
3

2
Received AWS Platinum 
certifications with 
the highest score in 
semiconductor industry for 
2 consecutive years

TSMC leads the global 
semiconductor industry with 
the largest LEED-certified 
building area

1
To realize a circular 
economy, TSMC built its first 
Zero-Waste Manufacturing 
Center 

1

A Practitioner of Green Power
Green manufacturing is the cornerstone of sustainable management at TSMC. We believe 
that corporate growth and environment protection should not be mutually exclusive; 
our goal is to become the global standard of eco-friendly corporations. To such ends, we 
integrate green management into daily operations and strive to carry out climate change 
and energy management, water management, waste management, and air pollution 
control through introducing innovative green technologies.  

Climate Change and Energy Management P.89 Water Management P.103 Waste Management P.112 Air Pollution Control  P.122
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Climate Change and 
Energy Management

CO2

 ▪ 0 day of production interruption due to 
climate disasters

 ▪ 0 day of production interruption due to climate 
disasters

 ▪ 0 day of production interruption due  to climate  
disasters                                         
Target: 0 days

 ▪Reduce GHG emissions per unit product Note1
（metric ton of carbon dioxide equivalent 
(MTCO2e)/12-inch equivalent waferNote2 mask 
layer）by 40%（Base year: 2010）

 ▪Reduce GHG per unit of production (metric ton 
of carbon dioxide equivalent (MTCO2e)/12-inch 
equivalent wafer mask layer) by 20%

 ▪Reduced GHG emissions per unit product (metric 
ton of carbon dioxide equivalent (MTCO2e)/12-inch 
equivalent wafer mask layer) by 23%  

Target: 18%

 ▪Reduce unit product environmental 
externalities Note3 by 30% (Base year: 2010）

 ▪Reduce unit product environmental externalities 
by 8% (NT$12-inch equivalent wafer mask layer)

 ▪Reduced unit product environmental externalities by 
7.5% (NT$12-inch equivalent wafer mask layer) 
Target: 5%

 ▪Starting from 3nm new fabs, renewable 
energy accounts for more than 20% of energy 
consumption and the purchasing of renewable 
energy to increase annually to achieve 25% 
renewable energy for fabs and 100% renewable 
energy for non-fab facilities

 ▪Continue to purchase renewable energy and 
achieve 9% of renewable energy in TSMC and 
overseas sites use 100% renewable energy

 ▪Purchased 1,230 GWh of renewable energy, 
Renewable Energy Certificates (REC), and 
carbon credits, achieving 7.6% of TSMC's power 
consumption; TSMC overseas sites used 100% 
renewable energy 
Target: 7% of TSMC power consumption and 100% of power 
consumption in overseas sites

 ▪ Save 5,000 GWh cumulatively between 2016 
and 2030 through new energy-saving measures

 ▪Save 500 GWh and 2,200 GWh cumulatively  ▪500 GWh energy saved, and cumulatively saved 
1,700 GWh 
Target: 400 GWh; 1,600 GWh

 ▪Double energy efficiency after five years 
of mass production for each process 
technologyNote5

 ▪Increase 5nm process technology energy 
efficiency by 0.2 times in the second year of 
mass production

 ▪Energy efficiency of 10nm and 7nm process 
technologies increased by 1.4 times in the fourth year 
of mass productionnote6 

Target: 10nm process technology energy efficiency 
increase by 0.8 times in fourth year of mass production

Achieved Exceeded Missed Target

Establish climate change countermeasures 
and preemptive precautions to lower risk 
of climate disasters

Strengthen Climate Resilience

Continue to use best available 
technology to reduce emissions of 
greenhouse gases (GHG) and become 
an industry leader in low-carbon 
manufacturing

Drive Low-carbon Manufacturing

Use Renewable EnergyNote4

Continue to purchase renewable energy 
and install solar-energy power systems 
to achieve target of 100% renewable 
energy use

Increase Energy Efficiency
Plan and implement new energy-saving 
measures each year to increase energy 
efficiency

Note 1: As of 2020, GHG emissions include fluorinated GHG emissions; the indicator will be used to evaluate various practices in the future.
Note 2: As of 2020, the unit for unit product indicators will be in "12-inch equivalent wafer".
Note 3: Environmental externality refers to the potential impact of the environmental footprint derived from business activities on human well-

being, and takes the environmental profit and loss as a comprehensive index. The internal EP&L module was completed for the Total ESH 
Management digital system in 2020 and 19 key suppliers were included into EP&L evaluations to continue identifying ways to improve. Overseas 
fabs were unable to complete product life cycle assessment because of the COVID-19 pandemic and the assessment will be completed in 2021

Note 4: Definition of Renewable Energy Use: Purchase renewable energy, Renewable Energy 
Certificates, and carbon credits produced by renewable energy

Note 5: Energy efficiency is the product equivalent per kWh of power (12-inch equivalent 
wafer mask layer/kWh)

Note 6: Some 10nm production lines have been converted to 7nm production lines

2030 Goals 2020 Achievements2021 TargetsStrategies
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GHG Reduction & 
Management Act 
(Taiwan)

COP21 in Paris

Trial Procedures of 
Shanghai Municipality 
on Carbon Emission 
Administration (China)

Clean Air Rule  
(Washington State, USA)

The Paris Agreement

Renewable Energy Act 
Amendment (Taiwan)

Principles for 
Offsetting Increased 
GHG Emissions 
from Development 
(Taiwan)

Issued ESG PoliciesNote 2 Issued Environmental 
Protection Policies

1. Established Carbon 
Management 
Platform

2. Established 
Energy-Saving and 
Carbon Reduction 
Committee

Established Renewable 
Energy Program

Joined SBTiNote 1

1. Registered with 
Voluntary GHG 
Emissions Reduction 
Platform by the 
Bureau of Industrial 
Development

2. Launched TSIA 
Energy Conservation 
Platform

Launched Green 
Machine Certification 
Program
Overseas Sites Started 
Using 100% Renewable 
Energy

Established Carbon 
Credit Development 
Program

Established ESG Steering 
Committee Led by 
ChairpersonNote3

Received Carbon Credits 
through TM002 Published 
by the Taiwan EPA

Set 2030 SDGs

1. Established Carbon 
Trading Systems for 
China Fabs

2. Established Internal 
Pricing & Impact 
Evaluation

Note 1: Science Based Targets Initiative (SBTi) is jointly established by the Carbon Disclosure Project, We Mean Business Coalition, UN Global Compact and World Wildlife Fund. The initiative provides companies with a clearly-defined path to 
                reduce emissions in line with the Paris Agreement goals. TSMC pledged to set a science-based target in 2017; however, due to lack of guidance on the semiconductor manufacturing sector, TSMC was not able to get our target developed, 
                validated and published within the 24-month period recommended by SBTi. 
Note 2: Renamed TSMC Corporate Social Responsibility Policy as ESG Policy since 2021.
Note 3: Renamed CSR Executive Committee as ESG Steering Committee since 2021.

The year 2020 was an important milestone in TSMC's 
fight against climate change. TSMC closely follows and 
carries out a variety of climate action goals following the 
Paris Agreement. The ESG Steering Committee, led by 
Chairperson Dr. Mark Liu, evaluates TSMC climate change 
guiding principles twice a year and ESG Committee 
Chairperson Senior Vice President Lora Ho annually 
reports to the Board of Directors on climate actions and 
results of the year. In May 2020, TSMC signed the world's 
largest corporate renewable power purchase agreement 
(PPA); in July 2020, TSMC was officially approved by 
RE100 as the first semiconductor company to be a 
member of this global initiative for renewable energy, 
and TSMC declared a sustainability goal of using 100% 
renewable energy by 2050, driving the development 
of green energy industry, and realizing a future for 
sustainable environments. 

As advanced processes continue to evolve, IC processes 
have become increasingly complex and now require 
higher electricity consumption. In 2020, TSMC purchased 
renewable energy, invested in the development of green 
tools, and worked diligently to carry out all 460 energy-
saving measures and introduce new energy-saving tool 
models to strive towards better energy efficiency in all 
technology nodes of processes. Facing the potential risks 
brought by extreme climates and global warming, TSMC 
focuses on regulatory compliance, energy and carbon 
emissions reduction, and carbon asset management. 
TSMC is also using the Task Force on Climate-related 
Financial Disclosures (TCFD) framework proposed by the 
Financial Stability Board (FSB) to identify climate risks 
and opportunities. Based on the results, measures and 
goal management were established to effectively track 
response progress and outcomes, thereby lowering the 
financial impact of climate risks on business operations. 

Platform InitiativesPolicies Systems Programs Milestones

Green 
House Gas
Regulatory
Restriction

TSMC 
Actions

2015 2016 2017 2018 2019 2020Year

Milestone of Responses to Climate Change

Established Net 
Zero Emission 
Program
1. Global Offices 

Used 100% 
Renewable 
Energy

2. Global Offices 
Achieved Net 
Zero GHG 
Emission

Joined RE100
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Disclosed the Financial 
Impact Analysis of the 
Risks and Opportunities 
of Climate Change for 
the First Time

Issued Green 
Bonds

mailto:CSRSURVEY%40TSMC.COM?subject=


High

Low

Short-term Medium-term Long-term 

Impact

Strengthen Climate Resilience
Resilience to climate disasters is an integral part 
of corporate operations in an environment with 
increasingly volatile climates. TSMC uses the RCP8.5 
global warming scenario issued by the UN to identify 
disaster factors introduced by extreme climates and 
established Climate Risk Adaptive Standards. In 2020, 
TSMC was able to successfully defend against potential 
impact from disasters and potential operating losses 
from climate change to achieve the target of zero 
production interruption. 

Identify Climate Risk 
To uncover potential risks and opportunities, TSMC 
follows the TCFD framework to evaluate climate change 
risks and opportunities cross-functionally. In 2020, 
TSMC hosted a Climate Change Risk and Opportunity 
Workshop and invited related internal organizations 
to engage in group discussions on "policies and 
regulations", "market, technologies, and reputation", 
and "physical risks". Net zero emissions trend, EIA 

requirements, uncertainty in new energy saving/carbon 
emission reduction technologies, flood and drought 
impact to supply chain, and  insurance premium 
increasing for natural disaster, and other risk factors 
were new introduced into the financial impact analysis 
of climate change in 2020 as climate risks to account for 
internal and external environmental changes; enhancing 
corporate reputation was introduced as a new climate 
opportunity. In 2020, to cope with climate change, 

TSMC also carried out actions  such as purchasing local 
renewable energy, building the TSMC Water Reclamation 
Plant in Tainan Science Industrial Park, planning and 
building green buildings, implementing programs for 
energy saving and carbon emissions reduction, and 
water conservation, investing into energy-efficient 
products, elevating building foundation, and more. For 
more details, please see "Financial Impact Analysis of 
Climate Change". 

Climate Change Risk and Opportunity Matrix

5

1
4

4 3

5

1

6

3
7

2

3

4
5

2

1

6

2

8

Opportunities Transition Risks

Physical Risks

GHG restrictions and 
carbon taxes/carbon levy
Net zero emission trends
EIA commitment

Floods (TSMC)
Floods Supply Chain
Droughts (TSMC)

1

2

3

1

2

3

4

5

4

5

6

Droughts Supply Chain
Higher natural disaster 
insurance premium
Rising temperature

Participation in carbon trading/renewable 
energy market
Rewards from public sector & collaborations 
of carbon emission offset
Construct green buildings
Use of reclaimed water
Develop services to deliver low-carbon 
products and increase energy efficiency for 
our customer's products
Drive low-carbon green manufacturing
Increase resilience against natural disasters
Improve Company reputation/image

1

2

3

4

5

6

7

8

Uncertainty in new 
energy saving/carbon 
reduction technologies
Impact on Company 
reputation/image
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GHG Emissions Restriction and 
Carbon Taxes/Carbon Fee

Participation in Renewable Energy Plans 
Participation in Carbon Trading Market

Net Zero Emission Trends

Obtain Rewards from Public Sectors and 
Collaborations of Carbon Emission Offset

EIA Commitment

Develop Services to Deliver Low-carbon 
Product and Increase Energy Efficiency 
for Customers' Products

Uncertainties in the 
Development of New Energy 
Saving/Carbon Reduction 
Technologies

Use of Reclaimed Water

Impact on Company reputation

Construct Green Buildings

Flood/Drought

Enhance Corporate Reputation

Higher Natural Disaster 
Insurance Premium

Increase Resilience against Natural 
Disasters

Rising Temperature Drive Low-carbon Green Manufacturing

Financial Impact Analysis of Climate Change

 ▪Restriction on manufacturing capacity 
expansion; increase in operation costs

 ▪Increased cost of installation and 
operation for carbon reduction 
facilities
 ▪Increased cost for purchasing carbon 
offset products Note 1

 ▪Unsuccessful attempts at obtaining 
renewable energy and reclaimed water 
have become obstacles to fabrication 
using advanced technologies

 ▪Increase energy consumption in 
production lines using new process 
technologies result in higher 
operating costs

 ▪Damage to company image when 
unable to meet stakeholder 
expectations

 ▪Production affected, resulting in 
financial losses and a decrease in 
revenue

 ▪Increase in operating costs

 ▪Increase in energy consumption, 
costs, and carbon emissions

 ▪Early purchases of renewable 
energy, successfully increasing 
manufacturing capacity

 ▪Stock up on required carbon credit 
for future emissions

 ▪Satisfy customer demands for 
energy-efficient products and 
increase revenue

 ▪Successfully build advanced 
production line

 ▪Reduce utilities costs

 ▪Upgrade sustainability ratings by 
TSMC stakeholders

 ▪Strengthen climate resilience 
and lower the risk of operation 
interruption and potential losses

 ▪Save energy and reduce costs

 ▪Started construction for the TSMC Water Reclamation Plant in 
Southern Taiwan Science Park

 ▪ Acquired 2 green building certificates

 ▪Only semiconductor company to have been in the Dow Jones 
Sustainability Index (DJSI) for 20 consecutive years;  Listed in Leadership 
of CDP climate change and water security

 ▪Elevated building foundation of Fab 18 Phase 3 by 2 meters
 ▪Fab 18 Phase 3 committed to using and developing reclaimed water
 ▪Established a comprehensive water monitoring system

 ▪Conserved 500 GWh of electricity through energy conservation programs

 ▪Received rewards from public sector for offsetting F-GHGs and nitrous 
oxide
 ▪Used carbon credit to offset carbon emissions and achieve net zero for 
global offices

 ▪Invested in the development of 5-nm energy-efficient products

 ▪Signed renewable energy contracts of up to 1.3 GW in Taiwan
 ▪Purchased 1,230 GWh of renewable energy to offset 100% of carbon 
emissions of global offices and all overseas operation sites

Note 1: Carbon offset products are renewable energy certificates, carbon credits or other carbon neutral products.

Potential Financial ImpactClimate Risk Potential Financial ImpactClimate Opportunities 2020 Actions
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TSMC has long been committed to green manufacturing 
and aspires to be a world leader in low-carbon 
manufacturing. The Company performs yearly reviews 
of the overall effectiveness of carbon reduction based 

Note 1: Figures from Joint Steering Committee (JSTC) report of the World Semiconductor Council.
Note 2: High Energy Consumption Suppliers are the suppliers that use >50 million kWh/ year in a single facility.

on third-party-verified GHG inventory results. Because 
F-GHG emissions and the indirect emission of GHGs 
due to power consumption are the two main sources of 
GHG emissions, TSMC has for many years, continued to 

establish industry best practices for GHG reduction. In 
2020, TSMC replaced and installed roughly 1,684 local 
abatement facilities for fluorinated GHGs and nitrous 
oxide; acquired two new green building certificates; and 

implemented energy-saving projects for process tools 
machines while taking progressive steps to increase the 
use of renewable energy to reduce the GHG emissions 
per unit product.  

