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Environmental Impact Valuation 

 

Introduction 
The environmental impact of business operations can generally be divided into 
the following categories: greenhouse gas (GHG) emissions, usage of land and 
water resources, pollutants discharge, waste treatment, and others. As part of 
TSMC’s commitment to environmental sustainability, we collect information and 
compile statistical data in these categories every year. In line with international 
trends, we have also endeavored to evaluate our environmental impact in terms 
of monetary value as a reference for management decisions. 
 
In response to global climate change and the passage of the R.O.C. 
"Greenhouse Gas Reduction and Management Act", TSMC established a cross-
functional carbon management platform in February 2016. The three focuses of 
this platform are regulatory compliance, carbon emission reduction, and carbon 
credit acquisition. In addition to participating in official regulatory consultation and 
communications meetings, TSMC also sets medium- and long-term reduction 
targets through the "Energy and Carbon Reduction Committee" led by VPs of 
Operations. These goals are carried out by the energy conservation and carbon 
reduction teams of individual fabs as the Company continues to strengthen 
climate mitigation and adaption in order to thoroughly execute our strategy and 
responsibilities for sustainable business. Due to the importance of global 
warming issues, TSMC chose to begin by measuring the external environmental 
impact of GHG emissions. 
 
In order to make a reasonable assessment of the environmental impact of carbon 
emissions, TSMC has consulted related studies and regulations, and completed 
an initial carbon cost methodology, which serves as an important indicator for the 
effectiveness of carbon reduction. This methodology is also one of the factors 
considered when evaluating the feasibility of carbon reduction measures. 
Evaluation of benefit from carbon reduction became a standard part of TSMC’s 
assessment of capital investments with environmental impact starting in 2016. 

 

Indicators to be Measured 

External impact is evaluated in terms of unit carbon cost, which is then employed 

to evaluate the feasibility and benefits of investments related to carbon reduction. 
 

Valuation Methodology 

Benefit from carbon reduction can be calculated by multiplying the price of 

carbon by the amount of carbon emissions reduced, as per the formula below: 

 

Carbon reduction benefit (NT$) = amount of carbon equivalents reduced (tons) 

* unit price of carbon (NT$/ton) 
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I. Amount of Carbon Equivalents Reduced 

Calculation of the amount of carbon equivalent reduced requires a definition 

of the method by which the amount of GHG emissions is calculated, followed 

by a conversion of the emissions to CO2 equivalent emissions. 

 

1. Greenhouse Gas Definition 

The R.O.C. Greenhouse Gas Emission Reduction and Management Act 

defines greenhouse gases as carbon dioxide (CO2), methane (CH4), 

 (N2O), hydroflurocarbons (HFCs), perfluorocarbons 

(PFCs), sulfur hexafluoride (SF6), nitrogen trifluroide (NF3), and other 

gases designated by R.O.C. central government regulatory authorities. 

 

2. Amount of Carbon Emissions 

TSMC has referenced ISO/CNS 14064-1 and the GHG Protocol to 

calculate scope one (direct emissions) and scope two (indirect 

emissions) GHG emissions. 

 

(1) Scope One (direct emissions) 

Sources of GHG emissions, such as chemicals including PFCs or 

N2O, directly owned or controlled by the organization. 

 

(2) Scope Two (indirect emissions) 

Indirect GHG emissions caused by consumption of electricity, heat, 

or steam. 

 

3. Calculation of Carbon Equivalent Emissions 

(1) Scope One (direct emissions) 

Conversion of the impact of different greenhouse gases into the 

equivalent amount of carbon dioxide requires a standard coefficient. 

This coefficient is based on the global warming potential (GWP) of 

each gas, or the amount of warming caused by each gas over a set 

period of time (usually 100 years) compared with CO2.  

 

Direct emissions of carbon equivalents = amount of GHG emissions 

(tons) * GWP of GHG 

 

(2) Scope Two (indirect emissions) 

TSMC’s indirect emissions are primarily caused by consumption of 
electric power, and the Company’s main source of electricity is the 
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Taiwan Power Corporation. According to the coefficient provided by 
the R.O.C. Ministry of Economic Affairs Bureau of Energy for 20151, 
each kWh of electricity generated is equivalent to 0.528 kgs of CO2. 

