concern stakeholders.

TSMC’s Effort to Mitigate Value Chain Environmental Impacts

Customers

Customers Consumers E-waste Disposal, 
Recycling

Wafer Testing, 
Assembly Sites

TSMC FabsRaw Material 
Suppliers

 

Environmental Protection

8.1  Environmental Protection 
Major Activities in 2013

8.2  From Green Buildings to  
Green Sustainability

8.3  Climate Change

8.4  Water Resource 
Management

8.5  Green Products

8.6  Pollution Prevention

8.7  Environmental Management 
System

8.8  Green Promotion and 
Ecological Preservation



TSMC 2013 Corporate Responsibility Report 90

Environmental Protection

Table of Contents

Overview

Letter from the Chairman

Company Profile

Stakeholder Engagement

Corporate Governance

A Great Place to Work

Customer Service and Supplier 
Management

Social Participation

Environmental Protection

8.1  Environmental Protection 
Major Activities in 2013

8.2  From Green Buildings to  
Green Sustainability

8.3  Climate Change

8.4  Water Resource 
Management

8.5  Green Products

8.6  Pollution Prevention

8.7  Environmental Management 
System

8.8  Green Promotion and 
Ecological Preservation

Appendix

8.1  Environmental Protection Major 
        Activities in 2013

●  Continuous Expansion of our Green Building Project for New 
Fabs
TSMC has gained 11 U.S. LEED (1 “Platinum”, 10 “Gold”), six 
“Diamond” Taiwan Ecology, Energy Saving, Waste Reduction, and 
Health (EEWH) green building certifications and one “Diamond” 
Taiwan Intelligent Green Building certification as of end-2013.

●  Leadership in “Green Factory Label” 
In August 2012, the TSMC Fab 12 Phase 4 facility earned certification 
from the R.O.C. Ministry of Economic Affairs Industrial Development 
Bureau (IDB) to gain Taiwan’s first “Green Factory Label”. Shortly 
thereafter, the Fab 14 Phase 3 and Phase 4 facility also earned the 
same certification in November 2012. In 2013, TSMC Fab 12 Phase 5 
facility also earned “Green Factory Label certification”.

●  Continuous Promotion of ISO 50001 Energy Management System 
Certification
From 2011 to early 2014, the TSMC Fab 12 Phase 4 data center, 
as well as the Fab 12 Phase 4/5/6, Fab 14 Phase 3/4, and Fab 15 
facilities and office buildings adopted ISO 50001 Energy Management 
System and earned external certification.

●  Continuous Promotion of Internal “Green Award” Competition
TSMC added an Environmental, Safety and Health (ESH) Award to 
its ongoing “Total Quality Excellence (TQE)” campaign to encourage 
employees to continuously improve ESH performance. The ESH 
award competition was also presented in the annual TQE Forum 
for sharing. There were a total of 27 ESH improvement cases 
selected in 2013, and 6 out of these 27 cases were selected for final 
competition in the Forum. The habits and methods of continuous ESH 

improvement are embedded in the daily tasks of employees in each 
facility through this ESH award competition and experience sharing.

The achievement status of our 2013 quantitative environmental 
goals is as follows:

TSMC continued to improve our energy saving, water conservation and 
waste reduction technology, and implemented this technology in our 
newly-constructed fabs.

●  Greenhouse Gas – Perfluorinated Compound (PFC) Emissions 
Reduction 
After we achieved our PFC total emissions reduction goal in 2010, we 
continue to move forward on emissions reduction. PFC emissions per 
8-inch wafer equivalent in 2013 were 30% less than 2010 due to our 
continuing reduction efforts.

●  Energy Conservation
TSMC reduced power consumption per 8-inch wafer equivalent per 
mask layer by 3.5% from 10.5 kWh in 2012 to 10.2 kWh in 2013.

●  Energy Conservation
TSMC reduced natural gas consumption per 8-inch wafer equivalent 
per mask layer by 4.9% from 0.061 cubit meter in 2012 to 0.058 cubit 
meter in 2013.

●  Water Conservation
TSMC’s water use per 8-inch wafer equivalent per mask layer in 2013 
decreased by 12.4% compared to 2012 from 58.9 liters to 51.5 liters.

●  Waste Reduction
Achieved a waste-recycling rate of 92%, in 2013, surpassing our 90% 
target for operational fabs. In addition, our landfill rate decreased 
about 52% compared to 2012. 

PFC Emissions 

30%
Reduction

Power Consumption 

3.5%
Reduction

Natural Gas Consumption 

4.9%
Decreased

Waste Reduction 

92%
Waste-recycling 
Rate

52%
Landfill Rate 
Reduction

Water Consumption 

12.4%
Decreased

 

Environmental Protection

8.1  Environmental Protection 
Major Activities in 2013

8.2  From Green Buildings to  
Green Sustainability

8.3  Climate Change

8.4  Water Resource 
Management

8.5  Green Products

8.6  Pollution Prevention

8.7  Environmental Management 
System

8.8  Green Promotion and 
Ecological Preservation



TSMC 2013 Corporate Responsibility Report 91

Environmental Protection

Table of Contents

Overview

Letter from the Chairman

Company Profile

Stakeholder Engagement

Corporate Governance

A Great Place to Work

Customer Service and Supplier 
Management

Social Participation

Environmental Protection

8.1  Environmental Protection 
Major Activities in 2013

8.2  From Green Buildings to  
Green Sustainability

8.3  Climate Change

8.4  Water Resource 
Management

8.5  Green Products

8.6  Pollution Prevention

8.7  Environmental Management 
System

8.8  Green Promotion and 
Ecological Preservation

Appendix

TSMC will continue expanding production capacity to fulfill 
global semiconductor demand. Although we have achieved 
the highest level of energy intensity performance in the global 
semiconductor industry and met an extremely challenging 
PFC emissions reduction goal over the past 10 years, we will 
continue improving our productive efficiency to reduce energy 
and resource consumption as well as our environmental 
impact.

We set our mid-term to long-term environmental protection 
goals as below.

●  Greenhouse Gas (GHG) Reduction
Reduce PFC emission intensity to 30% below the year 
2010 level by 2020 through adoption of best practices 
recognized by the World Semiconductor Council. Reduce 
the total GHG emission intensity to 18% below the year 
2010 level by 2020.

●  Energy Saving
Reduce power usage intensity to 2% below the year 2010 
level by 2015; 12% below the year 2010 level by 2020.

●  Water Saving 
Reduce water usage intensity to 2% below the 2010 level 
by 2015; 20% below the year 2010 level by 2020.

●  Waste Reduction 
Achieve 95% waste recycling rate by 2015, and maintain 
above 95% by 2020.

WATCH VIDEO
TSMC initiated Taiwan’s first green campus 
projects to transform Fabs in Hsinchu, 
Taichung, and Tainan into green campuses so 
that the natural environment prospers along 
with industrial growth.

8.2  From Green Buildings to Green 
Sustainability
Integrating Ecology, Life, and Manufacturing for Green 
Campus 
Starting in 2006, TSMC committed to a policy of constructing 
all new manufacturing facilities and office buildings according 
to the most up-to-date green building standards. The 
standards are the U.S. Green Building Council’s Leadership 
in Energy and Environmental Design (LEED) standard, and 
Taiwan’s Ecology, Energy Saving, Waste Reduction, and 
Health (EEWH) standard. The intention of this program is to 
achieve certification under national and international green 

TSMC Green Buildings Certifications

building standards for all new fabs. From 2008 to 2013, 11 
TSMC fabs and office buildings achieved LEED certifications, 
including:

1. Hsinchu: Fab 12 Phase 1/2 fab, Fab 12 Headquarters 
building, Fab 12 Phase 4/5 fab, Fab 12 Phase 4 office and 
Fab 12 Phase 6 fab;

2. Taichung: Fab 15 Phase 1/2 fab;

3. Tainan: Fab 14 Phase 1/2 fab, Fab 14 Phase 1 office, Fab 
14 Phase 3 fab, Fab 14 Phase 3 office and Fab 14 Phase 4 
fab;

Among these, Fab 12 Phase 1/2 fab received the first U.S. 
LEED Platinum certification in the global semiconductor industry.

綠 色 工 廠
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TSMC has gained 11 U.S. LEED Green 
Building Vertifications (including one 
platinum certification).

U.S. LEED Green 
Building Certifications

Meanwhile, six buildings were certificated under the Taiwan 
EEWH standard with “Diamond” class ratings, including:

1. Hsinchu: Fab 12 Phase 4 fab, Fab 12 Phase 4 office, Fab 
12 Phase 6 fab;

2. Tainan: Fab 14 Phase 3 fab, Fab 14 Phase 3 office and 
Fab 14 Phase 4 fab;

Among these, The Fab 12 Phase four office building was also 
certified as Taiwan’s first Diamond class “Intelligent Green 
Building”. As Taiwan’s leader in certified green buildings, TSMC 
will continue its commitment to this policy.

TSMC initiated Taiwan’s first green campus project in 2010, a 
plan to transform Fab12 in Hsinchu, Fab15 in Taichung, and 
Fab 14 in Tainan into green campuses. These green campuses 
emphasize sharing of energy and resources, efficient 

conservation of energy and water, as well as improved waste 
reduction and recycling to reduce cost. They also emphasize 
comprehensive site planning to integrate green fields, enliven 
natural landscapes, and restore local ecology so that the 
natural environment prospers along with industrial growth.

Educational Green Campus (Fab 12 in Hsinchu): TSMC’s 
Hsinchu Site emphasizes friendliness, and combines green 
facilities, green technology and green lifestyle to create a 
campus for green education.

Ecological Green Campus (Fab 15 in Taichung): The Taichung 
Site is designed for a sustainable environment, and through 
the work of ecology volunteers and preservation, has become 
a green ecological campus existing in harmony with the 
environment.

Life Green Campus (Fab 14 in Tainan): The Tainan site has 
been designed to combine manufacturing with the surrounding 
ecology to create a comfortable environment as a green life 
campus.

Providing a Comfortable “Green Life” 
TSMC establishes green campuses integrating ecology, life 
and production with a positive attitude toward the world. We 
developed green concepts for office lobbies to provide a 
serene working environment and to inspire innovation. The 
use of green materials, as well as low-organic paint and 
adhesives in indoor decoration strictly controls indoor air 
quality and reduces the risk of “sick building syndrome”. Office 
buildings are installed with intelligent control system such as 
lighting controllers, nighttime air-conditioning switches, and 
carbon dioxide detectors to significantly reduce energy waste.

Developing the Natural Ecology
To develop the native ecological system, TSMC combines a 
sustainable environment with eco-demonstration regions. At 
Fab15 in Taichung, TSMC has planted endangered vegetation 
including the “Taiwan lily”, “large-flowered thunbergia”, 
“bougainvillea” and “pyrostegia venusta” with the goal of 
increasing the biological diversity of our green campus. We 
provide a natural ecology for different species to live together, 
and we integrate architecture, ecology and environment 
to enhance nature and reduce carbon-dioxide emissions. 
Presently, we have also restored the “anas platyrhynchos” and 
“purple crows” species to our site in Taichung.

Landscape of green buildings: indoor vegetated wall
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Landscape of green buildings: Taichung-site outdoor 
vegetated wall

Ecology of green campus in 
Taichung: anas platyrhynchos and 
purple crows

Green buildings touring in TSMC: 
Taichung green buildings touring

Promotion of Green Building Experiences for Energy 
and Water Saving
TSMC proactively shares its green building experience, 
collaborates with industries, governments and universities 
to drive low-carbon activities, and helps interested parties to 
shorten their learning curve. TSMC hosted visits by 47 groups 
totaling 1,739 people in 2013. More than 6,297 people have 
visited TSMC to learn about our green buildings as of end-2013.