Market Leader: Leads global industry peers All TSMC: Introduced in all TSMC facilities Significant: First and only in the semiconductor industry

Scope 1 Scope 2 Scope 3
Direct GHG Emissions Indirect GHG Emissions (From Purchased Energy) Indirect GHG Emissions (Value Chain)

ISO 14064-1 emissions inventory and third-party 
verification

 ▪ All facilities and subsidiaries completed emissions inventory 
and third-party verification

ISO 50001 energy management and third-party 
audits
 ▪ISO 50001 inventory and third-party certification were 
conducted for all TSMC fabs in Taiwan, TSMC (China), and 
TSMC (Nanjing)

Reduce carbon footprint from raw materials 
 ▪ Require High Energy Consumption Suppliers to set annual 
targets and begin to save electricity; in 2020, TSMC suppliers 
conserved 113 GWh in energy and reduced carbon emissions 
by 59,000 metric tons

Optimize delivery schedules
 ▪ Improved process tools delivery schedules and replaced air 
freight with ocean shipping, reducing 9,531 metric tons in 
GHG emissions

Optimize gas quantity used in production
 ▪ Introduced optimized process parameters in accordance 
with the manufacturing specifications of the Intelligent 
Engineering Center

Substitute high global warming potential (GWP) 
fabrication gases

 ▪ All 12-inch fabs are now using optimized carbon reduction 
technology – remote plasma dissociation of Nitrogen 
Trifluoride (NF3)

 ▪ 6-inch and 8-inch fabs are using Nitrogen Trifluoride(NF3)/
Octafluorobutane(C4F8)

Install Point-of-Use Abatement equipment for 
fluorinated GHGs

 ▪ Achieved full installation on new process tools using F-GHG 
in new and existing fabs  and installed 1,684 POU abatement 
equipment in 2020.

 ▪ Replaced 84 existing POU abatement equipment to achieve 
92% installation rate

Introduce POU Nitrous Oxide reduction technologies
 ▪ Developed Nitrous Oxide reduction technologies and made 
it a standard for new tools; became first in Taiwan to install 
the technology in 100% of new process tools using N2O in Fab 
18A and Fab 18B

100 %

100 %

100 %

First

100 %

Construct green buildings
 ▪The Company leads the global semiconductor industry with 
the largest LEED-certified building area and constructed two 
more fabs, which received green building certification. In 
total to date, 34 buildings have received LEED certifications 
and 23 buildings received EEWH certifications

1

Introduce renewable energy to reduce carbon 
emissions
 ▪Leading semiconductor manufacturer in Taiwan with 1,230 
GWh in renewable energy purchased and 100% use of 
renewable energy in global offices

12.3 
GWh

100 %

59,000 
Metric Tons

Energy efficiency standards
 ▪Energy efficiency of advanced technologies leads industry 
peersNote1, with 460 energy-saving measures over 8 
categories implemented and 500 GWh saved

460 
Measures

GHG Reduction Best Practices

40 %
ISO 14064-1 emissions inventory and third-party 
audit
 ▪ High Energy Consumption Suppliers Note 2 are required to 
complete GHG emissions inventory and third-party audits; 
40% completion rate in 2020

Next-generation fab tools use energy-saving, 
carbon-reducing designs
 ▪The only company in the world to launch energy-saving 
programs on next-generation semiconductor fab tools; 
completed energy-saving programs on 68 models and 
saved 200 GWh electricity

Exclusive

9,500 
Metric Tons

Drive Low-carbon Manufacturing
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Year

Scope 1 GHG Emissions Scope 2 GHG Emissions Scope 3 GHG Emissions

2014 2017 2018 2019 2020 Year 2014 2017 2018 2019 2020 Year 2014 2017 2018 2019 2020 Year

Unit: Metric Tons GHG Emissions and Reduction Trends

0
2010 20202015 2025 2030

1,648,268

387,242

1,638,051

435,396

1,705,746

419,979

1,678,653

392,989 300,015

2,150,339

0.0054
0.0050

0.0045 0.0043 0.0041

5,030,647

347,796

5,702,511

377,700

6,325,931

23,711

6,673,235 7,429,951

24,636 29,905

0.0141
0.0124

0.0140 0.0133 0.0138

3,770,912 4,242,521 4,315,497 5,307,028 5,511,486

2,042

504

19,505

2,626

27,836

2,544,951

1,173,448

2,416

1,357

20,373

2,114

29,504

2,806,978

1,379,779

3,129

1,300

25,775

1,880

35,423

3,003,466

1,244,524  

2,901

661

27,028

3,054

36,758

3,446,030

1,790,596

383

1,064

28,916

2,119

53,178

3,788,115

1,637,711

1

2

3

1x
0.88x 0.75x

4

GHG Emissions Inventory
In 2020, TSMC continued to implement the benchmark  
practices of optimizing the use of process greenhouse 
gases, minimizing global warming potential (GWP), 
maximizing the removal rate in exhaust, and 
comprehensively adopted the best available technology. 
By taking tangible actions, the Company has effectively 
reduced 4.2 million metric tons of direct CO2e emissions 
(Scope 1), of which fluorinated GHG emissions per 

suppliers to work together toward creating a sustainable 
supply chain. 

As the world's largest provider of semiconductor 
technologies and capacity, TSMC is deeply aware of our 
responsibilities towards local and global environments. We 
pay close attention to Science Based Targets (SBTs) in line 
with the 2° C scenario and various climate actions such as 
the RE100 initiative. Using renewable energy is the primary 

unit product were reduced considerably by 68% in 
2020, more than two times the target set by the World 
Semiconductor Council. Indirect emissions (Scope 2), 
caused by energy consumption, were also curbed as 
a result of increased use of renewable energy; indirect 
emissions (Scope 3) of upstream and downstream 
value chains mainly involve raw material production 
and energy-related activities. As such, TSMC has set 
energy conservation and carbon reduction goals with its 

way that companies are able to reduce carbon emissions, so 
TSMC has to collaborate with external partners to develop 
carbon reduction/carbon negative technologies and obtain 
carbon credits for carbon offset to ensure TSMC is moving 
towards the SBT targets and net zero emissions. In 2020, 
TSMC was able to achieve 100% use of renewable energy in 
global offices and also used carbon credits to offset carbon 
emissions from natural gas used in the kitchen to achieve 
net zero emissions, setting a milestone for TSMC. 

Taiwan Fabs Taiwan FabsSubsidaries Subsidaries
Emission Intensity  tCO2e/12"wfr-layer Emission Intensity  tCO2e/12"wfr-layer

Note 1: GHG emissions data for Scope 1 and Scope 2 from TSMC facilities in 
Taiwan, TSMC (China), TSMC (Nanjing), WaferTech, and VisEra

Note 2: GHG emissions data for Scope 3 from TSMC facilities in Taiwan

Note 3: Emission factor based on data released in 2020 by the Bureau of 
              Energy stating that 0.509 kg of CO2e/ kWh, where 1 kg of CO2e 
              equals 6,805 kJ
Note 4: As of 2020, the unit for unit product indicators will be in "12-inch     

equivalent wafer"

Carbon emissions pathway without reduction
Carbon emissions pathway with reduction plans
Actual carbon emissions SBT Pathway

Note 1: GHG emissions include Scope 1 & 2; standardized baseline is the 
values in 2020.

Note 2: TSMC revised the base year for Science Based Targets from 2017 to 2020.
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Materials Production 
(ref. SimaPro model )
Waste generated in 
operations  (ref. EPA carbon 
footprint database )
Upstream transportation 
(ref. EPA carbon footprint 
database)
Downstream transportati on
(ref. EPA carbon footprint 
database)

Purchasing Energy (without 
Scope�&�)  (ref. EPA carbon 
footprint database )
Employee commuting  
(ref. EPA carbon footprint 
database)
Business travel  
(ref. Boustead model)
Total

mailto:CSRSURVEY%40TSMC.COM?subject=


Renewable energy from solar plants in the salt flats of Chiayi County 
was officially provided to TSMC in early May 2020, making TSMC 
one of the first companies in Taiwan to purchase retransmitted 
renewable energy  (Photo credit: Vena Energy Taiwan)

0
Year201820172016 2019 2020

0

GHG Water Resource Air Pollution Wastewater Waste
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20
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40

50

TSMC's manufacturing  is primarily based in Taiwan. In 
2020, TSMC achieved major progress in the renewable 
energy market: the Company became part of the 
first group to engage in renewable energy wheeling 
transactions. Unfortunately, our efforts have yet to 
guarantee sufficient supply in European and U.S. 
facilities. With our growing capacity, TSMC is unable 
to suppress the growth of overall carbon emissions 
despite implementing industry-leading standards for 
energy conservation/carbon reduction and achieving 
targets for unit product carbon reduction. TSMC will 
continue striving towards SBTs and net zero emissions by 
strengthening green innovation, purchasing renewable 
energy, driving the development of regional green energy 
industries, using carbon neutral raw materials, and 
expanding external collaborations to develop carbon 
credit projects. 

Value EP&L and Strive to Reduce 
Carbon Externalities
Every three years, TSMC updates or establishes product 
life cycle assessments, water footprint assessments, and 
carbon footprint assessments in Taiwan fabs and obtains 
ISO 14040, ISO 14066, and ISO 14047 certifications. 
Product life cycle assessment for overseas fabs was 
expected to be completed in 2020 but third-party 
certification organizations were unable to conduct site 
audits due to COVID-19; product life cycle assessment for 
overseas fabs will be delayed to 2021. 

In terms of reducing unit product environmental 
footprint, TSMC uses an Environmental Profit and Loss 
(EP&L) tool to convert environmental impact from 
TSMC operations into external costs (also known as 
environmental externalities). In 2020, TSMC completed 
the EP&L module for the Total ESH Management digital 
system, allowing us to systematically compile operation 
data from various facilities in a timely manner as a 
continuous improvement management tool. Analysis in 
2020 revealed that Scope 1 and Scope 2 GHG emissions  
are the primary source of TSMC's environmental 
externalities, accounting for 96.6%. To mitigate external 
costs brought on by TSMC operations, TSMC continues 
to drive low-carbon manufacturing, improve energy 
efficiency, increase the use of renewable energy, and 
more. In 2020, unit product environmental externalities 
was reduced by 7.5% from the previous year. TSMC also 
applied EP&L to upstream raw material suppliers, and we 
discovered that chemical raw materials manufacturing 
suppliers accounted for 51% of the supply chain's 
environmental externalities, which was primarily 
particulate matters and GHG emissions. EP&L is now 
the cornerstone for TSMC when formulating carbon 
reduction strategies. In 2021, TSMC will be expanding 
partnerships with suppliers  to work together and reduce 
external costs on society from GHG emissions and reach 
the 2030 goal of reducing unit product environmental 
externalities by 30%.

Use Renewable Energy
In 2020, with full support from the Board and 
management team, TSMC was able to purchase 
more renewable energy and move towards carbon 
neutrality. In July 2020, TSMC officially joined the 
RE100, becoming the first semiconductor company in 
the world to do so. We committed to 100% renewable 
energy in global operations and zero direct CO2 

emissions from electricity consumption by 2050. TSMC 
hopes to drive the trend of renewable energy use in 
the global semiconductor industry through its own 
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Use of Renewable Energy and Ratio Renewable Energy Development Timeline

Renewable Energy Purchased in Taiwan (100GWh) Renewable Energy Purchased Overseas (100GWh)
Percentage of Renewable Energy Used (%)

2016 2018 2020 Year2017 2019

2.1%

0.8%

7.0%

25%

2030

2
1

9.2
8.8

9.8

2.5

6.8%

7.6%

2015 2016

2017 2018
2019

2020

sustainable actions. In 2020, TSMC received the first 
RE100 Leadership Awards - Most Impactful Pioneer 
from The Climate Group. 

Purchasing Renewable Energy
TSMC vision is for corporate growth and the environment  
to prosper together. Our sustainability goals for 2030 
are 25% renewable energy consumption for all fabs 
and 100% renewable energy consumption for non-
fab facilities. After all overseas sites transition to using 

100% renewable energy, we will also expand the ratio of 
renewable energy consumption in local sites.

The renewable energy development in Taiwan is in 
the early stage and TSMC is working with the MOEA, 
Bureau of Energy, Bureau of Standards, Metrology, and 
Inspection, Taipower, and the Allied Association for 
Science Park Industries to discuss and eliminate the 
gap between regulation and real practice as well as  
scheme out details for future wheeling transaction. By 
communicating  closely with the government and with 

support from renewable energy businesses, Taiwan 
was able to reach its first renewable energy wheeling 
milestone in May 2020. The Solar Plant in Chiayi County 
generated and transmitted renewable energy to TSMC, 
and a number of onshore wind farms transmitted to 
TSMC fabs in Taiwan in the fourth quarter of 2020, an 
sign that Taiwan's renewable energy sector is growing 
stronger. As of the end of 2020, TSMC has signed power 
purchase agreements to purchase 1.3 GW of renewable 
energy, which will reduce 2.2 million metric tons of 
carbon emissions each year, helping achieve 100% 

renewable energy used in global offices, and making 
contribution to climate change mitigation.  

TSMC hopes to drive the renewable energy sector and 
related industries by purchasing renewable energy and 
supporting related government policies. Starting in 
2018, TSMC began to purchase renewable energy, RECs, 
and carbon credits in countries with comprehensive 
regulations and ample supply, aiming to completely 
offset carbon dioxide emissions from the power used in 
locations around the world including the United States, 

 ▪Became Taiwan's 
biggest buyer of 
green energy upon 
first purchase

 ▪In response to the Amendment to Electricity 
Act opening up the electricity market, a 
renewable energy team was established to 
evaluate renewable energy purchases 
 ▪Joined the Taiwan Renewable Energy 
Certification Platform and became one 
of the first semiconductor fabs to receive 
renewable energy certificates 
 ▪Three consecutive years as Taiwan's 
biggest buyer

 ▪Taiwan's largest 
green energy 
buyer for two 
consecutive years

 ▪Taiwan fabs signed 
long-term renewable 
energy contracts 
 ▪Overseas sites 
started using 100% 
renewable energy

 ▪Committed to using renewable energy 
in Taiwan fabs 

 ▪One of the first in Taiwan to complete 
renewable energy wheeling contracts 
by purchasing 1,230 GWh of renewable 
energy 
 ▪First semiconductor company to join 
the RE100 
 ▪Signed the world's largest PPA (920 MW) 

Year
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2018 2020 Year2017 2019

Energy Efficiency of 10nm & 7nm Process 
Technologies

TSMC Renewable Energy Capacity & Generated Unit Product Energy Consumption
Unit: kWh/12-inch equivalent wafer mask layer

Note 1:  Standardized baseline for energy efficiency is the values taken from the 
first year of mass production of 10nm and 7nm process technologies.

Note 2: The data covers TSMC fabs in Taiwan, TSMC (China), TSMC (Nanjing), 
WaferTech, and VisEra.

Note 1:  The data covers Taiwan Facilities, TSMC (China), WaferTech, and TSMC (Nanjing) 
Note 2:  Diesel and natural gases are not used in manufacturing and is therefore not 

counted in unit product energy consumption.
Note3: The unit product indicator is calculated based on 12-inch wafer equivalent 

starting from 2020.

