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

8.3.1 TSMC’s Climate Change Response Strategy
Climate Change Strategy
TSMC’s strategies for responding to climate change are to:
●  Consider both climate change mitigation and adaptation.
●  Consider both green manufacturing and green products.
●  Consider both TSMC and its supply chain.
●  Integrate industry, government and academia to solve 

climate change issues.

TSMC not only continues to inventory and reduce its own 
greenhouse gas (GHG) emissions, but also takes actions 
on climate change adaption in cooperation with industry, 

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

Monitoring Climate Change Risks in Three Dimensions
TSMC believes that climate change should be regarded as 
an important corporate risk, which must be controlled to 
improve our competitiveness. Climate change risks include 
legal risk, physical risk and other risks. Our control measures 
are as follows:
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●  Climate legal risk control: The greenhouse gas control 
regulations and agreements of country around the world 
are becoming more and more stringent. Enterprises 
are legally required to regularly disclose GHG-related 
information, and also limit GHG emissions. The cost of 
production, including materials and energy, may also 
grow along with future legal requirements such as carbon 
or energy taxes. TSMC continues to monitor legislative 
trends and communicate with various governments 
through industrial organizations and associations to 
set reasonable and feasible legal requirements. We also 
recommended the Taiwan government to acknowledge 
industries’ voluntary reduction achievements through 3rd 
party verification before related legislation comes into 
effect.

●  Climate disaster risk control: Abnormal climate caused 
by the greenhouse effect has increased the frequency of 
climate disasters each year. Storms, floods, drought, and 
water shortages are occurring more frequently, causing 
considerable impact on business operations and supply 
chains. TSMC believes that climate change control should 
take into account both mitigation and adaption, and this 
requires cooperation between industry and government 
to reduce risk. Therefore, in addition to water-saving 
measures at our own facilities and those of our upstream 
and downstream partners, TSMC is also leading the 
industry to collaborate with central government agencies 
and conduct a project to assess and mitigate climate 
natural disaster risk in three Taiwan Science Parks. This 
project also aims to establish a response and reporting 
system which can be effectively integrated with disaster 
relief resources. In order to ensure electricity and raw 

water supplies, TSMC participates in the Taiwan Science 
Park Industrial Union Experts Committee platform, and 
is actively involved in regular meetings with Taipower 
Company and the Taiwan Water Corporation to discuss 
supply and allocation for response issues.

●  Other climate risk controls: Climate change is an issue 
of concern to the global supply chain, necessitating 
energy conservation, carbon reduction, and disaster 
prevention. For example, Wal-Mart, the world’s largest 
retailer, announced in 2009 it would require all suppliers 
to place eco-labels on their products within 5 years. The 
Electronic Industry Citizenship Coalition (EICC) has also 
required members’ suppliers to disclose GHG emissions 
information. TSMC not only discloses our own GHG 
emissions information each year, we also assist and 
require our suppliers to establish a GHG inventory system 
and conduct reduction programs. TSMC’s suppliers are 
required by TSMC to submit GHG emissions and reduction 
information as an important index of sustainability scoring 
in our procurement strategy.

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

Protection Administration (EPA) has set up a Greenhouse 
Gas (GHG) Early Reduction Project to encourage 
enterprises that have conducted voluntary GHG reduction 
before the GHG Reduction Act becomes effective to gain 

carbon credits through application. The enterprises can 
use their approved carbon credits for future GHG emission 
off-sets or trading. TSMC began voluntary GHG emission 
reduction in 2000, and has reduced millions of tons of 
carbon dioxide equivalents over more than a decade. 
Currently, TSMC is applying for early GHG reduction 
credits with the EPA, and we expect that we can use the 
credits for future expansion or carbon trading to benefit 
our company.