TSMC collaborated with 
CommonWealth Publishing 
Company to publish two 
books on our green building 
experience in 2013: 
TSMC’s Green Power – 21 
Critical Actions to Create 
Sustainable Competition 
and TSMC’s Green Action 
for High-Efficiency Green 
Facility Applications. The 

129
482

1,219
2,119

3,163

4,548

6,297

Green Building Touring

2007 2008 2009 2010 2011 2012 2013

129 353 1,385900 1,7491,044737

Publishing ceremony: TSMC collaborated with Commonwealth to 
publish two books on our green building experiences.

first book, TSMC’s Green Power, discusses corporate 
responsibility in sustainability. The second book, 
TSMC’s Green Action, aims to share TSMC’s green fab 
knowledge and experience. Simplified Chinese editions 
of these two books were published in China in 2014. 

Transmitting the Power of Knowledge: Publishing 
Books to Share Green Experience

Sharing TSMC’s green fab experience and environmental 
action with the broader Chinese-speaking world to make 
a wider impact. TSMC’s policy is to build a low-carbon 
environment for sustainable development in the future, 
and we hope we can provide a reference to Taiwan’s 
companies to improve Taiwan’s green competitiveness 
and industrial economy.
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8.3  Climate Change

TSMC is Highly Concerned about Climate Change
Global climate change is a major environmental concern for 
the United Nations and governments around the world, as 
well as for TSMC. We continuously monitor global climate 
change and international response trends as one of our 
enterprise risk management items to be evaluated and 
controlled, with regular reviews by senior executives, and 
reports are made to the Audit Committee of the TSMC Board 
of Directors when special issues are encountered.

8.3.1  TSMC’s Climate Change Response Strategy
Climate Change Management Process
Because of the importance of climate change, TSMC uses 
the PDCA cycle to manage its climate change strategy, 
which is organized in several steps: Continuous Monitoring, 
Risk Assessment and Opportunity Generation, Strategy/
Tactics Preparation, Implementation, Performance Check, 
Benchmarking and Strategy/Tactics Amendment.

Climate Change Strategy
TSMC’s strategies for responding to climate change are to:

●  Consider both climate change mitigation and adaptation.

●  Consider both green manufacturing and green products.

●  Consider both TSMC and its supply chain.

●  Integrate industry, government and academia to solve 
    climate change issues.

TSMC not only continues to inventory and reduce its own 
greenhouse gas (GHG) emissions, but also takes actions 

on climate change adaption in cooperation with industry, 
government and academia, including risk assessment and 
measures such as flood and drought control. These measures 
have grown to gradually cover TSMC’s supply chain in 
recent years, and we monitor our progress in mitigation 
through product carbon footprints and water footprints. These 
measures also reduce operational risk for the Company 
caused by climate change, and help to fulfill the Company’s 
corporate responsibility.

Monitoring Climate Change Risks in Three Dimensions
TSMC believes that climate change should be regarded as an 
important corporate risk, which must be controlled to improve 
our competitiveness. Climate change risks include legal risk, 
physical risk and other risks. Our control measures are as 
follows:

●  Regulatory Climate Risk Control 
Greenhouse gas control regulations and agreements of 
countries around the world are becoming more and more 

stringent. Enterprises are legally required to regularly 
disclose GHG-related information, and also limit GHG 
emissions. The cost of production, including materials 
and energy, may also grow along with future legal 
requirements such as carbon or energy taxes. TSMC 
continues to monitor legislative trends and communicate 
with various governments through industrial organizations 
and associations to set reasonable and feasible legal 
requirements. In recent years, we have developed a 
Regulation Identification System on the TSMC ESH 
Platform. The content, impact and relevant actions of new 
or revised ESH regulations are posted on the system. All 
TSMC fabs will implement follow-up actions for mitigating 
the regulatory risks.

●  Physical Climate Risk Control
 Abnormal climate caused by the greenhouse effect has 
increased the frequency and severity of climate disasters 
each year. Storms, floods, drought, and water shortages 
are occurring more frequently, causing considerable 

TSMC Climate Change Management Structure
Action

Check Do

Plan

Climate 
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impact on business operations and supply chains. TSMC 
believes that climate change control should take into 
account both mitigation and adaption, and this requires 
cooperation between industry and government to reduce 
risk. Therefore, in addition to water-saving measures at our 
own facilities and those of our upstream and downstream 
partners, TSMC is also leading the industry to collaborate 
with central government agencies and conduct a project to 
assess and mitigate climate natural disaster risk in three 
Taiwan Science Parks. This project also aims to establish 
a response and reporting system which can be effectively 
integrated with disaster relief resources. In order to ensure 
electricity and raw water supplies, TSMC participates in the 
Taiwan Science Park Industrial Union Experts Committee 
platform, and is actively involved in regular meetings with 
Taipower Company and the Taiwan Water Corporation to 
discuss supply and allocation for response issues.

TSMC Climate Change Risk Identification and Control

Risk Risk Identification Risk Control

Regulatory 
Risk

● The impact of new regulations
● The cost of production, including 
   materials and energy may grow along 
   with future legal requirements such as 
   carbon or energy taxes.

● Continuing to monitor legislative trends 
● Communicate with governments through industrial organizations 
   and associations to set reasonable and feasible legal requirements 

Physical Risk
● Increasing frequency and severity of 
   climate disasters-storms, floods, drought, 
   and water shortages.

● Water-saving measures
● Raising the foundation height of new constructed fabs
● Collaborate with central governments to assess and mitigate climate 
   natural disaster risk in 3 Taiwan Science Parks

Other Risk
● Damage of corporation reputation 
● The mitigation and adaptation ability of 
   climate change in supply chain

● Not only meet local and international code requirements, but also 
   surpass the requirements to reach higher environmental 
   performance, then share experience to industries for common good 
● Assist and require TSMC suppliers to establish a GHG inventory 
   system and conduct reduction programs

requirements to reach higher environmental performance, and 
then shares experience with industries for the common good.

Climate Change Opportunities
TSMC believes that a company can increase its 
competitiveness and create opportunities through good 
climate change risk control. Therefore, TSMC continues to 
conduct energy saving and carbon reduction related projects 
to create opportunities as follows:

●  Regulatory Opportunity 
The Taiwan Environmental Protection Administration (EPA) 
has set up a Greenhouse Gas (GHG) Early Reduction 
Project to encourage enterprises that have conducted 
voluntary GHG reduction before the GHG Reduction 
Act becomes effective to gain carbon credits through 
application. Enterprises can use their approved carbon 
credits for future GHG emission offsets or trading. TSMC 
began voluntary GHG emission reduction in 2000, and has 
reduced millions of tons of carbon dioxide equivalents over 
more than a decade. In 2013, the GHG reduction of TSMC 
fabs in the past years has been passed the initial review by 
the Taiwan EPA for early GHG reduction credits, which can 
serve as future GHG offsets for our company.

●  Product Opportunity 
Climate change has caused energy saving and carbon 
reduction to become a major issue for electric and 
electronic products, and also a major requirement for 
TSMC customers. TSMC continues to develop advanced 
semiconductor technology in line with Moore’s Law, lowering 
the energy and raw materials consumed per unit area in 
the manufacturing stage, and also lowering the power 
consumption in product use stage, which has continued 
to reduce product carbon, water and other environmental 
impact footprints. Based on this, we expect our customers to 
be more satisfied with TSMC’s products and services.

●  Other Climate Risk Controls 
Climate change is an issue of concern to the global supply 
chain, necessitating energy conservation, carbon reduction, 
and disaster prevention. The Electronic Industry Citizenship 
Coalition (EICC) has also required members’ suppliers 
to disclose GHG emissions information. TSMC not only 
discloses our own GHG emissions information each year, 
we also assist and require our suppliers to establish a 
GHG inventory system and conduct reduction programs. 
TSMC’s suppliers are required by TSMC to submit GHG 
emissions and reduction information as an important index 
of sustainability scoring in our procurement strategy.

Several negative consequences including impact on finances, 
reputation and brand will affect TSMC if any significant 
non-compliant event occurs. TSMC not only meets local and 
international code requirements, but also surpasses these 
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●  Green Energy Business Opportunity 
There is growing global demand for green energy due 
to climate change. Since 2009, TSMC has engaged in 
researching, developing, designing, manufacturing and 
selling of solid state lighting devices as well as related 
products and systems, and solar-related technologies and 
products. In 2011, TSMC established two subsidiaries, 
“TSMC Solid State Lighting Ltd.” and “TSMC Solar Ltd.”, to 
continue to engage green energy business.

8.3.2  Climate Change Mitigation
Greenhouse Gas Inventory
TSMC believes reducing GHG emissions is a key method 
for mitigating global warming and climate change, and 
conducting an inventory provides supporting data for 
reduction. An accurate inventory allows us to set priorities and 
reduction goals, raise the efficiency of the reduction process, 
and confirm reduction results. Therefore, we believe it is 
better to inventory greenhouse gases as early as possible.

TSMC believes that a company must know its actual GHG 
emissions as the first step toward energy conservation and 
carbon reduction, and had made this reduction an important 
part of its green supply chain since 2008. In addition to 
organization-level inventory, TSMC has also extended 
carbon inventories to our supply chain. In doing this, TSMC 
can establish a capability for product-level carbon footprint 
inventory and carbon management, thus increasing the 
competitive advantage of the products we manufacture. 
These efforts have won recognition from government, 
domestic and international environmental groups, major 
investors, and customers.

TSMC’s GHG emissions can be categorized into Scope 1, 2 
and 3 sources. Scope 1 emissions are the direct emissions 
of TSMC fabs including process gases (PFCs, HFC, N2O, 
CH4 and CO2), fuel such as natural gas, gasoline and diesel, 
and fugitive emissions from septic tanks and fire fighting 
equipment. Scope 2 emissions are mainly indirect emissions 
such as purchased electricity and steam. TSMC does not 
purchase steam. Therefore, our scope 2 emissions are 
primarily from purchased electricity. Scope 3 emissions 
are mainly indirect emissions including employee business 
travel, product and raw material transportation, suppliers’ 
manufacturing, and waste disposal. Scope 1 and 2 emissions 
are calculated according to our annual inventory data; Scope 
3 emissions are estimated by: (1) Statistical data: employees’ 
business travel distances, and fuel consumed by shuttle 
buses and product shipping. (2) Carbon footprint database: 
raw materials production and transportation, waste disposal 
and transportation.

TSMC Scope 1 GHG Emissions

2009 2010 2011 2012 2013

Taiwan Fabs (Ton CO2e)

All Fabs (Ton CO2e/8-inch Equivalent-Layer)

Overseas Fabs (Ton CO2e)

244,432 271,644 272,956323,856315,405
1,086,341 1,291,662 1,441,0951,051,2541,175,625

0.003
0.004

0.006

0.003 0.003

TSMC Scope 2 GHG Emissions

2009 2010 2011 2012 2013

Taiwan Fabs (Ton CO2e)

All Fabs (Ton CO2e/8-inch Equivalent-Layer)

Overseas Fabs (Ton CO2e)

139,726 304,216 295,948234,896169,076
1,632,421 2,738,598 3,051,9812,345,6252,048,718

0.0060.006
0.007

0.006 0.006

Note: TSMC Taiwan fabs’ scope 2 GHG emissions have been revised 
according to the newest electricity emission factor announced 
by the Bureau of Energy, Ministry of Economic Affairs, R. O. C.

In 2005, TSMC became the first Taiwan company to complete 
a thorough inventory of GHG emissions and to receive official 
ISO 14064-1 certification issued by an external verification 
party. TSMC also set up a dedicated internal ESH information 
system for each fab to register GHG inventory data regularly.

TSMC China and WaferTech have also adopted ISO 14064-1 
standards for their GHG inventory, and submit their inventory 
results to TSMC headquarters annually. WaferTech has also 
gained 3rd party certification every year since 2012.

TSMC’s U.S. subsidiary WaferTech continues to conduct 
GHG reduction to achieve a GHG reduction goal of 20% 
by 2017. WaferTech is actively engaged in Semiconductor 
Industry Association activities related to GHG measurement 
and reduction.

TSMC annual Scope 1 and 2 GHG inventories are as below.
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GHG Information Disclosure
TSMC takes a pro-active attitude towards carbon disclosure, 
and publicly discloses climate change information through 
a variety of channels. We constantly review ourselves and 
obtain recommendations from external parties through 
continuous information disclosure. The related disclosure 
channels are as follows:

●  In 2006, the Taiwan Semiconductor Industry Association 
(TSIA) began a GHG inventory project for all members, 
including TSMC. This project followed the ISO 14064-
1 standard to conduct a GHG inventory and acquire 
verification by an accreditation agency. TSMC voluntarily 
reports GHG inventory data to the Taiwan Environmental 
Protection Administration (EPA) and TSIA.

