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EXECUTIVE SUMMARY 

The Semiconductor Industry Association (SIA) appreciates this 
opportunity to submit comments on U.S. EPA’s Mandatory Reporting of 
Greenhouse Gases; Additional Sources of Fluorinated GHGs; Proposed Rule, 75 
Fed. Reg. 18,652 (Apr. 12, 2010) [hereinafter “GHG Reporting Re-Proposal” or 
“Re-Proposed Rule”].  SIA is a trade association representing the U.S. 
semiconductor industry, uniting companies responsible for more than 85 
percent of semiconductor production in the U.S.  More information about the SIA 
can be found at www.sia-online.org. 

SIA greatly appreciates U.S. EPA’s responsiveness to our comments on 
the original Proposed Rule1 and its decision to defer a GHG reporting regime for 
our industry pending this new rulemaking.  We believe that the Re-Proposed 
Rule reflects some solid improvement from the original.  In particular, SIA 
appreciates that the Re-Proposal – in contrast to the original proposal – would 
allow semiconductor manufacturers to calculate emissions instead of requiring 
individual tool measurement or continuous emissions monitors (CEMS), neither 
of which are technically or economically feasible at this time.   

Unfortunately, the Re-Proposal’s process-based reporting scheme under 
the so-called “Refined Method” is not viable.  The “Refined Method” stems from a 
technically flawed uncertainty analysis and apparent misunderstandings of 
current process realities.  It would not achieve EPA’s stated objective to obtain 
“information . . . relevant to implementing the existing CAA” that “produces a 
more representative and accurate emissions estimate.”  75 Fed. Reg. 18655, 
18663.   

To achieve its stated objective, EPA should adopt an Alternative Refined 
Method that moves well beyond the status quo  to enhance the current 
Intergovernmental Panel on Climate Change (IPCC) methodologies through the 
following 4 key components: 

1. Gas-Specific Consumption Factors:  Require, unless infeasible, that 
a facility develop a heel factor specific to each type of cylinder and 
for each gas type based on the point established as the trigger for 
changing out the cylinder.   

2. Facility-Wide Apportioning Protocol:  Require apportioning of gas 
usage based on an alternative to the Proposed Refined Method that 
apportions across the following five process categories:  (1) CVD 
Chamber Cleaning – in-situ Plasma; (2) CVD Chamber Cleaning – 
Remote Plasma; (3) CVD Chamber Cleaning – in-situ Thermal; (4) 

                                                 
1  Comments By The Semiconductor Industry Association On U.S. EPA’s Mandatory 

Reporting Of Greenhouse Gases; Proposed Rule, 74 Fed. Reg. 16448 (Apr. 10, 2009) EPA 
Docket ID NO. EPA-HQ-OAR-2008-0508-0498.1. 
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Etch; and (5) Wafer Cleans.  These five process categories, as 
explained in our comments, would move beyond the two IPCC Tier 
2b categories to achieve greater accuracy, but would avoid the 
uncertainly issues created by the Refined Method’s 9 categories.  
To assure a sufficient degree of accuracy, this apportionment 
among the 5 categories should occur based on a combination of at 
least one quantifiable indicator and engineering judgment. 

3. Tier 2b For All, Except Tier 3 Where Available:  Require use of Tier 
2b emissions factors by all facilities, except require use of Tier 3 
measurement data where in possession of a facility, for the etch and 
CVD categories.  Require use of the emissions factors in EPA’s 
Notice of Data Availability (NODA)2 for 2 additional categories (CVD 
Chamber Cleaning – in-situ Thermal and Wafer Cleans).  For heat 
transfer fluids, require a mass balance method keyed to purchase 
and offsite shipment. 

4. Abatement Default Factors:  Allow for default factors based on 
abatement installed capabilities, but otherwise allow for a 
reasonable DRE test sample size and timeframe.   

In Part One below, SIA provides a robust Introduction and Summary of our 
comments.  In Part Two below, we review pertinent background on 
semiconductor manufacturing processes and our history of proactive and 
cooperative involvement on GHGs with U.S. EPA.  Finally, in Part Three below, 
we detail our issues and concerns – particularly as to the Re-Proposal’s Refined 
Method but also as to other aspects, including confidentiality – and offer 
proposed solutions. 

 

                                                 
2  Mandatory Reporting of Greenhouse Gases: Notice of Data Availability; Default Emission 

Factors for Semiconductor Manufacturing Refined Process Categories, 75 Fed. Reg. 
26904 (May 13, 2010). 



 

 

PART ONE: 
INTRODUCTION AND SUMMARY 

The Semiconductor Industry Association (SIA) appreciates this 
opportunity to submit comments on U.S. EPA’s Mandatory Reporting of 
Greenhouse Gases; Additional Sources of Fluorinated GHGs; Proposed Rule, 75 
Fed. Reg. 18,652 (Apr. 12, 2010) [hereinafter “GHG Reporting Re-Proposal” or 
“Re-Proposed Rule”].  SIA is a trade association representing the U.S. 
semiconductor industry, uniting companies responsible for more than 85 
percent of semiconductor production in the U.S.  SIA is dedicated to maintaining 
our Nation’s world leadership in semiconductor technology while at the same 
time helping its members to provide safe working conditions in production 
facilities and to protect the environment.  Collectively, the semiconductor 
industry employs a domestic workforce of approximately 200,000 people, and is 
our Nation’s second-largest exporting industry. More information about the SIA 
can be found at www.sia-online.org. 

SIA greatly appreciates U.S. EPA’s responsiveness to our comments on 
the original Proposed Rule3 and its decision to defer a GHG reporting regime for 
our industry pending this new rulemaking.  We believe that the Re-Proposed 
Rule reflects some solid improvement from the original.  In particular, SIA 
appreciates that the Re-Proposal – in contrast to the original proposal – would 
allow semiconductor manufacturers to calculate emissions instead of requiring 
individual tool measurement or continuous emissions monitors (CEMS), neither 
of which are technical or economically viable at this time.   

Unfortunately, the Re-Proposal’s process-based reporting scheme under 
the so-called “Refined Method” is not viable.  The “Refined Method” stems from a 
technically flawed uncertainty analysis and apparent misunderstandings of 
current process realities.  It would not achieve EPA’s stated objective to obtain 
“information . . . relevant to implementing the existing CAA” that “produces a 
more representative and accurate emissions estimate.”  75 Fed. Reg. 18655, 
18663.  SIA also continues to have significant concerns regarding confidential 
business information. 

I. THE PROPOSED REFINED METHOD IS NOT VIABLE 

A. The Proposed Refined Method Grows Out Of A Deeply Flawed 
Uncertainty Analysis 

The Refined Method in the Re-Proposed Rule’s Section 98.93 sets out 9 
semiconductor manufacturing process categories and sub-categories as well as 
a 10th “N2O other” category.  The Re-Proposal would require apportionment of 
gas usage to each category and subcategory based on quantifiable indicators.  
With the Refined Method, EPA aims to reduce uncertainty and relative error 

                                                 
3  Mandatory Reporting of Greenhouse Gases; Proposed Rule, 74 Fed. Reg. (Apr. 10, 2009). 
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based on the following theory:  Apportioning gas usage among the 9 process 
categories based on quantifiable indicators and then applying emissions factors 
will result in less uncertainty and more precision as compared with the IPCC 
Tier 2b methodology, which has two process categories – CVD and Etch – and 
which allows a facility to apportion gas usage based on engineering judgment. 

 As with the original Proposed Rule, the independent entity – 
International Sematech Manufacturing Initiative (ISMI) – with whom 
U.S. EPA itself has partnered on emissions reporting method 
development – performed supplemental surveys at SIA’ request during 
the Re-Proposed Rule comment period.  The ISMI Supplemental Survey 
Reports, appended to our comments today, demonstrate that the 
theory behind the Refined Method falls apart – and that the Refined 
Method would introduce even greater uncertainty as compared with 
the IPCC Tier 2b Method – for several reasons:   

 The Technical Support Document (TSD) presenting EPA’s 
uncertainty analysis fails to account for the potential magnifying 
impact on uncertainty that can occur when the method establishes 
more categories for apportionment, due to the hundreds of process 
recipes a facility would need to account for during aggregated 
apportionment across hundreds of process tools.   

 Process “recipes” indicate which gas to use when, but do not 
specify a precise amount of gas that must be applied at each 
step in the recipe.  Instead, a recipe achieves precision 
through strict control of other parameters, such as pressure, 
flow rate, temperature, etc.   

 The variation in gas usage amount – and therefore in the level 
of uncertainty – for any single recipe is minute.  That minute 
level of uncertainty undergoes a magnification effect, 
however, when hundreds of process recipes must be taken 
together and apportioned across hundreds of process tools.  
That magnification effect becomes more pronounced the 
more process categories and subcategories across which a 
facility must apportion each recipe.   

 The TSD fails to recognize, let alone account for, this 
magnification effect.  Indeed, the Proposed Refined Method, 
by requiring apportionment across five times as many 
process categories as the IPCC Tier 2b method, would end up 
increasing – and not reducing – the level of uncertainty as 
compared with IPCC Tier 2b by introducing new sources of 
error.  
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 These new sources of error are potentially compounded by variations in gas 
usage across differing generations of technology and individual facility 
configurations.  EPA has based the Proposed Refined Method on gas usage 
distribution of a single large manufacturer.  As the ISMI Supplemental 
Surveys indicate, however, this manufacturer is not reflective of the industry 
as a whole.  Moreover, the ISMI Supplemental Surveys demonstrate that 
across all respondents, the wafer cleaning subcategories account for one 
percent or less of total gas usage, as do several of the etch subcategories.  
As a result, these multiple categories and subcategories create another 
potential source of error without any corresponding benefits given their 
small overall size. 

 In addition to the foregoing, SIA has moved beyond the ISMI Survey reports 
and performed additional analysis.  Through its additional analysis, SIA 
identified other evidence that multiple flaws exist in the TSD’s uncertainty 
analysis.  SIA provided this evidence to EPA on 10 June 2010, but also is 
appending it to our comments today.  

B. The Proposed Refined Method Would Result in Significant Capital 
and Ongoing Compliance Costs 

The costs to the semiconductor industry of complying with the Re-
Porposed Rule are significant and substantially higher than those estimated by 
EPA.  The ISMI supplemental survey results found that the estimated cost 
burden for the semiconductor industry to comply with just the Re-Proposed 
Rule’s gas usage consumption tracking requirements (excluding the gas 
apportioning costs) would exceed $3 million per year in labor and 
operational/maintenance costs alone – already exceeding EPA’s estimate of $2.9 
million for the entire industry.  In addition, the industry expects to incur more 
than $3 million in capital expenditures to meet Re-Proposed.  This cost is 
reflective of facilities migrating from using a default heel factor and meeting 
specific tracking requirements. 

C. An “Alternative Refined Method” Would Achieve Greater Data 
Accuracy As Compared With EPA’s Proposed Refined Method, And 
In Doing So, Would Avoid Undue Burden 

As the ISMI Survey Report for the original Proposed Rule indicated that 
81% of respondents currently estimate gas purchases, typically by relying on 
the Intergovernmental Panel on Climate Change (IPCC) default gas usage 10% 
heel factor.  The Report also demonstrates that only one large company uses 
IPCC Tier 3; the remainder of Survey participants estimate emissions via IPCC 
Tier 2a, 2b, or some combination of tiers, with the majority of companies using 
Tier 2a.    

However, SIA has never asserted that EPA should accept this status quo. 
Instead, we have been urging the Agency to adopt an enhanced version of the 
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IPCC methodology.  Through our recent dialogue with EPA between its original 
Proposed Rule and during the Re-Proposal comment period, SIA has identified 
an “Alternative Refined Method” that is far superior to the Proposed Refined 
Method in terms of both accuracy and cost.  This Alternative Refined Method 
would consist of the four key components: 

1. Gas-Specific Consumption Factors:  Require, unless infeasible, that 
a facility develop a heel factor specific to each type of cylinder and 
for each gas type based on the point established as the trigger for 
changing out the cylinder.   

As explained in our comments on the original Proposed Rule – and 
reiterated in our comments today – gas-specific consumption factors reduce the 
uncertainty associated with the default heel factor currently being used under 
the IPCC method.  We are pleased that EPA has included gas-specific 
consumption factors as a requirement in the Re-Proposed Rule.  As explained in 
our comments today, however, the proposed § 98.123’s cylinder tracking and 
1% accuracy measurement devices calibration requirements do not accord with 
current industry practices and would entail significant costs without a 
commensurate gain in accuracy.   

2 Facility-Wide Apportioning Protocol:  Facility-Wide Apportioning 
Protocol:  Require apportioning of gas usage based on an 
alternative to the Proposed Refined Method that apportions across 
the following five process categories:  (1) CVD Chamber Cleaning – 
in-situ Plasma; (2) CVD Chamber Cleaning – Remote Plasma; (3) 
CVD Chamber Cleaning – in-situ Thermal; (4) Etch; and (5) Wafer 
Cleans.  These five process categories, as explained in our 
comments, would move beyond the two IPCC Tier 2b categories to 
achieve greater accuracy, but would avoid the uncertainly issues 
created by the Refined Method’s 9 categories.  To assure a 
sufficient degree of accuracy, this apportionment among the five 
categories should occur based on a combination of at least one 
quantifiable indicator and engineering judgment. 

Facility-specific engineering models that are based on some quantifiable 
indicator(s) related to the facility’s tool and infrastructure configuration are 
more appropriate for apportioning gas consumption to individual process 
categories at a higher level (CVD vs. Etch but not sub-categories for etch).   
Most facilities will  need to incorporate one or more indicators in a model to 
accurately apportion gases.  Among these indicators are: measuring gas usage 
to a specific tool that may run a single process category or multiple (albeit 
related) process categories; tool monitoring data;  process monitoring data; tool  
utilization data; and engineering specifications.   

3. Tier 2b For All, Except Tier 3 Where Available:  Require use of Tier 
2b emissions factors by all facilities, except require use of Tier 3 
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measurement data where in possession of a facility, for the etch and 
CVD categories.  Require use of the emissions factors in EPA’s 
Notice of Data Availability (NODA)4 for 2 additional categories (CVD 
Chamber Cleaning – in-situ Thermal and Wafer Cleans).  For heat 
transfer fluids, require a mass balance method keyed to purchase 
and offsite shipment. 

4. Abatement Default Factors:  Allow for default factors based on 
abatement installed capabilities, but otherwise allow for a 
reasonable DRE test sample size and timeframe.   

Section 98.96 of the Re-Proposal would prohibit semiconductor 
manufacturers from obtaining full credit for the emissions reductions provided 
by their GHG abatement devices unless the source undertakes the following 
measures on an annual basis: 

(1)  a certification that each abatement system has been installed and is 
maintained, and operated in accordance with manufacturers’ 
specifications;  

(2)  an accounting of each system’s uptime; 

(3)  a random sampling of 3 units or 20% of installed units (whichever is 
greater), following EPA’s DRE protocol. 

SIA is concerned that the foregoing measures would require 
semiconductor manufacturers to generate a large amount of information on an 
annual basis for the hundreds of point of use (POU) abatement devices used for 
GHG control on individual process tools.  Doing so would prove quite costly and 
burdensome.  Indeed, the ISMI Supplemental Survey Reports indicate that EPA’s 
cost assumptions on POU abatement compliance would run an estimated 
$242,000 per fab – not the $70,000 per fab estimated by EPA – and would be 
incurred by 29 instead of the 23 facilities assumed by EPA.  As a result, annual 
compliance costs would run $7 million for this element alone – not including lost 
production time – instead of the $1.61 million estimated by EPA.   

We acknowledge that the Re-Proposal would allow the use of a default 
DRE value in lieu of the foregoing, and appreciate U.S. EPA’s willingness to 
provide this option in contrast to the original proposal, which would not have 
provided any such option.  The Re-Proposal’s 60% default DRE value, however, 
falls well short of the GHG control offered by POU devices, and therefore, 
penalizes semiconductor manufacturers who have operated voluntarily and in 

                                                 
4  Mandatory Reporting of Greenhouse Gases: Notice of Data Availability; Default Emission 

Factors for Semiconductor Manufacturing Refined Process Categories, 75 Fed. Reg. 
26904 (May 13, 2010). 
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good faith under the MOU and other GHG reduction programs to install and 
maintain control devices. 

SIA recognizes the importance of using test data, where available, but 
would submit that where a device has been designed for GHG reductions, 
default factors reflect test data with sufficient accuracy and that testing should 
be required only for new models of abatement systems that are not simply a 
variant of an existing system.  Moreover, periodic testing is not necessary as 
long as a facility operates equipment properly. 

D. The “Alternative Refined Method” Is Superior To The Proposed 
Refined Method, But Nevertheless, Could Be Upgraded Over Time 
Through An Emissions Factors Inventory Process Similar To That 
Used For Conventional Pollutants 

As detailed in Part Three of our comments, the above Alternative Refined 
Method would provide data that is far superior to the Re-Proposed Rule’s 
Refined Method in terms of accuracy and uncertainty.  It also would build on the 
longstanding partnership between our industry and EPA to achieve two key 
objectives:   

(1)  upgrade reporting methodologies across the industry to produce 
data of sufficient quality to support EPA’s GHG regulatory 
programs; and 

(2)  allow GHG reporting to begin in a timely manner for the 2011 
reporting year. 

Notably, with the Alternative Refined Method, EPA still would be imposing 
significant reporting burdens on the many companies which, as demonstrated 
by the original ISMI surveys, do not currently use measured heel factors and rely 
on Tier 2a solely and/or a Tier 1/Tier 2 combination.  Moreover, SIA believes that 
EPA should institute a process for upgrading the Alternative Refined Method 
over time to reduce uncertainty and increase accuracy.  The collaborative, 
extra-rulemaking process used to develop and revise the AP-42 emissions 
factors for VOCs would seem to provide a sensible and practical model. 

II. SIA CONTINUES TO HAVE SERIOUS CONFIDENTIALITY CONCERNS 

Section 98.93 sets out 9 semiconductor manufacturing process 
categories and sub-categories.  The Re-Proposal would require annual 
reporting of both usage and mass emissions information for each of these 
categories and sub-categories on an individual gas-by-gas basis, as well as for a 
10th “N2O other” category.   

Information about which gases a facility uses in which processes and in 
what amounts would reveal competitively valuable, trade secret information.  
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Indeed, such details of GHG usage and emissions by process would provide 
those familiar with our industry specific knowledge of proprietary device 
designs and manufacturing processes, and also effectively may reveal customer 
sensitive product information based on manufacturing loadings.  Annual 
production levels and/or facility capacities also could be used by competitors to 
characterize manufacturing efficiencies and to influence prospective customer 
decisions. 

Under the circumstances, our members likely would have no choice but to 
claim much of the information that would be required under the Re-Proposal as 
confidential, including the mass emissions information broken down by gas and 
by process.  We understand that U.S. EPA may wish to receive some of this kind 
of information from our members to verify their compliance.  We question, 
however, the need for the Agency to receive it routinely, especially in view of the 
trade secret nature of the information. 

As we detail in Part Three below, we believe that the information in 
question qualifies as a legal matter for trade secret protections.  Yet, EPA has 
not spoken at all in the Re-Proposal or in other contexts on this issue. 

We strongly urge EPA to proceed with the rulemaking that it has 
announced on trade secret protections under the GHG reporting and other 
regimes.5  Indeed, it is not legally appropriate for EPA to take the position that it 
can make “no promises” at this time and to remain silent.  The issue of trade 
secret protections goes to the heart of our business, and without any 
understanding whatsoever of EPA’s position on this issue, SIA does not have an 
adequate opportunity for comment on this aspect of the Re-Proposal.   

                                                 
5  See 74 Fed. Reg. 56287. 



 

 

PART TWO: 
SEMICONDUCTOR INDUSTRY BACKGROUND 

 

I. OVERVIEW OF SEMICONDUCTOR MANUFACTURING 

A. Process and Finishing Steps 

In general, semiconductor manufacturing consists of a series of 
processing and finishing steps:  

 Crystal Growth: Crystal growth operations involve the growing and 
processing of silicon “crystals” to create wafers.  The crystal growth area 
generally includes the following process operations:  

 Crystal Pulling  

 Wafer Slicing  

 Wafer Polishing  

 Wafer Cleaning  

 Epitaxy  

 Equipment/Parts Cleaning  

Few semiconductor manufacturing operations include crystal growth.  
Rather, most  of the fabs in the U.S., purchase wafers from separate crystal 
growing facilities. 

 Wafer Fabrication: Semiconductor manufacturing centers around wafer 
fabrication – a series of integrated processes to etch the intricate circuit 
“imagery” onto the wafers through encoding and other steps that impart 
essential conductive properties.  Wafer fabrication generally includes the 
following process operations:  

 Epitaxy 

 Diffusion  

– Pre-Diffusion Cleaning 
– Quartz Tube Cleaning  

 Thin Film Processes  

 Lithography 
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– Positive Photoresist  
–  Negative Photoresist  
– Photoresist Stripper 
  

 Wet Etch  

 Dry Etch (plasma)  

 Ion Implant  

 Chemical Vapor Deposition  

 Metallization  

 Equipment/Parts Cleaning  

 Assembly/Test Operation: After the wafers have been fabricated, the next 
stage involves cutting each wafer into individual semiconductor “chips” and 
assembling those chips according to specifications, such as, for example, 
circuit board assembly.  Assembly/test operations generally involve the 
following process operations:  

 Wafer Cleaning  

 Wafer Dicing  

 Die Attach  

 Wire Bonding  

 Plating  

 Encapsulation  

 Final Test  

 Equipment/Parts Cleaning  

 General Facility Services: In addition to the foregoing semiconductor 
manufacturing activities, each facility also has general operations.  These 
operations include boilers, waste treatment, cooling towers, chemical 
storage and ultra-pure water preparation.  

Of the foregoing process and finishing steps, wafer fabrication constitutes 
the most significant semiconductor manufacturing operation in terms of the 
global business demands for production upgrades, advancement and 
innovations.  Thus, the remaining text focuses on wafer fabrication.  



 

 10 

B. Chemical Use 

1. Conventional Pollutants 

The structural details involved in many electronics products are unique as 
compared with other more traditional manufacturing sectors.  For example, the 
structural details on a semiconductor chip are microscopic.  Indeed, current 
leading-edge chip manufacturing technology creates details of less than 100 
nanometers (one tenth of a micron).  These extremely small scales generate 
exceptionally demanding process tolerances.  Most manufacturing processes 
must occur in “clean rooms” with atmospheric particle contents at least several 
orders of magnitude lower than typical room air.  To achieve this environment 
requires continuous circulation of fresh, filtered air.  N2O 

Process chemicals used in semiconductor manufacturing must meet 
rigorous purity specifications due to the precise nature of the manufacturing 
process.  Fabrication plants typically employ a variety of chemicals in dozens or 
even hundreds of different pieces of equipment.  The majority of the chemicals 
used are relatively non-volatile, and therefore, an individual piece of equipment 
typically will have a small volume of emissions.  The result is an air emissions 
stream that is typically high in volume with very dilute pollution concentrations.  

Volatile organic compounds (“VOCs”) represent the largest class of 
chemicals employed by the semiconductor industry.  Historically, the industry 
also has had significant usage of ozone depleting substances (“ODSs”), but 
semiconductor manufacturers phased out ODSs, largely through substitutions 
with organic solvents and with other fluorinated compounds.   

2. Global Warming Compounds 

a. Nature of PFC Use 

The semiconductor industry uses perfluorocarbons and 
hydrofluorocarbons (collectively referred to as “PFCs” by the industry and often 
referred to in the Re-Proposed Rule as “F-gases”) in the fabrication of 
semiconductor silicon wafers.  PFCs are used in two processes essential to 
semiconductor production: 1) cleaning of chemical vapor deposition (CVD) tool 
chambers, which are used to lay down thin films of chemicals onto the surface of 
silicon wafers; and 2) dry etching of integrated circuits into those thin films.  

The PFCs used in semiconductor fabrication include: 

 hexafluoroethane (C2F6); 

 octofluoropropane (C3F8); 

 nitrogen trifluoride (NF3); 
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 tetrafluoromethane (CF4); 

 sulfur hexafluoride (SF6); 

 trifluoromethane (CHF3); 

 octofluorocyclobutane (C4F8); and others. 

Generally, C2F6, C3F8 and NF3 are used for chamber cleaning, and account 
for about 75 percent  of PFC usage at a semiconductor wafer fabrication site (or 
“FAB”).  The remaining PFCs – CF4, SF6, CHF3 and C4F8 – are used primarily in 
etching. 

b. The Criticality of PFCs to Semiconductor Manufacturing 

PFCs possess characteristics that cannot be d uplicated by currently 
available alternative chemicals.  These compounds, therefore, are critical to the 
manufacturing of semiconductors and to the semiconductor industry.  The 
fluoride atom in PFCs is highly effective in etching silicon, silicon oxide, and 
other thin films on the surface of silicon wafers and the stable nature of PFCs 
allows unmatched precision in etching – a requirement for modern 
semiconductor manufacturing, which is dependent on the ability to produce 
ever smaller, and therefore faster, circuits.  

In addition to their high etching performance, PFCs also clean (CVD) tool 
chambers quickly and exceptionally well, which allows the deposition of high-
purity thin films onto silicon wafers required for manufacture of semiconductors.  
PFCs also are non-toxic, and therefore, pose minimal health risk to workers.  
Because of these properties, PFCs are of unmatched performance in the 
fabrication of semiconductors.  Indeed, without these gases, it simply would not 
be possible to etch circuits to the extreme limits required in the manufacture of 
leading edge integrated circuits.  Furthermore, unless and until suitable 
substitutes are found, PFCs undoubtedly will play a critical role in the 
manufacture of the next generation of nano-devices. 

Our industry’s PFC uses are critical, but small on a relative basis.  Indeed, 
based on U.S. EPA’s most recent greenhouse gas emissions inventory, 
semiconductor emissions of PFCs (defined as perfluorocarbons within the GHG 
Inventory), SF6 and HFCs comprise only 0.07% of the total U.S. inventory of 
greenhouse gases. 

II. SIA’S HISTORY OF PROACTIVE AND COOPERATIVE ENGAGEMENT WITH 
U.S. EPA ON GHGS 

In the early 1990’s scientific studies indicated that PFC gases had high 
Global Warming Potentials (GWPs).  As a result, SIA member companies began 
to consider approaches for stewardship, recognizing world concern that PFCs 
have global warming potential.  After engaging in dialogue with EPA over a 
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number of months, SIA member companies joined with EPA to form the “PFC 
Emission Reduction Partnership for the Semiconductor Industry.”  This 
Partnership was formalized in a 1996 Memorandum of Understanding (MOU) 
under which the participating companies agreed to:  

(1)  endeavor to reduce the absolute and normalized rate of PFC 
emissions from U.S. semiconductor manufacturing operations;  

(2)  share non-confidential information about technologies for reducing 
PFC emissions;  

(3)  implement a comprehensive system for reporting their PFC 
emissions to EPA; and  

(4)  undertake a research and development effort to determine whether 
it would be appropriate for the industry to set specific goals for PFC 
reduction.  

The semiconductor industry has consistently applied its reduction efforts 
to a “basket” of gases relevant to our operations.  This basket includes not only 
perfluorocarbons (CF4, C2F6), SF6, and HFCs (e.g. CHF3), but also NF3. 

As the 1996 MOU was being finalized with U.S. EPA, U.S. semiconductor 
manufacturers also entered into discussions with manufacturers worldwide, 
which led to the formation of the World Semiconductor Council (WSC) in 1996.6  
Initially, the WSC included the semiconductor industry associations of the 
United States (SIA) and Japan (JSIA), Europe (ESIA) and Korea (KSIA), with 
Taiwan (TSIA) joining soon afterwards and China (CSIA) joining in 2007.  The 
WSC’s member associations currently represent about 85% of the world’s 
semiconductor manufacturing capacity. 

One of the first cooperative projects undertaken by the WSC was the 
adoption, in 1999, of a voluntary global PFC emission reduction program with a 
goal of reducing absolute emissions to 10% below each association’s baseline 
emission level by the year 2010.  The WSC voluntary agreement represented the 
first time that an international industry sector had joined together in a 
cooperative effort to address the issue of global climate change.  The WSC 
itself, and several SIA member companies, have received EPA Climate 
Protection Awards for their work within this collaborative industry-wide effort. 

With no controls, global semiconductor PFC emissions were projected to 
increase by a factor of more than seven between 1995 and 2010, due to 
worldwide increases in semiconductor manufacturing to meet the demands of 
today’s technology-driven economy.  However, as a result of the global emission 
reduction program, current worldwide emissions are instead only slightly above 

                                                 
6  The WSC’s website is available at:  http://www.semiconductorcouncil.org. 
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baseline levels, and the WSC expects the 10% reduction goal to be achieved by 
2010.  Furthermore, it is anticipated that new programs will be developed within 
the WSC to continue this effort into the next decade. 

Semiconductor manufacturers have been able to reduce PFC emissions 
by taking a number of actions including: 

 Process optimization, to minimize the amount of PFCs needed to make 
semiconductors; 

 Where possible, replacing higher GWP PFCs with alternative compounds; 

 Employing alternative manufacturing processes, to minimize PFC 
emissions; and 

 Improving PFC abatement systems. 