2016
15.0

30.0

20.0

25.0

2016 2018 20202017 2019 Year

21.8
21.4

22.3

28.1

26.7

0.0

0.5

1.0

2.0

2.5

1.5

Year 1 Yea r2 Year 3 Year 4

1 1.3

1.7

2.4

16.5

16.51,383,208

2,923,716

3,704,733 
4,628,288

937
1,426

3,129 3,129

1,392
954

572

1,130,124   

880

414

18.7

572

572

32

924
954

Hsinchu Science Park (kWp)Southern Taiwan Science Park  (kWp) Central Taiwan Science Park  (kWp) Overseas (kWp)
Power Generation（kWh）

Canada, Europe, China, and Japan; 2020 marks the third 
consecutive year that TSMC has achieved zero carbon 
emission from power consumption in overseas sites. 

Renewable Energy Systems
In addition to purchasing renewable energy, TSMC has also 
installed solar panels in TSMC facilities to produce carbon-
free renewable energy for our own fabs. In 2020, 416 kWp 
of solar panel capacity was installed, and has already 
provided 4.63 GWh, reducing carbon emissions by 2,356 

metric tons (the equivalent of annual carbon absorbed by 
200,000 trees); in 2021, an additional 227 kWp in capacity of 
solar panels will be added, and this is expected to generate 
up to 5.76 GWh of electricity. 

Increase Energy Efficiency
In 2020, TSMC continued to implement energy efficiency 
programs for manufacturing processes and with the 
goal of increasing energy efficiency by 100% after a 
process technology has entered mass production for 

five years. By expanding innovative energy-saving 
measures, installing smart energy-saving equipment, 
and adding components for energy conservation, TSMC 
was able to increase energy efficiency of 10nm and 
7nm process technologies in the fourth year of mass 
production by 1.4 times, reaching our long-term 2030 
goal ahead of schedule; energy efficiency for the 16nm 
and above process technologies has also improved 
by 1.8 times. TSMC has an unwavering commitment to 
continue improving energy efficiency in the face of more 
complex, advanced process technologies in the future. 

In 2020, TSMC consumed a total of 16,900 GWh in energy; 
with electricity making up 95%, natural gas coming 
second at 5%, and diesel with less than 0.1%. Electricity 
is the main energy used to power TSMC' s manufacturing 
equipment and fab systems. Natural gas is used in 
exhaust treatment facilities to reduce the direct emission 
of fluorinated greenhouse gases and volatile organic 
compounds. Diesel is not used directly in production, 
but to run emergency power generators and fire pumps 
during emergencies, power outages, or during annual 
maintenance. 
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Expand Energy-saving Measures
In 2020, TSMC's Energy-saving and Carbon Reduction 
Committee worked to conserve more energy through 
company-wide roll-outs of energy-saving measures. The 
committee defined five major energy conservation teams 
for different process technologies as part of their efforts to 
conserve more energy from manufacturing equipment and 
fab facilities. The five teams are the advanced processes R&D  
team, 12-inch wafer fab team, advanced backend and 8-inch 
wafer fab team, EUV (extreme ultraviolet lithography) team, 
and facility team. 

In response to the growing number of tools used at TSMC, 
the Intelligent Engineering Center launched the Green 
Manufacturing Engineering Program in 2020 to reduce 
equipment repair risks and increase energy efficiency. With 
the program, the Intelligent Engineering Center integrates 
energy conservation planning and operations for all 
fabrication equipment across all fabs. Each month, the five 
energy conservation teams meet and discuss new innovative 
measures for rapid roll-out into other fabs and set standards 
for new fabs as soon as possible. The New Generation 
Equipment Energy Conservation Program, launched in 
2018, reached new heights in 2020 with 139 energy-saving 
measures tested and applied to 68 different types of 5 nm 
and 3nm manufacturing tools, helping TSMC save 200 GWh 
in energy consumption. 

In 2020, TSMC carried out 460 energy-saving measures 
across 8 different categories and was able to conserve 500 
GWh in energy consumption, the equivalent of 250,000 
metric tons of carbon emissions. The energy savings 
translated into NT$1.25 billion of actual financial savings 
and external carbon costs reduced from lower carbon 
emissions were around NT$380 million. 

0

50

100

150

200

250

2018 20202019 Year Year

Results of the New Generation Equipment 
Energy Conservation Programs

CO2 from Energy Use
F-GHG N2O

CO2+CH4

Note1: 1 cubic meter of natural gas=10.5 kWh of electricity; 1 kWh= 3,600 kilojoules.
Note 2: Data included Taiwan Facilities, WaferTech, TSMC (China), TSMC 

(Nanjing), and VisEra.

Renewable energy
Diesel oilNatural gases

Non-renewable energy

2016 2018 20202017 2019

Total Energy Consumption GHG Emissions

20172016

15-year Energy-saving Targets

Accumulated Energy Saved (as of 2019) Additional  Energy Saved

500

2019 2020

28

2025 2030

50

2018

1,200 GWh

+
500 GWh

Accumulated Energy 
Saved in 2016‒2019

 Additional Energy Saved in 2020

Accumulated
Energy Saved in 2020

GWh1,700

Equipment (types) Energy conservation action plans (items)
Energy conservation measures tested (items)
Average energy conservation efficiency (model)

Year

Unit: 100 GWh

Unit: 100 GWh
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92

113
116

127

148
2.0

1.0
8.8

9.2

12.3

4.8

6.2
7.2

7.4

8.6
0.1

88%

7%
5%

< 0.1% 8%

15%

75%

6
1

12

17

9

2%

GWh Increase

98

Overview ESG Feature Stories Sustainable Business Practice Operations and Governance Appendix2020
Corporate Social Responsibility
Report A Practitioner of Green PowerA Responsible PurchaserAn Innovation Pioneer An Admired Employer Power to Change Society

https://esg.tsmc.com/download/csr/2019-csr-report/english/pdf/e-all.pdf#page=110
https://esg.tsmc.com/download/csr/2019-csr-report/english/pdf/e-all.pdf#page=110
mailto:CSRSURVEY%40TSMC.COM?subject=


Energy Conservation Teams for Green Innovation

Facility 
Equipment

Facility Division

New generation 
3nm/5nm
machines

Existing 12-inch 
wafer machines

EUV 
machines

 ▪Optimize recipe settings for 
existing tools

 ▪ Seek new ways to conserve 
energy

 ▪Determine best known method 
for energy conservation

 ▪ Replace low energy efficiency 
auxiliary equipment

 ▪Determine specifications for 
new packaging and testing 
equipment 

 ▪ Increase energy efficiency
 ▪Determine specification for 
new tools

 ▪Develop and test energy-
saving components

 ▪ Find optimal tool settings for 
energy conservation

 ▪Determine specifications for 
new tools

 ▪Replace low energy efficiency 
equipment  
 ▪Install smart energy 
conservation system for 
facility equipment
 ▪Determine specifications for 
new equipment

17GWh

25GWh

25%

5%

12GWh

12-inch wafer 
fab team

Advanced 
processes 
R&D  team

Advanced backend 
and 8-inch wafer 

fab team

Facility team

EUV team

Categories/
Competent authority

Five Energy 
Conservation Teams Machines Energy Conservation Goals 2020  Achievements

Manufacturing 
Equipment
Intelligent

 Engineering Center Existing 
backend & 
8-inch fab 
machines

General 
facilities not for 
manufacturing

Fab 12B reduced 25 GWh by introducing green components, 
green pumps, and optimal exhaust settings

Fab 12A/B, Fab 14B, Fab 15A, Fab 15B, and Fab 18A 
saves 17.1 GWh each year by using lithium-ion batteries 
for the uninterrupted power supply system

Fab 15A and 15B reduced 25% in energy consumption 
by introducing low-energy consumption system for 
pipeline heating that effectively reduced pipeline surface 
temperature

Fab 12B, Fab 15B, and Fab 18A increased energy 
efficiency by 5% with big data analysis 

All 8-inch wafer fabs began using green pumps and  
green chillers, saving 12 GWh each year

The Energy Saving and Carbon Reduction Committee awarded 
Energy Conservation Model Awards and Energy Conservation 
Innovation Awards according to employees' success with energy 
conservation targets and innovative ideas.

Trophies were made from recycled TSMC copper to add a special 
eco-friendly touch while encouraging energy innovation.
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Energy Conservation Measures

 ▪Reduced cooling water for manufacturing processes
 ▪Reduced exhaust emissions from equipment 
Fabs: All fabs

 ▪Smart lighting in non-cleanroom areas
 ▪Replace bulbs with LED lighting 
Fabs: All fabs

 ▪Smart, energy-saving cooling unit
 ▪A.C. adjustments for energy conservation 
Fabs: All fabs

 ▪Modified wet film for A.C. humidifier 
Fabs: 12-inch fabs

 ▪Energy-saving mode for uninterrupted power 
supply system
 ▪Cooling fan for battery cabinet to conserve energy 
Fabs: All fabs

 ▪New equipment uses high efficiency, 
energy-saving auxiliary equipment 
Fabs: 12-inch fabs/Advanced backend

 ▪Optimized power consumption 
Fabs: All fabs

 ▪Replace with new high-efficiency, 
energy-saving pumps 
Fabs: Fab 3, Fab 2/5, Fab 6, and Fab 8 

10 Measures; 16 GWh Energy Saved; 8,100 Metric Tons CO2 Reduced

10 Measures; 94 GWh Energy Saved; 47,800 Metric Tons CO2 Reduced

Facility 
Equipment

Energy Usage ManagementLighting Energy Savings

A.C. Energy Savings

Increased Performance Standby Energy Savings

New Unit Specs

Equipment Adjustments

Unit Replacement

Fabrication 
Machines

Note: Carbon dioxide emission is 0.509 kg CO2e/kWh; 1 kWh=3,600 kilojoules.

7 Measures; 32 GWh Energy Saved; 16,300 Metric Tons CO2 Reduced 9 Measures; 98 GWh Energy Saved; 49,900 Metric Tons CO2 Reduced

92 Measures; 42 GWh Energy Saved; 21,400 Metric Tons CO2 Reduced 25 Measures; 10 GWh Energy Saved; 5,100 Metric Tons CO2 Reduced

125 Measures; 96 GWh Energy Saved; 48,900 Metric Tons CO2 Reduced

182 Measures; 112 GWh Energy Saved; 57,000 Metric Tons CO2 Reduced
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In addition to expanding energy-saving facilities and 
equipment, TSMC is also reducing material consumption, 
increasing climate resiliency, and including eco-friendly 
designs by building certified green buildings. As of 
2020, 34 fabs have received LEED gold international 
certifications and 23 fabs received EEWH certifications. 
TSMC also leads the global semiconductor industry 
with the largest LEED-certified architectural area, and 
is number one in Taiwan for the largest green building-
certified areas and certified green fabs. In addition, 
TSMC launched the "Plant a Tree Program" in 2020, 
collaborating with government agencies to obtain land 
for creating forests and offering the public a healthier, 
better urban environment. 

Note: Declared commitment to energy conservation and carbon reduction 
at the High-Tech Energy Saving and Carbon Emission Reduction 
Symposium ; 50% ISO 50001 completion rate and 80% GHG 
reduction rate in 2020; target for 2025 is 80% ISO 50001 completion 
rate and 85% GHG reduction rate .

Leading the Industry by Example
In 2020, although COVID-19 caused production and 
business activities around the world to decelerate,  TSMC 
continued to actively save energy and reduce carbon 
emissions, hoping to serve as a benchmark for the 
industry. In 2020, TSMC was once again recognized as 
an Outstanding Manufacturer for Voluntary Greenhouse 
Gases Emissions Reduction by the Bureau of Industrial 
Development, and was rated as a leading enterprise 
by the Carbon Disclosure Project (CDP) for carrying out 
green manufacturing commitments. 

TSMC has long worked to develop climate mitigation 
and adaption measures, and we are happy to share our 
insight and experiences with outside parties. The TSMC-
led Taiwan Semiconductor Industry Association (TSIA) 
Energy Committee regularly engages with 13 association 
members to share energy-saving experiences and 
management practices. In 2020, TSMC conserved 500 
GWh in energy and helped association members save 
a total of 300 GWh in energy as well. TSMC also helped 
members obtain ISO 50001 certifications and was 
successful with a 71% completion rate. GHG reductions 
reached 82% in 2020, exceeding the association's goal.Note

Note: In 2020, Fab 15B Phase 7 and Fab 18A Phase 1 became newly certified.

All 12-inch fabs are LEED 
gold certified or aboveNote

Number 1 in the global 
semiconductor industry with the 
largest LEED-certified building 
area; number 1 most LEED-
certified company in Taiwan

Largest EEWH-certified 
building area in Taiwan

Most green factory 
certifications in Taiwan

Largest exceptional 
smart building-certified 
building area in Taiwan

All 12-inch fabs are 
EEWH certified

Green factory

Smart building 
certification - diamond

EEWH

Exceptional 
Smart 

Building

Green 
Factory 

LEED

TSMC Built Certified Green Buildings

TSMC built certified green buildings.

23
green 

building

13
green 

building

5
green 

building

34
green 

building
1

1

1

1
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Semiconductor technologies are constantly 
evolving and Extreme Ultraviolet (EUV) technology 
is key to the successful evolution to  process 
technologies below 5nm. Unfortunately, energy 
consumption from EUV machines is more than 
ten times that of deep ultraviolet (DUV) machines. 
In order to ensure both process technology 
advancement and environmental sustainability, 
TSMC is searching for ways to conserve EUV 
power consumption and was able to successfully 
increase energy efficiency by 5% in 2020 through 
big data analysis and improving mechanisms.

EUV machines are the most advanced machines in 
semiconductor lithography processes, and there 
is incredibly high risk associated with product 
quality when changing any processes. However, 
TSMC decided to collaborate with suppliers for the 
New Generation Equipment Energy Conservation 
Program. Research into EUV machines gave 
us further insight into the mechanism: EUV is 
reflected, on average, more than 10 times through 
a special transmission lens within the EUV 
machine. Each reflection results in 30% energy 
loss and so the machine preserves less than 2% of 
the light source power. In order to increase energy 

efficiency of EUV machines, TSMC turned to big data 
to learn about how EUV light is produced, how energy 
is consumed, and how it operates. We discovered that 
the pulse created from EUV light and transmissions 
lens is the main factor in energy consumption, and 
immediately worked to develop mitigation measures. 

In 2020, TSMC first amended equipment programming 
to achieve optimal EUV light pulse power and 
redesigned the structure of the transmission lens to 
increase reflective rate by 3%. TSMC also analyzed 
data from our carbon dioxide laser system magnifier 
and realized that by replacing holding frequency with 
fluctuation frequency, we would be able to increase the 
magnifier's energy efficiency by 10%. Our three-pronged 
approach successfully increased the energy efficiency of 
EUV machines by 5% and the innovative approach has 
now been applied to new 3nm EUV machines so that 
we may do our part in conserving energy and reducing 
carbon emissions. 

TSMC successfully increased energy efficiency by 5% in 2020 through big data analysis and improving mechanisms.