●  Since 2005, TSMC has been participating in an annual 
survey held by the nonprofit Carbon Disclosure Project 
(CDP), which includes GHG emission and reduction 
information for all TSMC fabs, subsidiaries, joint ventures, 
and overseas offices. TSMC also takes further action 
to review the regulatory, natural disaster, financial, and 
operational risks and opportunities created by global 
climate change. The related information is disclosed on the 
CDP website. 

●  TSMC has disclosed GHG emissions and reduction-related 
information for evaluation by the Dow Jones Sustainability 
Index every year since 2001.

●  Our GHG-related information has been disclosed in this CR 
report on our company website annually since 2008. TSMC 
also provides information to customers and investors upon 
request.

Energy Conservation Measures 
●  Energy Conservation in Taiwan

TSMC’s primary source of energy is electric power, 
followed by natural gas. Consumption of other types of 
energy is negligible. As Taiwan’s land area is small, and the 
development of renewable energy is limited, electric power 
currently comes primarily from coal and gas-fired generators, 
which emit large amounts of CO2 despite efforts by the 
power company to improve efficiency. In response to this, the 
Taiwan government is conducting a renewable energy project 
focusing on expansion of wind and solar power, and TSMC is 
pleased to see this development. Before the completion of this 
government project, energy conservation is an important part 
of CO2 emission reduction for industries in Taiwan. TSMC has 
consistently promoted energy conservation at all its facilities, 
reducing CO2 emissions while saving costs at the same time.

●  TSMC Green FAB Operation Committee
At the end of 2010, TSMC set up a dedicated cross-
department committee for energy and resource conservation, 
which consists of the technical board, facility, equipment 
and environmental and safety personnel. The committee will 
define energy conservation indices and propose five-year 
action plans to reduce energy consumption efficiently and 
achieve a better level of unit energy consumption. Beginning 
in 2013, these committees extended their scope to rational 
resource usage, including indirect material, parts and waste, 
as well as exhaust air quality and effluent wastewater quality. 
A subdivision of the technical board is focused on improving 
energy and resource efficiency of the facility and process 
tools in existing fabs, and transfer their experience to adopt 
as standards for new fabs and new process tools; the new 
fab planning department will adopt the best-known energy-

GHG Emission Reduction
●  Achievement of Our Ten-Year PFC Emission Reduction 

Commitment
The semiconductor manufacturing process generally 
uses perfluorinated compounds (PFCs) such as CF4, 
C2F6, SF6, NF3, CHF3, C3F8, and C4F8, which are the 
major greenhouse gas emissions from the manufacturing 
process. After many years’ effort, TSMC has achieved its 
goal of reducing perfluorinated compound emissions to 
10% below the average emission level of 1997 and 1999. 
This emission target remains fixed as TSMC continues 
to grow and construct new fabs, and has been a great 
challenge to us.

TSMC continues to actively participate in the World 
Semiconductor Council’s establishment of a global 
voluntary reduction goal for the next ten years. TSMC 
integrated past experience to develop best practices, which 
have been recommended by the Taiwan Semiconductor 
Industry Association and adopted by the World 
Semiconductor Council member companies as major 
measures to achieve these organizations’ 2020 reduction 
goals.

●  Extending our Green Building and Energy 
Conservation Projects
Since TSMC’s Scope 2 GHG emissions are primarily 
from purchased electricity, continued promotion of green 
building and energy conservation projects can continue to 
reduce our Scope 2 GHG emissions. Please refer to the 
green building  and energy conservation  sections in 
this report for details.
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conserving designs for new fab construction. At the same time, TSMC will also aim to purchase energy-efficient equipment by 
adjusting procurement specifications and encouraging and promoting green certification by suppliers.

●  Major Energy-Saving Activities in 2013
In 2013, TSMC continued to successfully complete a number of energy conservation programs in facility systems as well as 
process equipment. Although energy-saving measures for process equipment may impact production, we were able to achieve 
our goal for process equipment power conservation. Major activities are listed as below.

Category Energy Saving Approach

Facility 
Systems

● Change to low energy consumption LED lightings in non-cleanroom areas
● Replace low-efficiency Uninterruptible Power Supply with high-efficiency types
● Installed Automatic Tube Cleaning Systems and added Polarized Refrigerant Oil additive to enhance chillers’ heat 

exchange efficiency
● Adopt ceramic layer coating technology to improve old pumps high energy loss problem caused by coarse surfaces
● Optimize energy efficiency of cooling tower by using tailor-made high-efficiency blades
● Reduce energy loss caused by clogging or blade deformation by using bio-tech coating to reduce the fouling in wet 

scrubbers
● Replace low energy efficiency pumps with high efficiency types for water treatment systems
● Adopt frequency control for non full-load operating equipment
● Adopt high flux air filter to reduce pressure loss in cleanroom
● Replace nitrogen used in local scrubbers with compressed air to reduce indirect energy consumption
● Replace compressed dry air cooling with fans to reduce energy consumption
● Installed inverters to optimize cooling tower fan speed for weather conditions
● Retrofitted chilling pumps’ flow control to be frequency adjustable from original constant and full flow design
● Optimize outlet temperature of Make-up Air Unit to reduce energy consumption
● Install 3rd heat recovery system for Volatile Organic Compound air pollutant treatment system
● Enhance air seal for cleanroom to reduce air condition energy loss
● Reduce air exhaust or improve seal of piping to reduce energy loss

Process 
Equipments

● Replace independent small-type chiller by using high-efficiency central supply process cooling water
● Adopt high-efficiency vacuum pump according to process characteristics to improve energy efficiency
● Introduce intelligent type vacuum pump system to control on-off according to process status to reduce the energy 

consumption for full-time operation
● Reduce nitrogen usage of dry type vacuum pump to reduce indirect energy consumption
● Replace nitrogen usage in lithography process equipment by compressed air to reduce indirect energy 

consumption

●  Power Consumption Records
TSMC continuously promotes energy saving and primarily 
focuses on facilities systems. In the past two years, we 
have also increased our efforts to reduce consumption by 
manufacturing equipment. The power consumption density 
as calculated by wafer area is highly dependent on photo 
mask layers and production ramp-up in new fabs. In general, 
the complexity of logic ICs (foundry’s major product) is 
higher than standard memory such as DRAM, and results 
in more layers as well as higher power consumption. TSMC 
is nonetheless one of the semiconductor industry’s most 
energy-efficient companies, and continues to implement 
additional power-saving measures. TSMC reduced its power 
consumption index per 8-inch wafer equivalent per mask 
layer of wafer output (kWh/8-inch Equivalent-Layer) by 3.5% 
from 10.5 kWh in 2012 to 10.2 kWh in 2013.

●  Direct Energy Use Status
TSMC’s direct energy consumption includes natural gas and 
diesel fuels. In TSMC, natural gas is used only for boilers 
and Volatile Organic Compounds (VOC) adsorption and 
incineration treatment systems, and its usage is optimized 
effectively. VOC treatment systems consume most of the 
natural gas, and we optimized natural gas use through the 
following measures: (1) Optimizing desorption volume by using 
rotor Variable Frequency Drivers for VOC treatment systems. 
(2) Optimizing VOC burning temperature. (3) VOC burning heat 
recycled by heat exchanger. TSMC reduced average natural 
gas consumption per 8-inch wafer from 0.061m3 in 2012 to 
0.058m3 in 2013, a remarkable reduction of approximately 
4.9%, and continues to work towards further reduction.

Diesel is primarily used in emergency power generators and 
fire pumps, which are only engaged during power supply 
disruptions, emergencies, and scheduled tests. Diesel is not 
a direct energy source for production and we used about 
271,400 liters in 2013.
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1.21 1.05 1.051.071.04

TSMC Unit Power Consumption

2009 2010 2011 2012 2013

10.510.710.6
10.2

Per Wafer (kWh/cm2) – All Fabs

Per Wafer-layer (kWh/8-inch wafer-layers) – All Fabs

13.1

Note 1: TSMC’s annual power consumption includes all production factories and supporting organizations, including WaferTech, TSMC China, 
bumping, testing, EBO, R&D, offices, and landscaping.

Note 2: The statistical data for unit power density is for wafer fabs in Taiwan and overseas. Beginning in 2009, this index was rationalized by 
introducing a layer index due to product complexity.

7,933 8,314 8,1719,2558,196
15,140 23,413 27,76321,54818,770

TSMC Natural Gas Consumption

2009 2010 2011 2012 2013

Unit: Thousand Nm3

Taiwan Fabs Overseas Fabs

Note 1: The statistical data for natural gas consumption includes all fabs in Taiwan, as well as all overseas fabs, packaging and testing facilities, 
bumping, EBO, R&D, and others.

Note 2: Prior to 2009, natural gas consumption was calculated by total natural gas consumption divided by total wafer out. After 2009, this index was 
calculated by photomask layers to incorporate considerations of product complexity.
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482

1,219
2,119

3,163

4,548

6,297

Green Building Touring

2007 2008 2009 2010 2011 2012 2013

129 353 1,385900 1,7491,044737

TSMC Scope 1 GHG Emissions

2009 2010 2011 2012 2013

Taiwan Fabs (Ton CO2e)

All Fabs (Ton CO2e/8-inch Equivalent-Layer)

Overseas Fabs (Ton CO2e)

244,432 271,644 272,956323,856315,405
1,086,341 1,291,662 1,441,0951,051,2541,175,625

0.003
0.004

0.006

0.003 0.003

TSMC Scope 2 GHG Emissions

2009 2010 2011 2012 2013

Taiwan Fabs (Ton CO2e)

All Fabs (Ton CO2e/8-inch Equivalent-Layer)

Overseas Fabs (Ton CO2e)

139,726 304,216 295,948234,896169,076
1,632,421 2,738,598 3,051,9812,345,6252,048,718