Indirect emissions of  CO2 equivalents = kWh of electric power 

consumed * 0.528 (kgs/kWh) 

 

4. Calculation of Carbon Emissions Reduced 

TSMC employs scope one and scope two to convert the amount of 

GHG emissions reduced and electricity conserved through various 

carbon reduction projects into CO2 equivalents, yielding the amount of 

carbon equivalent emissions reduced in 2016.  
 

II. Unit Carbon Price 

Referencing PriceWaterhouseCoopers’ methodologies for valuation of 

environmental impact2 and the World Bank Carbon Pricing Watch3, there 

are currently three primary valuation tools employed internationally to 

measure the cost of GHG emissions. These are: 

 

1. Social Cost of Carbon (SCC): Uses monetary value to measure the 

present and future social impact of each ton of carbon emitted. 

 

2. Market Price Approach (MPA) 

(1) Carbon Market Price: uses the equilibrium price that balances 

supply and demand on carbon trading markets as a basis for 

measuring the cost of carbon emissions. 

(2) Carbon Tax Price: uses government-established carbon tax as a 

basis to measure the cost of carbon emissions. 

 

3. Marginal Abatement Cost (MAC): uses the investment or spending 

necessary to meet set carbon reduction goals to measure the cost of 

carbon emissions. 

                                                 
1
 http://web3.moeaboe.gov.tw/ecw/populace/content/SubMenu.aspx?menu_id=114 

2 http://www.pwc.co.uk/naturalcapital 
3 http://documents.worldbank.org/curated/en/home 
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Following careful consideration, TSMC’s evaluation of the methods of carbon 
pricing is as follows: 
 

1. Social Cost of Carbon  Although this method is able to reasonably 

assign monetary value to the social impact 

of GHG emissions, Taiwan has not 

provided a clear definition of social cost, 

making pricing highly difficult at this point. 

2. Market Price 

Approach 

Carbon Market 

Price 

The trading price of carbon is determined 

by market supply and demand, and prices 

may differ drastically between geographical 

regions and markets of differing scale, 

making it difficult to determine the true 

social cost of GHG emissions . As Taiwan 

has not yet established a carbon trading 

platform, we are unable to obtain an 

equilibrium price from actual trading. 

Carbon Tax 

Price 

The Greenhouse Gas Emission Reduction 

and Management Act does not define a 

carbon tax, but does define a “carbon 

penalty”. This clear definition of the penalty 

encompasses the spirit of a carbon tax, and 

can serve as a basis for evaluating the cost 

of GHG emissions. 

3. Marginal Abatement Cost TSMC has attempted to evaluate the cost 

of carbon via past and future carbon 

reduction projects. However, due to the 

large number of different carbon reduction 

projects at different times and places, each 

with varying cost drivers, it is not feasible to 

apply consistent standards to the 

assumptions and marginal benefits of the 

calculations. 

 

Therefore, TSMC has elected to use the market price approach, using the 

maximum “carbon penalty” fine as a basis for unit carbon cost. According to 

the penalty provision for article 21 of the Greenhouse Gas Emission 
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Reduction and Management Act: “When an entity fails to surrender the 

designated amount of allowances within deadline and therefore violates 

Article 21, Paragraph 1, a monetary penalty of three times carbon market 

price per metric ton within a maximum of NT$1,500 per metric ton is levied. 

The central competent authority shall, in conjunction with the central industry 

competent authorities, set the aforementioned carbon market price and 

review it regularly, taking into consideration domestic and international 

carbon market trading price.” Without a clear market price for carbon, the 

maximum penalty of NT$1,500 per ton set by the R.O.C. government is 

taken as the basis for pricing by our internal carbon management platform. 

This is the most credible basis for pricing available to TSMC at this time, and 

the Company retains the flexibility to employ other valuation methods for 

internal decision-making if a more appropriate method becomes available. 
 