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

●  Green energy business opportunity: There is growing 
global demand for green energy business due to climate 
change. Since 2009, TSMC has engaged in researching, 
developing, designing, manufacturing and selling of solid 
state lighting devices as well as related products and 
systems, and solar-related technologies and products. In 
2011, TSMC established two subsidiaries, “TSMC Solid 
State Lighting Ltd.” and “TSMC Solar Ltd.,” to continue to 
engage green energy business.
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8.3.2 Climate Change Mitigation
Greenhouse Gas Inventory
TSMC believes reducing GHG emissions is a key method 
for mitigating global warming and climate change, and 
conducting an inventory provides supporting data for 
reduction. An accurate inventory allows us to set priorities 
and reduction goals, raise the efficiency of the reduction 
process, and confirm reduction results. Therefore, we 
believe it is better to inventory greenhouse gases as early as 
possible.

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

TSMC’s GHG emissions can be categorized into Scope 
1, 2 and 3 sources. Scope 1 emissions are the direct 
emissions of TSMC fabs including process gases (PFCs, 
HFC, N2O, CH4 and CO2), fuel such as natural gas, gasoline 
and diesel, and fugitive emissions from septic tanks and 
fire fighting equipment. Scope 2 emissions are mainly 
indirect emissions such as purchased electricity and steam. 

TSMC does not purchase steam. Therefore, our scope 2 
emissions are primarily from purchased electricity. Scope 3 
emissions are mainly indirect emissions including employee 
business travel, product and raw material transportation, 
suppliers’ manufacturing, and waste disposal. Scope 1 
and 2 emissions are calculated according to our annual 
inventory data; Scope 3 emissions are estimated by: (1) 
Statistical data: employees’ business travel distances, and 
fuel consumed by shuttle buses and product shipping. (2) 
Carbon footprint database: raw materials production and 
transportation, waste disposal and transportation.

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

TSMC China and WaferTech have also adopted ISO 
14064-1 standard for their GHG inventory, and submit their 
inventory results to TSMC headquarters annually.

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

TSMC annual Scope 1&2 GHG inventories are as below.

TSMC Scope 1 GHG Emissions 

2008 2009 2010 2011 2012

244,432 315,405 323,856 271,644302,118
1,249,088 1,344,830 1,046,806 1,291,6621,382,878 

0.00338 0.0030.00431

0.00626

Taiwan Sites (Ton CO2e) Oversea Sites (Ton CO2e)
All Sites (Ton CO2e/8“ Equivalent-Layer)

Note:  TSMC Taiwan sites’ scope 2 GHG emissions have been revised according 
to the newest electricity emission factor announced by the Bureau of 
Energy, Ministry of Economic Affairs, R.O.C. WaferTech also revised its data 
according to US EPA eGRID GHG power mix numbers.

2008 2009 2010 2011 2012

TSMC Scope 2 GHG Emissions 

177,242 208,586 275,898 304,216144,351
1,632,421 2,048,718 2,345,625 2,738,5981,589,727

0.006 0.0060.006

0.007

Taiwan Sites (Ton CO2e) Oversea Sites (Ton CO2e)
All Sites (Ton CO2e/8“ Equivalent-Layer)



TSMC 2012 Corporate Social Responsibility Report

83

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

The semiconductor manufacturing 
process generally uses 
perfluorinated compounds (PFCs) 
such as CF4, C2F6, SF6, NF3, CHF3, 
C3F8, and C4F8, which are the 
major greenhouse gas emissions 
from the manufacturing process. 
After many years’ effort, TSMC 

has achieved its goal of reducing perfluorinated compound 
emissions to 10% below the average emission level of 1997 
and 1999. This emission target remains fixed as TSMC 
continues to grow and construct new fabs, and has been a 
great challenge to us.

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

●  Extending our Green Building and Energy Conservation 
Projects

Since TSMC’s Scope 2 GHG emissions are from primarily 
from purchased electricity, continued promotion of green 
building and energy conservation projects can continue to 
reduce our Scope 2 GHG emissions. Please refer to green 
building and energy conservation sections in this report for 
details.