0.0060.006
0.007

0.006 0.006

283 435 447400323
2,924 5,072 5,7824,3823,884

TSMC Power Consumption

2009 2010 2011 2012 2013

Taiwan Fabs Overseas Fabs

Unit: Million kWh

1.21 1.05 1.051.071.04

TSMC Unit Power Consumption

2009 2010 2011 2012 2013

10.510.710.6
10.2

Per Wafer (kWh/cm2) – All Fabs

Per Wafer-layer (kWh/8-inch wafer-layers) – All Fabs

13.1

7,933 8,314 8,1719,2558,196
15,140 23,413 27,76321,54818,770

TSMC Natural Gas Consumption

2009 2010 2011 2012 2013

Unit: Thousand Nm3

Taiwan Fabs Overseas Fabs

87.6 64.9 61.574.466.7

TSMC Unit Natural Gas Consumption

2009 2010 2011 2012 2013

0.061
0.0660.065

0.058

Per Wafer (Nm3/m2) – All Fabs

Per Wafer-layer (Nm3/8-inch wafer-layers) – All Fabs

0.090

42.3 22.2 25.434.921.0
246 297 246246251

TSMC Diesel Consumption

2009 2010 2011 2012 2013

Taiwan Fabs Overseas Fabs

Unit: Thousand liter

2.06 3.44 3.473.222.51
16.4 25.8 29.724.322.3

TSMC Water Consumption

2009 2010 2011 2012 2013

Taiwan Fabs Overseas Fabs

Unit: Million ton

6.98 6.01 5.396.036.14

TSMC Unit Water Consumption

2009 2010 2011 2012 2013

58.959.8
62.6

51.5

Per Wafer (liter/cm2) – All Fabs

Per Wafer-layer (liter/8-inch wafer-layers) – All Fabs

74.4

1.64 2.60 2.692.882.14
10.4 16.3 19.015.114.4

TSMC Wastewater Discharge

2009 2010 2011 2012 2013

Taiwan Fabs Overseas Fabs

Unit: Million ton

4.56 3.89 3.504.374.09

TSMC Unit Wastewater Discharge

2009 2010 2011 2012 2013

38.1

43.641.7

35.5

Per Wafer (liter/cm2) – All Fabs 

Per Wafer-layer (liter/8-inch wafer-layers) – All Fabs 

48.6

35.2 32.8 29.932.337.8
66.9 41.782.3

TSMC Wastewater Suspension Solid

2009 2010 2011 2012 2013

Unit: mg/l

35.2
42.3

35.8 35.4 30.7

74.0

Taiwan Fabs Overseas Fabs All Fabs Average

88.0 114.0 123.0100.0105.0
65.3 73.370.376.0

TSMC Wastewater Chemical Oxygen 
Demand

2009 2010 2011 2012 2013

Unit: mg/l

88.0
102.0 97.7

110.0
119.0

Taiwan Fabs Overseas Fabs All Fabs Average

94.8 94.9 94.993.395.3
83.6 92.3 93.190.683.3

TSMC VOC Destruction Removal Efficiency

2009 2010 2011 2012 2013

Unit: %

93.7 94.1
93.1

94.7 94.8

Taiwan Fabs Overseas Fabs All Fabs Average

9,027 12,216 12,05211,71910,628
46,151 65,148 78,58258,66656,406

TSMC VOC Emission

2009 2010 2011 2012 2013

Unit: kg

Taiwan Fabs Overseas Fabs

0.209 0.159 0.1650.1710.166

TSMC Unit VOC Emission

2009 2010 2011 2012 2013

0.156
0.1660.165

0.153

Per Wafer (kg/m2) – All Fabs 

Per Wafer-layer (g/8-inch wafer-layers) – All Fabs 

0.221

91% 93% 92%91%92%
58% 79% 79%73%67%

Waste Recycling Rate

2009 2010 2011 2012 2013

Taiwan Fabs Overseas Fabs

Unit: %

1,802 4,301 5,1563,7472,763
17,277 33,158 42,18025,52324,688

General Waste Generated

2009 2010 2011 2012 2013

Taiwan Fabs

Unit: Tons

Overseas Fabs

628 1,866 1,5151,122841
30,492 90,596 101,10067,58861,243

Hazardous Waste Generated

2009 2010 2011 2012 2013

Unit: Tons

Taiwan Fabs Overseas Fabs

283 435 447400323
2,924 5,072 5,7824,3823,884

TSMC Power Consumption

2009 2010 2011 2012 2013

Taiwan Fabs Overseas Fabs

Unit: Million kWh

42.3 22.2 25.434.921.0
246 297 246246251

TSMC Diesel Consumption

2009 2010 2011 2012 2013

Taiwan Fabs Overseas Fabs

Unit: Thousand liter
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8.3.3  Climate Change Adaption
Collaborating with the Central Government to Evaluate 
and Control Climate Change Risk in Science Parks
TSMC and other semiconductor companies gained the 
support of the Science Park Industrial Association, Science 
Park Administration, National Science Council, Water 
Resources Agency, Taipower, and Taiwan Water Corporation 
to reevaluate risks caused by climate change and extreme 
weather, including: interruptions to water supply, power 
supply, gas supply, transportation and communication, 
well as flood damage, wind damage, and drought. These 
re-evaluations will be used to develop response and 
improvement programs for implementation in the Hsinchu, 
Taichung and Tainan Science Parks.

The core considerations of the climate change risk 
assessment project for the Hsinchu, Central, and Southern 
Taiwan Science Parks are:

●  The risks of typhoons and flooding.

●  Long-term drought risks.

●  Climate change risks that may lead to the restriction of 
industrial development.

Climate change risk control strategy:

●  Mid-term and long-term risk control.

●  Disaster emergency response.

●  Establishing related reference standards for future new 
construction.

8.3.4  Supply Chain Climate Change 
           Management
TSMC not only engages in climate change management but 
also requests and assists suppliers to follow. Our measures 
are below:

●  Energy Saving and Carbon Reduction Management 
TSMC’s major raw material suppliers are required to 
collect carbon inventory data in their manufacturing plants, 
develop a product-based carbon footprint and provide 
carbon reduction performance data.

●  Water Resources and Water Management 
TSMC’s major raw material suppliers are required to 
collect water inventory data in their manufacturing plants to 
establish a water footprint, and to provide a specific water 
resource management plan.

●  Climate Change Risk Management 
Due to the increased risk of storms, water shortage, 
flooding and transportation and communication disruption 
in recent years resulting from global climate change, 
we require our major raw material suppliers to prepare 
contingency plans, such as support from overseas 
production, to reduce the impact of such an event. Our 
first-tier suppliers are also required to manage their 
suppliers.

Note: Our major raw material suppliers account for 80% of total raw 
materials purchased by TSMC.

8.4  Water Resource Management

Water Resource Management is One of the TSMC’s 
Top Issues in Climate Change
Water resource management is getting more important in 
most countries due to the detrimental impact of global climate 
change. The difference of rainfall between dry and rainy 
season in Taiwan have been becoming increasingly extreme, 
and the risk of droughts and floods has become more 
apparent. These trends highlight the importance of water 
resource management, water saving and water shortage 
emergency response. TSMC has always strived to conserve 
water as much as possible, and we have made considerable 
achievements in the past 20 years. By lowering water 
consumption and increasing our recycling rate, our water 
usage per wafer has become a benchmark for global peers, 
and has led Taiwan’s semiconductor companies to achieve 
the lowest average water consumption in the world. TSMC 
is aware that extreme rainfall is the result of global warming 
and climate change. These issues may require decades to 
resolve, and during that time, water resource management 
is a necessary part of TSMC’s corporate climate change risk 
management and disaster adaptation. In addition, TSMC also 
acknowledges that water resource management requires very 
close collaboration with the government when compared to 
other climate change response measures. The combination 
of these factors has led TSMC to establish its water resource 
management policy and strategy.

TSMC Water Resource Management Policy and 
Strategy
TSMC’s goal is to be a leading global company in water 
resource management. Our water resource management 
policy is to promote water savings to reduce water usage 
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per unit of production, and to promote collaboration between 
industries, government and academia to ensure that water 
shortages do not occur. Our strategy for reaching this goal is 
both to save water in daily operations and to adapt to water 
shortages, and implement these measures both internally and 
in our supply chain. TSMC’s daily water management is first 
to save water in the production process, followed by water 
reclamation and recycling measures. In addition, an effective 
real-time online water resource management platform helps 
TSMC significantly reduce water consumption.

TSMC’s core water resource management activities are 
focused on:

●  Collaborating with the central government to evaluate the 
climate change risk of Taiwan’s Science Parks, and to 
adopt measures reducing the impact of extreme climate 
disasters, beginning with basic infrastructure.

TSMC Water Risk Identification and Control

Risk Risk Identification Risk Control

Regulatory 
Risk ● The impact of new regulations

● Continue to monitor legislative trends 
● Communicate with governments through industrial organizations 

and associations to set reasonable and feasible legal requirements

Physical Risk
● Increasing frequency and severity of 

storms, floods and drought
● Increased water stress or scarcity

● Lift the foundation height of newly constructed fabs
● Collaborate with central governments to assess and mitigate climate 

natural disaster risk in 3 Taiwan Science Parks
● Water-saving measures

Other Risk ● The mitigation and adaptation ability of 
climate change in supply chain

● Assist and require TSMC suppliers to establish Water Management 
concepts and a management system

●  Collaborating with the local government, public utilities, and 
other companies to coordinate local water resource 
allocation, set up water saving goals, and share 
experience.

●  Sharing TSMC’s water saving experience to help other 
industries understand the importance of water resource risk 
and conduct water conservation together.

●  Promoting internal and supply chain water inventories, 
conserving water, and establishing a water footprint.

Water Resource Risk Mitigation and Adaptation
TSMC believes that water risk is one of our major operation 
risks, which must be monitored and controlled to improve our 
competitiveness. Water risks include regulatory risk, physical 
risk and other risks. Our control measures are shown as 
following table:

Collaboration with Local Authorities in Water Resource 
Conservation
Since water resources are inherently local, TSMC shares 
its water-saving experiences with other semiconductor 
companies through the Association of Science Park Industries 
to promote water conservation. At the same time, TSMC 
collaborates with the Science Park Administration to discuss 
raw water allocation and emergency response plans for 
water shortages. TSMC has also successfully resolved many 
water quality issues, including wastewater ammonia nitrogen 
reduction. In addition, we continue to hold technical forums 
to discuss water reclamation and assist small facilities in the 
Science Park to perform good water resource management 
in order to achieve the Science Park’s goals and ensure long-
term balance of supply and demand.

Actively Sharing Experience with External Parties
In Aug. and Sep., 2013, TSMC and the Water Resource 
Agency of the R.O.C. Ministry of Economic Affairs jointly held 
a Water Recycling and Saving Demonstration in TSMC Fabs 
located in Northern, Central and Southern Taiwan to share 
our experience and lead improvement in the water-saving 
performance of Taiwan industries. More than 100 managers 
and engineers responsible for water treatment from various 
industries participated in experience sharing. 

Promote Water Saving Concept to Employees
TSMC collaborated with the Water Resource Agency to hold 
a water-saving competition for TSMC employees and their 
families in 2013. Hundreds employees participated the activity 
to win attractive incentives. We hope to implant water-saving 
concepts in employees’ minds and effectively promote water 
conservation company-wide through this competition.
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TSMC recognized by the Water Resource Agency for Water Saving 
Excellence.

Proactively Identifying and Responding to Water 
Resource Risk 
TSMC understands that climate change can cause flooding 
and drought. We took the following actions to respond to 
water resource risks.

●  Identified short-term and long-term water resource risks of 
the science parks in northern, central and southern Taiwan, 
where our fabs are located.

●  Developed and executed short-term and long-term 
water resource risk mitigation projects such as wastewater 
recycling.

●  Continuing to conserve water consumption in each fab.

Water Conservation – Reduction and Recycling
TSMC’s facilities collect process water discharges through 
independent drainages, and reuse the water for the 
manufacturing process or secondary uses after treatment. 
These secondary uses, which do not come into human 

contact, include make-up water of cooling towers and wet 
scrubbers, cleaning water for sludge dewatering filters in 
wastewater treatment systems, and toilet water. Secondary 
uses of water are also optimized to reduce make-up water 
quantity. In order to fully utilize water drainage from the 
manufacturing process, TSMC separates drain pipes into 
more than 20 categories based on their characteristics and 
more than 15 categories of treatment systems.

TSMC is a fast-growing company, and in addition to adopting a 
minimum process water recycling rate of 85%, we also select 
low water consumption process tools, implement process 
water drainage segregation, set up process water reclamation 
systems in new factory construction, and continue promoting 
water-saving measures after mass production. The purpose of 
these measures is to reduce our raw water demand.

TSMC also cooperates with industry experts to implement 
new technology for water reuse, such as recycled water from 
reclaiming NH3-N and Tetramethyl Ammonium Hydroxide 
(TMAH) contained wastewater.

Major Water Saving Measures in 2013
Since 2008, a number of TSMC fabs have achieved a process 
water recycling rate of higher than 90%, leading the global 
semiconductor industry. Our fabs in Taiwan total process water 
recycling rate reached 86.9% in 2013, which met or exceeded 
the criteria set by the Science Park Administration and also 
exceeded the worldwide semiconductor industry standard. 
TSMC’s major water saving measures are as follows:

Category Water Saving Measure

Water Use 
Reduction

● Recycle Makeup Air Units’ air washing water through a circulation-and-treatment system
● Optimization of water usage for process tools, air pollution control wet scrubbers, and cooling towers

Water 
Recycling

● Recycle electroplating rinse water for secondary water use
● Reclaim Backside Grinding wastewater through an immersion ultra filter system, a chemical-free process
● Reclaim Chemical Mechanical Polish wastewater via chemical-free ultra filter. Both water and solid wastes are 

recycled in a zero emission system
● Installation of ozone wastewater recycling system for secondary water use
● Installation of organic/acid water recycling systems, separated collection according to water quality, recycling water 

to ultrapure water systems or secondary uses such as cooling towers
● Installation of general and copper-containing CMP wastewater recycling systems, recycling wastewater for ultra-

pure water systems or secondary water use
● Installation of wet scrubber water recycling systems to recycle wet scrubber effluent after treatment
● Installation of treatment system to treat caustic wastewater with ammonia, recycling wastewater for ultra-pure water 

systems or secondary water use
● Recycling of air conditioning condensation for cooling tower use
● Mega-sonic bath water recycling for ultra pure water use
● Installation of Tetramethyl Ammonium Hydroxide recycling system
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Water Saving Achievements and Process Recycling
In 2013, we saved a total of 52,770,000 cubic meters of water 
which was 52% more than 2010.