Valuation Results 
Benefits from TSMC’s carbon reduction projects in 2016 are as follows: 
 

Carbon reduction benefit (NT$) = direct and indirect carbon equivalent 
emissions (tons) * 1,500 (NT$/ton) 

 
1. Scope one (direct emissions) carbon equivalent reduction was 49,000 tons, 

convertible to economic benefit of NT$73.5 million. 
 

2. Scope two (indirect emissions) power savings were 9,100 kWh, or carbon 
emissions of 48,000 tons, convertible to economic benefit of NT$72 million. 
 
Therefore, carbon reduction projects initiated by TSMC in 2016 will create 
approximately NT$145.5 million in economic benefit each year in the future. 
 
Through comprehensive measurement of benefits from carbon reduction, 
TSMC can more accurately evaluate the feasibility of investments in energy 
conservation and carbon reduction. This benefit evaluation has become part 
of the standard procedure for related investment plans and a criteria for 
decision-making. 
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2016 TSMC Carbon Reduction Benefits 
 

Scope 1 Category Method GHG Reduction Approach 
Carbon Equivalent 

Carbon 
Reduction 
Benefits 

(10,000 ton CO2) (NT$ million) 

Direct 
Emissions 

Facility 
GHG emission 
reduction 

PFC LSC replacement (installed 17 tools) 0.6 9.0 

C3F8 process replacement (replaced 152 tools) 4.3 64.5 

Scope 1 Summary 4.9 73.5 

Scope 2 Category Method Energy Saving Approach 

Energy 
Saving 

Carbon 
Equivalent 

Carbon 
Reduction 
Benefits 

(GWh) 
(10,000 

ton CO2) 
(NT$ million) 

Indirect 
Emissions 

Facility 

Standby energy 
saving 

Uninterruptible Power Supply (UPS) efficiency 
improvement (6 items) 

14.4 0.8 11.4 

Point-of-Use Waste Gas Treatment system 
optimize energy saving (2 items) 

11.9 0.6 9.4 

CDA operational strategy optimization (2 items) 7.9 0.4 6.3 

Pump design capacity optimization (2 items) 0.5 0.0 0.4 

Others (8 items) 10.7 0.6 8.5 

Air conditioning 
energy saving 

Make-up Air Unit (MAU) Intelligent operation 
control (8 items) 

11 0.6 8.7 

To eliminate low-efficiency old units with 
improve high-efficiency (3 items) 

3 0.2 2.4 

Chiller System adjust the optimize outlet 
temperature with climate change (1 item) 

0.3 0.0 0.2 

Others (2 items) 3.5 0.2 2.8 

Lighting energy 
saving 

Intelligent lighting (2 items) 2.6 0.1 2.1 

Performance 
improvement 

CDA dryer heat dissipation adjustment (1 item) 0.5 0.0 0.4 

Heating Jacket smarting energy control (1 
item) 

0.3 0.0 0.2 

Others (6 items) 0.7 0.0 0.6 

Production 
tool 

Equipment 
improvement 

Using high efficiency vacuum pump (4 items) 15.9 0.8 12.6 

Reduce the usage of cooling water (4 items) 1.9 0.1 1.5 

Reduce the usage of gas box exhaust (1 item) 1.8 0.1 1.4 

Using high efficiency chiller (1 item) 0.7 0.0 0.6 

Turn off heaters, pumps and hot DI water 
system which are not necessary for process  
(6 items) 

2.3 0.1 1.8 

Replace tool side Uninterruptible Power Supply 
(UPS) by central U-power supply (1 item) 

1 0.1 0.8 

Scope 2 Summary 91 4.8 72.0 

2016 TSMC Carbon Reduction Benefits  9.7 145.5 
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Social Impact Valuation 
 

Introduction 
Semiconductor manufacturing is a globalized industry requiring heavy investment 
of capital and labor. TSMC is the World’s largest dedicated IC foundry with the 
great majority of its operational sites located in Taiwan, exerting considerable 
impact on Taiwan’s overall economic and social development. These impacts 
include: inducing global suppliers to produce domestically in Taiwan, providing 
high-quality employment opportunities, generating government tax revenue, and 
others, all of which are economic and social value created by TSMC for Taiwan 
society. 
 