TSMC Leads Industry by Applying Big Data Analysis on EUV Machines 
to Increase Energy Efficiency by 5%

Case Study

Improved Pulse Power

Optimized Operations 
of Laser System

Increased Transmissions 
Lens Reflective Rate

Applied Big Data Analysis 
with Smart Learning

Increased 
EUV Energy 

Efficiency by

5%
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 ▪Water pollution composite indicator reduction 
rate of 44% 

 ▪Water pollution composite indicator 50%  
above effluent standardsNote3

Water Management

 ▪Reduce unit water consumption（liter/12-inch 
equivalent wafer mask layer）by 30%

    (Base year: 2010)

 ▪Reduce unit water consumption (liter/12-inch 
equivalent wafer mask layer) by 9%      
 (Base year: 2010)

 ▪Reduced unit water consumption by 8.9%         
(Base year: 2010) Note4    
Target: 10% 

 ▪Complete the TSMC Tainan Science Park 
Reclaimed Water Plant and begin water 
supply

 ▪Increase the replacement rate of reclaimed 
water by more than 30%Note1

 ▪TSMC Tainan Science Park Reclaimed Water 
Plant tender project completed and construction 
commenced    
Target: Commence the TSMC Tainan Science Park 
Reclaimed Water Plant tender project and start supplying 
water in 2021

 ▪Discharged less than 6.3 ppm of 
tetramethylammonium hydroxide(TMAH) Note5   

Target: Less than 6 ppm 

Enforce climate change mitigation 
policies, implement water 
conservation and water shortage 
adaptation measures 

Manage Water Resource Risk 

Develop water reclamation 
technologies; continue to practice 
water conservation and use reclaimed 
water during fabrication

Develop Diverse Water Sources

Develop Preventive Measures
Improve the efficiency of water 
pollution prevention and removal 
of water pollutantsNote2 

Achieved Exceeded Missed Target

2030 Goals 2020 Achievements2021 TargetsStrategies

Note 1: Replace city water with reclaimed domestic or industrial wastewater.
Note 2: The scope of water pollution projects and figures include Taiwan 

facilities and VisEra.
Note 3: 2030 Goals raised from 30% to 50%.

Note 4: Due to test production in new fabs, unit water consumption did not meet our target. TSMC continues to commit to the development of water 
reclamation technologies. The TSMC Tainan Science Park Reclaimed Water Plant is expected to be operational by 2021.

Note 5: Due to increased fab production, TMAH concentration levels in discharge failed to meet the target. TSMC is evaluating expansion of the 
treatment system.
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55.7   ten thousand 
metric tons/day

Manage Water Resource Risk
Assess Water Risks & Establish Water 
Risk Indicators
In 2020, TSMC adopted the Water Risk Atlas from the World 
Resources Institute (WRI) to evaluate water risk levels in 
areas with TSMC facilities by using key indicators of water 
supply, effluent water quality, and regulatory/reputation 
risks. TSMC facilities in Taiwan and our affiliate VisEra were 
both rated medium-to-low risk while Wafertech was rated 
low risk. TSMC (China) and TSMC (Nanjing ) were rated high 
and medium-to-high risk as they face differences in water 
quality in their regions and require refined water, thereby 
increasing wafer unit water consumption.

In 2020, TSMC became the first to bring 5 nanometer 
(5nm) process technologies to mass production. TSMC 
increased clean water consumption as 5nm process 
technology includes advanced wafer stacking and 
reduced wire width, meaning that the smallest dust 
particle could have an impact on yield. This further 
demonstrates the importance of effectively using water 
resources and flexibility in water resource management. 
TSMC strives for comprehensive water cycle management 
through the following three major strategies: managing 
water resource risk, developing diverse water sources, 
and developing preventive measures.

Hsinchu Science Park
Reservoirs

Baoshan Reservoir
Second Baoshan 

Reservoir

5.7
appx.10.3%

ten thousand metric tons/day

ten thousand metric tons/day

5.4
appx. 3.7%

ten thousand metric tons/day

Reservoirs
 Liyutan Reservoir
Deji Reservoir

145   ten thousand 
metric tons/day

Central Taiwan
 Science Park

Reservoirs
Nanhua Reservoir
Zengwen Reservoir

97.4   ten thousand 
metric tons/day

Southern Taiwan
Science Park

8.2
appx. 8.5%

Daily Supply
TSMC Water Consumption

Water Risk Water Quality Risk

Frequency
Quality 
Control

Flood Risk

Low Risk Mid-to-low Risk High Risk

Overall WRI 
Risk Index

1

TSMC 
Assessment

2

TSMC 
Assessment 

Results

3

Coastal erosion, untreated 
water bodies

Drinking water quality, 
sanitary conditions, 
sustainable investment index

Water risk, decreasing 
underground water levels, 
interannual variation, seasonal 
variation, drought, flood risks, 
tsunami risks

Regulation & 
Reputation

1Facility 15 Facilities

Mid-to-high Risk

1Facility 1Facility

Facility Design

▪Elevate facility 
▪Install flood gates

Water Management

▪Establish emergency response 
procedures

▪Develop diverse water sources
▪Recycle and reuse water
▪Set water pollution composite

indicator

4
TSMC 

Response 
Measures

TSMC Water Consumption Rate at Three Science Parks

TSMC WRI Risk Identification
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Water Balance and Supply Chain Environmental Relationship Chart

Effective Water Management with AWS
The Alliance for Water Stewardship (AWS) sets the global standard for sustainable water management.  TSMC became 
the first semiconductor company in the world to receive Platinum Certification when Fab 6 and Fab 14B were certified. 
Other TSMC fabs are using the "smart copy" technique to earn AWS certifications as well.  In 2020, Fab 15A and Fab 15B

broke records again by obtaining Platinum Certifications from AWS.  In 2021, TSMC will be focusing on certifications for 
Hsinchu facilities including Fab 12A, Fab 12B, Fab 5, and Advanced Backend Fab 3.

4

1

3

2

NEW

NEW

AWS Five Achievements

Water Stress Management Blueprint

Sustainable Water Balance Good Water Quality Healthy Water Environment Safe Drinking Water and 
Sanitation EnvironmentExcellent Management System

Water Source Facility Water Balance Water Discharge

Rainfall

Monitor reservoir 
water levels

Rivers

TSMC Water 
Reclamation Plant 
in Southern Taiwan 

Science Park

Water Reclamation 
Plants in Yongkang 

and Anping, 
Tainan

Introduced in 2021
Diverse water resource supply

Irrigation

Recycled 
Rainwater 
System

AC 
Condensation 

Water

Reclaimed 
AC Water

Reclaiming AC 
condensation water

Water 
allocation

Domestic 
Water 

Consumption Air Scrubbing in 
Cleanrooms

Reclaiming air-scrubbing 
water from cleanrooms

Tool 
Production

Ultrapure Water 
System

Cooling Tower Exhaust Scrubber 
System

Smart Water Management

Backwash 
Wastewater 

Recycling

Domestic 
Wastewater Biological 

Treatment System

Wastewater 
Treatment System

COD Decomposition

Onsite 
Wastewater 
Treatment 

Plant

Waste 
Resource 
Recycling

Rivers

Ocean

1

2

3

4

Water Recycling System

Smart water pumping model to 
regulate peak water consumption

Replace city water with refined 
recycling water

Reclaiming exhaust scrubbing water

Onsite recycling

Liquid
 waste 

distribution

Water Plant
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As a result of climate change, 2020 was the first year 
without typhoons since 1964. Without typhoons, the 
reservoir watershed experienced a sharp decline in 
rainfall collection.  TSMC deployed a blueprint for water 
stress management to monitor water levels in various 
reservoirs and adopted a water balance chart to take 
stock of water conservation measures. In May 2020, 
when the drought monitoring signal changed from blue 
to green (indicating fairly severe drought conditions), 

The four major water conservation measures at TSMC are 
to "Reduce Facility System Water Consumption, Increase 
Wastewater Recycling of Facilities , Improve Water 
Production Rate of the System, and Decrease Water 
Discharge Loss from the System ". These four measures 
are integrated with the three water management 
processes of "Water Supply Diversity, Water Efficiency 
Management, and Wastewater Resource Recycling". TSMC 
strives to uncover more opportunities to conserve water 

TSMC immediately established a Drought Emergency 
Response Team to monitor water sources and water truck 
capacities and reduce water consumption by 5%. Water 
levels remained low until November 2020, during which 
TSMC decided to further reduce water consumption by 
7%. Smart water recycling management mechanisms 
were activated to allocate reclaimed water to TSMC 
facilities and increase water efficiency.

and has developed 38 distribution systems based on 
the composition and concentration of wastewater from 
fabrication for wastewater classification and resource 
management. Equipment is then used to decompose 
pollutants and increase water recycling. With 9 recycling 
systems and 13 wastewater facilities, TSMC has been able 
to develop 10 renewable materials as of 2020. 

Strengthen Water Management & Increase Water Recycling

Drought Contingency Measures Water Conservation Measures & Achievements in 2020

TSMC

Drought Monitoring Signal from 
the Water Resources Agency

Government Response 
Measures Response Measures

Red

Blue

Green

Yellow

Orange

Third stage

Normal water 
levels

Fairly severe

First stage

Second stage

Stabilize supply and 
demand

Encourage farmers 
to suspend farming

Reduce water supply to 
industrial users by 5-20%

Ration water 
by district

Suspend water supply for 
irrigation in certain areas 

for specific times

Monitor WRA reservoirs supplying water to TSMC 
facilities and regularly host drills

Drought Emergency Response Team begins to 
monitor water sources/water truck capacities

and reduce water consumption by 5%.

Perform Water truck drills
Reduce water consumption by 7%

Activate water trucks
Reduce water supply by 5-20%

Reduce water consumption by 7-20%
（Not initiated in 2020) 71,000

metric tons

 ▪Increased the water 
production rate of RO 
recycling systems (1.3%) 

 ▪Improved usage 
efficiency by allocating 
reclaimed water (14%) 

270,000
metric tons

24,000
metric tons 

6,000
metric tons 

 ▪Recycled hydrofluoric 
acid wastewater (6.5%)  

 ▪Reclaimed water 
produced from TMAH 
system (23.9%) 

 ▪Purified reclaimed 
water into industrial 
water (19.6%)   

125,000
metric tons 

461,000
metric tons 

378,000
metric tons 

295,000
metric tons 

Backwash 
Wastewater 

Recycled

 ▪Reduced cooling 
tower and sand filter 
backwash water (0.3%) 

 ▪Extend regeneration 
and backwash cycle for 
clean water & recycling 
system (3.7%) 

Additional Water 
Conservation 
Levels in 2020

million metric tons
1.927

 ▪Recycled  from MAU 
Drain (15.3%)

(15.4%)

297,000
metric tons 

Government

Decrease Water Discharge 
Loss from the System

Reduce Facility System 
Water Consumption

Improve Water Production 
Rate of the System

Increase Wastewater 
Recycling by Facilities

NEW
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Wafer unit water consumption continues to increase 
due to stricter requirements for clean water from 
advanced processes and optimized operations. TSMC is 
implementing our four water conservation measures to 
increase water sources and reduce water consumption, 
but we continue to seek other opportunities to conserve 

Annual Water Conservation Water Recycling and Usage Efficiency City Water Consumption and Water 
Consumption per Wafer-Layer

Wastewater Discharge per Unit Product

Annual Cumulative Water Conserved (ten thousand metric tons)
Annual Additional Water Conserved (ten thousand metric tons)

Average process water recycling rate (%)
Total amount of water recycling (million metric tons)

Note 1: Total amount of water recycled includes numbers from 
manufacturing process water treatment and recycling as well as 
manufacturing process water recycling in scrubber towers

Note 2: Total volume of water recycled and average recycling rate of water for 
manufacturing processes are calculated with data from TSMC facilities 
in Taiwan, WaferTech, TSMC (China), TSMC (Nanjing) and VisEra

Note:  City water consumption and unit water consumption intensity index are
 calculated with data from TSMC facilities in Taiwan, WaferTech, TSMC 
(China), TSMC (Nanjing) and VisEra

Note: Wastewater discharge and unit wastewater intensity index are 
calculated with data from TSMC facilities in Taiwan, WaferTech, 
TSMC (China), TSMC (Nanjing) and VisEra

2016 2018 20202017 2019 2016 2018 20202017 2019 2016 2018 20202017 2019 2016 2018 20202017 2019

Water consumption per wafer-layer (Liter/12-inch equivalent wafer 
mask layer)
Total city water consumption of Taiwan facilities (million metric tons) 
Total city water consumption of subsidiaries (million metric tons)

Wafer mask unit wastewater (Liter/12-inch equivalent 
wafer mask layer)
TSMC Wastewater (million metric tons) 
Subsidary Wastewater (million metric tons)

0
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87.4%
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86.7% 86.4%

38.6

3.4

45.2

3.8

51.0

5.7

58.0

6.3

70.6

6.7
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107.3 106.2

105.9

133.4 128.4

0

10
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2.75

23.45

2.86

29.40

4.13

33.70

4.44

38.67

5.12

46.69

70.7 70.0
71.2

89.5

86.1
87.5%

water. In 2020, TSMC launched a backwash wastewater 
recycling system and was able to conserve 297,000 metric 
tons of water, further increasing water conservation 
levels in 2020 to 1.927 million metric tons, and reducing 
wafer unit water consumption to 128.4 (L/12-inch 
equivalent wafer mask layer). TSMC was able to achieve 

an 8.9% reduction from the base year but was unable to 
meet our annual target. In 2021, the TSMC Tainan Science 
Park Reclaimed Water Plant will become operational and 
it is expected to reduce TSMC’s demand for city water. 
In 2020, the wafer unit wastewater discharge was 86.0 
(L/12-inch equivalent wafers mask layer), which was a 

3.9% reduction from last year. This indicates that our four 
water conservation measures are effective in reducing 
pollutant concentration and increasing water recycling.
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Develop Diverse Water Sources
Cyclical Water Resources & Developing 
Reclaimed water 
As a leading global semiconductor company, TSMC 
began investing in water reclamation technologies 
in 2015 by coordinating with government agencies to 
develop domestic wastewater recycling processes that 
meet water quality standards and establish industrial 
wastewater recycling facilities.  In 2019, bidding for TSMC 
Tainan Science Park Reclaimed Water Plant opened 
successfully and in 2020, construction commenced and 
wastewater supply network designs within the park 
began. In 2021, we expect the water plant to supply ten 
thousand metric tons of reclaimed water per day. The 
water plant will help reduce city water consumption, 
make strides toward water recirculation, and develop 
diverse water sources.

Milestones in Water Reuse

Note: Water supply schedule and volume for 2021 and thereafter are calculated from reclaimed water consumption contracts between TSMC and government departments agencies (Southern Taiwan Science Park Administration and Tainan City Government).