Utility Water Usage
TSMC’s water use per 8-inch wafer equivalent per mask 
layer Note 2 in 2013 decreased by 12.4% compared to 2012 
from 58.9 liters to 51.5 liters.

TSMC Water Conservation Performance

Item 2009 2010 2011 2012 2013

Average process water recycling rate (%) Note 83.4% 84.1% 84.6% 86.5% 86.9%

Process water saved (Million m3) 27.05 34.66 37.73 53.37 52.77

Note: Average process water recycling rate is defined by the Science Park Administration.

Advanced wastewater recycling system can reduce energy and 
resource consumption and waste generation.

2.06 3.44 3.473.222.51
16.4 25.8 29.724.322.3

TSMC Water Consumption

2009 2010 2011 2012 2013

Taiwan Fabs Overseas Fabs

Unit: Million ton

6.98 6.01 5.396.036.14

TSMC Unit Water Consumption

2009 2010 2011 2012 2013

58.959.8
62.6

51.5

Per Wafer (liter/cm2) – All Fabs

Per Wafer-layer (liter/8-inch wafer-layers) – All Fabs

74.4

Note 1: The statistical data for water consumption includes all fabs in Taiwan, as well as all overseas fabs, packing and testing facilities, bumping, 
EBO, R&D, and water consumed by non-production activities.

Note 2: The statistical data for unit water consumption density is for the water usage of wafer fabs in Taiwan and overseas. Beginning in 2009, this 
index was rationalized by introducing a layer index due to product complexity.
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8.5  Green Products

TSMC collaborates with upstream material suppliers and 
downstream assembly and testing service providers to 
reduce environmental impact. We reduce the resources 
and energy consumed for each unit of production to provide 
more advanced, efficient and ecologically sound products. 
In addition to helping customers design low-power, high-
performance products to reduce resource consumption 
over the product’s life cycle, TSMC implements clean 
manufacturing practices that provide additional “green value” 
to our customers and our other stakeholders.

TSMC-manufactured ICs are used in a broad variety of 
applications covering various segments of the computer, 
communications, consumer, industrial and other electronics 
markets. Through our manufacturing technologies, our 
customers’ designs are realized and incorporated into 
peoples’ lives. These chips make significant contributions 
to the progress of modern society. TSMC works hard to 
achieve profitable growth while providing products that add 
environmental and social value. We have listed below several 
examples of how TSMC-manufactured products significantly 
contribute to society and the environment.

Environmental Contribution by TSMC Foundry 
Services
1. Providing New Process Technology to Achieve Lower 

Power Consumption

●  The continuous development of TSMC’s advanced 
semiconductor process technologies follows Moore’s law, 

which holds that process technology moves forward one 
generation every 24 months. In each new generation 
circuitry line widths shrink, making circuits smaller and 
lowering the energy and raw materials consumed per unit 
area. At the same time, the smaller IC die size consumes 
less power. TSMC’s 28nm technology, for example, can 
accommodate approximately four times the number of 
electronic components as the 55nm technology. ICs made 
with 28nm technology in active or standby mode consume 
roughly one-third the power of 55nm products, according 
to our internal test results. The Company continuously 
provides process simplification and new design 
methodology based upon its manufacturing excellence to 
help customers reduce design and process waste.

●  TSMC continues to lead the foundry segment in 
technology, having achieved volume production at the 
28nm node. TSMC’s 28nm processes include 28nm 
High Performance (28HP), 28nm High Performance Low 
Power (28HPL), 28nm Low Power (28LP), and 28nm High 
Performance Mobile Computing (28HPM). Customer 28nm 
production tape-outs are more than double the number of 
40nm customer tape-outs. The TSMC 28nm process also 
has surpassed the previous generation’s production ramp 
and product yield at the same point in time due, in part, 
to closer and earlier collaboration with customers. TSMC 
will continue to encourage customer designs that result in 
the most advanced, energy-saving, and environmentally 
friendly products.

●  TSMC quickly ramped its 28nm technology in 2013. The 
28nm contribution to revenue grew significantly from 
12% in 2012 to 30% in 2013, representing approximately 

NT$180 billion, or US$6 billion. This reflects the fact that 
TSMC’s advanced manufacturing process technology 
helps the Company achieve both profitable growth and 
energy savings.

●  TSMC continues to deliver performance-per-watt scaling in 
its 20nm SoC and 16nm FinFET process technologies. 
With energy-efficient transistors and interconnects, the 
20nm SoC process can reduce total power consumption 
of the 28nm process by one-third, and by migrating from 
planar to FinFET technology, the 16nm FinFET process 
can further reduce total power consumption to about 40% 
of 28nm technology. The 20nm SoC process was qualified 
in 2013 and produced first silicon success on multiple 
customer production tape-outs. The 16nm FinFET process 
entered risk production in 2013.

0 12 3010

28nm Contribution to Total Revenue

2009 2010 2011 2012 2013

Unit: %
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2. Manufacturing Power Management ICs with the 
 Highest Efficiency

●  TSMC’s leading manufacturing technology helps its 
customers design and manufacture green products. 
Power management ICs are the most notably green IC 
products. Power management ICs are the key components 
that regulate power consumption in all electronic 
devices. TSMC’s analog power technology research and 
development team uses 8-inch and 6-inch wafer fabs 
to develop Bipolar-CMOS-DMOS, Ultra-High Voltage 
technology, and next generation electronic device GaN 
(Gallium Nitride) on Silicon, producing industry-leading 
power management chips with more stable and efficient 
power supplies and lower energy consumption for broad-
based applications in the consumer, high energy efficiency 
motor, communication, and computer markets.

1 0.2 0.120.30.6

Total Power Consumption 
Cross-Technology Comparison

55nmLP
(1.2V)

40nmLP
(1.1V)

28nmHPM
(0.9V)

20nmSoC
(0.9V)

16nmFF
(0.8V)

>400K >1,000K >1,300K>800K>700K

HV/Power Technologies Shipments

2009 2010 2011 2012 2013

Unit: 8-inch
 Equivalent Wafer

generation. They also lower energy consumption and 
reduce pollution during product use. To see the total 
energy savings benefits realized through TSMC’s green 
manufacturing, please refer to page 115, “Environmental 
Accounting”. 

Social Contribution by TSMC Foundry Services
1. Providing Mobile and Wireless Chips that Enhance 

 Mobility and Convenience

●  The rapid growth of smartphones and tablets in recent 
years reflects strong demand for mobile devices. Mobile 
devices offer remarkable convenience and TSMC 
contributes significant value to these devices. For example: 
(1) new process technology helps chips provide faster 
computing speeds in a smaller die area, leading to smaller 
form factors for these electronic devices. In addition, 
SoC technology integrates more functions into one chip, 

●  TSMC also provides power-efficient design platforms. 
Customers use these platforms to develop energy-saving 
products. Power management ICs generate material 
revenue to TSMC’s industrial market segment. In 2013, 
TSMC’s HV/Power technologies collectively shipped 
more than 1.3 million customer wafers. In total, the 
Power management ICs manufactured by TSMC for our 
customers accounted for more than one-third of global 
computer, communication and consumer (3C) systems.

3. Green Manufacturing that Lowers Energy 
 Consumption

●  TSMC continues to develop manufacturing technologies 
that provide more advanced and efficient manufacturing 
services. Improvements reduce per-unit energy 
consumption, resource consumption and pollutant 

1 0.25 0.120.480.53

Die Size Cross-Technology Comparison
Die size is shrinking as line width shrinks

55nm 45nm 40nm 28nm 16nmFF

0.13

20nmSoC
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reducing the total number of chips in electronic devices, 
which also leads to a smaller system form factor; (2) new 
process technology helps chips consume less energy. 
People can therefore use mobile devices for a longer 
period of time, increasing their convenience; and (3) with 
more convenient wireless connectivity, such as 3G/4G and 
WLAN/Bluetooth, people communicate more efficiently with 
each other, can “work anytime and anywhere”, significantly 
improving the mobility of modern society.

●  Mobile-related products, such as Baseband, RF 
Transceiver, AP (Application Processors), WLAN (Wireless 
Local Area network), NFC (Near Field Communication), 
Bluetooth, GPS (Global Positioning System) and others, 
represent more than 36% of TSMC annual revenue, 
reaching more than NT$213 billion or US$7.2 billion in 
revenue in 2013. TSMC’s growth in recent years was 
largely driven by the growing global demand for these 
mobile IC products.

2. Enhancing Human Health and Safety with MEMS  
(Micro Electro Mechanical Systems)

●  TSMC-manufactured ICs are widely used in medical 
treatment and health care applications. Through the 
Company’s advanced manufacturing technology, more 
and more IC products are providing major contributions to 
modern medicine. Customers’ MEMS products are used 
in a number of advanced medical treatments. MEMS are 
also widely used in preventative health care, such as early 
warning systems that limit the number of injuries to the 
elderly resulting from falls, systems that detect physiology 
changes, car safety system and other applications that 
greatly enhance human health and safety.

TSMC Collaborates with Suppliers to Reduce Product 
Environmental Impact Footprints
TSMC’s products take both quality and environmental 
impact into account. We believe that green products need 
to consider the entire product life cycle, including raw 
material mining, transportation, product manufacturing, use, 
and waste disposal to thoroughly evaluate environmental 
impact. The product carbon footprint, water footprint, or other 
environmental impact footprints are important indicators in the 
environmental performance of products.

Therefore, we require good hazardous substance 
management, pollution prevention, energy saving, waste 
reduction and other clean production measures in our own 
factories. We also require and assist suppliers to do so, and 
even require suppliers to require their suppliers to do so, in 
order to establish a green supply chain.

Standards Compliant with or Surpassing International 
Product Environmental Laws
Product Hazardous Substance Management: By practicing 
QC 080000, TSMC ensures that products comply with 
regulatory and customer requirements, including:

●  The EU Restriction of Hazardous Substance (RoHS) 
Restriction of hazardous substances in electric products 
including Lead (<1,000ppm), Cd (<100ppm), Hg 
(<1,000ppm), Cr6+ (<1,000ppm), PBB (<1,000ppm) and 
PBDE (<1,000ppm). The new RoHS 2.0, 2011/65/EU in 
2011 has not changed restricted substances and lead is 
exempted for the semiconductor bumping process. All 
TSMC products are compliant with EU RoHS. The bumping 
process still requires lead due to technology constraints. 
TSMC continues to develop “lead-free” bumping to fulfill 
customers’ needs.

●  Halogen-Free Electronic Products 
In general, our customers request the concentration of 
Bromine and Chlorine in products to be less than 900ppm 
each, and less than 1,500ppm in total. All TSMC products 
are in compliance.

●  Perfluorooctane Sulfonates (PFOS) Restriction 
Standards
TSMC has completely phased out PFOS from its process 
since 2010.

25 33 363127

Contribution of Mobile-related Products to 
TSMC Total Revenue

2009 2010 2011 2012 2013

Unit: %
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●  EU REACH (Registration, Evaluation, Authorization and 
Restriction of Chemicals) Directive 
All TSMC products are compliant with the REACH 
dangerous chemicals and SVHC (Substance of Very High 
Concern) limits.

●  EU Waste Electrical and Electronic Equipment (WEEE) 
Directive
This regulation requires the recycling of electronic final 
products. TSMC’s chips are recycled along with electronic 
final products after use by consumers.

In addition to current global regulations and customer 
requirements, TSMC continues to monitor international 
regulation trends to prepare for response.