To effectively measure TSMC’s value contribution to Taiwan society and quantify 
data to serve as reference for management decision-making, TSMC has 
collaborated with the Industrial Technology Research Institute Industrial 
Economics and Knowledge Center (IEK) since 2015 to perform an impact 
evaluation of TSMC and its supply chain on Taiwan’s economy and society. 
 

Indicators to be Measured 
In order to evaluate the economic and social value created by TSMC’s domestic 
production, we quantify total production value and employment opportunities in 
Taiwan generated by TSMC, as well as government tax income contributed by 
TSMC, and employ value-added to measure TSMC’s impact of Taiwan GDP. 
 

Valuation Methodology 
Following discussions with IEK and extensive evaluations, TSMC arrived at the 
following measurement methodology for production value generated by TSMC’s 
local manufacturing, employment opportunities, income generation and tax 
contribution, as well as TSMC’s impact on Taiwan’s GDP: 
  
1. Production value and employment opportunities: includes production value 

and employment generated from direct effects, indirect effects, and induced 
effects. 
 
A. Direct Effect 

 Definition: production value and employment opportunities directly 
generated by TSMC 

 Production value calculation: TSMC annual total revenues 

 Employment generation calculation: TSMC annual employee count 
 

B. Indirect Effect 
 Definition: Production value generated by TSMC’s upstream and 

downstream supply chain (including raw materials, IC packaging and 
test, warehousing, etc) due to TSMC’s production in Taiwan, as well 
as employees hired to generate said production value. This also 
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encompasses goods and services (including transportation, banking, 
insurance, etc) provided to satisfy TSMC’s demands. 

 Calculation method for production value: Σ (semiconductor industry 
backward linkage coefficient * net final demand) 
 Net final demand is represented by TSMC’s annual value added. 
 The industry linkage coefficient is based on the R.O.C. 

Directorate General of Budget, Accounting and Statistics 
(DGBAS) Input-Output table for 166 industries published in 
2011. 

 The input-output table displays the overall results of economic 
activity for a country over a set period (usually one year) and 
employs an inter-industry interdependence coefficients matrix 
to show the interdependence of each industry’s inputs and 

outputs, which is the linkage coefficient of industry4  

 Calculation method for number of people employed: production value 
of each industry/productivity per person for each industry 
 Productivity per person for each industry = production value of 

the industry/number of people employed in the industry5  
 

C. Induced Effect 
 Definition: Production value of goods and services consumed by 

TSMC employees and supplier employees hired due to indirect effect 
spending compensation obtained from TSMC. 

 Production value calculation: Σ (inter-industry interdependence 
coefficients matrix * consumption in each industry) 
 Total employee compensation = number of people employed due 

to direct effect and indirect effect * average annual wage for 
each industry6  

 Total consumption = total employee compensation * ratio of 
average annual consumption7 

 Consumption in each industry = total consumption * ratio of 
private consumption in each industry in 20118 

 
2. Tax contribution 

The tax payment made possible by TSMC’s local production and stable 
profitability enable investment, growth and progress for society, and is an 

                                                 
4
 Data source is Q&A provided by R.O.C. DGBAS. The industry linkage coefficient is defined as 

the units of input a company needs to purchase from companies in other industries in order to 
produce one additional unit of output. It is a representation of interdependence between 
industries. 
5
 Data source: DGBAS 2016 national accounts and labor force statistics 

6
 Data source: DGBAS 2016 wage and productivity statistics 

7
 Data source: DGBAS 2016 national accounts – per capita statistics. It is derived from (average 

annual per capita consumption/average annual per capita income). 2016 consumption ratio was 
60.4% 
8
 Here, all of Taiwan is assumed to be one representative consumer. The 2011 consumption 

ratios for agriculture, industry, and services were 3.2%, 22.0%, and 74.8% respectively. 
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important indicator of the Company’s economic and social value. TSMC 
contributes tax to the R.O.C. government through the following four channels: 
A. Corporate Income tax paid by the Company 
B. Withholding tax deducted from payments by the company, such as 

royalties (not including withholding tax on employee salaries) 
C. Personal income tax paid by employees 

Calculated by taking employees annual compensation, taking applicable 
deductions, and applying the appropriate tax bracket to yield the 
appropriate tax rate. 