Jun Sep Dec

Water Reclamation 
Plan Groundbreaking 

Ceremony 

Concrete Pouring 
for Ground-Level 

Walls
Rebar Works

Procurement, Tenders and Project Collaboration
 ▪Collaborate with partner firms for the establishment of water 
reclamation plant
 ▪Participate in the promotion of reclaimed water in Taiwan with the 
Construction and Planning Agency of the Ministry of Interior, the 
Water Resources Agency of the Ministry of Economic Affairs, and 
the Water Resources Bureau of the Tainan City Government

Construct Water Reclamation Plant and Supply Water
 ▪Construct domestic water reclamation plant and supply water
 ▪Construct industrial water reclamation plant and supply water

 ▪Collaborated with 
Southern Taiwan Science 
Park Management 
Department to build the 
TSMC Tainan Science Park 
Reclaimed Water Plant
 ▪Commenced construction 
of water reclamation plant 
in Yongkang, Tainan

 ▪Supply 5,000 tons/
day of water from the 
water reclamation 
plant in TSMC 
Tainan Science Park 
Reclaimed Water Plant
 ▪Supply 5,000 tons/day 
of water from the water 
reclamation plant in 
Yongkang, Tainan

 ▪Increase water supply 
from the TSMC 
Tainan Science Park 
Reclaimed Water Plant 
to 10,000 tons/day
 ▪Supply TSMC with 
5,000 tons/day of 
water from the water 
reclamation plant in 
Yongkang, Tainan
 ▪Supply TSMC with 
10,000 tons/day of 
water from the water 
reclamation plant in 
Anping, Tainan

 ▪Increase water supply 
from the TSMC Tainan 
Science Park Reclaimed 
Water Plant to 20,000 
tons/day
 ▪Increase water supply 
for TSMC from the water 
reclamation plant in 
Yongkang, Tainan to 
9,500 tons/day
 ▪Supply TSMC with 
10,000 tons/day of 
water from the water 
reclamation plant in 
Anping, Tainan

 ▪Supply 20,000 tons/day 
of water from the water 
reclamation plant in 
TSMC Tainan Science Park 
Reclaimed Water Plant
 ▪Supply TSMC with 9,500 
tons/day of water from the 
water reclamation plant in 
Yongkang, Tainan
 ▪Increase water supply 
for TSMC from the water 
reclamation plant in Anping, 
Tainan to 37,500 tons/day

2021 2022 2023 20242019 67,000

Total Water Supply 
from the Tainan 

Science Park 
Reclaimed Water Plant

Fab 18A biological treatment system.

(metric tons/day)
2020

 ▪Construction contract signed 
for TSMC Tainan Science Park 
Reclaimed Water Plant
 ▪Wastewater supply network 
and construction of the 
Tainan Science Park 
Reclaimed Water Plant

TSMC Water Reclamation Plant Progress
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Develop Preventive Measures
Reduce Pollutant Concentration in Effluents
As a leader in the global semiconductor industry, TSMC 
is working on developing a variety of measures for 
water pollution prevention to mitigate impact on the 
environment caused by TSMC operations. Suspended 
solids, ammonia nitrogen, and copper ion are key 
pollutants that were reduced to legally required effluent 
standards ahead of schedule in 2018 and 2019. In 2020, 
Tetramethylammonium hydroxide (TMAH) concentration 
was reduced to 6.3ppm but failed to achieve the 2020 

target despite a 20% reduction from the previous year. 
TSMC is working to reduce TMAH concentration by 
developing low-concentration TMAH recycling and anion 
adsorption technologies. COD reduction is more difficult 
to achieve because evolving fabrication processes have 
increased demand for organic compounds. TSMC hopes 
to develop biological treatment systems that can help 
achieve 100ppm by 2025.

Note: Data includes Taiwan Facilities.

Preventive Techniques on Key Pollutants of Wastewater Quality 

Water Pollution Composite Indicator 
Reduction

Water Pollution Composite Indicator
For a comprehensive insight into the environmental 
impact of effluent pollutants, TSMC has developed a water 
pollution composite indicator based on eight major 
pollutants. The indicator is capped by legal effluent 
standards and serves as a key indicator in reducing 
and preventing pollutant concentration in effluents. In 
response to evolving fabrication processes and increased 
demand for chemicals, TSMC will continue to develop its 
own membrane bioreactor system and has increased 
reduction goals in 2030 from 30% to 50%.  In 2020, the 
Water Pollution Composite Indicator was reduced by 
42.4%, exceeding the 20% target of the year.

60%

40%

20%

0%

Key Pollutant Index Overall Water Pollution Index

20212018 2019

 ▪Ongoing ▪Coagulation and precipitation 
from backwashing wastewater

 ▪Update ammonia nitrogen 
treatment system 
 ▪Separation copper-containing liquid 
waste and electroplating

 ▪Recycle low-concentration liquid waste
 ▪Set up biological treatment system

 ▪ TMAH 6.3 ppm 
 ▪ COD 194 ppm 44%

Water 
Pollution 

Composite Indicator
Reduction RateAchievements

Key 
Preventive 
Measures 

Year 2020

 ▪ Suspended Solids 29.4 ppm

Achieved 2025 goals ahead of schedule

 ▪ Copper Ion  0.09 ppm
 ▪ Ammonia Nitrogen  17.31 ppm 

Achieved 2025 goals ahead of schedule

2016 2017 2018 2019 2020 Year

38.8% 38.7% 36.8%

43.8% 42.4%
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NEW

Tap Water Processing Equipment Discharge to On-site 
Wastewater Treatment Facilities

Rivers and the
Environment

Reused by Other
Industries

Wastewater Classification and Resource System

38 Different Types of Liquid Classified 9 Recycling Systems 13 Types of Wastewater Treatment 10 Products Recycled

Hydrofluoric (HF)
Acid Wastewater

Acidic, Caustic,
and Organic
Wastewater

CMP Wastewater

High-
concentration
Liquid Waste

 ▪HF acid wastewater (2 types)
 ▪Ozone-containing HF acid wastewater
 ▪Manufacturing process scrubbing water

 ▪Electroplating wastewater
 ▪CMP wastewater (2 types)
 ▪Copper-containing CMP wastewater
 ▪Cobalt-containing CMP wastewater

 ▪Waste sulfuric acid
 ▪Waste copper sulfate
 ▪Cobalt-containing liquid
 ▪Other wastewater (16 types)

 ▪Deionized water
 ▪Ozone-containing 
deionized water
 ▪Acidic wastewater 
(2 types)
 ▪Ozone-containing 
acidic wastewater

 ▪Caustic wastewater
 ▪Ozone-containing Caustic 
wastewater
 ▪TMAH wastewater
 ▪Organic wastewater  
(2 types)

 ▪Hydrofluoric (HF) acid wastewater
 ▪Local scrubber wastewater recycling

 ▪Chemical coagulation recycling of CMP wastewater
 ▪Copper-containing CMP wastewater upcycling

 ▪Acidic wastewater recycling
 ▪Ozone-containing acidic wastewater recycling
 ▪Caustic wastewater recycling
 ▪Caustic wastewater upcycling
 ▪Organic wastewater recycling

 ▪Chemical coagulation treatment of HF acid
 ▪HF (including ammonia) treatment
 ▪Biological treatment of HF acid wastewater

 ▪Acidic and Caustic wastewater treatment
 ▪NH4-N wastewater treatment and recycling
 ▪TMAH liquid waste recycling
 ▪Biological treatment system for organic 
wastewater

 ▪CMP wastewater treatment
 ▪Copper-containing CMP wastewater treatment
 ▪Cobalt-containing CMP wastewater treatment

 ▪Waste-H2SO4 reclamation
 ▪Copper-containing electroplating wastewater 
recycling
 ▪Cobalt-containing electroplating wastewater 
recycling

 ▪Calcium fluoride
 ▪Fluorite

 ▪Silicon slurry

 ▪Sulfuric acid
 ▪Copper bar
 ▪Cobalt bar

 ▪Ammonium sulfate
 ▪Ammonia water
 ▪Gypsum
 ▪TMAH

Note 1: TMAH stands for Tetramethylammonium hydroxide
Note 2: Among these recycled products, sulfuric acid and electronic grade coating copper are reused on TSMC sites, while the rest are reused externally by other industries
Note 3: Introduced silicon slurry recycling in 2020
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Track Distribution in High-concentration Organic Matter Processes to 
Reduce COD Emissions > 90% 
Semiconductor manufacturing technology 
continues to advance, increasing the demand for 
organic compounds as well as increasing COD levels 
in effluents. To improve water quality, TSMC has 
designed a distribution system to collect advanced 
organic wastewater (AOR) and monitor equipment 
that emit high-concentration organic compounds. 
TSMC has been able to reduce COD concentration 
by more than 90% through adjusting organic 
compound emission parameters on equipment. 
Organic wastewater from semiconductors requires a 
more complex biological treatment than regular 
organic wastewater. TSMC invested labor and 
resources to sustain our environment, successfully 
developing a membrane bioreactor system 
applicable to semiconductor manufacturing to 
further reduce COD levels.

Developing Hydro luoric Acid 
Wastewater Membrane Bioreactor 
System to Reduce COD
The membrane bioreactor system is a key 
technology that resolves previous problems with 
organic wastewater. However, the system requires a 
large area and the process faces problems 

with clogging from biological thin films as the organic 
wastewater from semiconductor fabrication contains 
hydrofluoric acid. As such, TSMC is working to develop a 
membrane bioreactor system applicable to semiconductor 
manufacturing. High-concentration organic wastewater 
sources are first identified and channeled into the 
membrane bioreactor system to reduce the size of the 
system and ensure the system can be placed within fabs. 
Organic wastewater containing hydrofluoric acid will 
undergo reverse osmosis to increase fluoride ion levels, 
increase efficiency gain with calcium fluoride, and contain 
calcium carbonate levels (water hardness) below 300 ppm. 
An automatic thin film pickling device is also designed so 
that bacteria can adhere to the permeable membrane for 
better performance, reduced clogging, and water recycling.

In 2020, Fab 18A successfully used a distribution tracking to 
improve machinery emission parameters and reduce COD 
emission concentration to 150 ppm with the help of 
TSMC’s unique membrane bioreactor system. Fab 18A 
accomplished a major milestone for new fabs and its 
processes will become the design standard for future fabs. 
We are also advancing our biological treatment of organic 
wastewater to drive green manufacturing, and expect to 
achieve <100 ppm in COD emissions by 2025.

COD Treatment Process

Case Study

NEW

Biological thin film treatment process

Regular wastewater treatment

Machine using 
organic compounds

Wastewater 
separated by 
concentration 

levels

science park
wastewater plant

Reverse osmosis (RO) 
system

Wastewater 
tanks

Biological 
treatment system

Use RO system to 
recycle water produced 

from the biological 
treatment system

Recyclable 
waterHigh-concentration 

organic wastewater

Low-concentration 
organic wastewater

Low-concentration COD
Wastewater discharge
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Waste Management

 ▪Outsourced unit waste disposal per wafer ≦  
0.50Note1    

(kg/12-inch equivalent wafer mask layer) 

 ▪Outsourced unit waste disposal per wafer 1.01 Note3 

(kg/12-inch equivalent wafer mask layer)  

Target: ≦ 0.88

 ▪Outsourced unit waste disposal per   
wafer ≦ 1.15Note2    

(kg/12-inch equivalent wafer mask layer) 

 ▪Develop multiple types of electronic-grade 
chemicals for TSMC resource circulation 

 ▪In-house resource recycling rate ≧  22%  ▪In-house resource recycling rate 22%Note3 

Target: ≧ 23%

 ▪All waste treatment vendors shall acquire ISO 
14001 or other international EHS Management 
certificationsNote4

 ▪82% of waste treatment vendors shall  
acquire ISO 14001 or other international EHS 
Management certifications

 ▪80% of waste treatment vendors have 
acquired ISO 14001 or other international EHS 
Management certifications   
Target: 75%

Achieved Exceeded Missed Target

2030 Goals 2020 Achievements2021 TargetsStrategies

Promote waste reduction by 
source separation and require 
vendors to provide low chemical 
consumption equipment

Source Reduction 

Collaborate with vendors to develop 
new waste recycling technology 
to increase the amount of waste 
recycled and reused

Circular Economy 

Audit and Guidance
Conduct audit,  joint evaluation 
and guidance based on regulations 
governing waste treatment vendors 
in high-tech industry

Note1: The unit product indicator for outsourced unit waste treatment per wafer is calculated based on 12-inch 
wafer equivalent starting in 2020. Accordingly, the goal was adjusted from 0.22 (kg/8-inch equivalent 
wafer mask layer) to 0.50 (kg/12-inch equivalent wafer mask layer).

Note2: See section on “Source Reduction” for reasons why targets were not achieved. 
Note3: TSMC will be building advanced manufacturing facilities in 2021. Considering the initial demand 

for equipment cleaning and wafer testing in new facilities, the target set for outsourced unit waste 

treatment per wafer in 2021 is higher than that of 2020. To achieve the ≦ 0.50 target for 2030, TSMC will launch programs 
including raw material reduction, expanding in-house resources recycling equipment, building a zero waste manufacturing 
center and electronic-grade material recycling trials. 

Note4: TSMC requires waste treatment vendors to at least acquire ISO14001 or ISO45001 certifications as the basis for standardized 
management. Waste treatment vendors include waste treatment and recycling vendors. Vendors exempted from online 
reporting, government-owned enterprises, or public-to-private enterprises, are excluded from the aforementioned vendors.
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As a practitioner of green manufacturing, TSMC's 
waste management strategies abide by the principle 
of waste minimization, resource recycling, and reuse 
maximization. In 2020, the waste recycling rate reached 
95% for the sixth consecutive year. TSMC achieves source 
optimization and minimization by adjusting raw materials 
usage parameters at the source and technical solutions 
for process technology. After raw materials are used in 
manufacturing processes, onsite recycling is prioritized 
so that resources are sufficiently reused instead of being 
disposed of as waste right away. TSMC also promotes 
source reduction throughout the supply chain to facilitate 

waste reduction upstream, and the reuse of wafer 
cassettes at downstream packaging and testing facilities.

TSMC's waste resource management makes use of  in-
house resource recycling equipment and turns waste into 
products. Furthermore, TSMC approved construction 
plans for our first Zero-Waste Manufacturing Center in 
2020. When waste treatment needs to be outsourced, 
recycling and recovery are prioritized over incineration 
and landfill to ensure optimal resource utilization. The 
percentage of waste sent to landfills has been less than 
1% for the past 11 years as of 2020.

In addition to implementing a circular economy, TSMC 
also takes full responsibility for the management of 
waste clean-up, treatment, and recycled product flow. 
Under the Waste Treatment Vendor Sustainability 
Enhancement Project, 80% of waste treatment vendors 
have acquired ISO14001 certification. At the same time, 
the existing waste life cycle management procedure 
is continuously being upgraded towards the more 
systematic, automated, and smart Intelligent Waste 
Management Procedure with Full Traceability. In 2020, 
TSMC collaborated with the Environmental Protection 
Administration (EPA) to establish the first  

Automated Waste Disposal Declaration Platform in the 
industry. It provides a mechanism for real-time waste 
declaration and clean-up monitoring launched along 
with TSMC’s GPS Satellite Fleet System. In addition, the 
Intelligent Management Plan for Proper Waste Treatment 
was started to launch to fully replace manual inspection. 
Systematic cloud-based tracking is used to trace 
recycled product transport and flow to prevent illegal 
waste disposal. Waste treatment vendors are encouraged 
to keep pace with TSMC in achieving environmental 
sustainability. 

Intelligent Waste Management Procedure with Full Traceability

5%

In-house Waste Management Recycled Product FlowTreatment and Reuse OperationWaste Clean-up Recycled Product Transport 

>30 Types

Other Industries
Reuse

Raw Materials for other industries like 
optoelectronic semiconductor, chemical 

industries, etc.