TSMC Fabs
(including transportation)

Raw Material 
Suppliers

(including 
transportation)

Testing, 
Assembly Sites

(including 
transportation)

TSMC Customers

7.4% 45.6% 46.6%

Integrated Circuit Product Carbon Footprint Example - BGA Chip

BGA: ball grid array

Monitoring Semiconductor Product Water Footprint
There has been much global discussion of water risk 
management and product water footprints, and these 
issues have been included in surveys by the Dow Jones 
Sustainability Indexes and the Carbon Disclosure Project. 
However, there are currently no international standards for 
product water footprints. TSMC has always viewed water 
as a precious resource, and has for many years required 
our own plants and those of our suppliers to conserve 
water. In addition to including a water footprint as well as 
other environmental impact footprints in the 2009 integrated 
circuits Type III Environmental Product Declaration, TSMC 
also includes water footprint calculation data in our supplier 
questionnaire. We will continue tracking international water 
footprint standards and prepare for new developments. In 
2012, TSMC Fab 12 collaborated with five major suppliers 
and completed a 12-inch wafer product water footprint and 
received external certification. Fab 3 also completed an 
8-inch wafer product water footprint and received external 
certification in 2013.

Product Packing Materials Management and 
Reduction
TSMC uses recyclable plastic and paper as packing materials 
for shipping products. These packing materials comply 
with EU regulations requiring lead, cadmium, mercury and 
chromium (VI) concentration of less than 100ppm, and also 
contain no polyvinylchloride (PVC).

Leading Upstream and Downstream Partners to 
Complete a Supply Chain Product Carbon Footprint
TSMC continues to require that suppliers set up greenhouse 
gas (GHG) inventory procedures, and assists them in 
doing so. First, we led suppliers to complete the industry’s 
first IC Product Category Rule and Environmental Product 
Declaration in 2009, then led upstream and downstream 
partners to complete 12-inch wafer and packaged integrated 
circuit product carbon footprints, which passed third-party 
certification based on the British PAS2050 product carbon 
footprint standard in 2011. In 2011 and 2012, TSMC’s 
8-inch and 6-inch wafer passed PAS2050 carbon footprint 
certification respectively, and can fulfill all customers’ 
requirements.
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We reuse packing materials as much as possible to control 
usage. TSMC recycles packing materials from products 
shipped to customers and testing and assembly facilities for 
reuse after cleaning. Packing materials from raw wafers are 
also reused in product shipping. Our wafer shipping boxes 
are mostly made from reused sources. These measures 
have reduced both packing material consumption and waste 
generation. These measures reduce the use of new wafer 
boxes by 140,000 8-inch and 200,000 12-inch per year, equal 
to 1,222 tons of plastic.

8.6  Pollution Prevention

TSMC believes that pollution prevention is one of a 
corporation’s most important responsibilities. TSMC’s 
pollution prevention is based on the ISO 14001 environmental 
management system, and uses the “Plan-Do-Check-Act” 
management model to promote continuous improvement. We 
believe that conserving raw materials, energy, and resources 
as well as reducing waste and pollutants both save production 
costs and protects the environment.

Pollution Prevention is the Bottom Line
Taiwan has very limited land, large population, and high 
density of industrial factories. Therefore, some of its 
environmental regulations may be among the strictest in 
the world. To address increasingly stringent environmental 

standards, TSMC has established good communication 
channels with the government, and participates in discussions 
in the early stages of legislation to facilitate reasonable and 
feasible standards. Each plant also performs assessments 
to evaluate conformity to new standards, and improvement 
and preventive measures are taken immediately if 
nonconformance is discovered.

TSMC has established comprehensive management and 
operations procedures for pipe-end treatments such as air 
and water pollution controls, and ensures these procedures 
are carried out precisely. TSMC has also installed monitoring 
systems on the discharging sides of pollution control facilities 
for online monitoring. Facility personnel follow emergency 
response and reporting procedures to take proper actions 
if operating conditions diverge from preset limits to avoid 
environmental pollution.

TSMC Fabs

Raw Material 
Suppliers

Science Park 
Wastewater 

Treatment Plant

Rain Water

Hsinchu Science Park: Keya River
Central Taiwan Science Park: Wu River
Southern Taiwan Science Park: Yenshui River

City Water

Treated 
Wastewater Effluent

Recycled Water

TSMC and Supplier Water Footprint

Condensed Water
Evaporation
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Assisting Non-semiconductor Subsidiaries in Early 
Pollution Control
TSMC assists its non-semiconductor subsidiaries, TSMC 
Solid State Lighting and TSMC Solar, in assessing risk 
for their specific wastewater, air emissions, wastes, and 
chemicals to reduce their environmental impacts.

Resource Recycling is Our Consensus
For waste management, TSMC has transitioned from 
traditional “treatment and disposal” to a concept of effective 
resource management, and implements this concept in daily 
operations. We manage waste as a resource, categorize 
and collect waste at the source, raise waste recyclability, and 
also collaborate with waste treatment and recycling facilities 
to search for or develop possible recycling measures to 
reduce the amount of waste sent to incinerators and landfills. 
In addition, TSMC actively collaborates with raw material 

suppliers to reduce chemical usage and waste chemicals. We 
also study the feasibility of waste recycling by raw materials 
suppliers to reach our goal of sustainable resource recycling.

With this waste resource management model, TSMC has 
successfully raised its waste recycling rate each year, 
reduced its incineration and landfill rate, and cut waste 
disposal cost by generating waste recycling income. In 2013, 
TSMC’s waste recycling rate reached more than 92% and the 
landfill rate was less than 1% for six consecutive years.

8.6.1  Source Reduction – Raw Materials Usage 
           Reduction
TSMC seeks to optimize processes to minimize raw material 
use and waste production, protecting the environment while 
reducing costs at the same time. TSMC has a designated unit 
that periodically reviews raw materials reduction performance. 

Internally, we optimize our process recipe for raw material 
usage, which can not only reduce production cost but also 
reduce the generation of pollutants and wastes. Externally, 
we require our process tool suppliers to review and minimize 
their chemical usage step by step. We are now in discussions 
with our process tool suppliers to adopt the SEMI-S23 
guideline to optimize the consumption of energy, resource and 
chemicals. We have also included SEMI-S23 as a process 
tool procurement specification.

TSMC uses raw wafers as a major direct material in its 
manufacturing process. Raw wafers are composed of 
very high purity silicon, and cannot be recycled for wafer 
manufacturing processes. However, control wafers used for 
monitoring process conditions are reclaimed for reuse. We 
estimate one control wafer can be reused 10 times, which 
reduces both cost and waste.

TSMC Material Input and Output – Examples of TSMC Fabs in Taiwan

TSMC Fabs

Input Output

Process Raw Material

Utility

Product

Air Emissions Wastewater

Waste

Raw wafer 
(thousand piece – 
8-inch equivalent)

17,320

Process chemicals 
(cubic meter)

273,691

Process gas 
(ton)

6,006
Bulk chemicals 

(ton)

112,070

Bulk gases 
(million cubic meter)

1,869

Electricity 
 (million kWh)

6,334

City water 
(million  ton)

29.8

Natural gas 
(million cubic meter)

27.8

Wafer 
(thousand piece – 8-inch equivalent)

16,400

Volatile organic 
compounds (ton) 78.6

Greenhouse gases 
(million tons)

Sulfuric oxides (ton) 48.7

Nitrogen oxides (ton) 26.4

Wastewater (million 
cubic meter) 19

General waste 
(ton) 42,180
Hazardous 
waste (ton) 101,100

4.49
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8.6.2  Water Pollution Control
Strategy of Segregated Treatment, Strict Monitoring, 
and Environmental Protection before Production
TSMC’s water pollution control strategy is first to reduce 
pollutants in process wastewater, followed by water 
recycling and treatment of pollutants in water. Effluent water 
quality must be better than or compliant with governmental 
standards.

TSMC’s major water-using process is an ultra-pure water 
system which turns raw water into ultra-pure water, mainly 
used in process tools for cleaning chemical residue on wafer 
surfaces. To reduce total water usage, TSMC’s effluent 
water from ultrapure water systems and process tools are 
graded by purity. The cleanest is reused in the manufacturing 
process; the second grade taken from the recycling treatment 
is employed in secondary uses such as cooling-tower 
water. Wastewater that cannot be recycled is discharged to 
treatment facilities for final wastewater treatment.

TSMC adopts a strict front-end wastewater categorization 
strategy to improve treatment efficiency. Wafer fabs’ 
wastewater can be divided into fluoride, copper, ammonia, 
Tetramethyl Ammonium Hydroxide, general acid, and 
various polishing wastewaters. All types of wastewater 
are strictly categorized at process tools, and collected to 
wastewater treatment facilities through separated piping. 
In order to manage these drains strictly, there are more 
than 20 categories of drainage types, carefully operated 
and maintained by professional teams to comply with the 
standards of the Science Park Administration (SPA). The 
water is then discharged to the SPA wastewater treatment 
plant for further treatment after professional teams ensure 
the discharge complies with SPA standards. The treated 

wastewater is discharged to rivers from the SPA’s wastewater 
treatment plants in compliance with river discharge standards. 
The SPA also conducts random measurement of the 
discharges of each company in Science Park.

TSMC operates only after ensuring that the environment 
will not be polluted. Each fab is equipped with effective 
wastewater treatment systems, including complete backup 
systems such as emergency power supplies, to reduce the 
likelihood of abnormal discharge. Operating status of all of 
TSMC wastewater treatment systems are monitored 24 hours 
a day by shift personnel. If operating conditions diverge from 
the preset limits, a warning signal is sent and wastewater 
discharge is halted. Data gathered for monitoring system 
effectiveness have been designated an important tracking 
item to ensure effluent quality.

Developing New Technologies to Response to New 
Regulations
In addition to complying with SPA standards, TSMC 
continually works with industries and universities to improve 
discharge quality in areas such as COD (Chemical Oxygen 
Demand), TMAH (Tetra-methyl ammonium hydroxide) and 
NH3-N to reduce hazards to water bodies. For example, we 
reduced COD discharge for 12-inch fabs by 62.5%.

In addition, TSMC continues to explore new wastewater 
treatment and chemical recycling technologies. For example, 
TSMC led the industry in performing a series of experiments 
to obtain the optimal processing technology for NH3-N-
containing backside grinding wastewater, high-concentration 
fluoride and phosphorus acid wastewater and TMAH recycled 
by external contractors, which attests to our dedication to 
protecting the environment.

Wastewater Discharge Quality Improvement in 2013
TSMC’s major wastewater pollution control measures are as 
follows:

●  Establishment of waste Tetramethyl Ammonium Hydroxide 
recycling system to reduce nitrogen-containing pollutants in 
12-inch fabs.

●  Establishment of ammonia wastewater treatment system 
to recycle ammonia sulfate and reduce ammonia-nitrogen 
in wastewater.

●  Replace ammonia by using ultra-pure water for cleaning 
process to reduce ammonia usage from the source.

●  Reuse of high concentration acid or base wastewater 
through resin regeneration or reverse-osmosis membrane 
for use as wastewater neutralization chemicals to reduce 
wastewater conductivity.

Wastewater treatment system improves water discharge quality. 
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●  Use of chemical-free immersion ultra filter to treat chemical 
mechanical polish wastewater to reduce suspended solids 
in wastewater.

Wastewater Discharge Quantity
TSMC’s wastewater quantity per 8-inch wafer equivalent per 
mask layer Note 2 in 2013 decreased by 6.8% compared to 
2012 from 38.1 liters to 35.5 liters.

Wastewater Effluent Monitoring
All TSMC fabs are equipped with continuous monitoring 
equipment to monitor and record changes in water quantity 
and quality, such as acidity and fluoride ion concentration, 
in order to take appropriate responses when abnormal 
situations occur. We also conduct offsite sampling and 
analyze wastewater effluent quality at least four times 
a year, which provides a calibration reference for online 
analyzers, ensuring that TSMC complies with water quality 
standards.