Since our baseline year of 1995, the SIA MOU participants have already 
reduced their absolute PFC emissions by more than 25%. In the 2009 reporting 
year, the participating companies reported PFC emissions totaling 0.63 MMTCE 
(million metric tons of carbon equivalents).   

Beyond the MOUs, SIA and its member companies have been supportive 
of our Nation’s efforts to develop a sound policy for control of PFCs and other 
greenhouse gases (GHGs).  We have been engaged in dialogue with U.S. EPA 
and Congressional staff on legislative approaches.  Most recently and most 
pertinent to our comments today, we also have been working with U.S. EPA on 
viable approaches for GHG emissions reporting by semiconductor 
manufacturers – one of the deferred sectors in U.S. EPA’s final GHG reporting 
rule and the subject of the GHG Reporting Re-Proposal. 

 



 

 

PART THREE: 
ISSUES, CONCERNS AND PROPOSED SOLUTIONS 
 

I. ISSUES RAISED BY THE RE-PROPOSED RULE’S REPORTING APPROACH 
AND SIA’S RECOMMENDED ALTERNATIVE APPROACH FOR OBTAINING 
RELIABLE EMISSIONS DATA IN A TECHNICALLY SOUND, LEGALLY 
VALID AND COST EFFECTIVE MANNER 

The Re-Proposed Rule’s “Refined Method” is not viable.  It stems from a 
technically flawed uncertainty analysis and erroneous assumptions about 
semiconductor industry tools and practices.  SIA believes that an Alternative 
Refined Method that builds on existing emissions estimating methods being used 
under the Partnership with EPA can meet EPA’s data needs.  SIA also has 
additional concerns about the Re-Proposed Rule reporting requirements and the 
impacts on both the protection of sensitive business information and 
competitiveness of the U.S. industry given the intense global pressures of 
semiconductor markets.   

To provide the EPA with evidence to support these claims, SIA 
collaborated once again with the International SEMATECH Manufacturing 
Initiative (ISMI) to conduct two supplemental surveys across a representative 
sampling of the industry.  The ISMI Supplemental Survey Reports are provided 
with these comments.  We also incorporate by reference the Survey Reports 
submitted with out comments on the original Proposed Rule. 

SIA presented testimony outlining our concerns at the public hearing, and 
then provided further details at a meeting with EPA representatives at a May 19, 
2010 and a June 10, 2010 webinar.  During both the meeting and the webinar, 
SIA reviewed some data from the ISMI surveys and sought to gain a fuller 
understanding EPA’s assumptions of industry practices and to identify specific 
questions to address in our comments. 

SIA’s comments below key off of our discussions at the meeting and 
webinar.  We present a more fulsome summary of the ISMI Supplemental 
Surveys (and append the Survey Reports to our comments); provide responses 
to specific EPA requests and questions; present an Alternative Refined Method; 
and address other areas of concern raised by the Re-Proposed Rule. 

A. Gas Consumption Determination 

1. Issues Raised by Re-Proposed Rule 

B. Gas Consumption Determination 

The Re-proposed Rule provides an alternative method from the 2009 
Proposed Rule to determine annual GHG gas consumption.  In the alternative 
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method, gas consumption (C) is calculated based on acquisitions (A) and 
disbursements (D) from purchase records, the inventory of input gas (I) at the 
beginning and end of the year, along with facility-wide gas-specific heel factors 
(h) to be developed for each cylinder/container type for each gas used.  See 
proposed § 98.93, Equation I-10 and proposed § 98.94.  EPA requests comments 
on this alternative method, stating in the Re-Proposed Rule’s Preamble: “When 
taking an annual inventory, we understand that multiple cylinders/ containers 
are in service.  We request comment on the significance of accounting for the 
quantity of fluorinated GHGs or N2O remaining in cylinders/containers in service 
at the end of the reporting period.  We also request comment and detailed 
information on other methods and technologies (i.e. other than purchase 
records) that facilities may be using for determining annual gas consumption 
(e.g., recorded data from an automated gas inventory system).”  75 Fed. Reg. 
18661. 

SIA recognizes that the requirement to develop facility-wide gas-specific 
heel factors and apply them to purchase records in this manner is less onerous 
than the method proposed in the 2009 Proposed Rule, which would have 
required the use of flow meters to determine gas usage.  SIA also recognizes 
that facility-wide gas-specific heel factors will greatly improve the accuracy of 
the gas usage determination over using the 2006 IPCC 10% default value.  We 
note, however, that, according to the 2009 ISMI survey, 81% of the responding 
facilities will have to institute practices not currently in place to determine all of 
their facility-wide gas-specific heel factors to meet the Rule requirements. 

SIA questions the significance of accounting for the “inventory” of gases 
at the end of the reporting period and raises concerns over the burden of 
determining this inventory.  In the survey conducted in 2009 by ISMI1, 81% of the 
survey respondents estimated F-GHG consumption by tracking purchases and 
assuming a default heel factor, typically the 2006 IPCC specified 10%.  These 
respondents were not tracking individual cylinders/containers in their facilities 
or measuring gas usage by any other means.  A typical facility can have 
hundreds of individual cylinders/containers in service.  Determining the quantity 
in each cylinder at the end of the reporting period would create a tremendous 
burden for these facilities.  It would also create additional burden to facilities 
that may be tracking individual cylinders/containers at their facilities but at the 
point of cylinder changeout; end of reporting period inventory may not be 
comprehended, only the usage by cylinder changeouts during that reporting 
period.  It is expected that year-on-year, the total inventory of each F-GHG and 
N2O would not vary widely. Furthermore, if usage for a previous reporting rule 
was “under-reported” or “over-reported” due to relying only on purchase 
records, not accounting for the inventory, the usage for the following reporting 
rule would account for the deficit or excess amount. 

The Re-Proposed Rule states “you shall recalculate facility-wide gas-
specific heel factors applied at your facility in the event that the residual weight 
or pressure of the gas cylinder/container that your facility uses to change out 
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that cylinder/container differs by more than 1 percentage point from that used 
the calculate the previous gas-specific heel factor.” 75 Fed. Reg. 18700.  It also 
states “In the exceptional circumstance that you change a cylinder/container at 
a residual mass or pressure that differs by more than 20 percent from your 
facility-wide gas-specific determine values, you shall weigh that cylinder or 
measure the pressure of that cylinder with a pressure gauge, in place of using a 
heel factor.’’ 75 Fed. Reg. 18700.  EPA has requested comment on the 
frequency of these exceptional circumstances and also the proposed 
percentage difference (i.e. 20 percent).  75 Fed. Reg. 18661. 

In the course of minor operational modifications, a facility may adjust a 
certain trigger point for a single cylinder or a small amount of cylinders by a 
small amount to determine the effect on the process.  This may be a temporary 
or permanent adjustment – and may only be for a small number of cylinders of 
that gas type.  In some of these instances, the percentage change from the 
original trigger point may exceed the 1% requirement to recalculate, but may not 
result in any significant change in the amount of residual gas in the cylinder due 
to the amount of gas contained in the cylinder.  A facility-wide gas-specific heel 
factor recalculation requirement of 5% of trigger point may be more reasonable 
and practical and would likely be representative of any significant change.  It 
would also reduce the burden of tracking multiple facility-wide gas-specific 
changes (and the intervals during which the change applied) that may only be 
temporary. 

1. ISMI Supplemental Survey Results 

The original ISMI GHG Facility Survey results indicate that 80% of the 
respondents estimate gas consumption based on purchases and an assumed 
heel factor.  No respondent uses mass flow controllers with +/- 1% accuracy for 
tracking gas consumption.  The estimated minimum average cost to install 
infrastructure to comply with the gas consumption tracking requirements of the 
rule as proposed is $0.72 million per fab with an estimated annual operating cost 
of $0.22 million per fab.  Based on an estimated 91 semiconductor facilities that 
would be subject to the Re-Proposed Rule, the total estimated minimum cost for 
the industry to comply with the gas consumption data requirements is $65 
million for infrastructure installation and $20 million for annual operating costs.   

The 2010 Supplemental ISMI Survey asked about exceptional 
circumstances for cylinder changes differing from the trigger point.  Of the 13 
respondents, only one facility reported that because they currently track all 
cylanders, they could track these exceptional cylinder changes.  According to 
this company, however, exceptional cylinder changes occur very infrequently 
(facility reported 6% or less).  The typical reasons for changing out a cylinder at 
a different point are customer request and engineering development activities.  
Given the sensitive nature of semiconductor processes, cylinders would rarely – 
if ever – be changed 20% past the trigger point by any facility; they would only be 
changed prematurely – or before the trigger point had been reached.   A facility 
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can changeout 1000 or more cylinders of F-GHG and N2O per year.  Each 
cylinder changed out > 20% prematurely would have to be specifically removed 
from the purchase record accounting and the calculation of Eq. I-10, measured, 
and tracked manually.  The burden of this independent tracking is not warranted 
given that under-reporting of gas usage is highly unlikely. 

The Re-Proposed Rule states: “All flowmeters, weigh scales, pressure 
gauges, and thermometers used to measure quantities that are monitored under 
this section or used in calculations under §98.93 shall have an accuracy and 
precision of one percent of full scale or better.” 75 Fed. Reg. 18702.  The Re-
Proposed Rule did not include specific requirements for instrument calibration, 
however the Final Mandatory Greenhouse Gas Reporting Rule, Subpart A-
General Provisions 40 C.F.R. §98.3: “All measurement devices must be 
calibrated according to the manufacturer’s recommended procedures, an 
appropriate industry consensus standard, or a method specified in a relevant 
subpart of this part. All measurement devices shall be calibrated to an accuracy 
of 5 percent… Subsequent calibrations shall be performed at the frequency 
specified in each applicable subpart.”  The general provisions appear to require 
an initial calibration to an accuracy of 5% and then some subsequent 
calibrations specific to industry or instrument types.   Many older fabricators 
measurement equipment do not have instrumentation that can meet the 1% 
accuracy requirements, but the majority of those facilities have accuracies of 2 
to 4%. The 5% accuracy requirement provided in the general provisions enables 
those fabricators to utilize their existing equipment.  The majority of new 
fabricators and new equipment will be able to meet the 1% requirement as 
discussed in the analysis of the survey data below.    

According to the 2010 Supplemental ISMI Survey, 74% of the respondents 
have measurement devices that meet the 1% accuracy/precision requirement 
while 26% may not.  Of this 26%, the measurement devices used at many of the 
facilities that do not meet the 1% requirement likely do have an 
accuracy/precision in the 2-4% range.  This 26% of facilities can be expected to 
incur additional capital costs to meet this instrumentation requirement. 

As indicated in SIA’s comments to the original Proposed Rule, the scales 
and pressure monitoring devices are not calibrated per ISO 9000 Quality 
Standards for calibration and are not calibrated using NIST traceable standards 
or other methods that would be considered true calibration.  In many cases, 
calibration of a measurement device would involve removing it from service and 
possibly even disconnecting it from a tool, rendering it inoperable. This is not 
acceptable because semiconductor fabs operate continuously and are subject 
to rigorous contamination control for replaced equipment (where a device had 
to be removed for external calibration) to prevent system contamination.   

As with other process sensitive parameters in our industry, performance 
verification is conducted for these scales and pressure measurement devices as 
needed since the trigger point for change-out is a highly critical measurement to 
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ensure that the integrity of the gas delivery to the tools is not compromised 
(change-out indication too late) and that costly gas is not unused (change-out 
indication too soon).  SIA believes that performance verification, such as a 2 
point, zero and span process for scales or a comparable in-line method for mass 
flow controller or pressure transducers - or similar method-  would satisfy the 
intent of instrument calibration required in the Final Rule – and it is often done 
more frequently than annually.  Performance verification would be consistent 
with the requirement of an appropriate industry consensus standard.  

Overall, the 2010 Supplemental ISMI survey estimated that the cost 
burden for the semiconductor industry to comply with just the Re-Proposed 
Rule’s gas usage consumption tracking requirements would exceed $3 million 
per year in labor and operational/maintenance costs alone.  In addition, the 
industry expects to incur more than $3 million in capital expenditures to meet 
the requirements as Re-Proposed.  This cost is reflective of facilities migrating 
from using a default heel factor and meeting specific tracking requirements. 

In the meeting with USEPA on May 19, 2010, EPA requested comment on 
placing the requirement of cylinder measuring and tracking on the gas supplier. 
While this may be practical at some facilities at additional cost, SIA believes this 
would not be practical in most cases.  Specific “used” cylinders may not be 
uniquely identified once they are removed from service such that their 
correlation of their incoming weight to their outgoing weight may not be 
possible.  Furthermore, suppliers often pick up used cylinders from customers 
in multi-facility trips, also known as “milk runs.”  This would convolute the 
requirement to weigh specific cylinders for specific customers when they return 
to the supplier location.  In any case, this would require the establishment of an 
“on and off” facility tracking system for which facilities and supplier protocols 
are not currently equipped or staffed.  Most certainly all costs for this tracking 
would be incurred ultimately by the facility, thus avoiding no part of the cost and 
burden associated with gas usage tracking as proposed. 

2. SIA’s Proposed Alternative Approach 

SIA appreciates EPA’s willingness in the Re-Proposal to adopt much of 
SIA’s alternative for calculation of a gas-specific heel factor offered in our 
comments on the original Proposed Rule.  As illustrated in Table 1 of those 
comments (re-proposed again below), this methodology offers significant 
accuracy improvement in gas consumption estimates compared to use of a 
default heel factor by accounting for what can be substantial relative 
differences in change-out trigger points from gas to gas and from one facility to 
another, due to differences in tool and process sensitivity.   

Use of facility determined gas specific heel factors is sufficiently reliable 
relative to direct measurement of all gas usage because container change-out 
based on established trigger points is consistently executed in semiconductor 
fabs as a result of simultaneous requirements to protect processes from 
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excursions and to make maximum cost-effective use of raw materials.  
Furthermore, costly installation of gas distribution and measurement 
infrastructure is not required 

Table 1 – Calculation of Gas-Specific Heel Factors 
 

Gas 
Pressure 

(psig) 
weight 

(lb) 

Change 
trigger (psig 

or lb) 
Heel 

Factor % 
C2F6  95 7 lb 7% 
C4F8  16 1 lb 6% 
C4F8  88 5 lb 6% 
CHF3  70 17.6 lb 25% 
CF4 1800  180 psig 10% 

NF3 etch 1450  85/60 psig 6% / 4% 
NF3 CVD 1450  40 psig  3% 

SF6  50 12 lb 24% 
N2O  60 12 lb  20% 

 

FLUORINATED GHG USAGE DETERMINATION 
SIA PROPOSED ALTERNATIVE 

Semiconductor facilities shall use annual purchase records showing 
acquisitions and disbursements of gas containers along with facility-wide gas 
specific heel factors to determine annual gas consumption for each gas.  If a 
cylinder/container change-out trigger point is modified by more than 5% of the 
value used to determine that facility-wide gas specific heel factor (weight or 
pressure), the facility shall re-calculate the facility-wide gas specific heel factor 
for that gas/container type and apply at the point during the year that the change 
occurs.  Alternatively, if a facility tracks gas consumption by individual 
cylinders/containers, that method may be used in lieu of the heel factors applied 
to purchase records since the usage is still determined by the changeout 
trigger.  Facilities are not required to account for the inventory of F-GHG and 
N2O gas in every cylinder/container at the beginning and end of the reporting 
period; only the usage according to purchase records during that reporting 
year.  Cylinders changed out prematurely (i.e., before the trigger point is 
reached) need not be accounted for independent of the annual purchase 
records. 

All instrumentation used in association with gas consumption 
determination (e.g., scales, pressure transducers, thermometers) shall have an 
accuracy and precision of 5% of full scale or better.  Such instrumentation shall 
undergo a performance verification appropriate for the  range of gas usage 
measurement (e.g., weight or pressure) and nature of the instrument consistent 
with an industry accepted practice at least annually. 

C. Apportioning Gas Usage 
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1. Issues Raised by Re-Proposed Rule 

a. Wafer Passes Will Not Be A Suitable Quantifiable 
Indictor of Gas Usage For All Facilities 

The Re-Proposed Rule states that “Semiconductor facilities shall 
apportion fluorinated GHG consumption by process category, as defined in 
§98.93(a)(1)(i) through (a)(1)(iii), or by individual process using a facility-specific 
engineering model based on wafer passes.” 75 Fed. Reg. 18700)  In summary, 
these categories are defined as 4 etch processes (oxide, nitride, silicon, and 
metal), 3 CVD chamber clean processes (in-situ plasma, remote plasma, and 
thermal), and 2 wafer cleaning processes (bevel cleaning and ashing) for a total 
of nine (9) process categories, which are also referred to as the “refined 
process categories” 75 Fed. Reg. 18662).  The preamble further states that 
“…To determine the share of each gas used by each process category, we are 
proposing to require that semiconductor facilities use a quantifiable indicator 
(or metric) of gas usage activity..” 75 Fed. Reg. 18661) and that “…The use of 
engineering judgment, for example, is not based on a quantitative metric and 
would not be considered an acceptable quantifiable indicator of gas usage…” 75 
Fed. Reg. 18662). 

The results of the supplemental 2010 ISMI survey clearly indicate that 
using wafer pass as the required metric to apportion gas usage is not 
appropriate for a variety of reasons.  Although facilities may track wafer passes 
through a given tool, fab tracking systems and tool recipe data is either not 
easily available or this data does not necessarily provide the data required for 
gas usage apportioning.  In etch, for example, a given tool may have hundreds of 
individual recipes with multiple gases used, flows, and times.  .  The recipe 
mixes are very complex and dynamic, with different types and ranges of recipes 
varying literally on a daily basis due to changes in production mix.  

Furthermore, these recipes are often designed to etch through a film 
stack which consists of two or more of the “refined process categories” for etch 
– and the gases used for each portion of the film stack may be the same.  The 
tool itself does not track how much of each gas was used for what portion of the 
film stack was etched, nor is that feasible.  Wafer pass, therefore, may not be 
viable as a required quantifiable indicator for all facilities. 

The ISMI assessment of semiconductor facilities in the United States have 
indicated that each facility is unique in terms of its wafer size, process 
technologies and product mix, gas distribution systems, and production 
management systems.  As such, there is no “one size fits all” approach to 
apportion gas use and estimate PFC process emissions 
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b. EPA’s Uncertainty Analysis To Support Apportionment 
Across The 10 Process Categories Is Flawed 

ISMI performed a detailed analysis of the uncertainty model the EPA 
presented in the TSD and the  usage data provided through the 2010 ISMI 
Supplemental Survey.  Many of the assumptions and conclusions from the EPA 
analysis raised serious questions regarding the validity of the analysis.  The ISMI 
analysis was provided by SIA to EPA on June 10, 2010.  Some of the issues 
identified include: 

1. The uncertainties applied to the emissions factors used in the uncertainty 
analysis comparing the 9 category analysis to the tier 2b categories 
analysis overstated the accuracy of the etch emissions factors. 
Specifically, the use of 10% uncertainty for emissions factors with only a 
single data point and no specified uncertainty overstates the certainty of 
the emissions factor value.  

2. The gamma distribution truncated the distribution for emissions factors 
less than zero but an infinite distribution tail for emissions factors greater 
than 1 resulted in 2 to 3% of the runs emitting more gas than was used in 
the process. This distribution reflects a major problem in the analysis. 

3. The gamma distribution did not fit well with some of the data where the 
value of Uij was high. A beta distribution provides a better fit to the 
available data and improves the Monte Carlo model output. 

4. There is a wide distribution of the etch utilization factors within each of the 
4 etch categories. For most companies a significant number of etch 
processes do not have available etch factors.  This necessitates using the 
Tier 2b etch factor for those factors which do not have data thus 
converging the model.   

 
In summary, the limited available data for the etch emissions factor does 

not justify the extension of the etch category from 1 to 4 categories as detailed 
in the re-proposal. In addition, the industry does not have the systems in place to 
cost-effectively apportion PFC use and etch emissions factors across the 
fabrication process.  This combination of factors suggests that the best 
approach is to use a 5 category apportioning model with a single etch category 
at this time.       

 

2. ISMI Supplemental Survey Results 

The 2010 supplemental ISMI Survey estimates that semiconductor 
industry would incur an estimated $2.6 million in capital expenditures along with 
an estimated annual labor and operational/maintenance cost of $22 million to 
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apportion gas usage according to the proposed “refined process categories.”  
Please see the Survey Report appended to our comments for further details.  

3. SIA’s Proposed Alternative Approach 

To achieve its objectives, EPA should adopt an Alternative Refined Method 
that includes a Facility-Wide Apportioning Protocol.  This Protocol would 
apportion across five process categories, instead of just the two IPCC Tier 2b 
categories, based on a combination of at least one quantifiable indicator and 
engineering judgment, with flexibility to determine the most appropriate 
indicator based on facility configuration and processes. 

FLUORINATED GHG USAGE APPORTIONMENT 
SIA PROPOSED ALTERNATIVE 

Semiconductor facilities shall apply a Facility-Wide Apportioning Protocol 
for the following five process categories:  

1. CVD Chamber Cleaning – in-situ Plasma 

2. CVD Chamber Cleaning – Remote Plasma 

3. CVD Chamber Cleaning – in-situ Thermal 

4. Etch 

5. Wafer Cleans 

Apportionment must occur based on at least one quantifiable indicator and 
engineering judgment.  A facility may determine the most appropriate indicator 
based on its configuration and processes. 

Facility-specific engineering models that are based on some quantifiable 
indicator(s) related to the facility’s tool and infrastructure configuration are 
more appropriate for apportioning gas consumption to individual process 
categories at a higher level (CVD vs. Etch but not sub-categories for etch).   
Most facilities will  need to incorporate one or more indicators in a model to 
accurately apportion gases.   Among these are measuring gas usage to a 
specific tool that may run a single process category or multiple (albeit related) 
process categories, tool monitoring data, process monitoring data, tool 
utilization data, and engineering specifications.   

Some facilities may also have an overall facility management software 
system that collects certain process and tool parameters that, combined with 
engineering judgment and/or specifications, could be used to provide the 
necessary data for a facility-specific model to apportion gas usage among 
certain process categories.  Flexibility to choose indicators facility-by-facility by 
process category will provide more accurate estimates now and the option to 
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implement improved methods later when new technologies develop.    However, 
even these complex, facility-specific engineering models will have severe 
limitations to apportion gas usage to the proposed etch sub-categories when 
multiple etch processes are used within a single tool.     

As stated above, apportionment of gas use should be done based on a 
facility specific plan, developed by each facility, based on the technologies run 
at the system, the ability to assign gas use to specific tools, the tool and process 
control systems used in the facility and the extent of the tool and process control 
data which is available for manipulation, and available engineering data on tool 
and process gas use.  Examples of specific options which could be employed 
include: 

a. Matching of gas use from distinct distribution systems to specific process 
types.  Some facilities may have distribution systems segregated by 
process type or specific to tools which will enable direct matching of use 
to process type and calculation of emissions using process emissions 
factors.  

b. Development of an apportionment model based on the analysis of the 
primary process recipes for the manufacturing technologies employed at 
the facility.  This analysis would develop use estimates by total gas 
consumption per wafer start per primary technology recipe type, which 
could then be multiplied by wafer starts over a time period to calculate 
gas use for the process type.  These calculations could be performed for 
each primary technology recipe and the results manipulated against the 
known gas use and process emissions factors using statistical methods to 
generate total emissions by gas.  A more detailed discussion of this 
proposal is provided in Appendix A. 

c. Develop a facility specific methodology for apportioning using a 
combination of methodologies dictated by the specific fabricator systems.  
Options include using or combining information from: 

a. matching gas use from distinct, measured distribution systems to 
specific process types; 

b. process monitoring data and engineering knowledge; 

c. tool monitoring data and engineering knowledge; 

d. engineering and wafer start or wafer pass data; 

e. destruction efficiencies for abatement systems applied to gas use; 

f. other facility specific data. 

g. Where a fabricator has some or all processes covered by 
abatement systems, the facility should be able to perform emissions 
calculations based on gas use and abatement system destruction 
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efficiencies.  Destruction efficiencies should be measured in 
accordance with the SIA proposed alternative presented in Section 
III D 

d. If a facility has a software-based facility management system properly 
configured to be capable of providing the necessary data to apportion gas 
usage to specific process categories, the facility can rely on their system 
output for the usage. 

In all cases, the facility develops a location-specific F-GHG gas use 
monitoring and calculation plan detailing the specific data collection processes, 
apportionment methodologies, and calculation and modeling processes used to 
determine actual facility gas use and emissions.  The specific quantifiable 
indicators used should not be prescribed by this Rule. 

D. Applying Emissions Factors 

1. Issues Raised by Re-Proposed Rule 

The emission factor coverage on the multiple etch categories as provided 
in the NODA is inadequate and the data quality is not sufficient to support the 
differentiation of etch processes into multiple categories.  SIA has provided 
further detail is provide in the uncertainty analysis given to EPA on June 10, 
2010, and included as Attachment B1 to these comments. 

The overarching issue is that the both the number and accuracy of the 
available etch emissions factors is not adequate to support refinement of the 
etch category for this rule.  The SIA refined model proposal, which closely 
follows the EPA refined model proposal, provides significant improvements in 
method accuracy through better calculation of gas use through the use of 
measured, facility specific heel factors and improved differentiation in the 
chamber clean processes.   

2. SIA’s Proposed Alternative Approach 

To achieve its objectives, EPA should adopt an Alternative Refined Method 
under which a facility will rely on Tier 3 measured data if available, and if not, 
then rely on the Tier 2b emissions factors for the etch and CVD categories and 
on the factors proposed by EPA in the NODA.   

METHOD FOR APPLYING EMISSION FACTORS 
SIA PROPOSED ALTERNATIVE 

Facilities will use process-specific Tier 3 factors for their gas utilization 
and by-product formation provided that: 
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 they already have physical possession of those factors either from tool 
suppliers or through their own measurement methodologies consistent with 
the ISMI 2006 Guideline; and 

 they conclude – based on their professional judgment – that those factors are 
representative of their particular process. 

For facilities that do not have process-specific Tier 3 factors in their 
physical possession, the 2006 IPCC Tier 2b default emission factors will be an 
approved alternative for process platforms and toolsets for 300mm wafers or 
smaller.  The amount of each gas used by each process will be determined using 
the Facility-Wide Apportioning Protocol discussed above.   

The 2006 IPCC Tier 2b methodology is a globally accepted method for 
estimating GHG emissions for a semiconductor manufacturing facility.  The Tier 
2b factors were developed using 190 distinct measured emission factors for 
CVD chamber cleaning and etch processes and are accurate for developing an 
inventory of GHG emissions.  [Draft Report - Emission Factors for 
Semiconductor Manufacturing: Sources, Methods and Results, February 2006] 
Given that a typical facility has many tools using these gases in hundreds of 
different process recipes, a facility is, in effect, an inventory.   

In this context, SIA emphasizes that given most facilities do not currently 
use Tier 3 methodology, limited data representative of manufacturing conditions 
exist upon which to base an estimate of the improved accuracy of Tier 3 
emissions calculations.  The only actual comparisons known to SIA were 
presented in our comments on the original Proposed Rule and demonstrate only 
a modest difference in the results of the methods.  Since then, EPA has engaged 
in an effort to develop emissions factors based on more recent data.  Although 
these data have not been made available to SIA – and therefore we are not able 
to comment fully – the emissions factors in EPA’s recent Notice of Data 
Availability (NODA) do not differ materially from the Tier 2b factors – thereby 
underscoring the appropriateness of using the Tier 2b factors at this time.  

3. Additional Reliability and Accuracy Considerations 
Supporting SIA’s Proposed Alternative Method for Applying 
Emissions Factors 

a. Original ISMI Survey Results 

As part of the GHG Facility Survey participation, one respondent provided 
additional data from an analysis completed to compare results of 2006 IPCC Tier 
2a, 2b, and 3 methods for three 200 mm fabs over 3 years and three 300 mm 
fabs (one for 1 year and two for 3 years each).  These 16 data sets show that Tier 
2a and Tier 2b produce a very similar result with Tier 2a averaging +2% higher 
(standard deviation 9%).  When comparing Tier 3 to Tier 2a and 2b, Tier 3 
yielded an estimated 10 % and 11% lower, respectively (standard deviation 3% 
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and 8%). The IPCC methods for the electronics industry require use of 100-year 
time horizon global warming potentials (GWP100) to calculate CO2 equivalent 
emissions. As noted in the IPCC Fourth Assessment Report, uncertainties of 
GWP100 are ±35% (IPCC 4th ARWG1, Ch.2, p.214). The largest difference 
between methods is less than one-third of the uncertainties of GWP100.  

b. Proven Reliability and Accuracy of Tier 2b Factors 

As stated above, the IPCC Tier 2b factors are widely recognized as a 
reliable basis for estimating emissions.  The Chicago Climate Exchange (CCX), a 
voluntary market-based emission reduction and trading system that requires 
participants to establish emissions baselines and track their progress towards 
emission reductions goals, recognizes the reliability of Tier 2b factors.   