Waste resources recycled and remade 
into over 30 types of products for 

circular use in other industries

TSMC
Used Resource Output

Production 
process

17%
Reuse 

in the fab

78%
Waste 

resources 

Raw material

Vendors
Outsourced Waste Treatment

1% 
Recycled energy

72% 
Recycled products

Reuse 
in processes

5%
Incineration/landfill 

Sold as 
product

 ▪ Waste treatment vendor management project

 ▪ Monthly tracking report
 ▪ Cloud reporting platform NEW

NEW

 ▪ Annual audit plan
 ▪ Quarterly audit plan
 ▪ ISO 14001 certification plan
 ▪ Intelligent management plan for proper treatment

 ▪ TSMC GPS satellite 
fleet system

 ▪ Automated Waste 
Disposal Declaration 
Platform NEW

Source separation and 
collection procedure
Waste output tracking and in-
house reduction project
Resource recycling equipment
Zero-Waste Manufacturing 
Center NEW

 ▪ New vendor selection 
procedure

 ▪ Annual evaluation 
standards

 ▪ Waste Management 
Practice Forum NEW

 ▪ Cloud reporting 
platform NEW

5%
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Note1: Data includes Taiwan facilities.
Note2: The data is compiled based on waste 

disposal declaration data and the 
processing capacity of in-house resource 
recycling facilities.

Note3: Subsidiaries will start recycle evaluation 
plan to reduce landfill rate in 2021.

Taiwan facilities Subsidiaries

Outsourced Waste Outsourced General Waste 

Taiwan facilities Subsidiaries

Outsourced Hazardous Waste

Taiwan facilities Subsidiaries

Taiwan facilities Subsidiaries

In-house Recycled  Resources Percentage of Recycled Waste 

Taiwan facilities Subsidiaries

Percentage of Waste Sent to Landfill

Taiwan facilities Subsidiaries

95%
2020

Percentage of 
Recycled Waste

Total Waste Production
705,850 Metric tons

72% 513,643 metric tonsRecycled Materials

5%
Incineration

17% 120,188 metric tonsReused in Fabs

Landfill

5% 35,387 metric tons Converted to Products and Sold

1% 3,971 metric tonsRecycled Energy (Auxiliary Fuel)

95%

673,189 Metric tons
Recycled Waste

5%

32,661 Metric tons
Non-recyclable Waste

Unit: Metric tons/year

 Unit: Metric tons/year

Unit: Metric tons/year

Unit: %

Unit: Metric tons/year

Unit: Metric tons

Unit: %

Year

133,085

165,891

169,427

183,015

280,635

2,092

2,740

10,516

14,116

17,765

291,984

361,968

377,767

395,480

550,275

2016

2017

2018

2019

2020

2016

2017

2018

2019

2020

2016

2017

2018

2019

2020

2016

2017

2018

2019

2020

2016

2017

2018

2019

2020

2016

2017

2018

2019

2020

6,777

7,777

16,017

21,235

25,466

158,899

196,077

208,340

212,465

269,640

4,685

5,037

5,501

7,119

7,700

0.1

0.1

0.2

0.3

0.2

16.1

15.9

12.6

11.2

11.1

95

95

95

96

95

79

80

83

74

77

46,889

63,658

95,989

112,829

155,575

0

0

0

0

1,314

240,728 

0 

14,575 

2,711 

24,792 

1,409 

Outsourced 
General Waste

272,915

120,188

20,812

1,260

6,460

0

Outsourced 
Hazardous Waste

31,252 metric tons

1,409 metric tons

114

Overview ESG Feature Stories Sustainable Business Practice Operations and Governance Appendix2020
Corporate Social Responsibility
Report A Practitioner of Green PowerA Responsible PurchaserAn Innovation Pioneer An Admired Employer Power to Change Society

mailto:CSRSURVEY%40TSMC.COM?subject=


Source Reduction 
As complexity and production capacity increase in 
advanced processes, TSMC’s raw material consumption 
increases along with waste generation. To reduce 
environmental impact, TSMC established a Waste 
Management Task Force and the Unit Waste Production 
Management System in a cross-organizational effort. The 
self-imposed management mechanism is enhanced with 
the Plan-Do-Check-Act (PDCA) management cycle to 
commit to source reduction. In 2020, TSMC implemented 
226 waste management improvement measures, 
including process simplification, extending the life cycle 
of chemicals and maintenance schedule, exploring new 
chemical alternatives, and introducing high-temperature 
manufacturing processes. A total of 37,858 metric tons 
of waste were reduced as TSMC strives to lower material 

use and waste production from all dimensions. 
New TSMC facilities began operations in 2020. Due to the 
complexity of new process development, higher demand 
for wafer cleanliness, and the need to continue adjusting 
and optimizing operations system, the outsourced 
unit waste treatment per wafer was 1.01 (kg 12-inch 
equivalent wafer mask layer). The in-house resource 
recycling rate was 22%, which also missed the original 
goal for the year. In the future, TSMC will continue to 
implement measures such as reducing chemicals at the 
source, expanding in-house resource recycling facilities, 
building and launching the Zero-Waste Manufacturing 
Centers, and reusing electronic-grade materials to meet 
the 2030 goal of achieving 0.5 kg outsourced waste 
treatment per wafer. 

Waste Reduction Management Mechanism 

Waste Reduction Measures and Results in 2020

Conduct cross-fab and cross-
category comparison analysis 
on waste to plan for reduction 
projects and annual goals

Data Inventory and 
Planning

Waste Management 
Task Force

+
Unit Waste Production 
Management System

Experiments and 
Operation
Conduct experiments and trials 
on reduction plan including 
adjusting manufacturing 
process parameters

Control and 
Measurement
Control raw material usage, 
waste output and measure 
concentration to meet target

Review gap between current 
performance and target result 
to continuously improve 
deficiencies and solve anomalies

Continuous
 Improvement

2 Cases
Copper-containing/cobalt-containing 
liquid waste electrolysis

1 Cases
Ammonium sulfate waste 
crystallization

1 Cases
Silicon-containing liquid waste filter 
press dehydration

1 Cases Sulfuric acid liquid waste reclamation 

Process simplification solution43 Cases

Chemical alternatives34 Cases

Life cycle extension of chemicals28 Cases

Maintenance schedule extension 9 Cases

Introduction of high-temperature process7 Cases

Chemical use time/flow reduction105 Cases

> 30,000 metric tons

Manufacturing 
Equipment Waste 

Reduction

> 150,000 metric tons

In-house 
Recycling 

Equipment

Plan Execute

React Audit
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524,100

620,900

Circular Economy
Dedicated to the implementation of a circular economy, 
TSMC is no longer just a waste resources producer. To 
strengthen control over product flow and reduce risks 
derived from mishandling by outsourced vendors, 
TSMC continues to implement the "Action Plan to Turn 
Waste into High-Value Products", which includes the 
development and introduction of resource recycling 
technologies and equipment. Waste resources produced 
in manufacturing processes are revitalized and remade 
into products to be used within TSMC facilities or sold to 
other industries.

Since 2015, TSMC has been actively implementing on-site 
reuse of waste sulfuric acid, and has set up equipment 
to recycle cobalt-containing and copper-containing 
liquid wastes to reduce sulfuric acid consumption and 
outsourced treatment of cobalt-containing and copper-
containing liquid wastes. To increase the value of 
materials recycled from copper-containing liquid waste, 
TSMC worked with raw material suppliers on developing 
purification procedures that remake pure recycled copper 
tubes into electronic-grade copper anodes.  A cumulative 
total of over 10 metric tons of electronic-grade copper 

anodes have been reused in  TSMC manufacturing 
processes as of 2020. In addition, TSMC has built the 
Ammonium Sulfate  Waste  Crystallization System to 
optimize operational procedures and efficiency. In 
expanding in-house resource recycling equipment, TSMC 
introduced the "Physical Regeneration Technique for 
Backgrinding Wastewater" that turns silicon-containing 
liquid waste into industrial silicon cake, TSMC's fifth 
recycled product. In 2020, TSMC recycled over 150,000 
metric tons of waste and produced 120,000 metric tons of 
products, creating more than NT$500 million of value in 
resources circulation.

In 2020, TSMC approved construction plans for the 
Zero-Waste Manufacturing Center in the Central Taiwan 
Science Park. Construction is scheduled to complete 
in 2023. At the same time, TSMC participated in 
technology development and launched the electronic-
grade chemicals recycling pilot line including IPA and 
cyclopentanone and ammonia. The goal is to purify 
IPA, cyclopentanone and ammonium sulfate waste into 
reusable materials for TSMC processes and subsequently 
reduce environmental impact through material 
reclamation.  

Note: Income value statistics cover Taiwan facilities.

Timeline for the Waste-to-Value Action Plan TSMC Aspires to be a Practitioner of Circular Economy

Activated 
resource reuse 
equipment

Amended Articles of Incorporation by 
adding 4 categories of business items

Start recycling 
and reusing 
electronic-grade
chemicals

1. Achieved zero 
waste or zero 
purchasing goals

2. Established our 
first electronic-
grade chemical 
recycling test line

 ▪Activated waste sulfuric acid 
resource reuse equipment

 ▪Activated 
coppercontaining 
liquid waste 
resource reuse 
equipment

 ▪Initiated cross-fab recycling 
of sulfuric acid

 ▪Started selling copper tubes
 ▪Started recycling and reusing 
electronic-grade copper anodes

 ▪Activated ammonium sulfate 
waste resource reuse equipment
 ▪Started selling industrial 
ammonium sulfate crystals

 ▪Achieved zero purchase of industrial-grade sulfuric acid
 ▪Established our first electronic-grade sulfuric acid 
recycling test line

 ▪Achieved zero copper-containing liquid waste 
 ▪Activated cobalt-containing liquid waste 
resource reuse equipment
 ▪Achieved zero cobalt-containing liquid waste

2015 2016 2017 2018 20252019
2020

 ▪Activated silicon-containing liquid waste 
resource recycling equipment 
 ▪Began sales of industrial silicon products

 ▪Started selling cobalt tubes

Approved construction plans for the 
first Zero-waste Manufacturing Center

NEW
Waste sulfuric acid Coppercontaining liquid waste Ammoniumsulfate liquid waste
Cobaltcontaining liquid waste Silicon-containing liquid waste

Income 
generated from 
waste recycling

Thousand (NT$)

Thousand (NT$)

Cost saved 
from waste 
reduction

Semiconductor 
Process

Copper, Industrial Ammonium 
Sulfate Crystals, Silicon Cake, 
and Other Recycled Products

Artificial Fluorite, Electronic-Grade 
IPA, and Other Recycled Products

Raw 
Material

Waste 

Wafer 
Product

Reuse for Other 
Industries

Waste Treatment 
Vendor Recycling, 

Reuse and Disposal

Resource Recycling Equipment
With the development and introduction 
of resource recycling technology, TSMC 
converts waste resources generated 
from manufacturing processes into 
industrial products. 

NEWZero-Waste Manufacturing Center
With the establishment of the Zero-Waste 
Manufacturing Center, TSMC purifies waste 
resources generated from manufacturing 
processes into electronic-grade or 
industrial-grade products.

Waste 
Resources

Waste Treatment 
Vendor Disposal

1. Started selling self-
produced recycled 
products / cross-fab 
recycling

2. Began sales of 
cobalt tubes
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Ammonium Sulfate Waste Crystallization System 2.0 Significantly Increases Treatment Capacity by 400%
Sulfate Waste  Crystallization System 2.0. Heating 
equipment is introduced to accelerate the heating cycle 
and reduce production loss after regular maintenance. 
Digital dashboards monitor  ionic concentration of 
the system to stabilize evaporation capacity. Also, 
the automated rinsing mechanism prevents blockage 
of process route to maintain solid-liquid separation 
performance. The upgraded system can increase 
treatment capacity by 400% from 400 metric tons to 

In response to the advancement of manufacturing 
processes and capacity, TSMC continues 
to strengthen efforts towards achieving a 
circular economy and effectively reducing the 
environmental impact of increased waste. TSMC 
collaborated with vendors throughout the supply 
chain to assess and improve the  Ammonium 
Sulfate Waste  Crystallization System. In 2020, 
TSMC completed the development of Ammonium 

2,000 metric tons a month. Accordingly, the system will 
become standardized in new facilities built in the future.

Since 2018, TSMC has reduced over 15,800 metric tons 
of ammonium sulfate liquid waste outsourced for 
treatment and produced 4,200 metric tons of industrial 
ammonium sulfate crystals. The value created from 
waste recycling and reduction has exceeded NT$35 
million. TSMC will adopt the "smart copy" technique 

to introduce the Ammonium Sulfate Waste 
Crystallization System to existing facilities.In 
2022, the system can reduce ammonium sulfate 
outsourced for treatment by an estimated 60,000 
metric tons per year and yield more than 15,000 
metric tons of industrial ammonium sulfate 
crystals, which will create NT$130 million in value.

Case Study

Introduced digital 
monitoring, 
automated rinsing 
mechanism and 
other treatment 
capacity 
improvement 
measures and 
assessments

Introduce the Ammonium 
Sulfate Waste 
Crystallization System 2.0 
to existing facilities

Fab 15A adopted the 
Ammonium Sulfate Waste 
Crystallization System 1.0.

Ammonium sulfate liquid 
waste resource recycling 
rate exceeds 90%

2018
2019

2021
2022

Completed the development of Ammonium 
Sulfate Waste Crystallization System 2.0 to be 
standardized in new facilities 

2020

TSMC In-House Ammonium Sulfate Waste Recycling Timeline 

Heating Unit

Crystallization Unit

Solid-Liquid Separation

Dehydration

Screening/Packaging

Industrial Ammonium 
Sulfate Crystal

1.0 2.0

Slower temperature rise

Manual inspection on 
ionic concentration

Manual removal 
of blockage

Accelerate 
temperature rise

Auto-monitoring and control 
over ionic concentration

Automatic removal 
of blockage

Ammonium Sulfate Waste Crystallization System

Ammonium Sulfate 
Liquid Waste

Heating 
equipment added

Digital monitoring 
dashboard

Automated rinsing 
mechanism

Year
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Audit and Guidance
Committed to source reduction and achieving a circular 
economy, TSCM also takes full responsibility for the 
management of outsourced waste treatment through 
the Waste Treatment Vendor Sustainability Enhancement 
Project. For new vendor selection, TSMC has a cross-
division team of experts and a comprehensive selection 
procedure to carefully choose outstanding vendors to 
work with. A document review and onsite operational 
inspection will be conducted in six dimensions . Qualified 
vendors are subjected to weekly and monthly document 
reviews and quarterly and annual onsite inspections. 
Eight dimensions covering 166 inspection items are listed 
in accordance with the Waste Treatment Vendor Annual 
Audit Plan. Lastly, vendor replacement is carried out 
based on the three dimensions stipulated in the Annual 
Evaluation for Waste Treatment Vendors. 

In 2020, TSMC audited over 55 waste treatment vendors 
on site, reaching a 100% inspection rate, and 79 
deficiencies were improved. The percentage of vendors 
evaluated as "excellent" and "good" has improved from 
36% in 2015 to 75%. The number of vendors certified 
for ISO14001 increased to 44, accounting for 80% of 
all vendors. In striving for excellence, TSMC initiated 
the Intelligent Waste Management Procedure with 
Full Traceability. Through the introduction of smart 
automation, manual inspections can be replaced with 
systematic management of suspicious activities through 
auto-detection and reporting. The procedure will 
enhance vendor sustainability as TSMC is committed to 
achieving green manufacturing.