In 2013, TSMC wastewater effluent quality was close 
to 2012 levels, indicating good stability in all fabs. The 
wastewater effluent quality data includes: pH between 5 to 9 
(SPA standard is 5 to 10), suspended solids were controlled 
from 2.4 to 151 mg/L (SPA standard is below 300), and 
COD was controlled from 10.3 to 331 mg/L (SPA standard is 
below 500).

1.64 2.60 2.692.882.14
10.4 16.3 19.015.114.4

TSMC Wastewater Discharge

2009 2010 2011 2012 2013

Taiwan Fabs Overseas Fabs

Unit: Million ton

88.0 114.0 123.0100.0105.0
65.3 73.370.376.0

TSMC Wastewater Chemical Oxygen 
Demand

2009 2010 2011 2012 2013

Unit: mg/l

88.0
102.0 97.7

110.0
119.0

Taiwan Fabs Overseas Fabs All Fabs Average

4.56 3.89 3.504.374.09

TSMC Unit Wastewater Discharge

2009 2010 2011 2012 2013

38.1

43.641.7

35.5

Per Wafer (liter/cm2) – All Fabs 

Per Wafer-layer (liter/8-inch wafer-layers) – All Fabs 

48.6

Note 1: TSMC’s annual wastewater quantity includes all fabs in Taiwan, as well as all overseas fabs, packing and testing facilities, bumping, EBO, 
R&D, and water consumed by non-production activities.

Note 2: Statistical data for unit wastewater quantity density is for wafer fabs in Taiwan and overseas. Beginning in 2009, this index was rationalized 
by introducing a layer index due to product complexity.

Note: TSMC’s annual wastewater effluent Suspended Solid and Chemical Oxygen Demand are the average of all fabs in Taiwan, as well as all 
overseas fabs, packing and testing facilities, bumping, EBO, R&D, and water consumed by non-production activities.

35.2 32.8 29.932.337.8
66.9 41.782.3

TSMC Wastewater Suspension Solid

2009 2010 2011 2012 2013

Unit: mg/l

35.2
42.3

35.8 35.4 30.7

74.0

Taiwan Fabs Overseas Fabs All Fabs Average

88.0 114.0 123.0100.0105.0
65.3 73.370.376.0

TSMC Wastewater Chemical Oxygen 
Demand

2009 2010 2011 2012 2013

Unit: mg/l

88.0
102.0 97.7

110.0
119.0

Taiwan Fabs Overseas Fabs All Fabs Average
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8.6.3  Air Pollution Control
Effective Treatment Based on Waste Air Specification
TSMC’s air pollution control strategy is to optimize process 
to reduce pollutants in air exhaust, and then to abate 
pollutants in air exhaust through high-efficiency equipment 
to comply with or surpass legal requirements. Air pollutant 
concentrations in TSMC’s exhaust are far below the 
standards required by Taiwan’s EPA, according to actual 
measurements performed over the years.

Wafer fabs emit three major types of exhaust: acid exhaust, 
base exhaust, and volatile organic compounds. Heat exhaust 
emitted by process equipment does not cause air pollution. Air 
pollution control systems depend on various categories and 
characteristics of pollutants. TSMC installs local scrubbers 
behind process tools in order to treat toxic, flammable, 
and PFC gases. First, high temperatures or other physical 
and chemical measures are used to significantly reduce 
the concentration of pollutants in tool exhaust. The gas is 
then inducted to central waste gas treatment equipment for 
endpoint treatment. Endpoint treatment includes zeolite-
rotary-wheel absorbing equipment for volatile organic 
compounds (VOC) treatment and wet scrubber equipment for 
acid or base gases.

Stable Operation, Continuous Monitoring 
The performance of all TSMC fabs, including overseas 
facilities, is fully compliant or exceeds the air pollutant 
emissions standards in the areas where they operate. 
TSMC has deployed high-performance air pollution control 
equipment with at least N+1 backup systems so that all 
pollution control equipment can continue waste gas control 
24 hours a day, 365 days a year in case of equipment 

breakdown. Operational status of all of TSMC air pollution 
control systems is monitored 24 hours a day by shift 
personnel. Data collected by system efficiency monitoring 
have been classified as an important tracking item in order to 
ensure air exhaust quality. In 2009, we added an electronic 
quarterly air pollution report system that can automatically 
confirm the accuracy of declarations.

To ensure normal equipment operations and reduce abnormal 
pollutant emissions, TSMC has installed backup systems, 
including power generation, to back up malfunctions of 
operation equipment. TSMC has also installed backup fuel 
supply systems for VOC pollution control equipment that 
will engage if the original fuel supply systems experience 
difficulties.

Note: TSMC’s annual VOC is the average of all fabs in Taiwan, as 
well as all overseas fabs, bumping and R&D related to 
manufacturing process.

94.8 94.9 94.993.395.3
83.6 92.3 93.190.683.3

TSMC VOC Destruction Removal Efficiency

2009 2010 2011 2012 2013

Unit: %

93.7 94.1
93.1

94.7 94.8

Taiwan Fabs Overseas Fabs All Fabs Average

9,027 12,216 12,05211,71910,628
46,151 65,148 78,58258,66656,406

TSMC VOC Emission

2009 2010 2011 2012 2013

Unit: kg

Taiwan Fabs Overseas Fabs

0.209 0.159 0.1650.1710.166

TSMC Unit VOC Emission

2009 2010 2011 2012 2013

0.156
0.1660.165

0.153

Per Wafer (kg/m2) – All Fabs 

Per Wafer-layer (g/8-inch wafer-layers) – All Fabs 

0.221

Note 1: The statistical data for VOC emission includes all fabs in 
Taiwan, as well as all overseas fabs, packing and testing 
facilities, bumping, EBO, and R&D.

Note 2: Prior to 2009, VOC emission density was defined by total VOC 
emission quantity divided by total wafer out. Beginning in 2009, 
this index was rationalized by introducing a layer index due to 
product complexity.
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8.6.4  Waste Reduction and Resource Recycling
TSMC has transitioned from traditional waste cleaning and 
disposal to integrated resource management, and has a 
designated waste resources management unit to treat waste 
as valuable resources to be recycled as much as possible. 
In order to sustainably use our resources, the first priority of 
our waste management is reduction; the second is material 
recycling, followed by energy recovery, and finally disposal 
through incineration and landfill.

TSMC has made great efforts in reducing raw materials 
usage with significant achievements in waste reduction and 
recycling over the past decade. Although the categories of 
waste are growing more complex, TSMC continues to develop 
new waste recycling technology with suppliers to raise its 

91% 93% 92%91%92%
58% 79% 79%73%67%

Waste Recycling Rate

2009 2010 2011 2012 2013

Taiwan Fabs Overseas Fabs

Unit: %

1,802 4,301 5,1563,7472,763
17,277 33,158 42,18025,52324,688

General Waste Generated

2009 2010 2011 2012 2013

Taiwan Fabs

Unit: Tons

Overseas Fabs

628 1,866 1,5151,122841
30,492 90,596 101,10067,58861,243

Hazardous Waste Generated

2009 2010 2011 2012 2013

Unit: Tons

Taiwan Fabs Overseas Fabs

Note: Hazardous wastes are defined by local governments.

Air Emissions Record
In 2013, the average removal efficiency of VOC exhaust 
remained at a relatively high level of 94.9% in TSMC’s Taiwan 
fabs and 93.1% in overseas fabs, well above the standard for 
local regulations.

TSMC’s VOC volume per 8-inch wafer equivalent per mask 
layer Note 2 in 2013 decreased by 1.9% compared to 2012 
from 0.156 g to 0.153 g. In addition, based on the Taiwan 
EPA’s formula for calculating SOx and NOx emissions, TSMC 
estimates that our NOx emission was 26.4 tons and SOx 
emission was 48.7 tons in 2013.

Our air pollution control systems surpass local standards.
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recycling rate and reduce waste disposed in landfills. TSMC’s 
Taiwan sites continued to carry out reduction and recycling 
programs in 2013, and our waste recycling rate reached 
92%, exceeding 90% for the sixth consecutive year, while our 
landfill rate was below 1% for the sixth consecutive year. Our 
overseas subsidiaries are also endeavoring to improve their 
waste recycling rates.

Innovative 3R Waste Projects
In 2013, TSMC initiated several environmental programs 
which focused on selected less-hazardous chemicals for 
reduction, recycling and reuse. For example:

●  Sulfuric Acid Reduction 
TSMC collaborated with process equipment vendors to 
reduce sulfuric acid usage and waste generation.

●  Chemical Waste Recycling Technology Development 
Worked with supplier to develop a method to re-use 
developer fluid in other industrial processes to conserve 
natural resources and reduce ammonia waste; recycled 
6,095 tons of developer fluid in 2013.

TSMC’s U.S. wafer fab, WaferTech, has successfully reduced 
hazardous waste by more than 77% since 2003 by actively 
seeking and implementing reuse opportunities for a number 
of fabs waste materials. In 2013 WaferTech was recognized 
by the State of Washington Department of Ecology for 
achieving significant hazardous waste reduction and pollution 
prevention.

Computer Reuse and Recycling Campaign
TSMC fully supported ASUSTek Computer Inc.’s “Computer 
Reuse and Recycling Campaign” project, which has also 

8.7  Environmental Management System

8.7.1  Environmental Management System 
           Establishment
Establishing A Pro-Active Environmental Management 
Vision
TSMC aims to be a world-class company in environmental 
protection. Our environmental performance complies with 
legal requirements and also measures up to recognized 
international practices.

A Comprehensive Internal Environmental 
Management Organization
TSMC’s environmental management organization consists 
of: the Corporate ESH Division, the Industrial Safety and 
Environmental Protection Technical Board, and designated 
Industrial Safety and Environmental Protection departments 
in each manufacturing facility. These organizations work 
together collaboratively with clearly defined responsibilities. 

We use ISO 14001 and QC 080000 standards to manage 
environmental performance at all our manufacturing facilities. 
It is mandatory for all new manufacturing facilities to receive 
these certifications within 18 months after mass production.

TSMC Leadership in Data Center and Wafer Fab ISO 
50001 Certification
TSMC adopted the ISO 50001 Energy Management System 
in 2011 to extend its energy conservation efforts. The Fab 
12 Phase 4 data center completed ISO 50001 Energy 
Management System certification in 2011, becoming Taiwan’s 
first company to earn this certification for a high-density 
computing data center. TSMC believes ISO 50001 supports 
energy saving and carbon reduction, and continues to apply 
the ISO 50001 Energy Management System to additional 
manufacturing facilities. In 2012, the Fab 12 Phase 4/5 and 
Fab 14 Phase 3/4 facilities and offices also adopted the ISO 
50001 system and earned certifications. As of end-2013, 
TSMC’s Fab 12 Phase 4/5, Fab 14 Phase 3/4 and Fab 15 
facilities and office buildings have adopted ISO 50001 Energy 
Management System and earned external certification.

Continuous Improvement According to the Spirit of Our 
Management System
To sustainably mitigate enterprise risks and to fulfill our 
corporate social responsibilities, we focus on:

●  Air and water pollution prevention and control

●  Waste reduction and recycling

●  Greenhouse gas reduction (energy conservation and 
perfluorinated compound emission reduction)

●  Resource conservation (water savings and chemical 
substance use reduction)

received support from the Ministry of Economic Affairs. TSMC 
has donated more than 41,227 used personal computers, 
notebook computers, and LCD monitors since 2007, making 
up one-third of the total amount received in this project to 
become the largest donor.

Our purpose in participating in this campaign is to promote 
the concept of material recycling. Through this recycling 
campaign, refurbished computers are donated to students 
in rural elementary and junior high schools and to 
disadvantaged minorities to narrow the digital divide, caring 
for society and protecting the environment at the same time.
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●  Energy-saving products and restriction of hazardous 
substances

In addition to annual internal audits on the operational status 
of environmental managements systems conducted by 
designated Industrial Safety and Environmental Protection 
departments in each manufacturing facility, we also invite 
external verification parties to conduct audits and provide 
recommendations for improvement. The Corporate 
Environmental, Safety and Health unit also selects topics for 
annual audits on legal compliance and environmental risk 
control to enhance the whole company’s ESH management.