Using reliable gas usage by process estimations along with Tier 2b default 
factors should satisfy the intent of the Re-Proposed Rule, particularly 
considering the inherent uncertainty (+/-35% or greater) in the modeled global 
warming potentials themselves, which continue to change over time and are 
used in the emissions estimations.  In addition, assuming that governments are 
moving towards market-based approaches to GHG management, the relatively 
small uncertainties that may remain should be left to the markets to resolve.  It 
should be noted that other sources of GHG emissions that may become part of 
future market-based approach will also have some inherent, but nonetheless 
acceptable, small levels of uncertainty. 

Transitions to new wafer sizes represent the best opportunity to 
consistently introduce new equipment requirements. The industry is currently in 
the process of developing tools for the next wafer size - 450 mm. According to 
ISMI, “IC makers wish to work with suppliers of wafer fab equipment to achieve 
capability for pilot lines in 2012 and prepare for manufacturing their products on 
450 mm wafers”, while initial new facility ramp-up may occur in the 2014-2015 
timeframe. Note that detailed technology goals will be defined by individual 
companies’ business requirements.  The introduction of production-ready 450 
mm tools represents the most appropriate transition point for consistent 
application of Tier 3 factors.  As with current emissions estimation processes 
used by the industry, data for a supplier’s baseline process should be 
considered representative of company-specific processes. 

4. Possibility of A Future Emissions Factors Initiative 

If EPA desires to increase the number of etch, it will be necessary to 
undertake an effort to establish emissions factors for an appropriately defined 
set of etch processes.  However, it is not appropriate to include such emission 
factors in the text of the Re-Proposed Rule itself, since modifying or adding new 
emission factors as new tools and processes are adopted, or as emission 
factors for existing tools are refined, would be hampered by the formal 
rulemaking that would be required to modify the text of the Rule.   Moreover, the 
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short period of time between the Rule proposal and finalization simply does not 
provide a sufficient opportunity to develop appropriate emission factors.  For 
these reasons, in dealing with conventional pollutants, EPA has a long-history 
dating back to the 1960s of developing and upgrading emissions factors through 
a collaborative technical process open to interested stakeholders that is outside 
the confines of a formal rulemaking.  The AP-42 emissions factors for volatile 
organic compounds (VOCs), originally developed in 1968 and upgraded through 
EPA’s Technology Transfer Network, Clearinghouse for Inventories & Emissions 
Factors, provides an appropriate model.  See 
http://www.epa.gov/ttnchie1/ap42/. 

The Clean Air Act’s New Source Performance Standards (NSPS), codified 
at 40 C.F.R. Part 60, explicitly require existing facilities, upon modification, to 
calculate their increase in emission rate by applying “Emission factors as 
specified in the latest issue of ‘compilation of air pollutant emission factors,’ 
EPA Publication No. AP-42 . . . .”  40 C.F.R. § 60.14(b)(1).  AP-42, then, is a 
compilation of emission factors developed and periodically updated by the 
Emission Factor And Inventory Group (EFIG), in EPA’s Office Of Air Quality 
Planning And Standards (OAQPS), with opportunity for public review and 
stakeholder input.   Incorporating these external emission standards by 
reference in the regulations, rather than including them in the CAA regulations 
themselves, would allow the emission factors to be updated without having to 
undergo the full rulemaking needed to modify the text of the Rule and would 
provide EPA and stakeholders the time needed to develop appropriate emission 
factors.  If such a model were adopted in the Re-Proposed Rule, SIA would be 
willing to work with EPA to develop such appropriate emission factors that could 
be maintained in an analogous, extra-rule, database could be updated 
periodically as needed. 

Another possibility for a future initiative would entail an MOU between our 
industry and EPA to develop and execute a voluntary, cooperative plan with the 
industry to develop a full set of etch emissions factors, with defined 
uncertainties, to model and determine the degree of refinement that can be 
achieved in order to reduce the uncertainty of the emissions calculations.  As 
set forth above, SIA has a history of successful MOU development and execution 
with EPA, and would consider adopting this model for the development of 
emission factors.   

5. Potential Additional Alternative  

SIA also believes the Re-Proposed rule should provide flexibility to allow 
alternative measurement methods for F-GHG and N2O.  These methods should 
be included in the Final Rule as alternatives to the requirements in the Re-
Proposed Rule.  While these options may not be fully implementable today, they 
could provide viable options in the near future.  These option are: 
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1. Facility Wide Emission Factor 

Development of an accurate facility wide emission factor using statistical 
parameters.  A facility wide emission factor would eliminate the compounding 
uncertainty that is realized when using multiple variables (i.e., apportionment of 
gas usage, process emission factors, abatement destruction removal efficiency) 
to calculate emissions.  Such a facility wide emission factor could be established 
by: 

a) Characterization of  the facilities final exhaust using an approved 
protocol (e.g. 2006 ISMI, 2010 EPA protocol) 

a. Sampling would include sufficient final exhaust data to 
understand the variability and develop an average factor and 
uncertainty range 

b. The method could contain a requirement to retest and establish 
new emission factors if gas use increased by 20%.  

b) Develop an average emission factor with uncertainties comparable to 
other acceptable methods utilizing the final exhaust data 

a. Use mass balance to quantify constituents below method 
detection limits   

c) Calculate emissions over time by applying this average emission factor 
to actual gas consumption (i.e. emissions = gas consumption x EF) 

2. Factory Modeling 

Factory modeling may be possible for new factories if the appropriate 
software is integrated into new systems.  With the appropriate capability built 
into new tools, it may become possible to track tool level gas consumption and 
develop emission factors for a representative sample of process steps.  Total 
emissions could then be expressed as a function of chemical use multiplied by 
the average emission factors.   

As measurement technologies are likely to improve over time, we believe 
it is important that the final rule contain flexibility that would allow for the use of 
alternative methods without a future rule change.    

E. Accounting for N2O Emissions 

1. Issues Raised by Re-Proposed Rule 

The Re-Proposed Rule in Equation I-9 requires the use of a process 
utilization factor (U) for N2O and states “(c) You shall calculate annual facility 
level N2O emissions from electronics manufacturing processes, using Equation 
I–9 of this section and the methods in this paragraph c). (1) You shall use a factor 
for N2O utilization for chemical vapor deposition processes pursuant to either 
paragraph (c)(1)(i) or (c)(1)(ii) of this section. (i) You shall develop a facility 
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specific N2O utilization factor averaged over all N2O-using recipes used for 
chemical vapor deposition processes in accordance with § 98.94(e). (ii) If you do 
not use a facility-specific N2O utilization factor for chemical vapor deposition 
processes, you shall use 20 percent as the default utilization factor for N2O from 
chemical vapor deposition processes.  (2) You shall use a factor for N2O 
utilization for other manufacturing processes pursuant to either paragraph 
(c)(2)(i) or (c)(2)(ii) of this section. (i) You shall develop a facility specific N2O 
utilization factor averaged over all  N2O-using recipes used for manufacturing 
processes other than chemical vapor deposition processes in accordance with 
§ 98.94(e). (ii) If you do not use a facility-specific N2O utilization factor for 
manufacturing processes other than chemical vapor deposition, you shall use 
the default utilization factor of 0 percent for N2O from manufacturing processes 
other than chemical vapor deposition.” 75 Fed. Reg. 18699. 

The preamble further states “In comments received in response to our 
initial proposal, industry provided information to support a N2O utilization factor 
of 40 percent, primarily in 300 mm chemical vapor deposition processes. Taking 
the industry-provided 40 percent utilization into account, we propose to select a 
N2O utilization factor in the range from 0 to 40 percent.” 75 Fed. Reg. 18665)  

The Re-Proposed Rule defines two distinct categories for N2O usage in 
semiconductor manufacturing:  CVD processes and “other” processes 
(processes other than CVD processes).  The Re-Proposed Rule only allows for a 
default utilization factor for N2O used in CVD processes of 20% if a facility-
specific N2O utilization factor is not developed.  As indicated in our comments to 
the Proposed Rule (as acknowledged in the preamble), SIA has provided data to 
support a 40% default factor.   The Re-Proposed Rule does not allow for any 
default utilization factor (0%) for N2O used in processes other than CVD.  SIA 
believes the same 40% is a conservative default factor for this “other” process 
category as well as N2O is primarily a reactant gas in processes such as furnace 
deposition and would be expected to be consumed to some extent.   

 
METHOD FOR APPLYING N2O EMISSION FACTOR 

SIA PROPOSED ALTERNATIVE 
 

Where facility-specific N2O utilization factor is not developed, a facility 
shall use a default utilization factor of 40% for N2O used in both CVD processes 
and other processes. 

It should be noted that the inclusion of N2O in GHG emissions estimation is 
an overall improvement in emissions reporting accuracy over the IPCC Tier 2b 
or Tier 3 methods as it was not included in either.  The “other” process category 
for N2O also adds and additional process category not currently recognized in 
the gas usage apportioning aspect of the Re-Proposed Rule (9 process 
categories) Refined Method. 
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F. POU Abatement - Verification of DRE 

1. Issues Raised by Re-Proposed Rule 

Section 98.96 of the Re-Proposal would prohibit semiconductor 
manufacturers from obtaining full credit for the emissions reductions provided 
by their GHG abatement devices unless the source undertakes the following 
measures on an annual basis: 

(1)  a certification that each abatement system has been installed and is 
maintained, and operated in accordance with manufacturers’ 
specifications;  

(2)  an accounting of each system’s uptime; 

(3)  a random sampling of 3 units or 20% of installed units (whichever is 
greater), following EPA’s DRE protocol. 

SIA is concerned that the foregoing measures would require 
semiconductor manufacturers to generate a large amount of information on an 
annual basis for the hundreds of point of use (POU) abatement devices used for 
GHG control on individual process tools.  Doing so would prove quite costly and 
burdensome. 

We acknowledge that the Re-Proposal would allow the use of a default 
DRE value in lieu of the foregoing, and appreciate U.S. EPA’s willingness to 
provide this option in contrast to the original proposal, which would not have 
provided any such option.  The Re-Proposal’s 60% default DRE value, however, 
falls well short of the GHG control offered by POU devices, and therefore, 
penalizes semiconductor manufacturers who have operated voluntarily and in 
good faith under the MOU and other GHG reduction programs to install and 
maintain control devices. 

2. Results of the ISMI Survey Regarding Abatement 

The results of the original ISMI GHG Facility Survey indicate that 50% of 
the respondents with abatement have not characterized abatement DRE.  These 
respondents use either defaults or DRE measurements provided by suppliers.  
Only one respondent has characterized the majority of their installed POU 
abatement units. Based on the prescriptive testing methods required by the 
rule, the estimated average cost for a fab to comply is $0.24 million over 7 
weeks.  This cost is greater for a fab with >100 units.  Based on an estimated 66 
fabs having POU abatement, the minimum total industry cost to comply with 
abatement testing is $17 million over 450 weeks of testing.   

The 2010 Supplemental ISMI Survey indicates similarly staggering costs, 
which a facility can avoid only through a significant penalty of a default DRE of 
60%.  The ISMI Supplemental Survey Reports indicate that EPA’s cost 
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assumptions on POU abatement compliance would run $242,000 per fab – not 
the $70,000 per fab estimated by EPA – and would be incurred by 29 instead of 
the 23 facilities assumed by EPA.  As a result, compliance costs would run $7 
million – not including lost production time – instead of the $1.61 million 
estimated by EPA. 

3. SIA’s Proposed Alternative Approach 

The SIA offers this proposed alternative for DRE measurement of 
abatement devices that will provide sufficiently accurate and representative 
DRE factors for companies to be able to apply the factors to their emissions 
(where applicable) to reflect emissions reductions due to these devices.  This 
alternative also meets the objectives of the Re-Proposed Rule as part of an 
Alternative Refined Method. 

VERIFICATION OF DRE 
SIA PROPOSED ALTERNATIVE 

 

EPA requested comment (75 Fed. Reg. 18668) on the proposed default 
DRE value and additional data and supporting documentation of DREs from 
studies that have been conducted on properly installed, operated, and 
maintained abatement systems and consistent with EPA’s DRE Protocol. SIA 
agrees with the approach to establish and provide default DRE values for 
abatement systems as SIA requested in the June 9, 2009 comments. However, 
the proposed 60% default factor is based on the destruction of CF4, and should 
not be applied to other F-GHGs. CF4 is the most stable compound and difficult to 
destruct F-GHG and should be addressed separately. SIA facilities recognize 
that CF4 is difficult to abate and have installed systems based on the capability 
to abate the other F-GHGs (C2F6, C3F8, NF3, SF6, CHF3, etc.) SIA facilities 
using the proposed 60% DRE default factor for abatement of F-GHGs other than 
CF4 will significantly overstate emissions. Also, the preamble (p.18659) states 
that the C2F6 DRE may be overstated by a factor of up to 10 as compared to an 
overstated factor of 40 to 50 for CF4 when dilution is not taken into 
consideration. SIA understands that the EPA has data to establish more 
appropriate DREs for F-GHGs other than CF4 which would prevent the 
overstatement of F-GHG emissions. 

SIA proposes that the EPA consider including the following DRE 
requirements in the rule. Provide additional default factors for C2F6 and the 
other F-1GHGs that are easier to abate. Allow the use of manufacturer’s 
certified DREs discounted by 10% to account for differences between field and 
lab certification conditions. Discounted manufacturer’s DREs would account for 
both the installed equipment’s capability and the slight reductions in DREs 
resulting from use under field conditions. Note, EPA’s 2009 proposal allowed 
the use of manufacturer’s DRE data generated using the EPA abatement 
systems testing protocol. Systems processing CF4 emissions would 
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continue to use the 60% default DRE. Allow facilities to calculate emissions 
using the average DRE for a gas or gas type determined by testing a 
representative sample of abatement units. These methods will result in the 
application of more accurate DREs. 

EPA requested comments (75 Fed. Reg. 18669) on the required frequency 
of abatement system performance measurement. SIA disagrees with the 
requirement, to test the greater of 3 or 20% of all F-GHG abatement systems 
at a facility annually indefinitely in lieu of using the 60% default DRE. The annual 
cost burden (as indicated in the 2009 and 2010 survey results) of these tests is 
excessive and the EPA has not provided data to establish the need for annual 
testing beyond what is currently required in other EPA regulations. 

Because EPA’s DRE Protocol was recently published and not available for 
testing DRE of existing abatement systems  prior to its publication, we may not 
have characterized the DREs of installed abatement systems. We believe that 
the units are performing as expected based on manufacturer’s performance 
criteria. We propose that a facility should be able to use the average DRE based 
on the data from performance testing. SIA proposes a facility can provide test 
data for an abatement system class to certify annual emissions. Upon 
completion of two (2) years of random testing of at least two (2) abatement 
systems by class at a facility, the DRE by class should be able to be certified in 
subsequent years. In addition, the facility would be expected to perform the 
required system maintenance. 

EPA has requested comment (75 Fed. Reg. 18668) on whether to 
require an independent quality assurance audit/inspection for abatement 
system installation operation, and maintenance. SIA does not find it necessary 
for a third party quality assurance audit/inspection for abatement system 
installation, operation, and maintenance. Certification by a company 
responsible official is consistent with other programs and SIA believes this is 
appropriate for F-GHG reporting. Furthermore, restricting the facility to 
only the manufacturer’s maintenance specifications provide upon purchase 
of new equipment would not allow for future improvements in operational 
and maintenance procedures. Another concern is that this provision’s 
restrictions may not allow for competition of maintenance contracts. 

EPA (75 Fed. Reg. 18668) has requested comment on the proposal to 
account for and report the uptime of abatement systems and detailed 
information on how uptime may be monitored and calculated. 
Semiconductor facilities may monitor abatement operation with existing 
manufacturing systems. As indicated in the ISMI surveys additionally labor 
and cost will be required to install and maintain these monitoring systems. 
SIA proposes that EPA allow for a facility specific monitoring systems and to 
calculate uptime as the percent of the total abatement operation and 
included in the fraction of input gas in Eqs. I-7 and I-8 and multiplied by the 
DRE in the equation. 
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EPA (75 Fed. Reg. 18669) requested comment on the method proposed 
for proper measurement of DRE at a facility and the proposed RSASTP for 
abatement systems by class. ISMI has provided SIA comments for the EPA DRE 
protocol and is provided in Attachment B.3.  SIA requests the EPA accept these 
comments including that FTIR is already an acceptable approved EPA method 
(i.e., Method 320, Method 301 validation, etc.) to characterize other air 
emissions without the need for additional analytic equipment (i.e. Quadrapole 
Mass Spectroscopy). 

G. Emissions of Heat Transfer Fluids 

1. Section 98.92: GHGs to Report 

Section 98.92(a)(5) requires reporting “Fluorinated GHG’s from Heat 
transfer fluids.”  75 Fed. Reg. 18698. 

The premise of this requirement is that all Fluorinated Heat Transfer 
Fluids are used only for the purpose the name implies. We are aware of uses of 
these molecules for purposes other than to transfer heat. These uses are 
expected to generate insignificant emissions and the use of the mass balance 
equation maybe unwarranted.  In other cases the use may not be accurately 
measured using Eq. I-12. 75 Fed. Reg. 18700.  For these small uses and 
emissions a “de minimis” quantity for use and reporting should be established. 
This is consistent with the refrigerant management requirements found in 40 
CFR part 82 which apply the most detailed tracking requirements only to 
refrigerant units containing more than 50 lbs. of refrigerant. Once a use and 
reporting “de minimis” quantity is established, our uses above this limit for 
purposes other than to transfer heat should be accounted for using any of the 
other accepted methods in this Subpart.   

The original ISMI F-HTF Survey results indicate that companies use at 
least 17 different F-HTFs with ambient vapor pressures ranging from 6 – 30,000 
+ Pascals.  Four of the fluids reported have exceptionally low (<400 Pa) vapor 
pressure so are not considered volatile and should not be assumed to be 
emitted to the atmosphere if not accounted for by material tracking.  Some F-
HTFs do not have a documented IPCC 4th Assessment GWP (so CO2e estimation 
is not possible).  

 
2. § 98.93 Calculating GHG emissions (Eq. I-12). 

Upon close review the calculations proposed will identify amounts that 
cannot otherwise be accounted for and would therefore be assumed to be 
fugitive emissions. However, the identifiers continue to be somewhat confusing. 
We suggest that some of these terms be clarified and use language that is more 
normally used to describe some of the variables in the accounting equation.  
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The following is a summary of the definitions provided in the Re-Proposed 
Rule 75 Fed. Reg. 18700 and an SIA proposed alternative language or 
clarification for the terms: 

 
Re-Proposed Rule: “Iio = Inventory of heat transfer fluid i at the end of previous 

reporting period” 
 
SIA Alternative: Iio =“Inventory in containers other than equipment at the 

beginning of the reporting year” (in stock or storage). 
 
Re-Proposed Rule: “Pit = Acquisitions of fluorinated heat transfer fluid i (kg) 

during the current reporting year (l). Includes amounts 
purchased from chemical suppliers, amounts purchased 
from equipment suppliers with or inside of equipment, and 
amounts returned to the facility after off-site recycling.” 

 
SIA Alternative: Pit = “Fluorinated heat transfer fluids acquired for the 

reporting year contained purchased equipment, from 
recyclers or from suppliers.”    

 
Re-Proposed Rule: “Nit = Total nameplate capacity [charge] of equipment that 

contains heat transfer fluid i and that is newly installed 
during the reporting period”  

 
SIA Alternative: Nit = Inventory [charge] contained in new equipment 

installed during the reporting period.”  
 
Re-Proposed Rule: “Rit = Total nameplate capacity [charge] of equipment that 

contains heat transfer fluid i and that is retired during the 
current reporting period”  

 
SIA Alternative: Rit = “Inventory contained in equipment retired during the 

reporting period.”  
 
Re-Proposed Rule: “Iit  = Inventory of heat transfer fluid i at the end of current 

reporting period”  
 
SIA Alternative: Iit = “Inventory in containers other than equipment at the 

end of the reporting year” (in stock or storage).  
 

We agree with the definition for Dit in the Re-Proposed Rule.    
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It should be noted that all terms used in Equation I-12 should be expressed 
in liters (l) since the overall emissions calculation (E) includes multiplying by the 
density of the F-HTF in kg/l.  All of the term definitions in the Re-Proposed Rule 
include both liters (l) and kilograms (kg) as units.  This should be clarified to be 
(l) for all. 

3. SIA’s Proposed Alternative Approach 

SIA proposes clarification of the terms used in Equation I-12 as stated above. 
 

EMISSIONS OF HEAT TRANSFER FLUIDS 
SIA PROPOSED ALTERNATIVE 

 
 

Semiconductor facilities shall report usage of fluorinated heat transfer 
fluids with vapor pressures that exceed 400 Pa and that have a documented 
IPCC 4th Assessment Global Warming Potential.  For application of these 
compounds other than heat transfer, where the usage exceeds a “de minimis” 
quantity of 20 kg, the usage shall be reported using any of the other accepted 
methods in this Subpart.    

 
H. Reporting Threshold and De minimis Emissions 

Small electronics manufacturing processes with wafer production 
capacities of less than 1,080 m2 emit less than 5% of the 25,000 metric ton CO2e 
reporting threshold for this rule.  However, some of these small processes are 
located at large integrated manufacturing facilities that have on-site power 
generating utilities (e.g. Boilers for generating heat and electricity).  GHG 
emissions from combustion operations at these facilities typically exceed the 
25,000 tons CO2e threshold and, therefore, bring the entire facility into the 
reporting rule, including the small electronics manufacturing process. 

To reduce the regulatory burden for insignificant sources of GHG 
emissions, SIA proposes to modify the reporting threshold section for 
electronics manufacturing (Subpart I, Section 98.91) to exclude these small 
processes from the reporting rule as highlighted below:           
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EXCLUSION FOR SMALL ELECTRONICS MANUFACTURING PROCESSES  
SIA PROPOSED ALTERNATIVE 

 
Sec.  98.91  Reporting threshold. 
 
    You must report GHG emissions under this subpart if your facility 
contains an electronics manufacturing process with a production 
capacity >1,080 m2 and the facility meets the requirements of either 
Sec.  98.2(a)(1) or (a)(2). To calculate GHG emissions for 
comparison to the 25,000 metric ton CO2e per year emission 
threshold in paragraph Sec.  98.2(a)(2), calculate process 
emissions from electronics manufactureing processes with a 
production capacity >1,080 m2 by using either paragraph (a), (b), 
(c), or (d) of this section, as appropriate.  (a) Semiconductor 
manufacturers shall calculate process emissions for applicability 
purposes using the default emission factors shown in Table I-1 of 
this subpart and Equation I-1 of this section. 
 

The Re-Proposed Rule does not allow for any de minimis reporting level.  
A company could use a certain F-GHG in a very small amount  that would be 
difficult and burdensome to track.  Reporting requirements of GHG emissions 
should establish a de minimis threshold of CO2e per chemical that does not 
require tracking in the total facility inventory. 

DE MINIMIS EMISSIONS 
SIA PROPOSED ALTERNATIVE 

A company may exclude from emissions calculations any F-GHG that 
comprises less than five percent of the total usage of F-GHGs where: 

a)   The de minimis amount of the F-GHG used in etch comprises less 
than 5% of the total usage of all F-GHG compounds in etch. 

b)   The de minimis amount of the F-GHG used in CVD chamber cleaning 
comprises less than 5% of the total usage of all F-GHG compounds 
in CVD chamber cleaning. 

c)   The de minimis amount of the F-GHG used in wafer cleaning 
comprises less than 5% of the total usage of all F-GHG compounds 
in wafer cleaning. 

d)   The de minimis amount of the F-HTF used comprises less than 5% of 
the total usage of all F-HTF compounds. 
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I. SIA Alternative Refined Method 

The preamble of the Re-Proposed Rule presents “ Review of Existing 
Reporting Programs and Methodologies and Consideration of Alternative 
Methods.”   This Section states “For this proposal, to estimate emissions from all 
semiconductor manufacturing facilities, we are also considering the alternative 
of a modified Tier 2b method (our preferred option for other electronics 
manufacturers) which would require the use of the 2006 IPCC Tier 2b default 
factors and gas- and facility-specific data on heels and gas use by process 
category. This approach would be based on a modified version of the 2006 IPCC 
Tier 2b method for estimating emissions and would require semiconductor 
facilities to report emissions using (1) gas consumption as calculated using the 
facility’s purchase records, inventory, and gas- and facility specific heel factors 
(as described above), (2) facility-specific methods for apportioning gas usage by 
process category using indicators of activity (as described above, e.g., wafer 
pass), (3) IPCC Tier 2b  emission factors, and (4) methods for reporting 
controlled emissions using our proposed approach...” 75 Fed. Reg. 18664) 

SIA’s Proposed Refined Method mirrors EPA’s modified Tier 2b method 
(“Refined Method)  with some alternatives to the components of this modified 
Tier 2b method as described in Section III (A-D) 

SIA’s Alternative Refined Method 
 

SIA proposes to improve the accuracy of overall emission reporting 
information by improving several of the data elements and continuing to use Tier 
2b factors. The improvement in data will be derived from the combination of 
methods detailed below.     

1)   Proposed Gas Consumption Determination as presented in these 
comments 

2)   Proposed Facility-Wide Apportioning Methodology as presented in 
these comments 

3)   Existing Tier 2b Emission Factors (possibly add one or two 
categories from latest EPA factors) as presented in these 
comments 

4)   Proposed Abatement Requirements as presented in these 
comments 

5)   Proposed N2O Emission Factors as presented in these comments 
 

Based on the information included and provide in our meeting with EPA on 
June 10, 2010, SIA requests that EPA recalculate the uncertainty of using the 
Tier 2b method using the improved uncertainty values for existing 
factorsidentified in the TSD and NODA.   
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J. Consideration of Alternative Methods 

1. IPCC Tier 3 Methodology 

The preamble of the Re-Proposed Rule states “As an alternative to the 
Refined Method, we are also considering requiring all semiconductor 
manufacturing facilities to estimate their emissions using an approach 
consistent with the IPCC Tier 3 method…. Under this approach, facilities would 
be required to develop gas utilization and by-product formation rates using the 
2006 ISMI Guidelines for all fluorinated GHG-using process types at that 
facility..” 75 Fed. Reg. 18664.  This same concept is stated elsewhere as such in 
the preamble: “As an alternative, we are also considering an approach where 
each facility would develop for themselves or acquire from process equipment 
manufacturers emission factors (i.e., gas utilization and by-product formation 
rates) for the nine process categories.” 75 Fed. Reg. 18663.  

As indicated in our comments to the 2009 Proposed Rule, SIA does not 
support requiring the use of IPCC Tier 3 methodology   

2. CEMS 

The Re-Proposed Rule preamble states “Another option we are 
considering is to evaluate emissions from electronics manufacturing using 
continuous emissions monitoring system(s) (CEMS).  Under this approach, 
facilities would be required to install and operate CEMS to measure process 
emissions.” 75 Fed. Reg. 18665.  SIA does not believe that CEMS is a viable 
option for emissions estimation. 

CEMS are not employed in, nor are they appropriate for, quantifying mass 
emissions of PFCs from semiconductor manufacturing facilities for several 
reasons: A typical semiconductor manufacturing facility (a “fab”) has a large 
number (in the hundreds for a large fab) of individual tools using and potentially 
emitting PFCs .  Clearly, installing CEMS on such a large number of points is not 
feasible.  Therefore, the only option would be to install CEMS at final exhaust 
stacks where the combined tool emissions exit the facility.  Even this could 
require many monitoring devices as a large fab site can contain 20-30 stacks 
(sometimes separated by large distances) that the emissions would be 
dispersed among.  Furthermore, a typical fab would have 8-10 different 
fluorinated gases in the exhaust stream. Historically, CEMS have predominantly 
been used for monitoring single pollutant exhaust streams.  The types of 
instruments most widely used in existing CEM applications would also not be 
applicable to monitoring PFCs.  The most frequently used technology for 
discrete short term measurements of the mix of fluorinated gases used in 
semiconductor manufacturing is Fourier Transform Infrared  Spectroscopy, or 
“FTIR.” This has not been widely used as a CEMS technology in this industry and 
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there would be many difficulties inherent in adapting this method for long term, 
continuous measurement of mass emissions from exhaust stacks.  

FTIR technology has been widely used in the industry for periodic testing 
of concentrated emissions in the exhaust of individual fab tools, and is very 
effective at quantifying emissions of a wide range of pollutants in that situation.  
It has also been used to monitor workspace areas to provide notice of leaks of 
potentially hazardous materials.  However, both of these applications have 
considerable differences from attempting to quantify facility wide mass 
emissions on a continuous basis.   

Monitoring of workspace areas for hazardous gas releases, commonly 
known as toxic gas monitoring, is achieved through a variety of instrument 
types, FTIR being a rather accurate (albeit expensive) technique.  Toxic gas 
monitoring is intended to alert the facility of a potential point-source release of a 
hazardous gas at a level potentially harmful to human health.  However, these 
systems are not designed for accurate, long-term quantitative determination of 
emissions; they are designed to alert the facility if a gas level nears or reaches a 
level of concern at any time.  Since such releases are not common and are 
certainly not a course of business, the appropriateness of FTIR for this 
application does not translate to the appropriateness for use as a continuous 
quantitative measure for F-GHG emissions. 