GHG Information Disclosure
TSMC takes a pro-active attitude towards carbon disclosure, 
and publicly discloses climate change information through 
various channels. We constantly review ourselves and obtain 
recommendations from external parties through continuous 
information disclosure. The related disclosure channels are 
as follows:
●  In 2006, the Taiwan Semiconductor Industry Association 

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

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

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

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

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

●  TSMC Green Fab Committee
At the end of 2010, TSMC set up a dedicated cross-
department committee for energy conservation, which 
consists of the technical board, facility, equipment and 
environmental and safety personnel. The committee will 
define energy conservation indices and propose five-year 
action plans to reduce energy consumption efficiently and 
achieve a better level of unit energy consumption. Technical 
boards will focus on improving energy efficiency of the 
facility and process tools in existing fabs, and transfer 
their experience to adopt as standards for new fabs and 
new process tools; the new fab planning department 
will adopt the best-known energy-conserving designs for 
new fab construction. At the same time, TSMC will also 
try to purchase energy-efficient equipment by adjusting 
procurement specifications and encourage and promote 
suppliers’ green certification.
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1. Management System
◆  Introduced ISO 50001 at all advanced fabs as an energy evaluation and conservation system.

●  Major Energy Saving Activities in 2012
In 2012, TSMC successfully completed a number of energy conservation programs in existing fabs with outstanding results. 
Some of them have become standard designs for new Fab projects. The major activities are listed as below.

●  Power Consumption Records

TSMC Power Consumption

2008 2009 2010 2011 2012

283 323 400 435

Unit: Million kwh

295
2,924 3,884 4,382 5,0722,917

Taiwan Sites Overseas Sites

2009 2010 2011 2012

TSMC Unit Power Consumption

1.214 1.036 1.069 1.053

Power Consumption per wafer (kwh/cm2)
Power Consumption per wafer layer  (kwh/8“ Equivalent-Layer)

10.67 10.5310.63

13.06

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

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

2. Power Conservation
◆  Retrofitted chilling pumps’ flow control to be frequency adjustable from original constant and full flow 

design.
◆  Installed Automatic Tube Cleaning Systems and added Polarized Refrigerant Oil additive to enhance 

chillers’ heat exchange efficiency.
◆  Installed inverters to optimize cooling tower fan speed for weather conditions.

◆    Installed cooling tower ventilation trunks to reduce spatter loss.
◆  Optimized bafflers and utilized low pressure lost filters in Makeup Air Units to lower.
◆  Makeup Air Units’ air washing pumps changed to control-by-air-quality mode.
◆  Shut down or minimized the utility requirements of standby local scrubbers.
◆   Improved sealing of gas boxes to reduce exhaust energy.
◆  Introduced Green Data Center concept into MIS server rooms.
◆  Used heat pumps to replace boilers as heating source for ultra pure water.
◆   Reduced or eliminated cooling water in point-of-use air abatement equipment to reduce power consumption.
◆  Shut off water pumps in high elevation areas to make use of gravity for water flow.
◆  Replaced low-efficiency water pumps with high efficiency pumps.

3. Energy Recovery
◆  Installed heat recovery equipment in chillers to heat raw water in winter and reduce natural gas 

consumption.
◆   Reused waste heat from Compressed Dry Air production process to heat ultra pure water.

◆   TSMC (China) installed a raw water preheating system in the ultra pure water production process to increase raw water 
temperature by recycling waste heat from refrigeration unit cooling water and reduce or replace natural gas consumed 
to heat raw water. This energy-saving program, which can save 934,234 cubic meters of natural gas per year (equal to 
1,135 ton of standard coal) and has applied for recognition from the Shanghai government as a “Shanghai energy saving 
reconstruction technology”.

◆  U.S. Subsidiary WaferTech installed a new process cooling water (PCW) Free Cooling system, utilizing pumps, heat 
exchangers and cooling towers to cool PCW during cooler months, reducing annual energy consumption by more than 64 
million kilowatt-hours.
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2008 2009 2010 2011 2012

TSMC Unit Natural Gas Consumption 

Natural Gas consumption per wafer (Nm3/m2)-All
 Natural Gas consumption per wafer-layer (Nm3/8“ 
wafer-layers)-All

90.3 69.7 64.966.787.4

0.066
0.061

0.065

0.088

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

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

Diesel is primarily used in emergency power generators and 
fire pumps, which are only engaged during power supply 
disruptions, emergencies, and scheduled tests. Diesel is not 
a direct energy source for production and we used about 
247,000 liters in 2012.