TSMC Environmental Management System

Collaborating with Suppliers to Expand Sustainability 
Performance
TSMC also collaborates with our suppliers proactively on 
managing global ESH risks and working towards supply chain 
sustainability. Our efforts include:

●  Carbon footprinting

●  Water footprinting

●  Conflict minerals management

●  Hazardous substance restriction management

Information on TSMC’s supply chain sustainability 
management can found in Chapter 6.2  of this report.

Setting Up a New Internal ESH Incentive Program
In order to encourage employees to continuously improve 
environmental, Safety and Health (ESH) performance, we 
added ESH as a new category of our annual Total Quality 
Excellence (TQE) program in 2012, which encourages 
units from across TSMC to learn from each other through 
competitions. Winning cases were published in the 2013 
TQE Forum. There were a total of 27 ESH improvement 
cases selected by the TQE review committee in 2013, and 
6 out of these 27 cases were selected for final competition 
in the Forum. The habits and methods of continuous ESH 
improvement are embedded in the daily tasks of employees 
in each facility through the ESH award competition and 
experience sharing.

Environmental Accounting
The purpose of TSMC’s environmental accounting system 
is to identify and calculate environmental costs for internal 
management. At the same time, we can also evaluate 
the cost reduction or economic benefits of environmental 
protection programs to promote economically efficient 
programs. With environmental costs expected to continue 
growing, environmental accounting can help us manage more 
effectively. In practice, TSMC’s environmental accounting 
measures define the various environmental costs and set 
up independent environmental account codes, then provide 
these to all units for use in annual budgeting. This online 
system can output data for environmental cost statistics. 

Our economic benefit evaluation calculates cost savings for 
reduction of energy, water or wastes as well as benefits from 
waste recycling according to our environmental protection 
programs.

The environmental benefits disclosed in this report include 
real income from projects such as waste recycling and 
savings from major environmental protection projects. In 
2013, we completed 92 environmental protection projects, 
and these benefits, in addition to benefits from waste 
recycling, totaled more than NT$1,451 million.

Action Plan

Check Do

Env. Policy

Continuous 
Improvement
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2013 Environmental Cost for TSMC Fabs in Taiwan            Unit: NT$ Thousands

Classification Description Investment Expense

Direct cost for reducing 
environmental impact 

● Pollution Control:
Fees for air pollution control, water pollution control, and others 4,303,659 3,139,691

● Resource Conservation: 
Costs for resource (e.g. water) conservation 1,904,749 106,175

● Waste Disposal and Recycling: 
Costs for waste treatment (including recycling, incineration and landfill) 0 426,887

Indirect cost for 
reducing environmental 
impact (managerial 
cost)

● Cost of training 
● Environmental management system and certification expenditures 
● Environmental measurement and monitoring fees 
● Environmental protection product costs 
● Environmental protection organization fees

306,030 190,105

Other environment-
related costs

● Costs for decontamination and remediation 
● Environmental damage insurance and environmental taxes 
● Costs related to environmental settlement, compensations, penalties and 

lawsuits

0 0

Total 6,514,438 3,862,858

2013 Environmental Efficiency of TSMC Fabs in Taiwan

Category Description Efficiency (NT$ thousands)

Cost saving of 
environmental 
protection projects 

● Energy saving: completed 35 projects 665,300

● Water saving: completed 11 projects 95,900

● Waste reduction: completed 5 projects 10,100

● Material reduction: completed 41 projects 499,000

Real income of 
industrial waste 
recycling)

● Recycling of used chemicals, wafers, targets, batteries, lamps, packaging 
materials, paper cardboard, metals, plastics, and other wastes 181,000

Total 1,451,300

Environmental Management in TSMC Subsidiaries
TSMC requires our manufacturing subsidiaries, including 
TSMC China, WaferTech, TSMC Solid State Lighting and 
TSMC Solar to have the same environmental management 
measures as TSMC. Subsidiaries are required to be 
consistent with our environmental policy and work standards.

Our manufacturing subsidiaries have actively set up 
environmental management systems, and they conform 
with our practice of requiring facilities to obtain ISO 14001 
certification within 18 months of mass production.

TSMC assists its non-semiconductor subsidiaries TSMC 
SSL and TSMC Solar to assess risk for their specific 
wastewater, air emissions, wastes, and chemicals to ensure 
legal compliance. TSMC and its subsidiaries register various 
environmental performance indices in TSMC’s e-platform 
regularly for monitoring and management to pursue 
continuous improvement.

8.7.2  Environmental Compliance Record
TSMC had no significant chemical leaks, environmental 
penalties, or fines in 2013.
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8.8  Green Promotion and Ecological 
        Preservation

TSMC continues to raise employees’ environmental 
awareness through education programs, including new 
employee training, family day, and the annual “Loving the 
Earth Begins with Me” program. In addition to professional 
environmental education courses, TSMC makes use of 
designated environmental bulletin boards in each fab as 
well as promotional materials in elevators, restrooms, and 
employee publications to embed environmental concepts 
in employees’ everyday work and life. The main scheme 
of 2013 is “happy life and exploring green fashion” through 
daily habits, local diet, and low-carbon travel, so that our 
colleagues understand how to live a contemporary low-carbon 
lifestyle. These convey environmental ideas that are reflected 
in our employees’ actions, and lead many departments to 
seek opportunities to conserve energy, save water, and 
reduce waste. In order to give employees easy access 
to up-to-date environmental knowledge, we maintain an 
internal environmental protection website which files related 
information and maintains links to global environmental 
protection-related websites.

External promotion activities not only include green supply 
chain management, but also active collaboration with 
academia, industries and local governments in our operation 
sites around the world. We aim to use our influence as a 
corporation to protect the environment and to meet our 
corporate social responsibilities.

●  2013 DIY Indoor Gardening Event
To celebrate World Environment Day, we provided potted 
plants to participating colleagues, selecting the best and 
most effective air purification plants for indoor air quality 
with three attributes: carbon reduction, decontamination, 
and green landscaping. Through personal instruction and 
DIY activities, we provided colleagues with tips for green 
beautification at the office or at home.

●  Active Participation in External Environmental 
Protection Activities
In response to the “conservation through local and 
seasonal eating” World Environment Day activities of the 
Environmental Protection Administration (EPA), TSMC 
worked with the EPA to organize a carnival at the Flower 
Sea forest square at Yuanshan Park in Taipei. A variety of 
activities, including challenges to recognize local foods, 
promoted a low-carbon diet to the public and highlighted 
the influence of climate change on food shortages and 
environmental resources.

In addition, TSMC also provided battery-free water-
powered clocks to participating members of the public 
to get them started on creating their own low-carbon 
sustainable homes.

TSMC celebrated World Environment Day by holding Indoor gardening 
DIY activities.

TSMC members interacted with the public at the “conservation through 
local and seasonal eating” activity on World Environmental Day.
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●  Certification of the Touqian River Ecological Park. 
TSMC continued to cooperate with Hsinchu county 
government to apply for EPA certification in environmental 
educational for volunteers serving the Chutung town 
Touqian River ecological park. In addition to completing 
seven environmental teaching programs in 2012, TSMC 
continued to provide support in 2013 by assisting with the 
review of the teaching plan for the environmental education 
park, and developed program content for seed teachers, 
cultivating 21 teachers in total. The project passed 
EPA verification on July 21th, and has begun to offer a 
convenient and diverse venue for environmental education 
for Hsinchu county communities, school, and governmental 

organizations. In 2014 we will collaborate with Hsinchu 
county government to carry out the “See Taiwan, Fall in 
Love with Touqian River” activity, inviting local students 
to participate in environmental quiz challenges in the 
ecological park to sow seeds of environmental education.

●  Green Public Service Tourism Activities
TSMC not only plans eco-tourism activities for its company 
outings, it also integrates carbon reduction and ecological 
culture into the journey, advocating green living and 
consumption. The Company also combines outings with 
public service, supporting tribal industries and helping 
disadvantaged minorities to support institutions working 
hard but quietly in each corner of Taiwan, rewarding 

Opening ceremony of the “Touqian River environmental educational 
park”, a project between TSMC and Hsinchu county government 

TSMC combines environmental protection with charity at 
this activity – Green Public Service Tourism – 921 Evergreen 
Village self-catering health meals.

them for their contributions. In addition, the outings leave 
colleagues with precious memories, and show that tourism 
can help society and show the importance of environmental 
conservation.

Environmental Protection Promotion Activities in 
TSMC Subsidiaries
TSMC subsidiaries TSMC China Ltd. and WaferTech also 
continue to raise employees’ environmental awareness, and 
maintain good relationships with local communities through 
environmental protection promotion activities, as described in 
the following.

On Sep 22, 2013, 11 volunteers from TSMC China Ltd. went 
to Songjiang Old City Area to promote “Car-Free Day”. Nearly 
500 citizens took part in activities over two hours, enhancing 
TSMC’s social reputation through the activity.

TSMC’s U.S. subsidiary WaferTech actively recycles, 
conserves energy and reduces waste. WaferTech 
successfully transferred 80 tons of hazardous waste from 
incineration to recycling. In addition, more than 150 tons of 
solid wastes were transferred from landfill to recycling, and 
630 tons of liquid waste chemicals were also recycled. In 
2013, WaferTech held its twelfth annual Earthweek event, 
which seeks to raise employee’s environmental awareness 
through recycling activities, displays and promoting alternative 
transportation. During this event, the local High School 
eco-club visited WaferTech to learn about recycling, energy 
reduction and water conservation.

 

Environmental Protection

8.1  Environmental Protection 
Major Activities in 2013

8.2  From Green Buildings to  
Green Sustainability

8.3  Climate Change

8.4  Water Resource 
Management

8.5  Green Products

8.6  Pollution Prevention

8.7  Environmental Management 
System

8.8  Green Promotion and 
Ecological Preservation



TSMC 2013 Corporate Responsibility Report 119

Environmental Protection

Table of Contents

Overview

Letter from the Chairman

Company Profile

Stakeholder Engagement

Corporate Governance

A Great Place to Work

Customer Service and Supplier 
Management

Social Participation

Environmental Protection

8.1  Environmental Protection 
Major Activities in 2013

8.2  From Green Buildings to  
Green Sustainability

8.3  Climate Change

8.4  Water Resource 
Management

8.5  Green Products

8.6  Pollution Prevention

8.7  Environmental Management 
System

8.8  Green Promotion and 
Ecological Preservation

Appendix

Although TSMC’s green industry subsidiaries TSMC SSL 
and TSMC Solar are in the start-up stage, they have already 
established an ESH management system and have stepped 
on track in a very short time. TSMC SSL adopted green 
construction materials, and also was recognized by the 
Hsinchu City Government for excellent green procurement.

Ecological Preservation
All TSMC wafer fabs in Taiwan and China are located 
in industrial parks, which conducted environmental 
impact assessment (EIA) on local communities before 
development, and continue to meet EIA commitments for 
environmental protection after development. Therefore, all 
TSMC wafer fabs in Taiwan and China are operating under 

TSMC China Volunteer Service Team Enthusiastic participation from TSMC China employees in the “Car-
Free Day” community event

the industrial parks’ or their own EIA commitments, and do 
not have a significant environmental impact on their local 
ecological environments.

TSMC continues to promote the construction of green 
buildings, and incorporates the concept of ecological 
preservation in site planning. Since 2006, TSMC’s new 
facilities constructed in Taiwan not only comply with green 
building standards for energy saving, water conservation, and 
waste reduction, but also preserve native Taiwan plants and 
provide ecological ponds as habitats for birds and insects. We 
have observed birds nesting in the trees around our fabs, as 
well as butterflies and dragonflies in the air. The results of our 
efforts have gradually become evident.

Although TSMC’s U.S. subsidiary fab, WaferTech, is not 
located in an industrial park, it maintains a designated 
department to take responsibility for monitoring and 
maintaining on-site ecological preservation. WaferTech has 
successfully completed a 10-year wetlands mitigation project 
in 2007, where 29 acres of wetlands are in a permanent 
preservation area, including 8 acres of enhanced wetlands. 
This project preserves valuable habitat for local wildlife and is 
home to beavers, deer, rabbits, coyotes and a variety of birds.
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