End of stack fab exhaust points, where CEMS would need to be located, 
typically have very dilute pollutant concentrations (typically in the parts per 
billion range).  In fact, for significant periods of time concentrations of the 
individual pollutants that make up the PFC category are near or even below 
instrument detection levels.   One SIA member, Intel Corporation, has attempted 
to perform periodic (not continuous) measurement of PFC emissions from the 
final exhaust points at one of its manufacturing sites that contained 30 exhaust 
stacks and several hundred thousand cubic feet per minute of combined 
exhaust.  In one 8 hour test period, emissions of seven different PFCs were 
monitored using FTIR.  The amount of time the PFCs were below the detection 
limit varied by individual compound but ranged from 40-90% of the total test 
time.  In other words, for a majority of the monitoring period, the only thing 
known about emissions was that they were somewhere between zero and the 
detection level.  For a system with such a large air flow, this results in a large 
measurement error when trying to quantify total mass emissions.   The error 
would be further compounded by any periods of downtime the CEMS 
experienced.  Existing regulations dealing with CEMS used under the acid rain 
program (40CFR part 75) typically allow device downtime of up to 10%.  
Semiconductor facility emissions, while dilute, are also highly variable due to the 
fact that there are a large number of individual points and it is impossible to 
predict which combination of them might be emitting at any given time.  
Presumably, a source would assume some average emissions value during the 
CEM downtime periods.   For a highly variable exhaust stream, this would 
introduce another substantial error for as much as 10% of the reporting period 
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assuming the existing standard were applied and could be achieved.  Downtime 
problems may be more pronounced in a semiconductor operation, due to the 
type of environment the CEM device would be operating in.  Exhaust systems 
that contain fluorinated compounds may also contain ammonium salt 
particulates, or corrosive materials such as acids.  This environment could 
result in additional maintenance requirements that would impact CEMS 
instrument uptime.   

Analytical instrumentation capable of detecting F-GHG compounds, such 
as FTIR, are highly sophisticated devices that require specific expertise to 
operate and interpret spectral results.  The expertise would also be required to 
determine if the instrument(s) are operating properly, if calibration is required, 
and to perform the necessary calibrations in accordance with proper protocols.  
This expertise is not widely available for ready deployment in the number of 
facilities that would be required to employ CEMS.  In addition to the expertise 
required to interpret and understand results, the systems would require 
substantial maintenance by personnel who are familiar with the operation of 
these devices.  This would present a challenge initially as the industry has not 
previously utilized CEMS and therefore generally does not have personnel on 
staff with this training. Even if such resources were to be developed over time, 
this would clearly add operating cost.  

Even if these limitations could someday be addressed, CEMS would still 
not be able to monitor  all of the emissions covered by the reporting rule. 
Fluorinated heat transfer fluids are generally used in support operations and not 
connected to exhaust systems.  Hence, emissions are likely to be “fugitive”, 
meaning they will not pass through the monitored exhaust stacks which 
essentially makes them invisible to a CEM.   That being the case, CEMS would 
still provide an incomplete solution even in the unlikely event that the above 
mentioned shortcomings of stack monitoring could be addressed. 

In short, there is no existing, proven CEM methodology for our industry 
that has been used in this manner. Even if the tools that are used for short-term 
measurements could somehow be adapted for CEM, the results yielded would 
be extremely inaccurate.  In fact, it is highly questionable whether  they would 
result in any improvement in accuracy over existing methods. Requiring the use 
of  CEMS  would require the semiconductor manufacturing industry  to invest 
significant resources to develop and demonstrate some type of continuous 
monitoring technology that would ultimately still yield inaccurate results in place 
of the currently established conservative approaches, like IPCC Tier 2b, or the 
SIA Refined Method proposed in these comments. 

II. OTHER ISSUES AND CONCERNS RAISED BY THE PROPOSED RULE 

A. Potential For Significant U.S. Competitiveness Impacts 
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U.S. semiconductor manufacturing operations face tremendous 
competition from non-U.S.-based operations, including overseas foundry 
operations.  No other “Country or Region” regulations require such detailed 
GHG emissions reporting as would the Re-Proposed Rule: 

 No requirement to report usage and/or emissions by gas/process 

 No requirement for company-specific emissions characterization or such 
rigorous gas usage measurements 

 No abatement testing requirements 

 No expense to comply with U.S rule and no risk of revealing confidential or 
competitive information 

Clearly, “leakage” could potentially result as U.S. companies migrate their 
manufacturing operations to other countries/regions which is not the intent of 
the Re-Proposed Rule. As noted above, SIA’s member companies have worked 
proactively within the WSC to ensure a consistent and proactive approach to 
reducing PFC emissions across the global semiconductor industry. This has also 
served to “level the playing field” with regards to investments in PFC reduction.  
The industry has traditionally considered such matters “pre-competitive” which 
has resulted in extensive international sharing and collaboration. SIA believes it 
would be unfortunate to see US companies placed at a disadvantage as a result 
of a unilaterally stringent regime imposed in the US alone. 

B. Importance of Confidentiality Protections for Competitively 
Sensitive Business Information 

As described in our comments on the original proposed Rule, GHG gas 
usage and emissions by process is considered highly sensitive by the 
semiconductor industry.  This information can provide specific knowledge of 
proprietary device design and manufacturing processes.  Furthermore, facility 
production data and specific GHG usage and apportionment among processes 
can be used to inappropriately “characterize” manufacturing operations: 

 Provides customers and competitors an incomplete picture of 
manufacturing efficiencies 

 Influences prospective customer decisions based on perceived 
efficiencies and pricing 

 Reveals customer or supplier sensitive product information   

The Re-Proposed Rule would require reporting not only of F-GHG 
“emission data,” but also of highly proprietary information that does not 
constitute “emission data” in any legal, technical or practical sense of the term.  
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The Re-Proposed Rule also would seek various types of highly-proprietary 
information on gas usage apportioned across process categories and 
subcategories.  Yet, this information likewise does not constitute “emission 
data,” as it is not “necessary” for determining emissions, given the availability of 
other, less intrusive means to do so. 

Information about which gases a facility uses in which processes and in 
what amounts would reveal competitively valuable, trade secret information.  
Indeed, such details of GHG usage and emissions by process would provide 
those familiar with our industry specific knowledge of proprietary device 
designs and manufacturing processes, and also effectively may reveal customer 
sensitive product information based on manufacturing loadings.  Annual 
production levels and/or facility capacities also could be used by competitors to 
characterize manufacturing efficiencies and to influence prospective customer 
decisions. 

SIA understands that EPA intends to engage in a separate rulemaking on 
how the Clean Air Act’s confidential business information (CBI) protections 
would apply to GHGs.  That rulemaking has not yet occurred, however, and in 
the meantime, EPA has indicated to SIA that it can “make no promises” 
regarding CBI.  Under the circumstances, SIA reiterates below the points made 
in our comments on the original Proposed Rule regarding CBI. 

This section first explains EPA’s rules for determining whether data 
submitted under the Clean Air Act are “emission data” subject to public 
disclosure or, conversely, confidential business information (“CBI”) that is not 
“emission data” and is therefore protected from public disclosure.  This section 
then addresses each of the proposed data elements that the Re-Proposed Rule 
would require to be submitted, and explains whether each element is “emission 
data” or CBI that should not be disclosed to the public. 

1. No Definition of “Emission Data” 

The Re-Proposed Rule, like the original Proposed Rule,  provides no 
definition of “emission data” and no discussion of what, if any, information 
required to be submitted under the Rule would properly be considered non-
emission data.  Rather, the Re-Proposed Rule contains only a few sentences in 
the Preamble that cite to the Clean Air Act and EPA’s confidentiality regulations.  
The Preamble states: 

Information identified and marked as Confidential 
Business Information (CBI) will not be disclosed except 
in accordance with procedures set forth in 40 CFR Part 
2.  However, emissions information collected under 
CAA section 114 generally cannot be claimed as CBI 
and will be made public. 
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75 Fed. Reg. 186947  This statement recites the general rule under the Clean Air 
Act that “emission data” is not considered CBI and is therefore subject to public 
disclosure.  However, the remainder of Re-Proposed Rule provides no indication 
as to whether all the information requirements of § 98.96 are considered by EPA 
to be “emission data.” As explained below, much of the information the Re-
Proposed Rule would require to be submitted is not “emission data” under EPA 
regulations. 

2. Emission Data Are Only Those “Necessary for Determining 
Emissions” 

EPA regulations define “emission data” as, in relevant part: 

(A) Information necessary to determine the identity, 
amount, frequency, concentration or other 
characteristics . . . of any emission . . .; 

(B) Information necessary to determine the identity, 
amount, frequency, concentration, or other 
characteristics . . . of the emissions . . .; and 

(C) A general description of the location and/or nature 
of the source to the extent necessary to identify the 
source and distinguish it from other sources . . . . 

40 C.F.R. Section 2.301(a)(2)(i) (emphasis added).  As explained below, this 
definition has been interpreted narrowly by the federal courts to mean that, 
where information is not strictly “necessary” to determine emissions – i.e., 
where emissions can be determined using alternative means not relying on 
confidential information – that information does not qualify as “emission data” 
under EPA regulations. 

In RSR Corp. v. Environmental Protection Agency, 588 F. Supp. 1251 (N.D. 
Tex. 1984), to meet Clean Air Act reporting requirements, RSR submitted certain 
documents to EPA – including an air emissions inventory data form, a federal Air 
Pollutant Emissions Report, and an EPA inspection/monitoring report – under a 
claim of confidentiality.  Id. at 1253.  After reviewing these documents, EPA 
determined that they were the only means of calculating emissions through a 
material balance calculation and therefore constituted “emission data” not 
protected from disclosure.  Id. at 1254.  RSR challenged the EPA determination 

                                                 
7  A footnote to this paragraph in the Preamble references EPA’s 1991 guidance document 

“Disclosure of Emission Data Claimed as Confidential Under Sections 110 and 114(c) of 
the Clean Air Act.”  56 Fed. Reg. 7042 (Feb. 14, 1991).  This document provides examples 
of information EPA considers “emission data,” but it does not address information of the 
sort included in the Proposed Rule and is therefore of limited use for determining which 
information might be considered non-emission data.  This paragraph also references 
EPA’s initiation of a separate rulemaking process to address CBI issues, which SIA 
wholly supports. 
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on the basis that, in the explanation of its decision, EPA indicated that other data 
could potentially have been used to calculate emissions, and therefore the 
information at issue was not strictly “necessary” to calculate emissions.  Id. at 
1256.   

The Court agreed with RSR, finding that EPA’s decision was arbitrary and 
capricious, and thus improper, because EPA had not “considered and examined 
all relevant factors and alternatives” so that “release of information claimed to 
be proprietary could be avoided unless required by statute.”  Id.  In reaching this 
conclusion, the court focused on the word “necessary” in the definition of 
emission data at 40 C.F.R. § 2.301(a)(2)(i), holding that, in order for the 
information claimed as CBI to be truly “necessary” to determine emissions, EPA 
was required to show that no alternative methods for determining emissions 
existed that would avoid publication of confidential information.  Id.  Thus, where 
alternative means existed that would have allowed EPA to determine emissions 
without revealing CBI, the information considered CBI by the company was not 
“necessary” to determine emissions, and was not “emission data.”  See also 
NRDC v. Leavitt, 2006 U.S. Dist. LEXIS 13326 (D.D.C. Mar. 14, 2006) (citing RSR 
and adopting a similarly strict interpretation of the “necessary to determine” 
requirement).8 

Accordingly, the only two federal cases to have squarely addressed the 
meaning of “emission data” under the Clean Air Act have held that the term 
“necessary to determine” emissions is to be defined narrowly to include only 
data actually required to determine emissions.  Data are not necessary to 
determine emissions, and therefore are not “emission data,” if other methods of 
determining emissions that do not require the disclosure of CBI  are available. 

3. EPA’s Regulatory Definition of Confidential Business 
Information 

Under EPA regulations at 40 C.F.R. part 2, subpart B, in determining 
whether particular business information is entitled to confidential treatment, 
EPA must assess whether:  

(a) The business has asserted a business confidentiality claim 
which has not expired by its terms, nor been waived nor 
withdrawn; 

(b) The business has satisfactorily shown that it has taken 
reasonable measures to protect the confidentiality of the 
information, and that it intends to continue to take such 
measures; 

                                                 
8  Note also that EPA’s 1991 guidance document “Disclosure of Emission Data Claimed as 

Confidential Under Sections 110 and 114(c) of the Clean Air Act” provides a list of 
information EPA considers “emission data” that does not include information of the sort 
included in the Proposed Rule.  56 Fed. Reg. 7042. 
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(c) The information is not, and has not been, reasonably 
obtainable without the business’s consent by other persons 
(other than governmental bodies) by use of legitimate means 
(other than discovery based on a showing of special need in a 
judicial or quasi-judicial proceeding); 

(d) No statute specifically requires disclosure of the 
information; and 

(e) Either– 

    (1) The business has satisfactorily shown that disclosure of 
the information is likely to cause substantial harm to the 
business’s competitive position; or 

    (2) The information is voluntarily submitted information (see 
Sec. 2.201(i)), and its disclosure would be likely to impair the 
Government’s ability to obtain necessary information in the 
future. 

40 C.F.R. § 2.208. 

Much of the information that would require reporting by the Re-Proposed 
Rule is: 1) highly-guarded within the industry; 2) would not qualify as “emission 
data” subject to disclosure requirements; and 3) would harm the companies’ 
competitive position if disclosed, and thus falls squarely within the realm of 
information to be treated as CBI under EPA’s regulations.  The confidentiality of 
each of the data elements that would be required by the Re-Proposed Rule is 
discussed below. 

4. Analysis of Data Elements that Would Be Required by the Re-
Proposed Rule 

Under § 98.96, the Re-Proposed Rule would require the reporting of a 
variety of information, some of which is properly considered “emission data,” 
but some of which is instead highly-proprietary information that may be relevant 
to the calculating or verifying emissions, but does not itself constitute “emission 
data.”  Each of the data elements for which reporting would be required under § 
98.96 of the Re-Proposed Rule is discussed below. 

a. § 98.96(a): Annual emissions of each fluorinated GHG 
and N2O emitted from each individual process, process 
category, or process type as applicable and from all 
heat transfer fluid use as applicable. 

Although reporting of F-GHG on a facility-wide basis would clearly be 
“emission data” appropriate for public disclosure under EPA’s regulations and 
federal case law, the Re-Proposed Rule calls for reporting of emission data on a 
process-specific basis.  It is unclear from the repeated use of the term 
“processes” in this section whether the Re-Proposed Rule may require 
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semiconductor manufacturers to submit information that could be used to 
identify closely-guarded process “recipe” parameters.  Competition within the 
semiconductor industry is based heavily on innovation and the development of 
new and faster products.  Accordingly, semiconductor manufacturers invest 
considerable time and money in research and development perfecting the 
combination of gases (a “recipe” parameter) used in each production process 
for each product.  As such, the combination of gases used in a particular 
process is a highly-guarded secret within the industry and always treated as 
CBI.  The publication of F-GHG emissions by process can provide specific 
knowledge of proprietary device design and manufacturing processes that 
would compromise the trade secret nature of this information.  SIA would like 
EPA to clarify that the Re-Proposed Rule does not ask for reporting of process 
recipe information and to adopt SIA’s proposed alternative approach to 
emission reporting that would rely on less sensitive information.   

b. § 98.96(b): The method of emissions calculation used in 
§ 98.93. 

The method of emissions calculation is used in the estimation of emissions 
and as such are is “emission data” in the practical or legal sense.  Nor is this 
information, as long as it is not linked to mass inputs, a highly-guarded trade 
secret needing protection from public disclosure.  SIA therefore requests that 
EPA adopt SIA’s proposed alternative approach to emission reporting that 
would require the submission of less sensitive information.  If, however, EPA 
retains this reporting requirement, SIA requests that the Re-Proposed Rule be 
modified to acknowledge that the mass of input F-GHG gas data are not 
“emission data” under EPA regulations and hence are not subject to public 
disclosure. 

c. § 98.96(c): Production in terms of substrate surface 
area (e.g., silicon, PV-cell, LCD). 

Facility production capacity and specific F-GHG usage and emission data 
can be used to inappropriately “characterize” semiconductor manufacturing 
operations because it can: 

 provide customers and competitors an incomplete picture of 
manufacturing efficiencies 

 influence prospective customer decisions based on perceived 
efficiencies and pricing; and 

 reveals customer or supplier sensitive product information. 

Accordingly, facility production capacity is highly-proprietary CBI that is 
never released outside of individual companies.  This information also is not 
“emission data” in the practical sense of the term, nor, given the alternative 
proposed by SIA is it “necessary” to determine emissions, and thus does not 
qualify as “emission data” under EPA regulations.  SIA therefore requests that 
EPA adopt SIA’s proposed alternative approach to emission reporting that 
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would require the submission of less sensitive information.  If, however, EPA 
retains this reporting requirement, SIA requests that the Re-Proposed Rule be 
modified to acknowledge that facility production data are not “emission data” 
under EPA regulations and hence are not subject to public disclosure.  

d. § 98.96(d): Emission factors used for process utilization 
and by-product formation rates and the source for each 
factor for each fluorinated GHG and N2O. 

This information is used in the calculation of emissions, but does not itself 
constitute “emission data” under EPA’s regulations.  Although this information is 
not necessarily considered CBI, SIA has proposed an alternative to calculating 
emissions that does not rely on this information and requests that EPA adopt its 
proposed alternative. 

e. § 98.96(e) Where process categories for 
semiconductor facilities as defined in § 98.93(a)(1)(i) 
through (a)(1)(iii) are not used, descriptions of 
individual processes or process categories used to 
estimate emissions.  

This information does not itself constitute “emission data” under EPA’s 
regulations.  Descriptions of individual processes or process categories not 
included in the listed categories could potentially be used to discern sensitive 
proprietary information about manufacturing processes and production 
capacities and output.  SIA therefore requests that the Re-Proposed Rule be 
modified to explicitly acknowledge that discriptions of additional processes or 
process categories are not “emission data” under EPA regulations and hence 
are not subject to public disclosure. 

f. § 98.96(f): For each fluorinated GHG and N2O, annual 
gas consumed during the reporting year and facility-
wide gas specific heel-factors used. 

This information does not itself constitute “emission data” under EPA’s 
regulations.  To the extent it can be linked to process-specific mass of input F-
GHG gases, annual gas consumed during the reporting year is a highly-
proprietary, key parameter of a company’s  process “recipes”; as a result, 
disclosure of this information could cause substantial competitive harm.   
Facility-wide gas specific heel factors are not necessarily highly guarded 
proprietary information needing protection from public disclosure, so long as 
they cannot be linked to tank changeouts.  SIA therefore requests that the Re-
Proposed Rule be modified to explicitly acknowledge that annual gas consumed 
is not “emission data” under EPA regulations and hence is not subject to public 
disclosure, and to clarify that the reporting of heel factors used does not require 
reporting of the number of tank changeouts, unless that information also is 
determined not to be “emission data.” 
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g. (g) The apportioning factors for each process category 
(i.e., fractions of each gas fed into each individual 
process or process category used to calculate 
fluorinated GHG and N2O emissions) and a description 
of the engineering model used for apportioning gas 
usage per § 98.94(c). If the method used to develop the 
apportioning factors permits the development of 
facilitywide consumption estimates that are 
independent of the estimates calculated in Equation I–
10 of this subpart (e.g., that are based on wafer passes 
for each individual process or process category), you 
shall report the independent facility-wide consumption 
estimate for each fluorinated GHG and N2O. 

The fractions of each gas fed into individual process or process category 
do not themselves constitute emission data.  This information, however, is 
highly-proprietary information, as it is a key parameter of a company’s  process 
“recipes” such that disclosure of this information could cause substantial 
competitive harm.  Similarly a description of the engineering model used to 
apportion the gas usage, to the extent it can be linked to gas fractions would be 
proprietary.  Any method used to develop a facility-wide apportioning factor also 
could be potentially linked to individual process gas use, so would also be highly 
proprietary.  SIA therefore requests that the Re-Proposed Rule be modified to 
explicitly acknowledge that the fraction of gas fed into each process type with 
abatement device is not “emission data” under EPA regulations and hence is not 
subject to public disclosure. 

h. § 98.96(h): Fraction of each gas fed into each process 
type with abatement devices. 

Similar to the mass of input F-GHG data, the fraction of each gas fed into 
each process type is used in the calculation of abatement, and therefore 
emissions, but is not itself “emission data” under EPA’s regulations.  In addition, 
this information could potentially be used (in particular with other gas usage 
information) to discern proprietary information about manufacturing processes 
and recipes.  SIA therefore requests that the Re-Proposed Rule be modified to 
explicitly acknowledge that the fraction of gas fed into each process type with 
abatement device is not “emission data” under EPA regulations and hence is not 
subject to public disclosure. 

i. § 98.96(i): Description of all abatement systems 
through which fluorinated GHGs or N2O flow at your 
facility, including the number of devices of each 
manufacturer, model numbers, manufacturers 
guaranteed destruction or removal efficiencies, if any, 
and record of destruction or removal efficiency 
measurements over its in-use life.  The inventory of 
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abatement systems shall also include a description of 
the associated tools and/or processes for which these 
systems treat exhaust. 

The description and number of abatement devices used by each facility 
and their destruction or removal efficiencies and records of such clearly are not 
“emission data” in the legal or practical sense of the term.  The same is true of a 
description of associated tools and processes.  Moreover, this information could 
reveal confidential information about the types and number of different 
manufacturing processes that occur in each facility.  Therefore, SIA requests 
that, if EPA retains this requirement, the Re-Proposed Rule be modified to 
explicitly acknowledge that the number and types of abatement devices used at 
each facility is not “emission data” under EPA regulations and hence are not 
subject to public disclosure.  

j. § 98.96(j): For each abatement system through which 
fluorinated GHGs or N2O flow at your facility, for which 
you are reporting controlled emissions, the following: 

(1) Certification that each abatement system used 
at your facility is installed, maintained, and 
operated in accordance with manufacturers’ 
specifications. 

(2) The uptime and the calculations to determine 
uptime for that reporting year. 

(3) The default destruction or removal efficiency 
value or properly measured destruction or removal 
efficiencies for each abatement system used in that 
reporting year to reflect controlled emissions. 

(4) Where the default destruction or removal 
efficiency value is used to report controlled 
emissions, certification that the abatement systems 
for which controlled emissions are being reported 
are specifically designed for fluorinated GHG and 
N2O abatement. 

(5) Where properly measured destruction or 
removal efficiencies or class averages of 
destruction or removal efficiencies are used to 
report controlled emissions, the following: 

(i) A description of the class including the 
abatement system manufacturer and model 
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number, and the fluorinated GHG and N2O in the 
process effluent stream; 

(ii) The total number of systems in that class for 
the reporting year. 

(iii) The total number of systems for which 
destruction or removal efficiency was measured 
in that class for the reporting year. 

(iv) A description of the calculation used to 
determine the class average, including all inputs 
of the calculation. 

(vi) A description of method of randomly 
selecting class members for testing. 

None of the information requested in § 98.96(j) qualifies as “emission 
data” in the legal or practical sense of the term.  Much of the information could 
be used to discern sensitive proprietary information about the types and number 
manufacturing processes and production capacities and output at a facility:  

§ (1) – certification of each abatement system could be used 
to determine the number of different kinds of systems in use, which 
could potentially be linked to specific tools and processes; 

§ (2) – DRE uptime could be linked to production;  

§ (3) – default DRE values for systems could be used to 
determine the number of different kinds of systems in use, which 
could potentially be linked to specific tools and processes;  

§ 4: certification of systems where default DRE is used could 
be used to determine the number of different kinds of systems in 
use, which could potentially be linked to specific tools and 
processes; 

§ (5)(i) – a description of the class and model number of the 
abatement systems, could be used to determine the number of 
different kinds of systems in use, which could potentially be linked 
to specific tools and processes; 

 § 5(ii) and (iii) – the total number of systems in a class for a 
year and total number of systems measured in a year, which 
although less direct than an accounting of actual systems in use, 
could be used to determine the number of different kinds of systems 
in use, which could potentially be linked to specific tools and 
processes;  
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§ 5(vi) – a description of the method used to randomly select 
class members, which to the extent it includes information about the 
number of devices in each class could potentially be linked to 
specific tools and processes.  [NB: there is no subsection 5(v).] 

Therefore, SIA requests that, if EPA retains this requirement, the 
Re-Proposed Rule be modified to explicitly acknowledge that the 
information requested in subsection (j) is not “emission data” under EPA 
regulations and hence are not subject to public disclosure.  

k. § 98.96(k): For heat transfer fluid emissions, inputs in 
the mass-balance Equation. 

The inputs to the mass-balance equation for F-HTFs is information used in 
the calculation of emissions, but not itself “necessary” to determine emissions 
and therefore not “emission data” under EPA regulations.  In addition, certain of 
the inputs to the mass balance equation, such as the nameplate capacity of 
equipment that contains F-HTF is sensitive CBI that could reveal information 
about specific production processes and capacities.  If EPA retains its proposed 
F-HTF reporting requirement, SIA requests that the Re-Proposed Rule be 
modified to explicitly acknowledge that F-HTF mass balance inputs are not 
“emission data” under EPA regulations and hence are not subject to public 
disclosure. 

l. § 98.96(l): Example calculations for F-GHG, N2O, and 
heat transfer fluid emissions. 

As explained above, providing the input variables necessary to perform 
example calculations for F-GHG, N2O and F-HTF emissions would reveal certain 
CBI that is not “emission data.” We therefore request that EPA adopt SIA’s 
proposed alternative approaches to emission reporting.  If, however, EPA 
retains the proposed reporting requirements and requires sample calculations, 
SIA requests that the Re-Proposed Rule be modified to explicitly acknowledge 
that any CBI information provided with such calculations is not “emission data” 
under EPA regulations and hence is not subject to public disclosure. 

C. Comments On General Provisions 

1. CO2e Conversion 

The Re-Proposal would appear to require gas-by-gas reporting of usage 
and emissions information by process category or sub-category on a mass basis 
without any CO2e conversion.  SIA is concerned about this reporting approach.  
In particular, the Re-Proposal provides no indication of whether EPA plans to 
make this information (to the extent not claimed as CBI) publicly available, or 
instead, will undertake to convert it to CO2e.  If EPA intends to undertake a 
conversion, SIA would question what methodology and what GWP factors will 
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get used, and how the resulting numbers will get displayed and explained to the 
public. 

SIA PROPOSED ALTERNATIVE 

EPA should require any CO2e conversation be performed by the reporting 
entity using the latest IPCC Global Warming Potentials. 

2. Infeasibility of CEMS 

The Re-Proposal seeks comment on the possibility of utilizing methods 
other than the Refined Method, including continuous emissions monitors 
(CEMS).  CEMS are not employed in, nor are they appropriate for, 
semiconductor manufacturing facilities for several reasons: 

 A typical semiconductor manufacturing facility (a “fab”) would require 
monitoring of 8-10 different fluorinated gases in the exhaust stream. CEMS 
are typically only used for monitoring single pollutant exhaust streams.   

 Semiconductor fab exhaust typically has very dilute pollutant concentrations.  
As a result, individual pollutant concentrations are near or even below 
instrument detection levels for significant periods of time.  Thus, continuous 
monitoring would result in a large measurement error. 

 The most frequently used technology for discrete short term measurements 
of the mix of fluorinated gases used in semiconductor manufacturing is 
Fourier transform infrared spectroscopy, or “FTIR.”  This is not a proven CEM 
technology as it is not known to be suited for long-term, continuous 
measurement.  

In short, no CEM methodology exists for our industry.  Even if the tools 
that are used for short-term measurements could be adapted for CEMS, the 
results yielded would be extremely inaccurate.  

3. EPA Enforcement Policy 

EPA has identified a number of violations subject to EPA enforcement.  
The current final GHG rule at 40 C.F.R. § 98.8 provides: 

Any violation of the requirements of this part 
shall be a violation of the Clean Air Act.  A violation 
includes, but is not limited to, failure to report GHG 
emissions, failure to collect data needed to calculate 
GHG emissions, failure to continuously monitor and test 
as required, failure to retain records needed to verify 
the amount of GHG emission, and failure to calculate 
GHG emissions following the methodologies specified 
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in this part.  Each day of a violation constitutes a 
separate violation. 

EPA has cited Clean Air Act § 307(d)(1)(V)9 “[S]uch other actions as the 
Administrator may determine.” as legal authority for the captioned GHG 
regulations, and the mandatory reporting of GHG.  As such, violations of the 
proposed GHG emission reporting rules would be enforced as violations of the 
Clean Air Act under § 113 and §§ 203-205.10  EPA enforcement actions should be 
legally justifiable, uniform and consistent, and the enforcement response should 
be appropriate for the violations committed and the equitable facts surrounding 
the identified reporting violation.   

SIA appreciates that the Re-Proposed Rule, when finalized, would be 
legally enforceable.  We would urge EPA, however, to recognize the significant 
initial challenges that will be posed by any new GHG reporting regime.  Not only 
will companies need to create new compliance systems, but EPA also likely will 
need to supplement any final rule creating such a regime with guidance to 
address technical nuances or to clarify ambiguities.  Consistent with EPA’s 
existing enforcement policies and practice, therefore, SIA believes that 
enforcement should account for these initial challenges by using less 
aggressive mechanisms, such as the warning letter, and by encouraging 
industry to perform auditing and otherwise to take advantage of EPA’s Self-
Disclosure Policy.11   

4. Reporting Timeframe 

EPA should allow facilities more time than the current three (3) months to 
report prior calendar year data.  That period is insufficient to collect, analyze, 
prepare, and certify data for submission to EPA.  Other reporting programs 
allow longer time intervals for reporting – EPA’s Toxic Release Inventory allows 
six (6) months and California’s mandatory GHG reporting program allows five (5) 
months.  