D. Income tax on dividends paid by shareholders of the Company 
(1) Domestic investors: additional tax on shareholders = (dividend + 

deductibles * 50%) * effective income tax rate - (deductibles * 
50%) 

(2) Offshore investors: withholding tax on dividends 
 
3. Domestic GDP Impact of Value Added Created by TSMC 

A. Value Added 
 Value Added = Operating income + employment expenses + 

depreciation and amortization 
 

Valuation Results 
TSMC’s estimated social impact for 2016 is as follows: 
 

1. Production value and creation of employment opportunities 
In 2016, TSMC generated total production value of NT$936.4 billion in 
Taiwan. Taking account of indirect effects and induced effects, TSMC 
generated an additional NT$1742.4 billion in production value, for a total 
production value of NT$2,678.8 billion.9 
 
TSMC employed 42,000 people in 2016. Taking account of indirect effects 
and induced effects, TSMC created 317,000 employment opportunities. 
 

 Direct Effect Indirect Effect Induced Effect 

Definition Domestic 
production value 
directly generated 
by TSMC 

Production value of 
upstream and 
downstream IC 
packaging, transportation, 
and warehousing 
indirectly driven by TSMC 

Production value of 
economic activities in 
other industries caused 
by TSMC and suppliers’ 
employees spending 
income from TSMC 

Production 
Value 

NT$936.4 billion  NT$1,158.4 billion NT$584 billion 

Employment 42,000 People 
employed 

193,000 People employed 124,000 People 
Employed 

                                                 
9
 This calculation references the DGBAS 2011 Industry Input-Output Table (Table 3, including 

domestic and imported products), and represents the greatest possible related production value 
and employment opportunities created by TSMC’s production in Taiwan.  
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2. Tax contribution 
TSMC’s tax contribution to governments is primarily income tax, and the 
Company paid NT$51.1 billion in tax to governments around the world in 
2016. Revenue and operating income from TSMC’s Taiwan operations 
account for 90% of the company’s total, and 90% of TSMC’s income tax is 
paid to the R.O.C. government, making it Taiwan’s largest taxpaying 
company in 2016 with contributing 8.8% of total income tax paid to the 
government. 
              
TSMC’s 2016 tax contribution to Taiwan is as follows:  
A. Corporate Income tax: approximately NT$45.1 billion 
B. Withholding tax from payments by the company: approximately  NT$0.9 

billion 
C. Personal income tax paid by employees: approximately NT$7.1 billion 
D. Income tax on dividends to shareholders: approximately NT$25.1 billion 

 
Overall income tax contribution to the R.O.C. government in 2016 was 
NT$78.2 billion, accounting for 7.8% of total tax collected by the government 
for the year. 
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3. Value added generated by TSMC and contribution to domestic GDP 
Value added generated by TSMC in 2016 was NT$705.83 billion, 
contributing 4.1% of Taiwan’s GDP for the year. 
 
 

Outlook 

 
In addition to including the external impact of GHG emissions in the 
Company’s operational decisions, TSMC also plans to gradually incorporate 
the external impact of pollutants discharge, waste treatment, water resource 
consumption, land use, and other environmental factors. 
 
TSMC also plans to continue improving social impact indicators, such as 
adopting Social Return of Investment (SROI) and other methods, and 
expand the scope of research to build a more comprehensive and 
systematic model for impact valuation. 
 
TSMC is currently working with external consultants, and expects to 
undertake a more comprehensive environmental and social impact valuation 
before 2020. 

 
 