Zero-waste Manufacturing Center Facilitates Circular Economy

In addition to proactively developing waste recycling 
technologies to recycle and reuse waste materials, 
TSMC initiated a project to build our first Zero-waste 
Manufacturing Center. Proposing a novel circular 
economy model, the project aims to purify waste 
resources into semiconductor-grade chemicalsthat 
will return to TSMC manufacturing processes. The 
recycled material will substitute for at least 30% 
of raw material demand. The project also plans to 

recover residual heat from waste resources as assisting 
energy, which will reduce energy demand in recycling 
processes, enabling TSMC to truly meet its sustainability 
goal of developing green manufacturing using green 
technologies.  
TSMC's first Zero-waste Manufacturing Center, which will 
be located in Central Taiwan Science Park, was approved 
by the Board of Directors in 2020. The construction 
work begins in 2021. Guided by the three principles of 

maximum waste reduction, optimal environmental 
benefits, and minimized management risk, the center 
is expected to reduce outsourced waste treatment 
by 140,000 metric tons each year and create NT$1.2 
billion of value in waste recycling and reduction. It will 
be our first facility based on circular economy model. 
The Zero-waste centers will gradually expand to be 
built in Hsinchu and Tainan as TSMC continues to 
pursue its sustainability goals.

Timeline for TSMC Zero-waste Manufacturing Center 

TSMC acquired the support of 
Central Taiwan Science Park to 
initiate plans for the Zero-waste 
Manufacturing Center 

Construction work of Zero-waste 
Manufacturing Center in Central 
Taiwan Science Park begins to build

Zero-waste 
Manufacturing Center in 
Central Taiwan Science 
Park to officially begin 
operations  

Zero-waste 
Manufacturing 
Centers to be 
established in other 
science parks

2018

2021
2023

2027

TSMC Board of Directors approved 
construction of the Zero-waste Manufacturing 
Center in Central Taiwan Science Park

2020

Case Study

Year
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Timeline for Waste Treatment Vendor Management

 ▪ Environmental 
Safety & Health 
Department
 ▪Waste 
Management 
Section
 ▪ Purchasing 
Department
 ▪ Legal 
Department

Corporate Scale 
and

Reputation

License

Violation
Assessments

On-site
Facilities

Waste
Control

Safety /
Health

Management
Vendor

Selection
6 Main Aspects

Waste Flow Control and 
Compliance with Management 

Requirements

Corporate
Scale and

Reputation

Operation
Record

Annual
Evaluation

3 Main Aspects

 ▪ Environmental Safety 
& Health Department
 ▪ Purchasing 
Department
 ▪Waste Management 
Section

Emergency
Response

Operating
Management

Waste
Management

Wastewater
Management

Air Pollution
Prevention

Fire Safety
Management

Safety /
Health

Management

Maintenance
Records

Vendor
Inspection

8 Main Aspects

 ▪ Industrial Safety and  
Environmental Protection
 ▪Waste Management 
Section

Waste Cleanup and Disposal Vendor Management Process

 ▪Initiated vendor ISO 14001 
certification plan
 ▪Quarterly vendor onsite audit plan
 ▪Recycled product flow monthly tracking

 ▪Expanded coverage of onsite 
monitoring equipment

 ▪Established and activated a new waste 
treatment vendor selection procedure

 ▪Announced standards for waste 
treatment vendor annual evaluation

 ▪Founded TSMC GPS Satellite Fleet System
 ▪Executed Waste Treatment Vendor Annual Audit Plan

 ▪Strengthen Waste Treatment Vendor 
Annual Audit Plan

2015

2017

2019
2030

2018
2016

 ▪Established the batch declaration 
cloud platform for disposal receipts

 ▪Achieve the goal of 100% vendors 
ISO 14001 certified

2020

Year

In-house waste management Waste clean-up Treatment process monitoring Recycled product transport Recycled product flow

 ▪Collaborated with vendors to host waste management practice forum
 ▪Completed the Automated Waste Disposal Declaration Platform
 ▪Enhanced TSMC GPS Satellite Fleet System
 ▪Activated the Intelligent Management Plan for Proper 
Waste Treatment
 ▪Established the Recycled Product Cloud Reporting Platform ▪  
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20%

40%

80%

100%

60%

00

10

20

30

40

50

23 32 36 38 44

50%

60%
68%

70%

80%

PercentageNo. of Certified Vendors

2016 2017 2018 2019 2020 2020Year 2016 2017 2018 2019 2020

Waste Treatment Vendor Audit and 
Guidance Results in 2020

Note: Total score 100: ≧ 90 Excellent; < 90 Good ≧ 80; < 80 Average ≧ 70; < 70 Passed ≧ 60; <60 Disqualified vendor

Excellent Good Average Passed Disqualified vendor

Evaluation ResultsNote ISO-certified Waste Treatment Vendors

Onsite Environment/
Operational ImprovementLegal Compliance Correction Setting regulations  

and proceduresDeficiency Type Number of
 Deficiencies

Safety and 
Health 

Management 

 ▪Designate supervisors to specific 
chemical operations

 ▪Improve Globally Harmonized System 
of Classification and Labelling of 
Chemicals and safety data sheet (SDS) 
conformity onsite

 ▪Set regulations to ensure correct use 
of safety harness, helmet, and other 
protective gear when operating at 
height or exposed to noise

23

Air Pollution 
Management

 ▪Improve onsite operational records 
and comply with the stationary 
pollution source installation, 
operating and fuel use permit

 ▪Increase inspection frequency at 
sampling checkpoints onsite9

Wastewater 
Management

 ▪Amend onsite operational records 
and comply with the water pollution 
prevention measures plan and permit  

 ▪Improve onsite effluent discharge 
labelling and wastewater pipe labelling12

Waste 
Management

 ▪Amend waste disposal contracts to 
comply with laws and regulations
 ▪Correct waste storage area labelling 
to comply with laws and regulations

 ▪Improve waste storage environment  ▪Set regulations for waste treatment 
vendor audits

35
Safety and Health Management 
Air Pollution ManagementWastewater Management

Waste Management

10

20

40

50

70

60

30

0

29%

12%

15%

44%

4

23

17

3

4
4

29

18

2

2 6

30

19

1

1 10

33

15

1

0

58%

42% 37%

63%

36%

64%

26%

74%

25%

75%

11

33

14

1

0
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TSMC Leads the Industry to Embrace an Era of Intelligent Waste Management with 
Full Traceability
In 2020, TSMC built an industry-leading intelligent 
waste management procedure with full traceability. 
Through multiple automated and intelligent projects, 
TSMC strengthens management of three outsourced 
areas of waste clean-up, treatment, and recycled 
product transport and flow to continue improving 
waste product life cycle management.

Waste Clean-up: Enhanced Traceability 
with Automated Declaration Platform
In 2020, TSMC collaborated with the Environmental 
Protection Administration (EPA) to establish the 
Automated Waste Disposal Declaration Platform. 
Along with TSMC’s enhanced GPS Satellite Fleet 
System, the real-time, comprehensive, automated, 

and highly efficient waste clean-up monitoring procedure, 
it will save 16,000 hours of labor and 240,000 papers used 
for receipts in 2021 at most. It increases accuracy and 
efficiency for the industry in waste declaration. TSMC 
was invited by EPA to share its experiences developing 
the platform and shared a video on the Industrial Waste 
Report and Management System website to encourage 
others in the industry to follow suit.

Waste Treatment: Replace Manual 
Inspection with Advanced Technology & 
Smart Management
Once waste enters a treatment facility, proper handling is of 
utmost importance. TSMC started to upgrade the onsite remote 
monitoring system at 6 key waste treatment vendors to replace 

conventional manual inspections. First, TSMC worked 
with waste treatment vendors on stipulating checkpoints 
in treatment processes and set up onsite equipment. 
The system automatically tracks and integrates data, 
images, and declaration information. In addition, it 
supervises treatment processes and sends out anomaly 
alerts through license plate and image recognition 
technology. After that, TSMC carries out onsite anomaly 
investigations and manages suspicious activities in 
treatment processes based on the auto-detection and 
report system mode.  

Recycled Product Transport and Flow 
Tracking: Build Systematic Cloud Platform 
and Convert from Monthly Declaration to 
Itemized Reporting
After waste is properly treated into products, transport 
and flow are vital to the results of TSMC’s model of 

a circular economy. TSMC launched a Recycled 
Product Flow Cloud Reporting Platform in 2020 and 
will require vendors to report on recycling product 
transport and flow item by item instead of declaring 
on a monthly basis in 2021. As the transport footprint 
is more real-time and transparent, the life cycle of 
waste is more comprehensively managed based on 
full traceability.

In 2020, TSMC hosted the first Waste Management 
Practice Forum, providing a summary of regulatory 
changes to serve as a basis for legal compliance. TSMC 
also shared its management tips and experiences 
with common deficiencies and deficiencies subjected 
to penalties. Through face-to-face communication 
with vendors on enhancing the management 
procedure, vendors are also encouraged to 
advocate it to their clients as a joint effort to achieve 
environmental sustainability. 

Electronic 
Disposal 
Receipt

Automated   
Disposal  

Declaration

Systematic 
Management 

of Liquid Waste 
Inventory

Two-way
Communication

Platform

Real-time
Report on
Clean-up
Anomaly

Real-time, 
comprehensive, 

automated and highly 
efficient 

waste clean-
up monitoring 

procedure

Remote Monitoring System 
Intelligent Recognition and 
Anomaly Reporting

Treatment Facility 
Management & Control 

Waste Clean-up 
Automated Waste Disposal 
Declaration Platform TSMC 
GPS Satellite Fleet System

Recycled Product 
Flow Management 
& Control
Itemized Cloud Reporting
Real-time and transparent 
transport tracing What

Type and weight of 
recycled products 
being transported

Where Target of recycled 
product sales

When
Time required 
for transporting 
recycled products

Vehicle used to 
transport recycled 
products

How

Who Driver transporting 
recycled products

Artificial
Intelligence

IoT

Big Data 
Analysis

Machine Learning

License 
Plate Recog-

nition

Image 
Recogni-

tion

Set up IT  
tracking 
system

Send out 
anomaly 
alerts

Intelligent 
Management 

Plan for Proper 
Waste Treat-

mentExecute onsite 
handling and 

anomaly 
investigation

Set treatment 
procedure and 

tracking checkpoints

Case Study

Improvement Actions for the Intelligent Waste Management Procedure with Full Traceability in 2020
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 ▪Report < 1 case of abnormal occurrences to 
supervising authoritiesNote3 

 ▪Reported 0 cases of abnormal occurrences to 
supervising authorities 
Target: < 1

 ▪Report < 1 case of abnormal occurrences to 
supervising authoritiesNote3

Air Pollution Control 

 ▪Reduce unit air pollutant emissions by 50% 
(Base year: 2015)Note1 & Note2

 ▪Reduction rate of volatile organic gases > 98%  

 ▪Reduce unit air pollutant emissions by 45% 

 ▪Reduction rate of volatile organic gases  > 96% 

 ▪Reduced unit air pollutant emissions by 46%  
(Base year: 2015) 
Target: 32%

 ▪Reduction rate of volatile organic gases > 98.3% 

Target: > 95%

Achieved Exceeded Missed Target

2030 Goals 2020 Achievements2021 TargetsStrategies

Adopt Best Available Technology to 
control pollutants emitted through 
operations and lower impact on 
the environment

Best Available Technology

Leverage backup systems and 
dual-track management, along 
with pollutant monitors, to ensure 
that equipment functions as 
intended and to prevent abnormal 
occurrences 

Strengthen Monitoring of 
Air Pollution Prevention 
Equipment 

Note 1: As of 2020, the unit for unit air pollutant emissions is changed from 'L/ 8-inch equivalent wafer mask layer' to 'L/12-inch equivalent wafer mask layer'. 
Note 2: Increased the 2030 Sustainable Development Goal from 45% to a 50% reduction from the base year. 
Note 3: Abnormal occurrences are defined as equipment failure that cannot be repaired within 24 hours or abnormal emissions due to suspended use. 
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TSMC is committed to air pollution control. In 2020, we 
were able to enhance volatile organic gases reduction 
rate to 98.3% and achieve our 2030 Goals ahead 
of schedule  because of the Low-efficiency Single 
Zeolite Rotor Concentrators Upgrade Initiative and 
the introduction of dual zeolite rotor concentrators to 
new facilities. This 98.3% significantly exceeds legal 
requirements of 90% from the Air Pollution Control and 
Emissions Standards for the Semiconductor Industry 
and the suggested reduction rate of 92% from the 
Environmental Protection Administration (EPA) in the 

BACT for Volatile Organic Gases. Through effective 
separation of emissions from sources and highly effective 
local scrubbers, TSMC is now managing air pollutants 
through multi-phase BAT to reduce unit air pollutant 
emission and build a sustainable future. 

Best Available Technology
Air pollutant emissions from the semiconductor industry 
are primarily comprised of acid/alkaline gases and 
volatile organic gases. TSMC has adopted Separation 

Emission from Sources and Multi-Phase BAT for pollution 
prevention. We continue to work with experts in the 
industry to advance prevention systems by introducing 
additional local scrubbers and improving terminal 
prevention facilities to ensure that air pollutant emissions 
meet or exceed government standards. 

In the first phase of source separation, newly-installed 
high-efficiency local scrubbers will be treating specific 
toxic gases, corrosive gases, flammable gases, 
perfluorocarbon greenhouse gases, and other acid/ 

alkaline gases. In the second phase, waste gases 
containing low concentrations of inorganic acid/alkaline 
gases will be sent to the central scrubber, which is the 
terminal prevention facility, for second-phase water rinsing 
and neutralization treatment. For volatile organic gases, 
facilities determine whether condensing local treatment 
facilities are required based on boiling points. The exhaust 
will then be channeled into zeolite rotor concentrators. By 
classifying and separating exhaust gases from the source 
and utilizing second-phase treatment, we can effectively 
increase air emission treatment efficiency. 

Air Pollution Prevention Treatment Procedures

First Stage—Local Scubbers Pollutant Source Dual-Track Independent Monitoring System Second Stage—Central Treatment Facility 
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TSMC continues to expand on existing production capacity 
and accelerate R&D progress. To prevent further air pollution 
from new processes and chemicals, TSMC established the 
New Tool and New Chemical Review Committee, comprised 
of personnel from the Corporate Environment Safety 
and Health Division, Industrial Safety and Environmental 
Protection Division, and Facility Division. The committee 
is responsible for reviewing the safety and environmental 
impact of new tools and chemicals. New chemicals must 
go through two stages of review. The first review verifies 
risks related to the new chemicals and establishes 
control measures, and determines the environmental 
impact of the new process or chemical based on its 
properties. During this stage, the review committee also 
assesses how to classify exhaust gases and which local 
treatment facilities to use. The second review is to assess 
environmental impact from production verification tests 
and establish the exhaust gas classification to serve as the 
standard when using the new chemical. 