SIA PROPOSED ALTERNATIVE 

The reporting timeframe should be six months. 

                                                 
9 42 U.S.C. § 7607(d)(1)(V)(2008). 
10 42 U.S.C. § 7413 and 42 U.S.C. §  7522-7524 (2008). 
11 Incentives for Self-Policing; Discovery, Disclosure and Prevention of Violations; Notice, 

65 Fed. Reg. 19618 (Apr. 11, 2000). 
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Disclaimer 

Disclaimer of Liability  

 This report has been prepared upon request using collected survey results and is subject to 
change without notice at the authors’ discretion for reasons including, without limitation, 
receipt of additional relevant information and continued analysis of survey results and other 
pertinent material.  

 The authors’ intent is to report survey findings and to provide non-partisan analysis to the 
intended audience. This report is not intended to constitute lobbying, and shall not be 
interpreted as lobbying.  

 This information in this report is provided “as is.” The authors of and contributors to this 
report disclaim any and all loss or liability, incurred either directly or indirectly as a 
consequence of applying or using the information presented herein. Neither ISMI, nor SIA, 
nor any of their members, employees or officers, make any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of 
any information disclosed or discussed herein.  

 The estimates, assessments, analyses, views, and opinions of document authors and 
contributors, whether expressed herein or expressed orally during related conversations and 
meetings, do not necessarily state or reflect those of any individual entity or company, 
including, without limitation, ISMI, the SIA or any of their member companies. 

Disclaimer of Forward-looking Statements  

 Portions of this report contain forward-looking statements that are based on the authors’ and 
contributors’ current expectations, estimates, projections and assumptions. These statements 
are based on assessment of uncertain factors and therefore are not guarantees of future 
events and outcomes. Actual future results may differ materially from what is forecast. All 
forward-looking statements speak only as of the submission date of this report.  

 All related written and oral forward-looking statements attributable to the authors, 
contributors, ISMI, SIA or any person acting on behalf of those entities are qualified by the 
cautionary statements in this section.  

 The authors and contributors do not undertake any obligation to update or publicly release 
any revisions to forward-looking statements to reflect events, circumstances or changes in 
expectations after the date of this report.  
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1 EXECUTIVE SUMMARY 
In support of the industry’s response to the U.S. Environmental Protection Agency (EPA) 
proposed rule Mandatory Reporting of Greenhouse Gases, the International SEMATECH 
Manufacturing Initiative (ISMI) and the Semiconductor Industry Association (SIA) developed 
and sent to their members a series of surveys to collect technical data on greenhouse gases 
(GHGs). The first survey gathered facility-specific data on the impact of the proposed rule on 
semiconductor manufacturing facilities. 

Twenty-one responses were received from companies representing 58% of total U.S. silicon area 
production capacity. Survey respondents included 25 of the EPA’s estimated 29 large fabs. 

Results showed that the industry is not currently collecting significant portions of the data 
required by the proposed rule. The rule also requires that the industry spend large amounts of 
money and devote significant resources to track process GHG emissions. The final year 
compliance costs will be 26X to 44X greater than estimated by the EPA, and it is not clear 
whether the required data will be more accurate than what is already being generated.  

2 BACKGROUND 
The EPA’s Mandatory Reporting of Greenhouse Gases was published in the Federal Register on 
April 10, 2009, beginning the 60-day comment period. The preamble explains the EPA’s basis 
for the proposed rule. Subpart I outlines specific requirements for semiconductor manufacturing 
facilities. After reviewing the preamble and proposed rule, semiconductor industry members felt 
strongly that accurate data reflecting industry practice and assessing the cost impact of the rule 
must be collected and analyzed by a third party. ISMI’s Environment, Safety, and Health 
Technology Center was asked to develop surveys, collect survey responses, and complete data 
analysis for ISMI and SIA members. Data analysis has been completed independent of the SIA 
to preserve respondent confidentiality. 

3 SURVEY OVERVIEW 
The survey consisted of the following parts: 

 Background: Brief overview of the proposed rule and its requirements. 

 Definitions of the terms used in the rule and survey. 

 Part 1: General Facility Information  

 Part 2: Information to Scope the Size and Cost of Fluorinated GHG and Nitrous Oxide 
(N2O) Emissions Characterization Efforts—Data was used to estimate the potential 
scope and cost impact of process and point-of-use (POU) abatement emissions 
characterization that would be required of the industry under the proposed rule. 

 Part 3: Information on Perfluorocompound (PFC) and N2O Gas Distribution and 
Measurement of Gas Usage—Data was used to determine the way process GHGs are 
distributed in semiconductor fabrication lines (fabs), and methods by which gas 
consumption is currently tracked and the installation and operational costs to comply 
with the gas consumption measurement requirements of the rule.  
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 Part 4: Combustion Related Emissions 

 Part 5: Recordkeeping and Reporting Requirements 

The report compares the proposed requirements with industry practice in estimating GHG 
consumption, characterizing GHG POU abatement, and estimating GHG emissions. 
Recordkeeping and reporting practices are also summarized; however, N2O and combustion-
related emissions are not addressed. 

4 SURVEY RESPONSES 
Twenty-one responses were received from the U.S., representing 12 companies and 32 fabs. The 
respondents make up 58% of total U.S. production capacity based on silicon area (World Fab 
Watch, February 2009) and represent one-third of the EPA’s estimated 911 semiconductor fabs 
that must report under the proposed rule. Under the proposed rule, large fabs (i.e., annual 
production capacity ≥10,500 m2 silicon) have more stringent reporting requirements than other 
fabs (annual production capacity <10,500 m2 silicon but 1,080 m2 silicon); 71% of respondents 
were large facilities and the remaining 29% were not considered large but will still be required to 
report. The large facility respondents represent 9 companies, 17 facilities, and 25 fabs or 86% of 
the EPA’s estimated 29 large U.S. fabs. 

Responses were also received from four facilities located outside the U.S.; however, the survey 
results discussed herein are for U.S. respondents only. 

4.1 Estimating Gas Consumption 

4.1.1 Proposed Rule Requirements and Implications 
The proposed rule requires the subject semiconductor facilities to 

 Monitor changes in container mass and inventories using weigh scales with ±1% full 
scale accuracy or better  

or 

 Monitor the mass flow of pure gas into the system using flowmeters with ±1% full scale 
accuracy or better (April 10, 2009 FR, p.16649). 

Scales and flowmeters must be calibrated using suitable National Institute of Standards and 
Technology (NIST)-traceable standards and suitable methods published by a standards 
organization or, alternatively, calibration procedures specified by the manufacturer. The scales 
and flowmeters must be recalibrated at least annually or at a frequency specified by the 
manufacturer, whichever is more frequent (April 10, 2009 FR, p.16650). 

Because emissions must be estimated by process type (CVD or etch), gas consumption must be 
tracked using Tier 2b methods at a minimum. Large facilities may be required to track 
consumption at the process equipment level. If flowmeters (e.g., MFCs) are used, software 
modifications or additional software to total the gas flow is required.  

 
1 Clarified with D. Ottinger on May 27, 2009, that EPA compliance estimates are based on number of fabs, not facilities. EPA 

estimates the rule will apply to 91 fabs and 29 fabs are large fabs under the rule. 
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4.1.2 Survey Questions 
The additional required resources to track gas consumption according to the proposed rule will 
vary among fabs based on existing infrastructure (e.g., process gas distribution systems and gas 
consumption monitoring methods). 

Figure 1 shows the survey questions asked to determine gas supply infrastructure and the 
expected cost to comply with the proposed rule’s gas consumption monitoring requirements.  

 
1. How are CVD and etch gases distributed within your facility (check all that apply): 

  Individual gas cylinders feed individual process chambers 

  Cylinders feed multiple like process chambers (etch-only or CVD-only) 

  Bulk distribution systems feed multiple process types and chambers 

  Other (please describe) 

2. Please indicate how gas consumption is monitored at your facility (check all that apply): 

  Estimated based on purchases and assuming a heel factor 

  Measured by weighing cylinders before and after each cylinder change on scale 
  with 1% accuracy/precision or better 

  Measured with mass flow controllers with 1% accuracy/precision or better 

  Measured by weighing cylinders before and after each cylinder change on scale 
  with less than 1% accuracy/precision 

  Measured with mass flow controllers with less than 1% accuracy/precision 

  Other (please describe) 

3. What is or would be the additional cost to your facility (installation costs), for compliance 
with the gas consumption measurement requirements of the proposed rule (include cost 
of scales, distribution modifications, MFCs, data collection systems, etc.). Please provide 
answer in $US Dollars.  

4. What is or would be the additional cost to your facility (operating costs), for compliance 
with the gas consumption measurement requirements of the proposed rule? (e.g. 
calibration by NIST or manufacturer recommended procedure, software/hardware 
maintenance, general preventive maintenance, data collection and analysis costs) Please 
provide answer in $US Dollars. 

5. Provide any additional comments regarding installation and/or operating costs. 
 

Figure 1 Survey Questions to Determine Gas Supply Infrastructure and Compliance 
Cost of Gas Consumption Monitoring Requirements 

4.1.3 Survey Results and Analysis 
Respondents use a variety of methods to distribute gases to process equipment; 11 of 21 use 
more than one method within their fab(s). Two respondents use only individual gas cylinders to 
feed individual process chambers; neither gathers gas consumption data by process but, instead, 
estimates consumption based on gas purchases, assuming a 10% heel as described in the 2006 
Intergovernmental Panel on Climate Change (IPCC) guideline (IPCC2006, Vol.3, 6.16). Eight 
respondents use only bulk distribution systems or large cylinders to feed multiple process types 
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and chambers; seven of these respondents estimate gas consumption based on gas purchases and 
assumed heel factor.  

As seen in Figure 2, 81% of respondents monitor gas consumption by tracking purchases and 
assuming a heel factor; 24% use scales with ±1% accuracy to track some gas consumption. None 
of the respondents use mass flow controllers (MFCs) with ±1% accuracy as required by the 
proposed rule. 

 

Figure 2 Gas Consumption Monitoring 

The survey revealed several EPA misperceptions about the industry and its gas consumption 
tracking.  

EPA Statement Industry Practice 

“Information on gas consumption by process is 
often gathered as business as usual…” (p16498).  

  

62% of respondents have some bulk gas 
distribution feeding multiple tools and process 
types; 67% have some cylinders feeding multiple 
chambers and processes.  

For these respondents, consumption is not 
tracked by process. 

“…electronics manufacturers commonly track 
fluorinated GHG consumption using flow metering 
systems calibrated to ±1 percent or better 
accuracy” (p16498). 

 

80% estimate consumption based on purchases 
and assumed heel factor. 25% track by weighing 
some cylinders to ±1% accuracy. One respondent 
measures some usage with MFCs.  

None use MFCs with ±1% accuracy. 

Although the industry uses MFCs within process equipment, they regulate gas flow rates and do 
not track gas consumption, which would require new or modified software. Additionally, 
respondents indicated that, although newer (<5 year old) process equipment may contain digital 
MFCs with ±1% full scale accuracy, much of the current installed base of process equipment is 
equipped with analog MFCs. These analog MFCs are not accurate to ±1% full scale and do not 
provide the digital output required by most control systems. 

Technology Transfer #09065012A-TR ISMI 
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Survey respondents provided additional comments about how they currently track gas usage2: 

 Scales are adjusted to zero without the cylinder on them. Using our cylinders weights 
(40 and 200lbs), scales are spanned to >60% full scale. The weights are verified 
themselves against the dock shipping scale (which is in the company cal program).  

 The true weight of the gas is listed on the incoming cylinder spec. When the cylinder 
pressure reaches the fixed changeout pressure, it is changed. At this fixed pressure, the 
remaining quantity in the cylinder is known (PV = nRT) and is provided by the gas 
supplier.  

 From a gas supplier supporting a respondent facility: We… do not calibrate our scales in 
the classical sense. We routinely conduct a performance verification during every 
cylinder change where we track the cylinder depletion using mass or scales. 
Historically, the term calibrate would refer to a quantitative method of generating a 
multipoint or 2-point calibration curve in which a know[n] mass or volume material is 
measured against a know[n] instrumental or equipment response. The equipment 
response is then adjusted to reflect the known values for the calibration curve. For the 
case of a scale a two point zero and span calibration reflects a linear relationship 
between mass and mV or mA output. Early in 2001 the ISO movement also required 
standards traceability, certifications, tamper proofing and records keeping. We do not 
have the manpower, facilities, or equipment to fully comply with the ISO requirements. 
As a result, we provide performance verifications and not calibrations. Our method of 
performance verification is very similar to calibration however it will not include 
requirement associated with tracking. certifications, tamper proofing or records keeping. 
We do use a 2-point, zero and span process in which we zero the scale by manually 
adjusting the zero potentiometer and span the scale by placing a know[n] traceable mass 
on the scale usually 25 lbs. and adjust the span potentiometer to read the correct value. 
Equipments … which require a true "calibration" are periodically certified by a 3rd 
party supplier of that service. 

Respondents also expressed concern about implementing the gas consumption tracking 
requirements under the proposed rule. MFC manufacturers suggest that MFCs with ±1% 
accuracy be removed and shipped back to the manufacturer for annual calibration, requiring 
process equipment to be shut down and spare MFCs to be stocked. Respondents indicated that 
newer tools regulate flow with digital MFCs but that software changes are required to allow total 
consumption to be tracked. For older process equipment, some were able to estimate the cost of 
installing MFCs on each gas line at each tool and a data tracking system; others said they could 
not retrofit older equipment because of insufficient space. 

Additionally, respondents indicated the following problems with the gas consumption tracking 
requirements3: 

 Gas supplier indicates ±1% accuracy can't be achieved. Could probably get ±2% 
accuracy with new controllers, valves and monitoring systems.  

 
2 Responses are quotes from the survey with company names omitted.  
3 Responses are quotes from the survey with company names omitted. 
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 The gas systems engineer is not really sure if we can get that accuracy [±1%]... We have 
one MFC that is capable of ±2% precision/accuracy. 

 Calibration would require evacuating the gas lines and purging all PFCs directly to the 
environment and would shut down all tools connected to the bulk system, significantly 
impacting production in our factories.  

 If this is included in final rule, there is not enough time to implement changes to begin 
measuring at this level by Jan 1st to comply with 2010 adoption. Gas supplier indicates 
±1% accuracy can't be achieved. 

 Scales are basically of no value for cylinders with non-liquid gases.  

 Review of a sample of PFC gas distribution systems indicated that 40%–50% of 
existing systems would need to be modified to segregate gas usage by process and 
platform for Tier 3 emissions inventory. Cost is for purchase and installation of 
additional gas distribution infrastructure only, and does not include cost of scales, or of 
equipment down time and lost production. It is likely that the systems could not be 
satisfactorily reconfigured, even at this high cost, due to the space constraints of the pre-
existing fab layout. 

 Most MFCs are calibrated to a Nitrogen standard – it was estimated that 95%+ of MFCs 
in our factories. You would have to have a correction factor for each MFC in each GHG. 
This is not done and characterizing this for each individual MFC if possible would be a 
multi-year and continual process as MFCs are recalibrated and replaced on an ongoing 
basis. 

 Facility wide mass balance similar to acceptable EPA emissions inventory practices and 
air permit inventory requirements would be less costly. 

4.1.4 Basis for Process GHG Consumption Cost Estimates 
Survey respondents were given the requirements of the proposed rule for GHG consumption 
tracking and asked to estimate installation and annual operational costs. They reviewed their 
current fab infrastructure and identified requirements for scales or MFCs. Most also included the 
cost to modify equipment software or to install a gas consumption tracking system. Respondents 
did not include the costs associated with production downtime to make the required 
modifications. Twenty respondents provided installation costs estimates; 15 provided annual 
operational cost estimates. 

Nineteen respondents provided descriptions of the basis for their cost estimates.  

Method used by 1 respondent 

 “Installation cost estimate includes  

– New and spare MFCs to be purchased 

– Labor cost to install new MFCs 

– Labor and material costs for wiring from the MFCs to hardware 

– Hardware to collect gas consumption data 



 7 

ISMI Technology Transfer #09065012A-TR 
 

 Contingency money for the unexpected operating cost estimate includes  

– Outsourced calibration services 

– Labor to install/reinstall MFCs for calibration.” 

Method used by 1 respondent 

 “Cost estimate is to replace ~500 MFCs that do not have +/-1% accuracy on 
process tools, install system to communicate and maintain all tracking data, and 
develop a PFC-specific software program to manage data. Estimate ~$1400/MFC 
plus 1 hour to install. $400,000 to install tracking system; $15,000 to install PFC-
specific software program to manage data. Vendor has been located who performs 
calibrations. Rate for this service is $480 per MFC.” 

Method used by 1 respondent  

 “Measuring gas usage with flow meters and data management system: $600K to 
$1200K. Assumes replacement of 50%–100% of MFCs would be required to 
comply with proposed rule. (Does not include any cost for equipment downtime or 
lost production.) Assumes $250K–$400K data management expense. Measuring 
gas usage by weighing cylinders: up to $1500K. Review of a sample of PFC gas 
distribution systems indicated that 40%–50% of existing systems would need to be 
modified to segregate gas usage by process and platform for Tier 3 emissions 
inventory. Cost is for purchase and installation of additional gas distribution 
infrastructure only, and does not include cost of scales, or of equipment down time 
and lost production. It is likely that the systems could not be satisfactorily 
reconfigured, even at this high cost, due to the space constraints of the pre-existing 
fab layout.” 

Method used by 3 respondents  

 Basis for estimate 

– “Replace any existing MFCs that are not rated for ±1% accuracy with new 

– Purchase a supply of backup MFCs (estimated to be 50% of the current 
inventory) that can be installed while others are being calibrated throughout the 
year 

– Process data and prepare reports 

– Hire one full-time employee whose sole job function is the calibration of 
MFCs at each of our facilities 

– Wage data estimated based on rates referenced by EPA 

– Develop software queries to totalize flows from existing monitoring data.” 

Method used by 1 respondent  

 Basis for estimate 

– “Replace any existing MFCs that are not rated for ±1% accuracy with new 
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– Purchase a supply of backup MFCs (estimated to be 50% of the current 
inventory) that can be installed while others are being calibrated throughout the 
year 

– Process data and prepare reports 

– Develop software queries to totalize flows from existing monitoring data. 
Assume annual calibrations will be done by nearby facility.” 

Method used by 3 respondents  

 “Estimate to install scales under all cylinders: 1 cylinder x (scale + 
programming/labor) = $1,835.00. Total conversion (70 cylinders) = $128,450 plus 
initial calibration costs and need to add some spare scales...total ~$150K if we stay 
with the 40 and 200 lb weight scenario. We would add a few extra scales for 
rotations. NOTE: Scales are basically of no value for cylinders with non-liquid 
gases. That is where we use the pressure transducers.” 

 Method used by 1 respondent  

 “We estimated our costs based on what it would take to install flow meters with a 
±1% accuracy. Our cost estimate is based on installing flow meters on each HFC 
line, feeding each tool. The data comes from vendor quotes for equipment and 
labor. The estimate includes the cost of the meter, the labor costs to install the 
meter, and costs to install hardware and software to track the flow meters. This 
estimate did not include any annual costs to maintain the equipment. Nor did the 
estimate include any costs associated with down time of Fab tools.” 

Method used by 3 respondents  

 “$1000 to $1500 per MFC operating cost is an estimate with the majority of the 
cost in providing MFCs capable of accuracy continuously in compliance. Cost data 
assumes a third party is needed to calibrate MFCs.”  

Method used by 1 respondent  

 “Assume tool MFCs required at $1000 per MFC and that centralized data system 
costs $25,000. Cost data assumes a third party is needed to calibrate MFCs.” 

Method used by 1 respondent 

 “MFCs have to be shipped out for calibration. Estimate basis: 

– $2,000 per MFC (purchase, install, and miscellaneous materials) with no 
digital output for tracking 

– $6,000 per MFC (purchase, install, and miscellaneous materials) with digital 
output for tracking 

– From $364,000 to $1,032,000. Assume $700,000 is good estimate.”  

Method used by 1 respondent  

 “Estimate provided by our gas management company. Company says upgrades can 
get to a bulk gas accuracy of 2–3%. These upgrades will cost $143,000/fab and 
$50,000/year/site. These are only costs to improve bulk gas measurements as 
technology to measure at a tool level currently does not exist.”  
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Method used by 1 respondent  

 “Mass flow meters would be the least expensive option. MFMs would be installed 
on PFC sticks that go to each tool. MFMs will then be ethernetted together to a new 
central computer. Cost of tool downtime to install MFMs not accounted for. 
Maintenance costs assume MFMs are sent offsite annually for calibration. Spare 
MFMs are required to allow swaps for calibration.” 

Method used by 1 respondent  

 “The fab was not designed to and cannot provide the data necessary to comply with 
this regulation. Processes have not been characterized for gas use and emissions. 
Rule requires massive renovation of gas distribution system, new hardware and 
software to monitor MFCs, and replacement of existing MFCs.” 

4.1.5 Estimated Cost for an Average Fab to Comply with Gas Consumption Tracking 
Requirements  

The cost for an average fab to comply with the gas consumption tracking requirements was 
calculated by summing the estimated cost responses and dividing by the number of fabs 
represented by the total. When respondents provided a cost range, the minimum value of the 
range was used so that the calculated average cost represents an estimated minimum average 
cost. The average cost to install infrastructure to comply with the gas consumption tracking 
requirements of the proposed rule is $0.72 million per fab; the estimated annual operating cost is 
$0.22 million per fab. 

4.2 Point-of-Use Abatement 

4.2.1 Proposed Rule Requirements and Implications 
The proposed rule defines abatement as “…a point-of-use (POU) abatement system whereby a 
single abatement system is attached to a single process tool or single process chamber of a multi-
chamber tool.” This definition does not include multi-chamber POU abatement devices (which 
are commonly used in the industry) and larger non-POU abatement systems. If a facility uses 
POU abatement and wishes to claim reductions, the proposed rule requires that destruction or 
removal efficiency (DRE) be verified experimentally following a procedure outlined in the rule 
to measure dilution through the abatement system (April 10, 2009 FR, p.16649–50). 
Alternatively, the facility can, “Install abatement devices that have been tested by a third party 
(e.g., UL)” following EPA’s Protocol for Measuring Destruction or Removal Efficiency of 
Fluorinated Greenhouse Gas Abatement Equipment in Electronics Manufacturing (draft 
protocol). The majority of abatement devices currently installed in U.S. fabs have not been tested 
according to this draft protocol.  

The frequency of abatement testing is not explicitly defined in the proposed rule; however, the 
Regulatory Impact Analysis (RIA) cost estimate addresses testing frequency by stating “[e]ach 
abatement device would be tested once every three years.”  
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The 2006 IPCC Guidelines for National Greenhouse Gas Inventories provides default DRE 
factors for POU abatement devices. The guidelines state that factors can be used only if the 
abatement devices 

 “Are specifically designed to abate FCs [fluorocompounds] 

 Are used within the manufacturer’s specified process window and in accordance with 
specified maintenance schedules  

 Have been measured and has [sic] been confirmed under actual process conditions using 
a technically sound protocol which accounts for know measurement errors including, 
for example, CF4 byproduct formation during C2F6 as well as the effect of dilution, the 
use of oxygen or both in combustion abatement technologies.” (IPCC2006, Vol.3, 6.20) 

The technical experts who developed the IPCC guideline for the electronics industry believed 
that a properly maintained abatement device would maintain DREs over time and did not require 
periodic retesting. Although the proposed rule uses the 2006 IPCC guideline as the basis for 
estimating emissions, it does not allow the guidelines’ default abatement DRE factors to be used. 

4.2.2 Survey Questions 
Figure 3 shows the survey questions asked to ascertain the impact of the proposed rule's 
abatement testing requirements. 

 
1. Approximately how many PFC-specific abatement devices (capable of abating PFCs in 

CVD and etch) will you need to test if you want to claim DRE? 

2. What percentage of the PFC POU abatement devices at your facility have been 
characterized by your company with a standard industry methodology that accounts for 
dilution of PFCs in the POU abatement device or by a third party using the draft EPA 
protocol? 

3. What percentage of the PFC POU abatement devices at your facility have been 
characterized by your abatement supplier with a standard industry methodology that 
accounts for dilution of PFCs in the POU abatement device? 

4. What methodology was used to characterize performance of POU abatement devices? 

   Emissions not characterized; using default emission factors 

  2001 ISMI Guideline 

  2006 ISMI Guideline 

  Draft EPA Protocol 

  Epson Method 

  Facility has no POU abatement installed 

  Other (e.g. internal testing, info from suppliers - please specify) 
 

Figure 3 Survey Questions on Characterization of Abatement Devices 
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4.2.3 Survey Results and Analysis 
POU abatement for process GHG emissions is currently used by 10 of 21 survey respondents 
representing 21 of the 29 respondent fabs. Survey respondents have 1111 GHG POU abatement 
devices currently installed in fabs. Eleven of the 21 (28% of respondent fabs) do not use POU 
abatement to reduce emissions. For fabs that will be operating when the proposed rule takes 
effect, the survey indicates that the average number of abatement devices per fab with abatement 
is 61; the high is 158. Here again, the survey revealed several EPA misperceptions about 
industry practice. 

EPA Statement Industry Practice 

“…we propose an emission estimation method 
that would account for destruction by abatement 
equipment only if facilities verified the 
performance of their abatement equipment…” 
(April 10, 2009 FR, p.16498) 

50% of all respondents with abatement have not 
characterized abatement DREs; of those 

25% use defaults 

25% use DRE measurements provided by 
suppliers 

Only one respondent has characterized the 
majority of its installed POU abatement units. 

“…install abatement devices that have been 
tested according to EPA’s Protocol by a third party 
(e.g., UL)…” (April 10, 2009 FR, p.16650) 

<<1% of currently installed POU devices have 
been tested using the EPA’s draft protocol. 

Less than 1% of installed abatement devices have been tested using EPA’s draft protocol, which 
has not yet been published. The preamble and proposed rule imply that, if a facility conducts 
POU abatement testing instead of using a third party, the facility must test all abatement devices 
(not just a representative process-specific sample). The survey did not address the cost of this 
testing. Testing will likely require extensive use of third parties because most companies do not 
have equipment or personnel to conduct in-house testing. Very few third parties in the U.S. have 
experience characterizing semiconductor process emissions or testing semiconductor POU 
abatement devices (UL, the example cited by the EPA, is not one of them); still fewer have 
experience testing in an operating manufacturing fab.4 Only a single third party is known to have 
experience using the EPA draft protocol.  

4.2.4 Basis for Cost Estimate: Compliance with POU Abatement Testing Requirements 
Survey data were used to calculate the average number of abatement devices per fab for those 
fabs so equipped. This number was multiplied by the testing cost to calculate an average total 
POU abatement testing cost per fab. If respondents provided a range for the number of abatement 
devices, the minimum of the range was used in calculations to ensure that the reported costs were 
a minimum.  

The following assumptions were made: 

 Emissions testing would be conducted by a third party 

 Estimates would be based on testing one-third of the installed POU abatement devices 
because the proposed rule allows testing of a “random sample” (April 10, 2009 FR, 
p.16499) when testing is conducted by a third party 

 
4 Feedback of ISMI Greenhouse Gas Working Group Members. 
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 Third-party testing would cost $35,000/week based on testing three POU abatement 
devices per week (including set-up, testing and data analysis according to the EPA draft 
protocol, and report generation).  

4.2.5 Estimated Cost for an Average Fab to Comply with POU Abatement Testing 
Requirements 

The average cost per fab to test POU abatement devices is $0.24 million over 7 weeks. A fab 
with 158 POU devices will spend $0.62 million over 18 weeks to test 53 devices. These costs for 
testing one-third of all devices would also equal the average cost per year if each abatement 
device must be tested once every three years as stated in the RIA cost estimate. Given the lack of 
experienced third parties, it is unlikely that most semiconductor facilities would be able to meet 
the POU abatement testing requirements of the proposed rule unless they develop in-house 
analytical capabilities (i.e., hire personnel and acquire analytical instrumentation). The proposed 
rule requires those facilities that use in-house capabilities to test 100% of their POU abatement 
devices (April 10, 2009 FR, p.16499), an approach the preamble acknowledges is likely to be 
more costly than third-party testing (April 10, 2009 FR, p.16499). For these reasons, industry 
POU abatement testing costs are likely to be significantly greater than the minimum estimates 
above.  