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

The core considerations of the climate change risk 
assessment project for the Hsinchu, Central, and Southern 
Taiwan Science Parks are:
●  The risks of typhoons and flooding.
●  Long-term drought risks.
●  Climate change risks that may lead to the restriction of 

industrial development.

Climate change risk control strategy:
●  Mid-term and long-term risk control.
●  Disaster emergency response.
●  Establishing related reference standards for future new 

construction.

TSMC continuously promotes energy saving and primarily 
focuses on facilities systems. In the past two years, we 
have increased our efforts in reducing consumption by 
manufacturing equipment. The power consumption 
density as calculated by wafer area is highly dependent 
on photo mask layers and production ramp-up in new 
fabs. In general, the complexity of logic ICs (foundry’s 
major product) is higher than standard memory such 
as DRAM, and results in more layers as well as higher 
power consumption. TSMC is nonetheless one of the 
semiconductor industry’s most energy-efficient companies, 
and continues to implement additional power-saving 
measures. TSMC reduced its power consumption index per 
8-inch wafer equivalent per mask layer of wafer output 
(kwh/8” Equivalent-Layer) by 1.3% from 10.7 kwh in 2011 
to 10.5 kwh in 2012.

●  Direct Energy Use Status
TSMC’s direct energy consumption includes natural gas and 
diesel fuels. In TSMC, natural gas is used only for boilers 
and Volatile Organic Compounds (VOC) adsorption and 
incineration treatment systems, and its usage is optimized 
effectively. VOC treatment systems consume most of the 
natural gas, and we optimized natural gas use through the 
following measures: (1) Optimizing desorption volume by 
using rotor Variable Frequency Drivers for VOC treatment 
systems. (2) Optimizing VOC burning temperature. (3) VOC 
burning heat recycled by heat exchanger. TSMC reduced 
average natural gas consumption per 8-inch wafer from 
0.066m3 in 2011 to 0.061m3 in 2012, a remarkable 
reduction of approximately 7.6%, and continues to work 
towards further reduction.

TSMC Natural Gas Consumption

2008 2009 2010 2011 2012

8,908
16,845

7,933
15,140

8,196
18,770

9,255
21,548

8,314
23,413

Taiwan Sites
Overseas Sites

Unit: Thousand m3

TSMC Diesel Consumption

2008 2009 2010 2011 2012

Taiwan Sites
Overseas Sites

22.2
297

34.9
246

21.0
251

36.9
250

42.3
246

Unit: Thousand Liter



TSMC 2012 Corporate Social Responsibility Report

86

extreme since 2009, and the risk of droughts and floods 
has become increasing apparent. These developments 
have highlighted the importance of water resource 
management, water saving and water shortage emergency 
response programs. TSMC is aware that extreme rainfall 
is the result of global warming and climate change. These 
issues may require decades to resolve, and during that time, 
water resource management is a necessary part of TSMC’s 
corporate climate change risk management and disaster 
adaptation. In addition, TSMC also acknowledges that water 
resource management requires greater collaboration with 
the government when compared to other climate change 
response measures. The combination of these factors has 
led TSMC to establish its water 
resource management policy 
and strategy.

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

online water resource management 
platform helps TSMC 

significantly reduce water 
consumption.

8.3.4  Supply Chain Climate Change 
Management

TSMC not only engages in climate change management but 
also requests and assists suppliers to follow. Our measures 
are as below:
●  Energy saving and carbon reduction management: 

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

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

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

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

8.4 Water Resource Management
Water resource management and allocation has become 
an important issue in many countries due to the impact of 
global climate change. The changes in rainfall in between 
dry and rainy seasons in Taiwan have become increasingly 