Fabs must apply for a Management of Change before 
they become eligible for new chemicals that have already 
passed the second review. The Industrial Safety and 
Environmental Protection Division and Facility Division 
must first confirm the effectiveness of air pollution 
prevention equipment towards the new chemical before 
its deployment into mass production. In 2020, TSMC 
remained proactive in air pollution prevention and 
conducted 422 reviews for 239 new chemicals and 183 
new tools. In 2020, TSMC collaborated with suppliers 
to test new local treatment facilities with different 
mechanisms such as adsorption, burning, and wet 
electrostatic precipitation (Wet-EP). Local treatment 
equipment were evaluated for safety and performance by 
TSMC and for efficiency by a third-party. Intensive testing 
was conducted to ensure that local treatment equipment 
are able to deliver on-target pollutant reduction before 
they are introduced into pollutant treatment for specific 
semiconductor process. 
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Review Process for New Chemicals 

First Review Experimental 
Test

Second 
Review 

Production  
Verification 

Test 

Management  
of  

Change 
Mass  

Production 

Process for 
Identifying Risks 
from New Chemicals 
and Conducting 
Experiments

Facility 
Operations & 
Monitoring 
Center

Assess human and 
environmental 
impact from 
production 
verification test 
and establish 
effective pollutant 
classifications/ BAT 

Facility 
Operations & 
Monitoring 
Center

Review and 
confirmation 
from the Facility 
Division and 
Industrial 
Safety and 
Environmental 
Protection 
Division in all fabs

Facility 
Operations & 
Monitoring 
Center

Effective Source Separation-Local Scrubbers 

Dry  
Process

Wet 
Process 

Organic 
Process

Process Semiconductor 
Fabrication 

Target  
Pollutant 

Control 
Technologies Equipment Reduction  

Rate 
Real-time

Parameter Monitoring 

Epitaxial Dry 
Etching

Dry  
Etching 

Thin Film 

Diffusion 

Sputtering

Sputtering

Epitaxy

Ion Implantation 

Thin Film 

Wet Etching 

PR Stripping 

Chemical 
Storage Tank 

Corrosive Gases
Perfluorocarbons
Flammable Gases

Corrosive Gases

Perfluorocarbons

Flammable Gases

Toxic Gases 

Nitrous Oxide
(N2O)

Corrosive 
Gases
Organic 
Gases

Sulfuric Acid (H2SO4) 

High Boiling 
Point Organics 

Acid and 
Alkaline Gases

Corrosive 
Gases

> 99%

> 95%

> 95%

> 95%

> 90%

> 95%

> 95%

Specific High Boiling 
Point Organics  > 95%

> 95%

▪Natural gas flow 

▪Oxygen flow

▪Circulating water flow

▪Inlet pressure 

▪Current amperage

▪Circulating water flow

▪Inlet pressure 

▪Reactor temperature 

▪pH value

▪Circulation water flow

▪Inlet pressure

▪Pressure difference 
of local scrubber 

▪Inlet pressure 

▪Circulating water flow 

▪Inlet pressure 

▪Pressure difference 
of local scrubber

▪pH value

▪Circulation water flow

▪Inlet pressure

▪Corona voltage

▪Inlet pressure
▪Corona current

▪Pressure difference 
of local scrubber

▪Condensation 
temperature 

▪Pressure difference of 
local scrubber   

▪pH value

▪Circulating water flow

▪Inlet pressure

▪Reactor temperature 

Corrosive Gases
Perfluorocarbons

Wastewater 
Tanks 

NEW

Burn
+

Wet

Plasma
+

Wet

Thermal
+

Wet
+ 

Chemical Dosage

Adsorption 

High-
Temperature 
Thermal+Wet

Wet 
+

Chemical 
Dosage

(Process Site)

Condensation 

Wet 
+

Chemical 
Dosage

(Facility Site)

Electrostatic 
Precipitation 

Storage 
Tanks

NEW

124

Overview ESG Feature Stories Sustainable Business Practice Operations and Governance Appendix2020
Corporate Social Responsibility
Report A Practitioner of Green PowerA Responsible PurchaserAn Innovation Pioneer An Admired Employer Power to Change Society

mailto:CSRSURVEY%40TSMC.COM?subject=


Enhance Local Scrubber Performance 
TSMC adopts eight different types of local scrubbers to 
pre-treat high-concentration exhaust based on pollutant 
properties. The eight different local scrubbers include 
thermal-wet, burn-wet, plasma-wet, wet type in facility, 
wet type in process, adsorption, condensation, and high-
temperature thermal scrubber. As TSMC continues to 
develop its manufacturing, the company also continues 
to collaborate with suppliers for new local scrubbers. In 
2020, TSMC started using Wet-EP local treatment for wet 
etching. Wet-EP local scrubbers use a corona technology 
that is highly effective against acid/alkaline gases and can 
deliver >95% sulfuric acid (H2SO4) reduction. In 2020, our 
12-inch wafer fab became the first to extend the use of 
local treatment facilities from chemical storage tanks to 
wastewater tanks. By installing a highly efficient wet local 
scrubber with dosing system for acid alkaline gases from 

high concentrations of wastewater tanks, the reduction 
rate was able to achieve a 95%, thereby relieving the load 
from central terminal treatment facilities. By upgrading 
local treatment facilities and separating emissions from 
the source, TSMC was able to achieve a 27% reduction in 
ammonia (NH3) emissions from 2019 to 2020. 

Evolving Terminal Prevention 
Facilities 
As air pollutant emissions evolve and increase with 
process technology, TSMC has been working to improve 
the performance of terminal prevention facility. In 2019, 
volatile organic gases accounted for 34% of TSMC air 
pollutant emissions, and we consider volatile organic gas 
reduction to be a top priority. In 2020, TSMC collaborated 
with prevention equipment suppliers to raise the reduction 
standard for single zeolite rotor concentrators from 95% to 
97%. To further improve adsorption, the concentrators will 

also adopt a new and highly effective fiberglass substrate. 
Between 2019 to 2020, a total of eight single zeolite rotor 
concentrators were replaced as part of the Low-efficiency 
Single Zeolite Rotor Concentrators Upgrade Initiative. We 
intend to replace eight more low-efficiency single zeolite 
rotor concentrators in 2021 to ensure the reduction rate 
of volatile organic gases can exceed 97% steadily. In 2020, 
a full roll-out was achieved  for the clean-gas-desorbing 
zeolite rotor concentrators developed in 2017 in all 12-
inch wafer fabs before 7nm process. All 12-inch wafer 
fabs are now equipped with optimized parameters for 
single zeolite rotor concentrators to ensure the average 
reduction rate for volatile organic gases in all 12-inch wafer 
fabs exceeds 98%. 

The Facility Division collaborated with prevention 
equipment suppliers and adopted dual zeolite rotor 
concentrators, which is an upgraded technology that 

adds a new rotor concentration process after the exhaust 
is adsorbed and burned by the first rotor concentrator. 
After the second rotor concentration process, exhaust 
will be channeled back into the first rotor concentrator 
for processing. The repeated process achieves a 99.5% 
reduction rate. As of 2020, Fab 15B and Fab 18A have 
adopted dual zeolite rotor concentrators. In 2021, dual 
zeolite rotor concentrators are expected to roll out to Fab 
18B, Fab 12 P8, Advanced Backend Fab 6, and other fabs. 

In 2020, the average reduction rate of volatile organic 
gases in TSMC reached 98.3%, enabling us to meet our 
2030 Sustainable Development Goals ahead of schedule. 
The reduction is a testimony to our commitment to air 
pollution reduction. 

Zeolite Rotor Concentrators Milestones Increasing Reduction Rate for Zeolite Rotor Concentrators

2018 2019 2020 2021

Clean-gas-desorbing 
zeolite rotor concentrators 
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Introduced dual zeolite rotor 
concentrators in new fabs

Introduced parameter 
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single zeolite rotor 
concentrators  
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Single 
Zeolite Rotor 
Concentrators 
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 ▪AI Parameter Optimi-
zation for Single Zeolite 
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Program for Inefficient 
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Rotor Concentrators to 
existing fabs 

Introduced AI parameter 
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TSMC uses scrubbing towers and regular demister layer 
treatment approaches against acid/ alkaline gases. To 
improve the overall efficiency of terminal prevention 
facilities, in 2020, the Facility Division and the 
Industrial Technology Research Institute collaborated 
to design a High-efficiency Acid and Alkaline Scrubber. 
This new scrubber is equipped with a high-efficiency 
demister, airflow distributor, and filter. Regulations for 
packed layers, sprinklers, and Raschig rings were also 
updated. Fab 18B is set to be the first to acquire the 
new scrubber in 2021. 

In 2020, the Facility Division also collaborated with the 
Corporate Environment Safety and Health Division to 
establish a Stack Emission Baseline. TSMC implemented 
mitigation measures for stack emissions and monitor 
results regularly. As a result of the aforementioned 
reduction efforts, unit air pollutant emission (L/12-
inch equivalent wafer mask layer) in 2020 was reduced 
by 46% against the base year of 2015, meaning that 
we achieved the 2030 Goal of 45% reduction ahead 
of schedule, and have therefore increased the 2030 
Sustainable Development Goals to a 50% reduction 
from the base year.

2016 2018 2020 Year2017 2019
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Improve Air Pollution Prevention 
Technologies 
TSMC continues to explore ways to achieve air 
pollution reduction and improve the performance of 
air pollution prevention equipment. Before introducing 
new prevention technologies, we assess viability 
in terms of space, safety, and economics. In 2020, 
TSMC introduced three new technologies: High-
efficiency Acid and Alkaline Scrubber, Improvement 
Program for Inefficient Thermal Oxidizer of Zeolite 
Rotor Concentrators, and AI Parameter Optimization 
for Single Zeolite Rotor Concentrators. To achieve our 
goal of smart manufacturing, we began applying smart 

parameter tuning to air pollution prevention facilities 
for single zeolite rotor concentrators. Concentration 
level at entry, temperature, air flow, and other external 
parameters are imported into the tool so that it can 
automatically set the optimal burning temperature, 
desorption temperature, rotor revolution, and other 
operating parameters. By stimulating functions and the 
artificial neural network, we can enable equipment to 
recommend optimal settings for maximum reduction 
of volatile organic gases. TSMC completed preliminary 
testing and found that optimal desorption flow and 
rotor revolution will be able to increase the reduction 
rate of volatile organic gases of single zeolite rotor 
concentrators to 98% or more.

g/12-inch equivalent wafer mask layers

Annual Reduction Rate of Volatile 
Organic Gases 

Average Reduction Rates of Subsidiaries
Average Reduction Rates of Taiwan Facilities

Average Reduction Rates of TSMC (including subsidiaries)

Unit: %

Year2016 2018 20202017 2019

Note : Figures from TSMC Fabs in Taiwan, TSMC (China), TSMC (Nanjing), 
and VisEra. Data excludes WaferTech as there is no total hydrocarbon 
monitor to provide any record of reduction rates.

Hydorchloric Acid
Sulfric Acid
Hydrofluoric  Acid

Chlorine
Nintric Acid
AmmoniaTotal Hydrocarbons

Phosphoric Acid Unit Air Pollutant Emissions
Note 1: TSMC air pollutant emissions were reported in accordance with   

local laws and regulations.
Note 2: Air pollutant emissions  include the total emissions of eight gases: 

hydrocarbons (THC), sulfric acid (H2SO4), hydorchloric acid (HCl), 
nintric acid (HNO3), hydrofluoric acid (HF), phosphoric acid (H3PO4), 
chlorine (Cl2), and ammonia (NH3).
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Strengthen Monitoring of Air 
Pollution Prevention Equipment
TSMC works to actively improve equipment efficiency, and 
is strengthening stability and monitoring of air pollution 
control equipment to ensure compliance with local rules 
and regulations. All air pollution prevention equipment 
are equipped with "N+1" (at least one) backup system(s) 
and an uninterruptable power supply system to guarantee 
continuous operation. In order to maintain continuous 
emissions monitoring, prevention equipment is also 
equipped with comprehensive alert systems, including 
a dual-track independent monitoring system that is 
immediately activated upon system failure. The system 
will alert the Facility Monitoring and Control Center and 
Industrial Safety Emergency Response Center to repair 
equipment or switch backup systems. 

Due to rapid advances in process technology, 12-inch 
wafer fabs use different fabrication processes, emit 

Facility Parameter Change Management System 

Industrial Safety Emergency Response Center. Facility Monitoring & Control Center. 

different pollutants, and require different local scrubbers. 
To ensure effective management over the parameters 
on local scrubbers, TSMC debuted the Facility Parameter 
Change Management System in 12-inch wafer fabs in 2020. 
The system can effectively manage operating parameters 
on local scrubbers and terminal prevention facility. 
The parameters will then automatically be compared 
to standard parameters at a fixed time every day to 
ensure prevention equipment are operating on optimal 
parameters. Inconsistent parameters will be automatically 
reported to the person in charge for system confirmation 
and to confirm stack emission in normal condition. With 
the addition of an early warning system, the Air Pollution 
Prevention Equipment Operation Status Platform, TSMC 
reported 0 abnormal occurrences in air pollution prevention 
equipment to supervising authorities in 2020. 

Operating parameters sent daily to local data center  to be compared with standard parameters

Monitoring system compares operating parameters and standard value daily

Internet Internet

Real-time Local 
Data Center 

Parameter Change   
Management Database 

Local Scrubber 

Central Treatment  Facilities

Monitoring System for 
Local Scrubber 

Monitoring System  
for Central Treatment Facilities 

12-inch Wafer Fabs 
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TSMC believes in "Zero Emissions"and is committed to 
reducing air pollutant emissions. In order to maintain 
high efficiency in air pollution prevention equipment, 
TSMC introduced the Facility Parameter Change 
Management System to monitor optimal operating 
parameters and also consistently monitor and control 
concentration levels at the stack emissions. We are 
deploying a two-method approach – emissions 
separation at the source and improving performance of 
terminal prevention facilities – to reduce concentration 
levels in our emissions. 

In 2020, the Facility Division and Corporate Environment 
Safety and Health Division collaborated to introduce the 
Management Mechanism for Stack Emission Baseline. 
The air pollutant baseline was developed by gathering 
data on emission concentration levels at stack emissions 
in TSMC Fabs in Taiwan. We discovered that the 
concentration level of volatile organic gases exceeded 
regulatory standards from cross-contamination in 
exhaust duct. Stacks generally employ a regenerative 
thermal oxidizer that uses shared exhaust duct, which 
can result in cross-contamination. As such, we were only 
able to achieve a 95% reduction in volatile organic gases 
for regenerative thermal oxidizers, which still has room 
for improvement when compared to the 98% for direct-
fired thermal oxidizers. 

Case Study 

Achieving 45% Reduction Goal for Unit Air Pollutant Emissions Ahead of Schedule by 
Introducing a  Management Mechanism for Stack Emission Baseline 

In order to target exhaust ducts with high concentration levels, 
TSMC launched the Improvement Program for Inefficient 
Thermal Oxidizer of Zeolite Rotor Concentrators in 2020 
to replace regenerative thermal oxidizers with direct-fired 
thermal oxidizers, a single pathway oxidizer. Condensation type 
scrubbers were also installed at the pollution source to capture 
organic matter with high boiling points and drastically reduce 
concentration levels in stack emission from terminal prevention 
facilities. In 2020, upgraded regenerative thermal oxidizers 
achieved an average of over 98% reduction in volatile organic 
gases. In addition to deploying the Renovation Program for Air 
Pollution Prevention Equipment to replace expired terminal 
prevention facility for stacks with exceeding acid/ alkaline gases 
emission baseline, TSMC is also investigating pollutants from the 
source, implementing the Roll-out Program for High-Efficiency 
Local Scrubbers, and regularly monitoring progress. 

In 2020, TSMC carried out three programs to target 79 stacks that 
exceeded concentration baselines. A total of 36 exhaust ducts 
were renovated and inspected. A budget will be allocated to 
continue renovating the remaining stacks. 

By implementing the Management Mechanism for Stack 
Emission Baseline and renovating stacks that exceed the 
concentration baseline, TSMC achieved 46% (L/12-inch 
equivalent wafer mask layer) reduction in unit air pollutant 
emission from the base year of 2015 and was able to achieve our 
2030 Sustainable Development Goals ahead of schedule.  

Management Mechanism for Stack Emission Baseline

Stack Emission from All Taiwan Facilities
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