4.3 Estimating Emissions 

4.3.1 Proposed Rule Requirements and Implications 
The proposed rule establishes production capacity-based reporting thresholds rather than 
emissions-based thresholds (April 10, 2009 FR, p.16497). Semiconductor production facilities 
with production capacity >1,080 m2 silicon must report. Large semiconductor facilities 
(production capacity >10,500m2 silicon) are required to estimate emissions using an approach 
based on the IPCC Tier 3 (company-specific emission factors) while all other semiconductor 
facilities must use an approach based on the IPCC Tier 2b method (process-specific default 
emission factors) (April 10, 2009 FR, p.16498). Both approaches require gas consumption data 
by process that the EPA believes “is often gathered as business as usual” (April 10, 2009 FR, 
p.16498). EPA further contends that “…DRE for each process is readily available from tool 
manufacturers…” (April 10, 2009 FR, p.16498). The proposed rule requires that gas utilization 
and byproduct formation measurements as required by the Tier 3 method be conducted using the 
Guideline for Environmental Characterization of Semiconductor Process Equipment (2006 ISMI 
Guideline). 

4.3.2 Survey Questions 
Figure 4 shows the survey questions asked to ascertain the impact of the proposed rule's process 
emissions estimating requirements. 

4.3.3 Survey Results and Analysis 
Respondents were asked what methodology they currently use to estimate process GHG 
emissions. Results are shown in Figure 5. 
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1. What emissions estimating methodology do you currently use to estimate your process 
GHG emissions? 

 IPCC 2006 Tier 1 (aggregate default based on silicon area processed) 

 IPCC 2006 Tier 2a (default emission factors by process gas) 

 IPCC 2006 Tier 2b (default emission factors by process gas and process type) 

 IPCC 2006 Tier 3 (process specific emission factors) 

 Don’t currently estimate 

 Combination of Tiers or Other (please specify) 

For large facilities: 

2. Approximately how many “unique process platforms running varying PFC gases” in 
representative processes does your facility have? 

3. What is the approximate maximum number of unique PFC-using recipes with varying 
process conditions run in your facility? 

4. What methodology was used to characterize process emissions and byproducts? 

 Emissions not characterized; using default emission factors 

 2001 ISMI Guideline 

 2006 ISMI Guideline 

 Epson Method 

 Other (please specify) 
 

Figure 4 Survey Questions on Emissions Characterization Methodology 

 

Figure 5 Percentage of Respondents Using Various Estimating Methods 

ISMI Technology Transfer #09065012A-TR 
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One responding company uses the IPCC Tier 3 method. Two respondents do not currently track 
process GHG emissions. The operation for one of those respondents is “large” as defined by the 
proposed rule (>10,500 m2 silicon); however, the facility has only one PFC-using process tool 
and, thus its process GHG emissions are low. The second respondent is not an SIA member and 
is therefore not a party to the voluntary PFC Reduction/Climate Partnership for the 
Semiconductor Industry. Thirty-eight percent of respondents are using a combination of tiers to 
estimate emissions; the majority uses a combination of Tiers 2a and 2b.  

Most of the respondents do not track gas consumption by process. Those that do report emissions 
by process (i.e., are using Tiers 2b or 3) apply engineering estimates to determine the split of gas 
consumption between chemical vapor deposition (CVD) and etch.  

The survey highlighted several EPA misperceptions about the impact of requiring large facilities 
to estimate emissions using a Tier 3-like approach.  

EPA Assertion Industry Practice 

Large semiconductor facilities are already using 
Tier 3 methods. (April 10, 2009 FR, p.16498) 

Only one U.S. company is estimating emissions 
using IPCC Tier 3. Others use Tier 2a, 2b, or a 
combination. 

Large facilities have the data required to use Tier 
3. (proposed rule requires use of 2006 ISMI 
guideline) (April 10, 2009 FR, p.16498) 

 

50% of large companies do not have any data 
required to use Tier 3. 

For 75% of the responding companies with some 
emissions data, the data were not generated with 
ISMI’s 2006 guidelines (instead earlier versions of 
industry guidelines were used). 

Only 10% of all emissions characterizations used 
ISMI’s 2006 guidelines.  

While the proposed rule requires ISMI’s 2006 guidelines to be used to develop utilization and 
byproduct emission factors, the survey shows that only 10% of all process emissions 
characterizations were based on those guidelines; much of the data were generated using earlier 
versions of ISMI and industry guidelines. The Tier 3 requirement is based on process emissions 
data being “…readily available from tool manufacturers…” (April 10, 2009 FR, p.16498). When 
required by purchase specifications, process equipment manufacturers may provide baseline 
process emissions characterizations to semiconductor companies purchasing new equipment. 
Growth in U.S. semiconductor manufacturing capacity has slowed in recent years, and since the 
2006 guideline was published, only three large volume manufacturing fabs have been built in the 
U.S. (SEMI World Fab Watch, May 2009). Process equipment manufacturers have little 
motivation to characterize baseline emissions from tool sets that are already in manufacturing 
fabs.  

For large facilities, the proposed rule calls for the use of “process-specific utilization and 
byproduction formation factors” (April 10, 2009 FR, p.16648); however, it does not define 
“process-specific.” Large facility respondents representing 15 fabs provided data on the 
approximate number of unique process platforms and unique perfluorocompound (PFC)-using 
recipes run in their fabs. “Unique process platform” was defined in the survey as specific tool 
models using a specific PFC for either CVD chamber cleans or etch, with examples provided. 
“Unique PFC-using recipes with varying process conditions” was defined as the estimated total 
number of different process platforms running different PFC gases, gas flow rates, gas ratios, 
process times, and/or stabilization times in the fab. “Unique process platforms” and “unique 
PFC-using recipes” can serve as a lower and upper bound, respectively, for the range of process 
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emission characterizations required of large facilities. An average number of unique process 
platforms and PFC-using recipes was calculated by adding the number of process platforms or 
recipes reported by each respondent and dividing by the total number of fabs represented by the 
responses. When respondents provided a range, the lower end of the range was used to calculate 
the average so that a minimum estimate was generated. For large fabs, the average number of 
unique process platforms was 37, while the average number of unique process recipes was 455.  

4.3.4 Basis for Cost Estimate: Large Facility Process-specific Emission Factors 
Because the EPA does not define “process-specific,” the scope of emissions characterization 
efforts required by large facilities is uncertain. A minimum cost estimate was developed for the 
average large facility to comply with rule requirements to develop process-specific utilization 
and byproduct formation factors. The following assumptions were made: 

 Emissions testing would be conducted by a third party because most semiconductor 
facilities do not have the qualified personnel or equipment to conduct in-house testing; 

 Third-party testing would cost $35,000/week 

– For estimating the cost of process emissions testing on a per platform basis, assume 
a third party can test three unique process platforms per week (including set-up, 
testing, data analysis, report generation).  

– For estimating the cost of process emissions testing on a per unique recipe basis, 
assume the third party can test six process recipes per week (including set-up, 
testing, data analysis, report generation).  

4.3.5 Estimated Cost for an Average Large Facility to Develop Process Emission Factors 
The cost to develop Tier 3 emission factors for an average large fab ranges from $0.43 million 
over 12 weeks if testing is required on a per platform basis. If each individual process recipe 
must be characterized, the cost for the average large fab rises to $2.7 million over 76 weeks. Few 
third parties have experience testing semiconductor process equipment emissions in a 
manufacturing fab. Given the amount of emissions characterization required by the proposed rule 
and the lack of experienced third parties, it is unclear how EPA’s estimated 29 large 
manufacturing fabs will develop process-specific emission factors in the timeline outlined in the 
proposed rule.  

4.4 Comparison of IPCC Methodologies (Supplementary Data from One Survey 
Respondent) 

The preamble states, “The use of the IPCC Tier 3 method and standard site-specific DRE 
measurement would provide the most certain and practical emission estimates for large facilities” 
(April 10, 2009 FR, p.16498). One survey respondent provided additional data from an analysis 
to compare the results of the 2006 IPCC Tier 2a, 2b and 3 methods for three 200 mm fabs over 
3 years and three 300 mm fabs (one for 1 year and two for 3 years each). Figure 6 presents the 
results of 16 sets of comparison data. 
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Figure 6 2006 IPCC Tier Analysis for Six Fabs 

The data sets show that Tier 2a and Tier 2b produce similar results with Tier 2a averaging +2% 
higher (standard deviation 9%). Compared to Tier 2a and 2b, Tier 3 yielded an estimated 10% 
and 11% lower, respectively (standard deviation 3% and 8%). The IPCC methods for the 
electronics industry require 100-year time horizon global warming potentials (GWP100) to 
calculate CO2 equivalent emissions. As noted in the IPCC Fourth Assessment Report, 
uncertainties for GWP100 are ±35% (IPCC 4th ARWG1, Ch.2, p.214). The greatest difference 
among methods is less than one-third of the uncertainties for GWP100.  

The Tier 3 method offers only incremental improvement in accuracy over the Tier 2 methods; 
this improvement is small compared to the overall uncertainty in these calculations due to the 
uncertainties in the GWP100. 

4.5 Recordkeeping and Reporting 
The proposed rule lists several data reporting requirements for semiconductor facilities that could 
be made available to the public. Survey respondents were asked to indicate whether the data 
elements listed are currently available for each facility and which elements they consider 
Confidential Business Information (CBI). Table 1 lists those data elements that >50% of the 
respondents do not currently have available or consider CBI. 

Technology Transfer #09065012A-TR ISMI 
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Table 1 Required Data that Majority of Respondents Do Not Have Available or 
Consider CBI 

Rule required data that >50% of respondents do not currently have available or that >50% consider to be 
Confidential Business Information (CBI).  

Required Data 

Data Available  
 (% of All 

Respondents) 

Data Not Available
(% of All 

Respondents) CBI 

GHG emissions for all plasma etching 45% 55% 55%

GHG emissions for all chamber cleaning 45% 55% 55%

GHG emissions for all CVD processes 20% 80% 55%

GHG emissions for all HTF use 5% 95% 10%

Mass of each gas fed into each process type 25% 75% 95%

Production capacity (m2 Si) 95% 5% 90%

Emission control technology DREs and their 
uncertainties 

10% 90% 30%

Fraction of gas fed into each process type w/ 
emissions control technologies 

30% 70% 70%

Description of abatement controls 45% 55% 5% 

Inputs to mass balance calculations (for heat transfer 
fluids) 

25% 75% 10%

5 IMPACT ASSESSMENT 
The impact of the proposed rule on the semiconductor industry has been underestimated by EPA. 

EPA Proposed Rule Estimated Industry Costs 

The rule contains stringent requirements for 
tracking gas consumption that require ALL 
reporting facilities to undertake costly 
infrastructure modifications. 

 

EPA estimates the rule applies to 91 
semiconductor fabs. Based on survey results, the 
minimum estimated total industry cost to comply 
with gas consumption data requirements is $65 
million for infrastructure installation and $20 
million for annual operating costs. 

 

To claim DRE for POU abatement, abatement 
units must be tested by the user or a third party 
using the EPA protocol. 

 

The survey indicates 72% of fabs use GHG-
specific POU abatement. Assuming 66 fabs (72% 
of 91 fabs) use abatement, the minimum 
estimated total industry cost to comply with POU 
abatement testing is $17 million over 450 weeks 
of testing. 

Large semiconductor facilities are already using 
Tier 3 methods or have data available to perform 
Tier 3. 

 

The minimum estimated cost for the EPA-
estimated 29 large facilities to develop Tier 3 data 
is $13 million to $77 million over 360 to 2,200 
weeks of testing. 
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EPA erroneously assumes that that manufacturing facilities “monitor gas consumption using 
equipment (e.g., flowmeters) that is already in place…” (RIA Cost Appendix, p.21). Based on 
this assumption, The EPA does not include capital or operating and maintenance (O&M) costs in 
the estimate. The total minimum industry cost for installing infrastructure to track gas 
consumption as required by the proposed rule is $65 million. O&M costs to calibrate and 
maintain gas consumption monitoring systems is $20 million per year. The EPA’s estimated cost 
for the industry to comply with POU abatement device testing is $1.359 million per year, while 
the estimated minimum cost based on survey data is $17 million per year. The EPA assumes that 
large facilities have the data to comply with the proposed rule and, therefore, incur no cost for 
compliance; for the large facilities, the cost to comply with the requirements for Tier 3 is 
$13 million to $77 million. Initial compliance with the proposed rule requires an estimated 16 to 
51 years of third-party testing; ongoing POU abatement evaluations will require a minimum of 
8.7 years of third-party testing each year (assuming the third party can test three process 
platforms, six process recipes, or three POU abatement devices per week).  

In 1999, the members of the World Semiconductor Council (WSC) approved a goal to reduce 
aggregate absolute emissions of PFCs from semiconductor manufacturing facilities by 10% or 
more from baseline levels by 2010. They also agreed to use IPCC Tier 2 methods to estimate 
emissions so that a common methodology would be used across all regions and data would be 
comparable. Based on the survey responses from the four non-U.S. located respondents, 
semiconductor facilities in other countries are not subject to requirements comparable to those in 
the proposed rule. 

6 CONCLUSIONS 
ISMI’s survey to gather facility-specific data on the impact of the proposed rule on fab 
operations resulted in 21 responses from companies representing 58% of total U.S. silicon area 
production capacity. Survey respondents included 25 of the EPA’s estimated 29 large fabs. 

Much of the EPA’s basis for the proposed rule is contradicted by survey data: 

 Contrary to the EPA’s assertion, the industry is not currently collecting or equipped to 
collect significant portions of the data required by the proposed rule. 

 The EPA assumes the industry will incurs no capital or O&M costs under the proposed 
rule. This assumption is incorrect. The minimum estimated industry capital cost to 
comply with gas consumption tracking requirements is $65 million and O&M costs are 
$20 million per year 

 Analysis of the survey data indicates the industry’s first year compliance costs will be 
$95–159 million, 26X to 44X greater than the EPA’s estimated $3.6 million (RIA, 
p. 4-124). Ongoing compliance costs are estimated to be a minimum of $37 million per 
year. Note that the survey-based cost estimate is a minimum that does not include the 
costs associated with production downtime. It also does not include the costs to comply 
with requirements for fluorinated heat transfer fluids, combustion related emissions 
reporting, or reporting and recordkeeping requirements. 

In its requirements for gas consumption tracking, process emissions characterization, and POU 
abatement testing, the proposed rule goes beyond the requirements of the IPCC Tier 2b and 
3 methods. Based on responses received by the four respondents not located in the U.S., 
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semiconductor facilities in other countries are not subject to requirements that are comparable to 
those in the proposed rule. 

The proposed mandatory GHG reporting rule requires that the industry spend large amounts of 
money that the EPA does not accounted for in its regulatory impact assessment. The first year 
compliance costs will be 26X to 44X greater than estimated by the EPA, and subsequent 
compliance costs are >10X the EPA’s estimate. 
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any revisions to forward-looking statements to reflect events, circumstances or changes in 
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1 EXECUTIVE SUMMARY 
In support of the industry response to the U.S. Environmental Protection Agency (EPA) 
proposed mandatory greenhouse gas (GHG) reporting rule, the International SEMATECH 
Manufacturing Initiative (ISMI) Environment, Safety, and Health Technology Center was asked 
to develop surveys, collect survey responses, and analyze data for ISMI and Semiconductor 
Industry Association (SIA) members. A total of three surveys were conducted. Responses have 
been collected independent of the SIA to preserve respondent confidentiality. Reported herein 
are results of a survey on the use, volatility (i.e., vapor pressure at room temperature), purchase 
and waste tracking, and status of emissions measurements of fluorinated heat transfer fluids. 

Fourteen companies participated, providing 37 separate responses.  

Results showed that the semiconductor industry uses at least 17 different fluorinated heat transfer 
fluids with ambient vapor pressures ranging from 6 to 30,000+ Pascals. Four fluids may be 
candidates for exemption from the proposed regulation due to their exceptionally low vapor 
pressure. 

The fluids are mostly used in closed-loop chillers for processes such as etch, chemical vapor 
deposition (CVD), implant, and device testing.  

Most companies do not quantitatively track usage, recycling, and disposal of these fluids. Only 
two companies track the quantity of fluids lost in spills and leaks, and four track the quantity of 
fluids recycled or disposed off site. Off-site disposal usually consists of high temperature 
incineration or fuel blending. Currently, one company has tested for traces of these fluids in fab 
air, finding that concentrations are below 5 ppb. 

2 SURVEY OVERVIEW 
The survey asked the following questions: 

 Do you operate processes that use fluorinated heat transfer fluids? If so, which ones do 
you use? 

 What is the name of the process? 

 What is the vapor pressure of each fluorinated heat transfer fluid? 

 Are spills, leaks, material recycling, and waste disposal being tracked to complete a 
mass balance for the fluorinated heat transfer fluids used?  

 Has fab air sampling been done? If so, what were the results? 

3 RESULTS 
Fourteen companies participated in the survey, providing data for 37 separate responses (two of 
them overseas). Based on the survey, the fluorinated heat transfer fluids are almost exclusively 
used in point-of-use (POU) chillers for etch, CVD, implant, and automatic testing. A few 
companies mentioned that in some isolated cases these fluids are used for resist stripping (wet 
tool), chamber cleaning, and leak testing. One respondent that uses the fluorinated heat transfer 
fluids in a process abates emissions with the house thermal oxidizer 
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Table 1 lists the fluorinated heat transfer fluids used and their corresponding vapor pressures in 
Pascals (Pa) and psia. 3M and Solvay Solexis are the main suppliers of the fluids. Based on the 
survey, the most popular are marked by a pound sign (#). The vapor pressures range from a low 
of 6 Pa to a high of 30,324 Pa. However, one company reported vapor pressures ranging from 
800–55,000 Pa, with the most widely used compounds in the 800–2000 Pa range. The vapor 
pressure of water was included in the table for comparison only.  

Table 1 Names of Heat Transfer Fluids Used and Their Vapor Pressures 

Heat Transfer Fluid Vapor Pressure @ 20–25°C 

Name Pascals psia 

3M Fluorinert FC 40 # & 400 0.058 

3M Fluorinert FC 77 # 5,600 0.81 

3M Flourinert FC 3283 # 1,867 0.27 

3M HFE 7100 # 26,931 3.90 

3M HFE 7200 # 14,532 2.10 

3M HFE 7300 5,585 0.81 

3M HFE 7500 & 6 0.0009 

*Galden HT – 70 # 18,798 2.72 

*Galden HT - 90 13,332 1.93 

*Galden HT – 110 # 2,266 0.33 

*Galden HT – 200 &  <133 0.019 

DuPont HFC - 134a **  655,405 95 

ZT - 130  NA  

ZT – 180 & 266 0.0386 

*Galden D02 - TS  NA  

*Galden D02 - TSX  NA  

*Galden PFS 2 30,324 4.39 

WATER (for comparison only) 2493 0.36 

* offered by Solvay Solexis 
** liquefied gas with boiling point of -26.5oC 
# most popular fluids based on number of survey responses 
& recommend exclusion from regulation due to very low vapor pressure 

One company pointed out that the Global Warming Potentials (GWPs) of fluorinated heat 
transfer fluids range from 55–9,400, whereas an EPA report published in 2006 (EPA 430-R-06-
901) states that the GWPs range from >6,000–9,000. 

Most fluorinated heat transfer fluid use is associated with the replacement of electrostatic chucks 
(ESCs), which are cooled directly by the fluorinated heat transfer fluid. When the tool is opened 
and the ESC removed, some fluorinated heat transfer fluid is “lost” and later replaced by topping 
off the chiller reservoir. The “lost” material is collected either separately or, more typically, 
blended with other mixed solvent waste. Then, the solvent waste is shipped off site for 
incineration or use as fuel in cement production. In most cases, spills are wiped up and the 
“solvent”-contaminated wipes are collected in covered waste cans as hazardous waste and sent 
off site for high temperature thermal oxidation (i.e., incineration); however, the quantity of the 
waste is not tracked. 
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Most companies have records for only purchases of fluorinated heat transfer fluids. Just two 
companies track the quantity of fluids lost in spills and leaks. Four companies track the quantity 
of fluids recycled or disposed off site. None of the companies seem to attempt a comprehensive 
mass balance for the fluids.  

One company provided data from airborne emission measurements (Appendix A), which 
detected fluorinated heat transfer fluids in very low concentrations in the air of several different 
semiconductor manufacturing fabs. Twenty-one samples were collected and analyzed by thermal 
desorption followed by gas chromatography and mass spectrometry. The concentrations ranged 
from about 1–99 ng/L (in the form of fluoroalkyl ethers). Using the ideal gas law to convert from 
ng/L to ppb shows that the calculated air concentrations for these measurements are all below 5 
ppb. 

Using the data for several commonly used fluorinated heat transfer fluids, a calculation was 
made to estimate how quickly these fluids would evaporate after a spill or leak (Appendix B). A 
4 ft2 spill 1/8 inch deep would contain about 4.68 pounds of fluid. To evaporate that much 
material would take 1 to 94 hours, depending on the molecular weight and vapor pressure of the 
fluid. If one assumes that a leak of that size would not go unnoticed in a 3-hour period, given the 
cleanliness of semiconductor manufacturing fabs, the whole spill would go unnoticed and 
ultimately evaporate if only one fluid spilled.  

4 CONCLUSIONS  
The survey of 37 responses from 14 companies showed that the semiconductor industry uses at 
least 17 different fluorinated heat transfer fluids with ambient vapor pressures ranging from 6 to 
30,000+ Pascals. Four of the fluids reported have exceptionally low (<400 Pa) vapor pressures. 

The fluids are mostly used in closed-loop chillers for processes such as etch, CVD, implant, and 
device testing.  

The majority of companies do not quantitatively track usage, recycling, and disposal of these 
fluids. Currently only two companies track the quantity of fluids lost in spills and leaks, and only 
four companies track the quantity of fluids recycled or disposed off site. Off-site disposal usually 
consists of high temperature incineration or fuel blending.  

So far, just one company has tested for traces of these fluids in fab air, finding that 
concentrations are below 5 ppb. 
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Appendix A –Testing Fab Air Samples for the Presence of Hydrocarbons 

In 2006, one U.S. semiconductor manufacturing company tested several fabs for air 
contaminants, including traces of fluorinated hydrocarbons.  

A.1 Sampling and Analysis 
The sampling and analysis consisted of the following. Pumps set at a preset flow rate of 
100 mL/min. pulled fab air through stainless steel tubes packed with multiple beds of proprietary 
adsorbents. The air was typically sampled in three locations in the fab over a 23-hour period.  

After sampling, the sealed tubes were shipped to an analytical laboratory where they were 
analyzed by thermal desorption followed by gas chromatography and mass spectrometry. The 
test method was designed to analyze for semi-organic compounds in the n-heptane (boiling range 
~100°C) to n-octacosane (boiling range ~430°C) range. Each compound detected was identified 
by a search of a Wiley library of 275,000 mass spectra or, when no matches were found, by the 
analyst’s interpretation or best estimate of the most probable compound or class of compounds. 

A.2 Results 
Table A-1 summarizes the relevant results identified as fluoralkyl ethers. The typical spectrum 
for each sample contains many more compounds that were not fluorinated. The organic 
compounds are classified into three boiling ranges: low boiling (C7–C10), medium boiling 
(>C10–C20, and high boiling (>C20). The values are shown here as supporting evidence of the 
presence of larger molecules that may originate from the fluorinated heat transfer fluids. 

A.3  Conclusion 
As can be seen from Table A-1, the concentration of fluoroalkyl ethers in the air ranged from 
<0.1 to 99.8 ng/L.  

If one assumes that in 2006 the air make-up rate in a typical fab was 200,000 scfm, then the 
quantity of fluorinated heat transfer fluids lost in the fab exhaust air is approximately 700 lbs/yr 
for a worst case concentration of 5 ppb. This would be 10% of the ~7000 lbs/year (based on 
500 gallons) of fluorinated heat transfer fluids that the EPA estimates a typical fab loses in a year 
(EPA 430-R-06-901). 

A.4 Sample Calculations 

The data in Table A-1 indicate that the highest concentration detected was 99.8 ng/L (say 
100 ng/L). This can be converted to ppb as follows: 100 ng  0.08206 (atm x L)/(moles  °K)  
296K / (1.0 atm  500 g/mole) = 4.9 ng/g or ppb. 

If one assumes the air make-up rate for a typical fab is 200,000 scfm and, in turn, that much air is 
exhausted from the fab carrying 4.9 ppb of fluoroalkyl ether emissions, the loss of fluorinated 
hydrocarbons to the atmosphere can be calculated as follows: 4.9 ppb  200,000 scfm  
500 lbs/lbmole  60/(1E+09  359 ft3/lbmole) = 0.082 lbs/hr or 717 lbs/year. 

 



 5 

ISMI Technology Transfer #09065014A-TR 
 

Table A-1 Air Samples Taken in High Volume Manufacturing Fabs in 2006 

  Concentration  

  Fluoroalkyl ether C7-C10 >C10-C20 >C20 

Sample # ng/L ng/L ng/L ng/L 

1 4.8 39.5 39 1.4 

2 61.6 57.6 23.4 0.7 

3 99.8 74.7 23.6 0.6 

4 24.7 42.1 4.9 0.5 

5 16.3 15.0 4.1 <0.1 

6 18 16.3 3.8 0.2 

7 56.7 43.7 5.3 0.1 

8 1.8 19.3 19.4 0.9 

9 1.2 13.3 11.5 1.4 

10 1.0 20.2 17.8 1.5 

11 1.2 23.7 17.8 1.7 

12 <0.1 2.0 0.8 0.1 

13 <0.1 8.5 6.4 0.4 

14 29 34.3 10.8 0.6 

15 24.1    

16 35.4    

17 22.9    

18 15.5    
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Appendix B – Estimate of the Time to Evaporate a 4 ft2 by 1/8" Deep Spill 

B.1 Conclusions 

 A spill of 4 ft2  1/8" deep = 4.68 lbs (assumed density of 1.8 g/cc).1 

 The amount evaporated in 3 hours ranges from 0.15 to 13.47 lbs for these commonly used 
fluorinated heat transfer fluids.  

 The time to evaporate a 4 ft2 spill ranges from 1 to 94 hours, depending on the vapor 
pressure and molecular weight of the fluid.  

 Since the POU chillers that use fluorinated heat transfer fluids have closed systems, it is 
reasonable to assume such spills are rare. 

 A 4 ft2 spill would most likely be discovered and cleaned up in 3 hours.  

 

Table B-1 Estimate of the Time to Evaporate a 4 ft2 by 1/8" Deep Spill 

Heat 
Transfer 

Fluid 

MW 
lb/lb-
mole 

Mass 
Transfer 

Co. K 
(feet/sec) 

Surface 
Area 
(ft2) 

Vapor
Press.
(psia) 

Ideal Gas 
Constant 

(psi-ft2/R/lb-
mole) 

Temp.
(° R) 

Est. 
Evaporation 

(lbs/hr) 

Evaporation
in 3 hours 

(lbs) 

Time to 
Evaporate 
4ft2 Spill

(hrs) 

FC-77 415* 0.0016 4 0.81 10.73 529 1.36 4.08 3.4 

FC-3283 521* 0.0014 4 0.27 10.73 529 0.50 1.50 9.4 

HT-70 410* 0.0016 4 2.7 10.73 529 4.49 13.47 1.0 

HT-110 580* 0.0014 4 0.33 10.73 529 0.68 2.04 6.9 

HT-200 870* 0.0012 4 0.019 10.73 529 0.05 0.15 93.6 

*(according to EPA Burton report 430-R-06-901) 

 

                                                 
1 Sample calculation: 4ft2  1/8” spill= 4  0.125/12 (ft3)  28.32 (L/ft3)  1000 (cc/L)  1.8 (g/cc)/454 (g/lb) = 4.68 lbs. 
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Disclaimer 

Disclaimer of Liability  

 This report has been prepared upon request using collected survey results and is subject to 
change without notice at the authors’ discretion for reasons including, without limitation, 
receipt of additional relevant information and continued analysis of survey results and other 
pertinent material.  

 The authors’ intent is to report survey findings and to provide non-partisan analysis to the 
intended audience. This report is not intended to constitute lobbying, and shall not be 
interpreted as lobbying.  

 This information in this report is provided “as is.” The authors of and contributors to this 
report disclaim any and all loss or liability, incurred either directly or indirectly as a 
consequence of applying or using the information presented herein. Neither ISMI, nor SIA, 
nor any of their members, employees or officers, make any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of 
any information disclosed or discussed herein.  

 The estimates, assessments, analyses, views, and opinions of document authors and 
contributors, whether expressed herein or expressed orally during related conversations and 
meetings, do not necessarily state or reflect those of any individual entity or company, 
including, without limitation, ISMI, the SIA or any of their member companies. 

Disclaimer of Forward-looking Statements  

 Portions of this report contain forward-looking statements that are based on the authors’ and 
contributors’ current expectations, estimates, projections and assumptions. These statements 
are based on assessment of uncertain factors and therefore are not guarantees of future 
events and outcomes. Actual future results may differ materially from what is forecast. All 
forward-looking statements speak only as of the submission date of this report.  

 All related written and oral forward-looking statements attributable to the authors, 
contributors, ISMI, SIA or any person acting on behalf of those entities are qualified by the 
cautionary statements in this section.  

 The authors and contributors do not undertake any obligation to update or publicly release 
any revisions to forward-looking statements to reflect events, circumstances or changes in 
expectations after the date of this report.  
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1 EXECUTIVE SUMMARY 
The U.S. Environmental Protection Agency (EPA) proposed Mandatory Reporting of 
Greenhouse Gases rule was published in the Federal Register on April 10, 2009, beginning the 
60-day comment period. The preamble explains the EPA’s basis for the proposed rule. Subpart I 
outlines specific requirements for semiconductor manufacturing facilities. The proposed rule 
requires electronics manufacturing facilities to report “nitrous oxide emissions from chemical 
vapor deposition” (April 10, 2009 FR, p. 16648). It further requires facilities to report annual 
nitrous oxide (N2O) consumption as emissions (April 10, 2009 FR, p. 16649). The International 
SEMATECH Manufacturing Initiative (ISMI) Environment, Safety, and Health Technology 
Center conducted a survey of ISMI and Semiconductor Industry Association (SIA) members to 
identify the semiconductor manufacturing processes that use N2O and the utilization efficiency 
(UE) for those processes.  

2 SURVEY QUESTIONS 
The survey asked for the following information: 

 Do you manufacture or operate chemical vapor deposition (CVD) process equipment 
that uses N2O? If so, what is the name of the process?  

 What is the wafer diameter for this equipment (in mm)? 

 What is the general name for the process? 

 Have you characterized the N2O emissions from the process? 

 What methodology was used to characterize the N2O emissions and process 
byproducts? 

 Please provide the percentages (of total) that each methodology was used to 
characterize process emissions and byproducts. 

 What was the measured N2O utilization efficiency? (please provide answer as w/w% 
with indicator of accuracy of measurement (+/-)) 

3 SURVEY RESULTS 
Seventeen companies submitted 37 responses (34 U.S., 3 overseas).  

3.1 Processes that Use N2O 

The survey identified N2O use in the following semiconductor manufacturing processes:  

 Chemical vapor deposition (nitride, polysilicon glass, oxide, etc.) 

 Diffusion (oxidation, nitridation, etc.) 

 Rapid thermal processing 

 Chamber seasoning  
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3.2 Emissions Characterization 
Respondents reported using N2O in 150 mm, 200 mm, and 300 mm process tool sets; however, 
no emissions characterization data were available for 150 mm processes and only one data set 
was provided for 200 mm processes. Only two of the responding companies have N2O emissions 
characterization data. Characterization data were collected using either the 2001 or the 2006 
ISMI Equipment Environmental Characterization Guideline. Both guidelines describe the 
protocol for quantitative measurements of tool emissions using quadrupole mass spectrometry or 
fourier transform infrared mass spectrometry. Two other companies estimated utilization 
efficiency using a stoichiometric and material balance approach. One company estimated N2O 
UE after abatement and assumed a 99% destruction or removal efficiency (DRE) in the 
abatement device.  

3.3 Utilization Efficiency 
Eleven respondents reported the N2O utilization efficiencies shown in Table 1. Responses 1 
through 8 are measured data while 9 through 11 are estimated. The measured utilization 
efficiencies range from 1–20% for a 200 mm process (response 7) to a high of 83.5% for a 300 
mm process. The average measured UE is 40%. Results 1–6 and 8 were from 300 mm tool sets. 
For responses 7 and 8, the mid-point of the range was used to calculate the overall average. The 
large difference between responses 7 and 8 is attributed to the method by which N2O is supplied 
to certain 200 mm tools compared to 300 mm tools. If only the 300 mm results are considered, 
the average UE is 43%. 

Table 1 N2O Utilization Efficiency 

Utilization 

Fab 
Efficiency 

(%) 
Accuracy 

(± %) Comments 

1 18 10 * 

2 18 N/A * 

3 13.95 3.26 * 

4 33.1 0.39 * deposition 

4 54.1 1.37 * seasoning 

5 83.5 4.92 * 

6 64.7 0.73 * deposition 

6 34.6 0.11 * seasoning 

7 1 to 20 N/A 200 mm tools 

8 50–80 N/A * 

9 44 N/A estimated 

10 99 N/A estimated after abatement with burners 

11 100 N/A estimated 

* process in 300 mm tool 
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4 CONCLUSIONS 
N2O is used in a variety of semiconductor processes in both older and newer generation tool sets. 
Survey respondents provided little emissions characterization data for older generation tools; the 
majority of data is for 300 mm tools. The survey did not attempt to determine the quantity of 
N2O used in the various processes but instead focused on collecting UE data. The measured UE 
of N2O varies widely from a low of 1–20% in characterized 200 mm processes to a high of 
83.5% for a 300 mm process. The average of all measured UE is ~40%. If only 300 mm results 
are considered, the average measured UE is 43%. 
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Disclaimer 

•  Disclaimer of Liability  
–  This presentation has been prepared upon request using preliminary survey results and is subject to change 

without notice at the authors’ discretion for reasons including, without limitation, receipt of additional information 
and continued analysis of survey results.  

–  The authors’ and presenters’ intent is to report survey findings and to provide non-partisan analysis to the 
intended audience. This presentation is not intended to constitute lobbying, and shall not be interpreted as 
lobbying.  

–  This information is provided "as is". The authors, contributors and presenters of this information disclaim any and 
all loss or liability, incurred either directly or indirectly as a consequence of applying or using the information 
presented herein. Neither ISMI, nor SIA, nor any of their members, employees or officers, makes any warranty, 
express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness 
of any information disclosed or discussed herein.  

–  The estimates, assessments, analyses, views and opinions of document authors and contributors and the 
presenters, whether expressed herein or expressed orally during the presentation and related meetings, do not 
necessarily state or reflect those of any individual entity or company, including, without limitation, ISMI, the SIA or 
any of their member companies. 

•  Disclaimer of Forward-looking Statements  
–  Portions of this presentation contain forward-looking statements that are based on the authors’ and contributors’ 

current expectations, estimates, projections and assumptions. These statements are based on assessment of 
uncertain factors and therefore are not guarantees of future events and outcomes. Actual future results may differ 
materially from what is forecast.  All forward-looking statements speak only as of the date of this presentation.  

–  All related written and oral forward-looking statements attributable to the authors, presenters, ISMI, SIA or any 
person acting on behalf of those entities are qualified by the cautionary statements in this section.  

–  The authors, contributors and presenters do not undertake any obligation to update or publicly release any 
revisions to forward-looking statements to reflect events, circumstances or changes in expectations after the date 
of this report.  
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Background 

•  EPA published proposed Mandatory Reporting of 
Greenhouse Gases Rule on April 12, 2010 with 60 
day comment period. 

•  EPA published Technical Support Document 
(TSD) with uncertainty analysis in support of 
Subpart I. 

•  Notice of Data Availability (NODA) with proposed 
Refined Method default emission factors published 
May 13, 2010. 
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EPA Goal for Refined Method 

•  IMPROVE DATA QUALITY WITH SIMPLER 
REQUIREMENTS THAN 2006 IPCC TIER 3. 
–  “Our goal in establishing the process categories is to account for 

most of the variability in emission factors across processes while 
limiting the total number of process categories whose gas usage 
must be tracked by semiconductor facilities.” (Apr. 12, 2010 FR, p.
18662) 

–  “EPA intent is to reduce the uncertainties relative to the Tier 2b 
factors in Chapter 6 of the 2006 Guidelines.  To accomplish this, in 
part, EPA intends to develop emission factors for 150 mm, 200 mm 
and 300 mm wafer processing technologies to the extent feasible, 
as opposed to one set that would apply to all wafer technologies, 
as is the case for the 2006 IPCC Tier 2b emission factors.” (TSD, 
p.30) 
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EPA Justification for 9 Refined 
Method Sub-categories 

•  INCREASED BURDEN JUSTIFIED BY IMPROVED 
UNCERTAINTY:  
“The selection of the methods to compare in this uncertainty analysis 

was aimed to confirm there is a sufficient decrease in uncertainty in 
emissions estimates when using a refined process category 
method as opposed to the 2006 IPCC Tier 2b method, such that 
any additional burden associated with a refined process category 
method is justifiable.” (TSD, p.25) 

•  HALVING OF UNCERTAINTY: 
“The uncertainty results indicate that a refined process category 

method is about twice as certain as the 2006 IPCC Tier 2b 
approach.” (TSD, p.29) 
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EPA Uncertainty Basis 

•  EMISSION FACTORS ONLY SOURCE OF UNCERTAINTY:  
–  Only uncertainties in emission factors (1-Uij) across sets of factors were 

considered. 
–  EPA assumes uncertainties in usage Cij are the same for both Tier 2b and 

Refined methods. 

•  COMPARED REFINED METHOD UNCERTAINTY TO OLD TIER2b  
ANALYSIS:  
–  Relative errors for the 2006 IPCC Tier 2b emission factors were taken from 

the 2006 IPCC Guidelines, Table 6.9. (TSD, p.26). 



June 10, 2010 7 

Development of Refined 
Method Defaults 

•  ALL DATA USED TO DEVELOP DEFAULTS IS 
IN NODA TABLE 5 
–  Table 5: Emission Factor (EF) Development Database 

contains all data used to develop EF and estimate 
relative errors (NODA, p.3).   

•  ONLY NEW DATA BEYOND 2006 IPCC DATA 
SET WAS PROVIDED THROUGH SEMI 
–  EPA used industry data provided in cooperation with 

SEMI (NODA, p.3).   

–  All other data entries are those used to develop 2006 
IPCC EF (EPA statement in May 19 meeting). 
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Continued Use of Tier 2b is 
Warranted 

•  No demonstrated improvement in certainty of 
emissions estimate using Refined Method. 

•  Analysis of Refined Method EF supports 
continued use of Tier 2b. 
–  No emission factors provided for 8% of gas usage 
–  New factors are provided for only 20% of F-GHG usage 
–  72% of F-GHG usage has same emission factors in 

Refined Method as in Tier 2b 

•  Tier 2b uncertainty analysis should be revised 
to reflect improved uncertainties for 72% of F-
GHG use where EF are unchanged. 



June 10, 2010 9 

No Demonstrated Improvements in 
Certainty of  Emissions Estimate 

Using Refined Method 
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ISMI Review of NODA Refined Method 
EF and Associated Uncertainty Analysis 

•  NODA TWO SIGNIFICANT FIGURE DEFAULTS NOT 
JUSTIFIED:  
–  Data set is not substantively increased from Tier 2b for most EF 

and is smaller for most sub-categories.  Table 5 data set does not 
support Refined Method EF reported as two significant figures 
instead of one in Tier 2b. 

•  ISMI CAN DUPLICATE DEFAULT EF BUT CANNOT 
DUPLICATE RELATIVE ERRORS: 
–  ISMI is able to use NODA Table 5 data set to calculate the same 

EF listed in Tables 3 and 4. 
–  ISMI is not able to duplicate relative errors listed in Table B-1 of the 

Re-proposed Rule Technical Support Document (TSD).  
–  ISMI believes we have identified the original Tier 2b data set and 

are unable to duplicate relative errors reported for Tier 2b CVD 
chamber cleans (IPCC Table 6.9). 

–  As of June 9, EPA unable to provide  sample calculation. 
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Number of Data Values Used to Develop Refined Category 
Emission Factors 

Provided Courtesy of Andrew Brendler, IBM 
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Data for Uij by Refined Process x Gas 

Provided Courtesy of Andrew Brendler, IBM 

Example: In-situ plasma NF3 
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ISMI Review of NODA Emission Factors: 
200 mm Etch Sub-categories 

•  Refined Method factors are incomplete: EPA has 
provided EF for only eleven 200 mm etch sub-categories; 
no EF for eighteen F-GHG uses in etch sub-categories. 

•  3 of provided EF are based on a single data entry. 
–  A single measurement is likely not representative of variable 

process conditions. 
–  EPA assumption of 10% relative error is application of ISMI 

emissions characterization guideline.  10% assumes a single 
process.  Variation between processes in same sub-category will 
be higher than 10%. 

•  3 EF are based on 4 or fewer data entries. 
–  EFs and relative errors based on average of a few data entries are 

likely not representative of all sub-category processes. 
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ISMI Review of NODA Emission Factors: 
300 mm Etch Sub-categories 

•  Refined Method factors are incomplete: EPA has 
provided only 14 needed 300 mm etch sub-categories; no 
EF for 14 F-GHG uses in etch sub-categories. 

•  7 of 14 provided EF are based on a single data entry. 
–  A single measurement is likely not representative of variable 

process conditions. 
–  EPA assumption of 10% relative error is application of ISMI 

emissions characterization guideline.  10% assumes a single 
process.  Variation between processes in same sub-category will 
be higher than 10%. 

•  6 EF are based on 3 or fewer data entries. 
–  EFs and relative errors based on average of a few data entries are 

likely not representative of all sub-category processes. 
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ISMI Review of NODA Emission Factors: 
CVD Chamber Clean Sub-categories 

•  The only in-situ plasma or remote plasma chamber clean 
EF which is changed from IPCC Tier 2b is for 150/200 
mm NF3 remote plasma. 
–  Accounts for 7.5% of total F-GHG used. 

•  All other EF are the same as Tier 2b but may appear 
different because EPA reports as two significant figures 
instead of one.   

•  EF have not changed; however, EPA presents improved 
uncertainties. 

•  If improvements are valid, Tier 2b uncertainties should 
also be revised to reflect this improvement. 
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Summary: Improvements in 
Uncertainty Not Demonstrated 

•  Refined Method defaults are incomplete – factors not 
provided for 8% of F-GHG gas uses. 

•  Refined Method EF were developed with extremely 
limited data set. 

•  Variability in data set does not support reporting EF 
with 2 significant digits. 

•  Variability for sub-categories with multiple points is 
high - indicates that EPA assumed 0 or 10% variability for 
single data points are incorrect for multiple processes 
measured in the same sub-category. 
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Analysis of Refined Method EF Supports 
Continued Use of Tier 2b Defaults 
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% F-GHG Usage and EF 

•  Etch is ~24% of F-GHG usage; EPA does not provide etch EF for 7.4% of total gas used. 

•  CVD chamber cleans is 75% of F-GHG usage; EF unchanged for cleans gases totaling 66% of F-GHG used. 

•  Refined EF unchanged for 72% of total usage.    
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ISMI EF and Relative Error 
Review 

•  ISMI reviewed NODA Tables 3,4 and 5, TSD 
Table B-1, and 2006 IPCC guideline Tables 6.3 
and 6.9. 

•  Using Table 5: 
–  NODA Refined Method default EF were calculated. 
–  When possible, IPCC Tier 2b EF were calculated. 
–  Relative error were calculated for Refined EF and Tier 

2b EF when possible: 
•  RE = Standard Deviation/Mean*100 

•  Following tables present analysis of EF and 
Relative Errors for 200 mm, 300 mm and Tier 2b. 
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200 mm Default EF Comparison: Etch 

•  Oxide etch CF4 EF is same for Refined Method and Tier 2b. 4th largest F-GHG use. 

•  NODA Table 5 contains insufficient sub-category data to establish defaults for majority of 200 mm 
etch gases. 
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200 mm Relative Error Comparison:  
Etch 

•  Limited data precludes relative error comparison for majority of etch gases. 

•  No EF provided for 4 metal etch gases with TSD Table B-1 reported 
uncertainties. Basis for EPA reported relative errors is not clear. 
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300 mm Default EF Comparison: 
Etch 

•  Oxide etch CF4 EF is same for Refined Method and Tier 2b. 4th largest F-GHG use. 

•  NODA Table 5 contains insufficient sub-category data to establish defaults for majority of 300 mm etch 
gases. 



June 10, 2010 23 

300 mm Relative Error Comparison:  
Etch 

•  Limited refined method data precludes relative error 
comparison for majority of etch gases. 
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200 mm Emission Factor Comparison: 
Plasma CVD Chamber Clean 

•  ISMI able to duplicate Refined Method and Tier 2b default EF for all 
gases. 

•  EF are unchanged for all gases except NF3 remote plasma clean. 
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200 mm Relative Error Comparison: 
Plasma CVD Chamber Clean 

•  ISMI is unable to duplicate uncertainty calculations; however, ISMI analysis demonstrates Refined Method and Tier 2b 
uncertainties are the same for all gases except NF3. 

•  ISMI anticipates NF3 relative errors may differ because of increased Refined Method data set.  

•  ISMI calculations find Tier 2b and Refined Method relative errors are same order of magnitude. 
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300 mm Emission Factor Comparison: 
Plasma CVD Chamber Clean 

•  ISMI is able to duplicate Refined Method and Tier 2b 
default EF for NF3. 

•  NF3 EF are the same for Refined Method and Tier 2b ⇒  
Largest gas use sub-categories. 
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300 mm Relative Error Comparison: 
Plasma CVD Chamber Clean 

•  ISMI is unable to duplicate EPA reported uncertainty values.  

•  ISMI calculations find Tier 2b and Refined Method relative errors are 
same order of magnitude. 
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Summary: 
Analysis of Refined Method EF Supports 
Continued Use of Tier 2b Defaults 

•  Emission factors are unchanged for 72% of F-
GHG usage. 

•  Insufficient data is available to establish refined 
method etch defaults and evaluate relative errors. 

•  ISMI calculated relative errors for CVD plasma 
Refined Method and Tier 2b defaults finds 
identical EF for all gases except 200 mm NF3 
remote chamber cleans. 

•  Relative errors for Refined Method and Tier 2b 
CVD chamber cleans are of similar magnitude. 
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Tier 2b Uncertainty Analysis Should 
Be Revised 
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EPA uncertainty analysis over-estimates 
relative error of Tier 2b while under-estimating 
uncertainty of Refined Method 

•  TSD shows much smaller 
relative errors for Refined 
Method chamber clean default 
emission factors (EF) while EF 
have not substantively changed 
from Tier 2b.  

•  EPA mistakenly equates etch 
measurement repeatability with 
relative error associated with 
emissions for varying process 
conditions.   

•  Basis for this improvement is 
unknown and relative error 
difference cannot be 
demonstrated from the data. 

•  This results in under-estimation 
of Refined Method etch default 
EF uncertainties. 
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Summary 

•  EPA goal for proposed Refined Method is good; however, 
Refined Method does not accomplish the goal. 
–  Current data set is inadequate; data to develop more certain EF is 

currently not available. 

–  Imposes significantly greater burden on industry than EPA 
estimates.* 

•  F-GHG usage patterns and improved relative errors for 
largest uses support continued use of Tier 2b. 
–  Refined EF are unchanged for 72% of F-GHG usage. 

–  If uncertainty improved for unchanged EF, EPA should revise Tier 
2b uncertainty to reflect these improvement. 

Reference: May 19, 2010 ISMI presentation to EPA and 2010 ISMI Semiconductor Greenhouse Gas (GHG) 
Reporting Rule Survey Results, June 2010 available on ISMI website 
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Summary (continued) 

•  ISMI survey identifies largest industry uses of F-
GHG by process 
–  Should be used to review current default emission 

factors for largest uses and determine if additional data 
is needed to develop more accurate default emission 
factors 

–  If deemed necessary, weighted etch emission factors 
using better emission data can be developed in the 
future 
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Back-up 
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Total Gas Usage (kg) 

• The graph below represents the total gas usage, by subcategory, process gas, and fab age. 

• The top row is total usage on a linear scale; the bottom row is the same data on a log scale. 
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Preliminary Burden Estimate: Estimating and 
Reporting F-Gas Emissions 

EPA EIA F-Gas Emission 
Estimate and Reporting 

•  EPA estimate of industry labor 
burden to collect activity data for F-
Gas emission estimate and report: 
$2.55 Million. 

•  Capital Costs: $0. 

•  O&M Costs: $0. 

ISMI Estimate F-Gas Emission 
Estimate and Reporting 

•  Estimated labor cost: $12.85 Million. 

•  Estimated cost: $39.95 Million 
(likely low because some survey 
respondents did not understand 
engineering judgment not adequate 
for apportioning gas usage). 

•  Estimated cost: $49.31 Million 
(likely low because some 
respondents did not account for data 
tracking software and measurement 
equipment calibration requirement). 

Presented 19-May-2010 to EPA by Laurie Beu 
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Preliminary Burden Estimate: Estimating 
and Reporting F-Gas Emissions 

Industry cost to apportion F-GHG usage into 9 
process sub-categories 

Presented 19-May-2010 to EPA by Laurie Beu 
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Disclaimer 

•  Disclaimer of Liability  
–  This presentation has been prepared upon request using preliminary survey results and is subject to change 

without notice at the authors’ discretion for reasons including, without limitation, receipt of additional information 
and continued analysis of survey results.  

–  The authors’ and presenters’ intent is to report survey findings and to provide non-partisan analysis to the 
intended audience. This presentation is not intended to constitute lobbying, and shall not be interpreted as 
lobbying.  

–  This information is provided "as is". The authors, contributors and presenters of this information disclaim any and 
all loss or liability, incurred either directly or indirectly as a consequence of applying or using the information 
presented herein. Neither ISMI, nor SIA, nor any of their members, employees or officers, makes any warranty, 
express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness 
of any information disclosed or discussed herein.  

–  The estimates, assessments, analyses, views and opinions of document authors and contributors and the 
presenters, whether expressed herein or expressed orally during the presentation and related meetings, do not 
necessarily state or reflect those of any individual entity or company, including, without limitation, ISMI, the SIA or 
any of their member companies. 

•  Disclaimer of Forward-looking Statements  
–  Portions of this presentation contain forward-looking statements that are based on the authors’ and contributors’ 

current expectations, estimates, projections and assumptions. These statements are based on assessment of 
uncertain factors and therefore are not guarantees of future events and outcomes. Actual future results may differ 
materially from what is forecast.  All forward-looking statements speak only as of the date of this presentation.  

–  All related written and oral forward-looking statements attributable to the authors, presenters, ISMI, SIA or any 
person acting on behalf of those entities are qualified by the cautionary statements in this section.  

–  The authors, contributors and presenters do not undertake any obligation to update or publicly release any 
revisions to forward-looking statements to reflect events, circumstances or changes in expectations after the date 
of this report.  
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Background 

•  EPA published proposed Mandatory Reporting of 
Greenhouse Gases Rule on April 12, 2010 with 60 
day comment period. 

•  EPA published Technical Support Document with 
uncertainty analysis in support of Subpart I. 

•  NODA with proposed Refined Method default 
emission factors published May 13, 2010. 
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Data description 

•  ISMI commissioned a survey of member companies and SIA. 

•  Data was collected from thirty-two (32) 150mm, 200mm and  
300mm fabs. 

•  The data represents total usage per wafer outs, in kg/cm2, for 
each fab, process gas, and process type. 
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Data categories 

•  Descriptive data was also documented.  These categories 
are: 
–  wafer size (150mm / 200mm / 300mm) 
–  fab age (Older, carbon-based cleans / Newer, NF3-based cleans) 
–  fab size* (Medium, <10,500 m2 / Large, >10,500 m2) 
–  process gas (C2F6, C3F8, C4F6, c-C4F8, CF4, CH2F2, CH3F, CHF3, 

NF3, SF6, C4F8O, C5F8) 
–  process type, with subcategories 

•  Etch (Metal etch, Nitride etch, Oxide etch, Si etch) 
•  CVD chamber clean (In situ plasma, Remote plasma, In situ thermal) 
•  Wafer clean (Ash, Bevel clean) 

–  production in cm2 wafer outs 

* note that there were not enough small fabs to give meaningful results, thus they were combined with medium fabs 
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Usage Data Review 

•  EPA requests reviewing 
usage data grouped based 
on:  
–  2 groups: 150 mm/older 200 

mm fabs and newer 200 
mm/300 mm fabs 

–  3 groups: Relatively small, 
medium, and large fabs 

–  3 groups: Logic, memory 
and ASIC 

•  ISMI able to analyze data as: 

–  2 groups: 150 mm/200 mm with 
predominantly carbon-based 
chamber cleans fabs (old) and 
200 mm with predominantly 
NF3-based chamber cleans/300 
mm fabs (new) 

–  2 groups: Medium (<10,500 m2) 
and Large (>10,500 m2 fabs) 

–  unable to provide – there are not 
enough companies per group to 
assure confidentiality 
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Analysis 

•  Of interest is whether there are differences in  
usage for the different categories. 

•  Graphical analysis 
–  boxplots of data by category 
–  A boxplot is a graph which summarizes the minimum, 25th 

percentile, median, 75th percentile, and maximum of  a dataset.  It 
also shows "outliers" or tail points. 

–  For example, here is a boxplot, a dot plot, and a histogram of the 
same dataset. 

–  Boxplots are provided for  
both the raw usage data and 
the logarithm of the usage. 
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Analysis 

•  Numerical analysis 
–  all data distributions are highly skewed to the right, thus 

ordinary analysis of variance is not appropriate for 
testing hypotheses. 

–  log(usage) has generally symmetric distributions, thus 
all numerical analysis has been performed on the 
logarithms. 

–  Two sample t-tests or oneway analysis of variance were 
performed on the log(usage) data to test the hypothesis 
of equal means per group.   

–  A hypothesis test for equal variances per group was 
also performed. 
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CVD chamber clean – old vs new 
Old fabs are 150mm and 200mm using carbon-based cleans 
New fabs are 300mm and 200mm using NF3-based cleans 

• There is a significant difference in the means of the logarithm of usage – the 
mean of usage of old fabs is about double that of new fabs (p=.003) 

• There is not a significant difference in the standard deviations of the logarithm 
of usage (p=.18) 

Example analysis 

Description of the groups 

Boxplots of usage and log(usage) 
by group 

Results of statistical hypothesis tests 

Mean and standard deviation 
of usage by group 
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CVD chamber clean – old vs new 
Old fabs are 150mm and 200mm using carbon-based cleans 
New fabs are 300mm and 200mm using NF3-based cleans 

• There is a significant difference in the means of the logarithm of usage – the 
mean of usage of old fabs is about double that of new fabs (p=.003) 

• There is not a significant difference in the standard deviations of the logarithm 
of usage (p=.18) 
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CVD chamber clean – medium vs large 

• There is not a significant difference (p=.44) in the means of the logarithm of 
usage between medium and large fabs. 

•  There is not a significant difference (p=.54) in the standard deviations of the 
logarithm of usage between medium and large fabs. 

Medium fabs produce <10,500 m2 Si per year 
Large fabs product >10,500 m2 Si per year 
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Etch process – old vs new 
Old fabs are 150mm and 200mm using carbon-based cleans 
New fabs are 300mm and 200mm using NF3-based cleans 

• There is a significant difference in the means of the logarithm of usage – the 
mean of old fabs is about four times that of new fabs (p=<.0001) 

• There is not a significant difference in the standard deviations of the logarithm 
of usage (p=.10) 
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Etch process – medium vs large 

• There is not a significant difference (p=.22) in the means of the logarithm of 
usage between medium and large fabs. 

•  There is a significant difference (p=.0008) in the standard deviations of the 
logarithm of usage between medium and large fabs.  The test of the means 
took this into account.  The standard deviation for medium fabs is about 
double that of large fabs. 

Medium fabs produce <10,500 m2 Si per year 
Large fabs product >10,500 m2 Si per year 
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Apportioning F-GHG Consumption: 
Refined Method 

•  Apportioning into Refined Method Categories increases burden for fabs. 

•  Gases must be apportioned into up to 8 different categories (CF4 and NF3). 

•  Etch gases must be apportioned across multiple etch categories for 10 of 11 
etch gases. 

2009 Gas Usage Apportioned into Refined Method Categories (% Total)  

Totals: Percent across all gases for that category 

Presented 19-May-2010 to EPA by Laurie Beu 
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Total Gas Usage (kg) 

• The graph below represents the total gas usage, by subcategory, process gas, and fab age. 

• The top row is total usage on a linear scale; the bottom row is the same data on a log scale. 
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Summary 

•  Select usage data from the ISMI survey has been 
presented. 

•  Results show that there are some differences in 
usage for fab age.  No significant differences were 
found when categorizing by fab size. 
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What the Usage Data Tells Us 

•  ISMI survey identifies largest industry uses of F-
GHG by process 
–  Should be used to review current default emission 

factors for largest uses and determine if additional data 
is needed to develop more accurate default emission 
factors 

–  If deemed necessary, weighted etch emission factors 
using better emission data can be developed in the 
future 
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1 EXECUTIVE SUMMARY 
This report presents results and analysis of the ISMI 2010 Semiconductor Industry Process 
Greenhouse Gas (GHG) Survey, and the U.S. Environmental Protection Agency’s (EPA’s) 
Mandatory Reporting of Greenhouse Gases (GHG): Additional Sources of Fluorinated GHGs 
Re-proposed Rule (reproposed rule), Technical Support Document (TSD). and Economic Impact 
Assessment (EIA).  

The reproposed rule attempts to improve the accuracy of estimates of semiconductor fluorinated 
greenhouse gas (F-GHG) emissions by improving methods to determine gas consumption using 
facility-specific, gas-specific heel factors instead of a 10% default heel factor and requiring all 
semiconductor facilities to estimate emissions using the EPA’s proposed Refined Method, which 
establishes default emission factors in nine process sub-categories. A previous International 
SEMATECH Manufacturing Initiative (ISMI) survey found 81% of respondents use the 10% 
default heel factor; consequently, developing facility-specific, gas-specific heel factors will 
improve emissions estimates. The EPA’s assumption that estimating emissions using the Refined 
Method imposes the same burden on the industry as the Intergovernmental Panel on Climate 
Change (IPCC) Tier 2b is incorrect. The survey finds that the industry is neither currently 
collecting nor equipped to collect data required to apportion F-GHGs in the nine Refined Method 
sub-categories and that apportioning etch gas usage into the Refined Method’s four etch sub-
categories will introduce a new source of error in emissions estimates.  

The EPA claims that the Refined Method will result in more accurate emissions estimates than 
Tier 2b method, “…such that any additional burden associated with a refined process category 
method is justifiable” (TSD, p.25). Data collected in the 2010 survey indicate that the EPA has 
underestimated the labor burden associated with developing facility-specific, gas-specific heel 
factors and apportioning F-GHG usage. The EPA’s EIA assumes the industry will incur no 
capital or annual operating and maintenance (O&M) costs to comply with the reproposed rule; 
however, this assumption is incorrect.  

ISMI has been unable to recreate the EPA’s data analysis demonstrating the Refined Method 
results in emissions estimates that are 2X more accurate than Tier 2b. ISMI’s review of the 
uncertainty analysis shows that EPA assumptions underestimate the relative error of the Refined 
Method etch process sub-category defaults. The relative error of Tier 2b chamber clean defaults, 
on the other hand, appears to be overestimated. These errors (coupled with industry F-GHG 
usage patterns and improvements in gas consumption estimates based on facility-specific, gas-
specific heel factors) support continued use of the IPCC Tier 2b default emission factors. 

The survey finds the EPA has also underestimated the number of point-of-use (POU) abatement 
devices installed in fabs and, thus, the industry cost to annually test POU abatement, which is 
estimated to be 4.4X higher than the EPA’s estimate.  

The requirement that emissions be reported by process, process category, or process type is 
considered confidential business information (CBI) by 92% of the respondents. Also, much of 
the data required to be reported for POU abatement are not currently collected or even retained. 
Consequently, EPA is underestimating the cost burden of reporting semiconductor F-GHG as 
required by the reproposed rule. 
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1.1 Survey Overview 
ISMI’s 2010 Semiconductor Industry Process Greenhouse Gas (GHG) Survey, which was 
distributed to ISMI and SIA member companies, collected responses to the EPA’s Mandatory 
Reporting of Greenhouse Gases (GHG): Additional Sources of Fluorinated GHGs reproposed 
rule and its Technical Support Document (TSD), and the Economic Impact Assessment (EIA). 
Main topics addressed by the survey included the following (see Appendix A for the full survey 
questionnaire): 

 Overview of the reproposed rule and its requirements 

 Definitions of terms in the reproposed rule and survey 

 Determination of facility-specific, gas-specific heel factors and gas utilization by 
process  

 Estimation of default emission process sub-categories 

 POU abatement requirements  

 Recordkeeping and reporting requirements 

 Cost burden for estimating process greenhouse gas emissions using proposed 
alternatives 

Completed surveys were returned to ISMI to compile and analyze. 

This report compares reproposed rule requirements with industry practice in F-GHG heel 
determination, consumption estimation, POU abatement requirements, and recordkeeping and 
reporting and estimates the semiconductor industry cost burden to comply with these 
requirements. Also included is an analysis of the EPA’s uncertainty analysis to support the 
reproposed rule’s Refined Method Default Emissions process sub-categories. 

1.2 Overview of Survey Responses 
Twenty-one responses to various parts of the survey were received from 14 semiconductor 
companies representing 32 fabs that are currently operating or under construction in the U.S. The 
number of respondent fabs are more than one-third of the EPA’s estimated 911 semiconductor 
fabs that must report under the reproposed rule. Survey respondents made up 66% of the 2010 
U.S. semiconductor manufacturing capacity and an estimated 69% of the projected 2012 
capacity.2 Twenty of the fabs are large facilities under the EPA’s original definition 
(manufacturing capacity >10,500m2); ~70% of EPA’s estimated large facilities participated in 
the survey. 

One respondent has a wafer manufacturing capacity <1,080 m2 silicon but will be required to 
report Subpart I emissions under the reproposed rule because CO2 emissions from electricity and 
steam generation facilities exceed 25,000 metric tons per year.  

                                                 
1 April 12, 2010 Federal Register, p.18659. 
2 SEMI World Fab Watch, Feb 2010 edition. 
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2 BACKGROUND 
The U.S. EPA’s Proposed Mandatory Reporting of Greenhouse Gases (GHG): Additional 
Sources of Fluorinated GHGs (reproposed rule) was published in the Federal Register (FR) on 
April 12, 2010, beginning the 60-day comment period. The preamble explains the EPA’s basis 
for the reproposed rule while Subpart I delineates specific requirements for semiconductor 
manufacturing facilities. The EPA published a TSD3 to accompany Subpart I that explains the 
options EPA considered for estimating and apportioning gas consumption, and for estimating 
emissions. Additionally, the EPA published the EIA4 that documents the EPA’s cost analysis 
method and an estimate of the semiconductor industry’s cost to comply with the reproposed rule.  

While the reproposed rule addresses many of the concerns expressed by the semiconductor 
industry in comments to the original 2009 proposed rule, it and supporting documents reflect the 
EPA’s incomplete understanding of semiconductor fabrication facilities and their operation. 
Consequently, ISMI’s Environment, Safety, and Health Technology Center was asked to develop 
a survey, collect survey responses, and compile and analyze the responses for ISMI and SIA 
members. To preserve respondent confidentiality, the survey data was analyzed independent of 
the SIA. ISMI was also asked to review the TSD and EIA. 

3 SURVEY RESPONSES 

3.1 Estimating Gas Consumption 

3.1.1 Reproposed Rule Requirements: Heel Factor Determination 
The reproposed rule requires facility-wide gas-specific heel factors to be developed based on 
“the residual weight or pressure of a gas cylinder/container that the facility uses to change out 
that cylinder/container for each gas used” (April 12, 2010 FR, p.18700). These heel factors are 
used together with the fab’s purchase records and inventory to determine gas consumption. 
While not specifying a calibration requirement, the reproposed rule requires that all flowmeters, 
weigh scales, pressure gauges, and thermometers have an accuracy of 1% or better of full scale 
(April 12, 2010 FR, p.18702).  

Additional requirements for calibrating flowmeters and other measurement devices can be found 
in the Final Mandatory Greenhouse Gas Reporting Rule, Subpart A-General Provisions, 
40CFR§98.3:  

All measurement devices must be calibrated according to the manufacturer’s 
recommended procedures, an appropriate industry consensus standard, or a method 
specified in a relevant subpart of this part. All measurement devices shall be calibrated 
to an accuracy of 5 percent…Subsequent calibrations shall be performed at the frequency 
specified in each applicable subpart.  

                                                 
3 U.S. EPA, “Technical Support Document (Revised) for Process Emissions from Electronics Manufacturing (e.g., 

Semiconductors, Liquid Crystal Displays, Photovoltaics, and Micro-electric-Mechanical Systems: Proposed Rule for 
Mandatory Reporting of Greenhouse Gases,” March 22, 2010) 

4 U.S. EPA, “Economic Impact Analysis for the Mandatory Reporting of Greenhouse Gas Emissions F-Gases: Subparts I, L, 
QQ, SS,” March 2010. 



4 

Technology Transfer #10065097A-TR ISMI 
 

The general provisions appear to require an initial calibration to an accuracy of 5%, but 
subsequent calibrations are not specified. 

3.1.2 Current Industry Practice: Heel Factor Determination 
In a 2009 ISMI5 survey conducted, 81% of the respondents indicated they estimated F-GHG 
consumption by tracking purchases and assuming a heel factor, typically the 2006 
Intergovernmental Panel on Climate Change Guideline (2006 IPCC GL)6-specified 10% default. 
The reproposed rule requirement to develop container specific heel factors based on residual 
weight or pressure is less time-consuming than the requirements in the 2009 rule. 

3.1.3 Survey Results and Analysis: Heel Factor Determination 
Respondents were asked how they plan to develop facility-wide, gas-specific, container-specific 
heel factors. All respondents currently plan to measure residual weight or pressure as described 
in the reproposed rule. According to one respondent,  

“Typically, liquefied gases are tracked using scales and compressed gas usage is tracked 
by measuring container pressure. Heels are calculated using the appropriate Z factor for 
the gas. Indoor temperatures are controlled and are maintained within a reasonable 
range. The temperature is assumed to be constant. Cylinder changes are manually logged 
by technicians and change-out set points are different depending on the specific gas. Gas 
supplies located outside will be subject to fluctuations in the ambient temperature. Other 
process gasses located inside are subject to minor room temperature fluctuations. Gas 
storage room temperatures are monitored and controlled.”  

Another respondent noted that they do not have a clear solution to end-of-year reporting, when 
partial bottles are in service. 

3.1.3.1 Measuring Devices With 1% Full Scale Accuracy 
The reproposed rule requires that measuring devices have an accuracy of 1% or better of full 
scale; 74% of the respondents stated that their measuring devices meet this requirement, while 
26% said they do not. When asked to explain their responses, those with devices that do not meet 
the requirement stated, 

 “It is likely some did when purchased, but spec sheets may or may not be available.” 

 “No – the cylinders weigh less than the full scale, no way to calibrate full scale.” 

 “Our current method DOES NOT meet the requirement, although we have systems in 
place to meet this requirement.” 

 “No, not all of them (achieve this accuracy). We have some pressure transducers, 
pressure switches and scales on these systems. The pressure transducers and scales are 
better than 1.0% accurate, but the pressure switch (accuracy) is 2.0%.” 

                                                 
5 Beu, ISMI, June 8, 2009. 
6 Chapter 6, “Electronics Industry Emissions” of 2006 IPCC Guidelines for Greenhouse Gas Inventories (2006 IPCC GL). 
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Respondents that do not meet the 1% of full scale accuracy requirement were asked what the 
accuracy of their current measuring devices was: 

 “2% of Full scale on the pressure switches for some of the systems.” 
 “Unknown.” 
 “2–4%.” 
 “We estimate better than ±5%.” 
 “Devices are not certified when field calibrated by manufacturer as calibrated to 

1%FS.” 
 “Many components could have accuracy at >1% due to vintage. Older 3000 psi 

mechanical gauges without monitoring systems have auto-switching, but have no 
analog scale gradations below 300 psi.” 

 “Do not have 1% accuracy for MFCs used on-site.” 
For those fabs that do not meet the 1% requirement, new equipment will be required. 
Respondents were asked to estimate the cost of replacing devices that do not meet the 1% 
requirement with devices that do: 

 “Replacement of the current (2% FS accurate) pressure switches will cost approx 
$3000.”  

 “$90K to $120K.” 

 “$100K.” 

 “Cost to replace mechanical gauges: ~ $660K. We expect to weigh these cylinders at a 
central location instead. Additional scales needed: $2K.” 

 “We would purchase a separate, individual scale and locate it at the chemical dock for 
the purpose of weighing cylinders as they leave the site (cost ~$2K – $1K/scale).” 

 “Would propose to add temperature measurement devices for each cylinder, if required. 
This would mean two devices per piece of equipment. Would also have to set up data 
collection for each device, because our gas cabinet controllers do not have spare inputs 
for extra devices. Then, would have to change our consumption calculation software to 
use each temperature in volume calculations. A second option would be to use scales for 
all gases, but this would require the purchase of additional scales.” 

3.1.4 Conclusion: Heel Factor Requirements 
Compared to the 2009 proposed rule, the reproposed rule significantly reduces the burden of 
tracking F-GHG consumption. The 2009 ISMI survey found that 81% of respondents estimated 
F-GHG usage using a default heel factor. Requiring development of fab- and gas-specific 
defaults heel factors based on residual weight or pressure will improve accuracy; however, 
assuming survey respondents are a representative cross section of the semiconductor facilities 
that must report, 26% of the industry can be expected to incur additional capital costs to meet the 
requirement to develop heel factors.  

In addition to the original cost of purchasing and installing pressure switches, pressure 
transducers, scales, and temperature measurement devices, operating and maintaining these 
devices (including periodic calibration) will incur significant annual costs for reporting facilities. 
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3.2 Reproposed Rule Requirements: Apportioning F-GHG Consumption  
The reproposed rule establishes different emissions estimating requirements for fabs processing 
300 mm, or smaller, wafers and those processing >300 mm wafers. All fabs processing 300 mm 
and smaller wafers must calculate annual emissions from the facility either from all individual 
processes (2006 IPCC GL Tier 3 fab-specific measurements) or from process categories (EPA 
Refined Method). If process categories are used, the reproposed rule provides default emission 
factors for process categories based on wafer size (150 mm, 200 mm, 300 mm) (§98.93(a)(1) 
(i-ii) and Tables I-5, I-6, I-7). These default emission factor tables have been further clarified in 
the Notice of Data Availability (NODA) EPA, May 13, 2010. 

The reproposed rule requires that all reporting fabs apportion F-GHG consumption using a 
facility-specific engineering model based on wafer passes (April 12, 2010 FR, pp.18701-18702). 
The preamble states, “The use of engineering judgment is not based on a quantitative metric and 
would not be considered an acceptable quantifiable indicator of gas usage” (p.18662).  

While the 2006 IPCC GL uses three process categories to estimate emissions (in situ chemical 
vapor deposition [CVD] chamber cleans, remote CVD chamber cleans, and etch), the reproposed 
rule divides chamber cleaning into three sub-categories (in situ plasma, remote plasma, and in 
situ thermal) and divides etch processes into four sub-categories (silicon, oxide, nitride, and 
metal) and adds two wafer cleaning sub-categories (bevel cleaning and ashing). The EPA calls 
this expanded nine process sub-category method the “Refined Method.” Its preamble states: 

“…since we anticipate that all semiconductor facilities already have, or have ready 
access to, the information required by this proposed methodology, we are also proposing 
to require all semiconductor facilities to report estimate emissions using the Refined 
Method. We have concluded the method we are proposing is the most appropriate taking 
into account both the cost to the reporter as well as accuracy of emissions achieved.” 
(p.18656) 

Further documentation of the Refined Method is provided in the Technical Support Document7 in 
which the EPA states, “Results from an uncertainty analysis performed by EPA indicate that an 
emissions estimation method that uses refined process categories, such as the Refined Method, is 
approximately twice as certain as the 2006 IPCC Tier 2b approach.”  

3.3 Current Industry Practice: Apportioning F-GHG Consumption 
Tier 2a of the 2006 IPCC GL requires that facilities determine their F-GHG consumption and 
then estimate emissions using default factors for each gas, while Tier 2b requires apportioning 
gas consumption into three process categories (in situ plasma CVD chamber cleans, remote 
plasma CVD chamber cleans, and etch) and applying defaults for those three categories. Neither 
the IPCC Tier 2a nor Tier 2b requires development of a facility-specific engineering model based 
on wafer passes to estimate F-GHG emissions. The 2009 ISMI survey found that 66% of fabs are 
currently estimating F-GHG emissions using a method less stringent than Tier 2b while 27% are 

                                                 
7 U.S. Environmental Protection Agency (EPA). 2010. Technical Support Document (Updated) for Process Emissions From 

Electronics Manufacture (e.g., Semiconductors, Liquid Crystal Displays, Photovoltaics, and Micro-electro-mechanical 
Systems): Proposed Rule for Mandatory Reporting of Greenhouse Gases. Available at: 
http://www.epa.gov/climatechange/emissions/downloads10/Subpart-I_TSD.pdf  
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using some form of Tier 2b. While imposing an increased cost burden on the industry, requiring 
that emissions be estimated using Tier 2b instead of Tier 2a would result in more accurate 
emissions estimates for the majority of the industry. 

3.3.1 Survey Results and Analysis: Industry Plans for Apportioning F-GHG 
Consumption 

Respondents were asked to describe how their fabs plan to apportion process gas usage by 
process category or individual process as required by the reproposed rule. All respondents 
indicate that they do not meet the apportioning requirements with current systems.  

Existing fab infrastructure poses a challenge to some respondents: 

 “The Fab is equipped with manifolded systems and therefore, accurate apportioning is 
not possible. To comply with the proposed rule, our fab will need to install mass flow 
controllers and servers which integrate chemical use with individual process recipes.” 

 “Gas cylinders are currently installed to support specific process categories (ex. 
Plasma etch, PECVD chamber cleaning). Capability does not exist to capture by 
process sub-categories (ex. Oxide etch, Nitride etch). Engineering model would need to 
be developed for sub-category data.” 

The requirement to apportion among nine process sub-categories results in labor, capital, and 
O&M burdens because fabs do not currently collect the required data. The EPA has not 
accounted for these costs in its EIA. Respondents described their challenges in meeting the 
apportioning requirement and the approach they would take to comply: 

 “The facility can measure gas usage by individual tool or, in some cases with etch, 
groups of similar tools. For CVD chamber cleaning, the apportioning is straightforward 
as nearly all of the tools have dedicated gas cylinders and the tools that have RPS 
(most) are noted. And, only one type of chamber clean is performed for each tool. For 
etch, each tool typically runs only certain types of processes -- but each tool can have 
multiple recipes for those processes. We will have to analyze each tool's individual 
recipes to determine which gases are used, how often each recipe has been run (e.g., 
wafer pass for each recipe), and what film was etched since each etch pass can consist 
of multiple films in a stack. For a given period of time, a “ratio” of how often each film 
was etched and what gases were used would have to be developed and this "ratio" will 
vary for each time period. This data is currently not tracked or extracted as a course of 
business.” 

 “Our cylinder stations serve up to eight tools. Many of these stations are NOT 
segregated by the nine process groups proposed by EPA. Using an engineering model 
based on wafer passes and nominal gas flows to allocate gas usage would be very 
complex in our fab due to large numbers of recipes per tool and constantly changing 
product mix. Data from ~ 1000 recipes would have to be assessed and maintained on an 
ongoing basis. Customized software tied to our logistics system would be required to 
collect and aggregate the data for reporting. Based on our current understanding of the 
proposed rule, we believe that dealing with this level of complexity would be expensive 
and would pose a high degree of compliance risk. Our current plan is to segregate our 
gas distribution systems by process category instead.” 
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3.3.2 Determining Gas Consumption by Wafer Pass 
When asked how they plan to determine gas consumption per wafer pass, some respondents 
indicated they would install additional cylinder and delivery systems or mass flow controllers 
(MFCs) and software which integrate gas consumption with individual process recipes and wafer 
passes. Others will build tracking spreadsheets or modify currently existing spreadsheets. When 
asked whether additional monitoring, software, redistribution of gas cylinders, etc., would be 
required for the fab to apportion gases by process category based on wafer passes, 11 
respondents said “Yes,” four respondents said “No,” but several had qualifiers, such as “Not if 
there is no specific requirement for accuracy of the estimate” and “Not if engineering modeling 
methods are deemed compliant with this requirement. Existing process data is available detailing 
use by wafer pass, but requires additional work beyond current methods which generally tie use 
to wafer start. In addition, presenting information by wafer pass is an additional burden and 
raises additional confidentiality concerns.” One respondent said they would have no additional 
costs if the EPA adopts the IPCC 2006 Table 6.3 (Tier 2a or 2b defaults). 

Respondents were asked how their facility would determine process gas usage by process 
category or individual process if the fab could use an alternative method to wafer passes. 
Multiple respondents indicated a preference for the method proposed by the SIA in 2009 
comments (SIA method): 

“Once the total amount of each gas used by the facility is determined, the amount of each 
gas used in each process type (etch and chamber cleans) can be reasonably 
approximated using engineering estimates where gas distribution systems feed multiple 
tools and processes. First all of the tools that use a particular gas are determined and 
sorted by process type (etch and chamber cleans). The total usage of a particular gas is 
then apportioned between etch and chamber clean processes by using knowledge of 
factors such as process recipes, typical flow rates and times, groups of similar tools 
running similar processes, and the average utilization or throughput of individual tools 
or groups of similar tools.” 

The SIA method uses engineering judgment to split gases into the 3 IPCC Tier 2b categories: in 
situ chamber clean, remote chamber clean, and etch. The industry’s ability to use the SIA method 
is contingent upon the EPA reverting to IPCC Tier 2b process categories. 

Apportioning F-GHG usage into the nine Refined Method sub-categories by developing an 
engineering model based on wafer passes will incur significant costs that are not comprehended 
in the EPA’s EIA. When asked to provide comments to explain their burden estimates, one 
respondent stated,  

“Approximately 1000 recipes using GHGs; estimate ~1 man-hr for each recipe to extract 
required information. O&M costs include potential need for carbon accounting 
software/licensing.”  

Another said,  

“60 hours for Gas Vendor to track & provide reports on gas usage by tool as currently 
done (no additional requirements). 740 hours (at a minimum) for process engineering to 
sort through each tool, recipe, gas usage, wafer pass, etc. to apportion gas usage by 
refined category type. Alternatively, an IT solution may be required but would require 
likely greater than 740 hours for programming and data entry time.”  
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A third responded, 

“It would take significant labor hours to continually update recipe databases so that gas 
could be apportioned by wafer pass and process category. Estimating four full-time 
process engineering positions required to maintain process recipe information and enter 
all engineering/test wafers through the fab tracking system. This would also require four 
full-time staff members to integrate this information into the facility's current recipe 
management system. Estimate significant IT resources would be required to create and 
maintain systems to pull information from the tools and fab tracking systems. This would 
include four IT engineers and two Host (tool interface) engineers. Additional equipment 
for data storage would also be required.” 

A fourth said, “Significant information systems (IS) work will be required.” 

3.3.3 Survey Results and Analysis: Estimating F-GHG Usage 
Part 3 of the survey asked respondents to provide estimates of 2009 F-GHG usage apportioned 
into 2006 IPCC Tier 2b categories, “updated” Tier 2c categories (in situ plasma chamber clean, 
remote chamber clean, in situ thermal chamber clean, etch and wafer clean), and the reproposed 
rule Refined Method categories. Responses were received from five 150 mm fabs, eleven 200 
mm fabs, and twelve 300 mm fabs. Respondents were asked to describe their data collection 
procedures and any deficiencies they noted with using the Tier 2b or Refined Method process 
sub-categories. In 2009, 10% default heel factors were typically applied to gas inventory records 
to determine the amount of gas used. Refined Method estimates typically were not made as 
required by the reproposed rule, but instead employed engineering judgment and estimates. 

3.3.3.1 Apportioning Gas Usage into Tier 2b Categories 
All survey respondents estimated gas consumption from purchase records. Companies generally 
used the 10% heel to correct for material left in the “empty” gas bottle. However, at least one 
company pointed out that it uses 98% of every bottle’s content and that the 10% heel default 
overestimates emissions.  

Other responses to estimating total gas usage using the Tier 2b Method are as follows (see 
Appendix C for all comments): 

 “We used a combination of purchase data, tool information, and cylinder data.”  

 “We have Purchasing (department) supply us with the amount of full cylinders used per 
year to start the data collection process. The heel and amount of gas used is based on 
the full cylinder weight/pressure.”  

 We use “amount of gas purchased and heel factor (10%).” 

When required, the respondents apportioned gas usage between etch and CVD chamber cleans 
based on the following:  

1. Number of tools performing each process 

2. Nominal recipe gas flow and time 

3. Engineering judgment considering process tool recipes and wafer pass data 

4. Purchasing records and apportionment by cost center usage 
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When required, engineering estimates were used to apportion gas usage between in situ and 
remote plasma cleans. In some fabs, each gas cabinet is tied to a specific tool, which allows gas 
usage to be apportioned by tool and process type (i.e., in situ plasma chamber clean, remote 
plasma chamber clean, and etch).  

Sample responses to apportioning of gas usage using the IPCC Tier 2b method are as follows 
(see Appendix C for all comments): 

 “We used the 100 most frequently run GHG-utilizing recipes to develop an engineering 
model to apportion gas consumption between the 3 categories. Gas consumption was 
apportioned using nominal recipe gas flow and time for 2009. The only gas for which 
apportioning came into play was CF4. All other gases are uniquely used in either CVD 
or etch.” 

 “CF4, C4F8, CHF3, CH3F, SF6, and C5F8 are used only for etch processes. NF3 was 
apportioned between etch and CVD based on engineering judgment considering process 
tool gas valve and wafer pass data. NF3 was apportioned between In Situ Plasma and 
Remote Plasma cleaning based on the number of tools using each technology. N2O is 
used only as a CVD process gas.”  

3.3.3.2 Apportioning Gas Usage into EPA Refined Method Sub-categories 
Collecting the data for this method represented a much greater effort and many more man-hours. 
As with Tier 2b, total gas consumption was generally obtained from purchase records using the 
10% default heel factor. However, apportioning of gas usage by process sub-category and wafer 
passes introduces greater complexity. For the current survey, the primary barrier to data 
collection was the resources required to manually extract information from recipes. 
Consequently, much of the apportioning of the gas usage among the various etch and CVD clean 
processes relied on some kind of engineering estimates. In many fabs, apportioning gas usage is 
very complex due to the large numbers of etch recipes per tool and the constantly changing 
product mix. Most fabs do not routinely collect data at the granularity required by the EPA’s 
reproposed Refined Method and would need major changes/upgrades in their data tracking 
capability. Based on the survey responses, in most instances, considerable engineering judgment 
and engineering estimation are needed to apportion gas usage among the refined method sub-
categories.  

Sample responses to apportioning of gas usage using the EPA Refined Method include the 
following (see Appendix C for all comments): 

 “CF4 was apportioned between CVD and etch based on the number of tools performing 
each process. The etch portion of CF4 was apportioned between individual etch and 
wafer cleaning processes based on the number of tools performing each process. C2F6 
was apportioned between etch and CVD based on engineering judgment considering 
process tool gas valve and wafer passes data. The CVD portion of C2F6 was only used 
with In Situ Plasma cleaning. The etch portion of C2F6 was apportioned to individual 
etch processes based on the number of tools performing each process. C3F8 is used 
only for In Situ Plasma cleans. C4F8, CHF3, and SF6 are used only for etch processes 
and were apportioned to individual etch processes based on the number of tools 
performing each process. NF3 was apportioned between etch and CVD based on 
engineering judgment considering process tool gas valve and wafer pass data.” 
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 “We used the 100 most frequently run GHG-utilizing recipes to develop an engineering 
model to apportion gas consumption between the five categories. Gas consumption was 
apportioned using nominal recipe gas flow and time for 2009. There is some CF4 used 
for ashing; however, the amount is believed to be relatively small compared to CVD 
chamber cleaning and etch. In addition, there is some SF6 used for metal etch which is 
not included here but believed to be a small fraction of total usage.  

 “This data is based on purchasing records and apportioned by cost center billing. 
Engineering estimates were used to apportion gases between different processes. Gas 
use by refined process category is currently not tracked.” 

3.3.3.3 Barriers to Apportioning Usage into Multiple Categories 
The respondents identified several barriers to apportioning usage into multiple sub-categories 
(see Appendix C for all comments):  

  “Cannot accurately separate some etch processes due to complexity of processes in 
multi-stack films” 

 “Gas usage per wafer also could not be determined due to the amount of process 
recipes used on each system, chamber unique gas flow correction factors, end pointed 
processes (which introduce variable wafer-to-wafer times per lot), process stabilization 
steps, automated system process routines (ESC chucking/de-chucking), process 
faults/lot aborts, variable chamber sequencing (multiple chambers utilized on a system), 
and wafer count variation from lot to lot.” 

 “Lot histories do not include processing that may bypass normal track-in procedures 
and/or do not utilize production wafers such as “quals” (etch rate, particle, MFC 
calibration, endpoint testing), engineering experiments, engineering lots, special work 
requests, new product and new test development, chamber conditioning, chamber in-situ 
cleans, chamber warm-up processes, engineering recovery procedures, etc.” 

3.3.4 Conclusion: Apportioning and Estimating F-GHG Consumption 
All survey respondents indicated they are not meeting the reproposed rule apportioning 
requirements with their current gas tracking systems. Existing fab infrastructure does not capture 
usage data in the nine Refined Method sub-categories. The requirement that an engineering 
model based on wafer passes be used to apportion gas usage demands that the majority of survey 
respondents install additional infrastructure and software to tie into existing production 
management systems. Because apportioning usage into the nine Refined Method process sub-
categories is more challenging than the EPA estimates, it will increase labor burdens, require 
infrastructure changes, and result in significant capital and O&M expenditures.  

3.4 Industry F-GHG Usage Per Process Category 
The EPA established the reproposed Refined Method defaults based on their understanding that 
the nine sub-processes are common in the industry; however, limited data were available on the 
amount of F-GHG used in each category and the specific gases used in each sub-category. The 
ISMI survey collected information to fill these data gaps.  
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3.4.1 Analysis of Gas Usage Apportioned by IPCC Tier 2b Categories 
The IPCC Tier 2b method estimates F-GHG emissions by applying a 10% heel factor and 
providing default emission factors for in situ plasma chamber cleaning, remote plasma chamber 
cleaning, and etch process categories. Use of IPCC Tier 2b categories greatly simplifies 
estimating the F-GHG emissions for many fabs because certain gases are used in only one 
process category (see Table 1).  

Table 1 Number of IPCC Tier 2b Categories in Which F-GHG is Used 

Number of IPCC Tier 2B Process Categories Gas is Used In 

F-GHG  150 mm (5 fabs) 200 mm (11 fabs) 300 mm (12 fabs) 

CF4 2 2 1 

C2F6 2 2 1 

C3F8 1 1 1 

c-C4F8 1 2 1 

CHF3 1 1 1 

SF6 1 2 1 

CH3F 1 1 1 

NF3 3 3 3 

C4F6 0 1 1 

C5F8 0 1 1 

C4F8O 0 1 0 

CH2F2 1 1 1 

0 = Gas not used 
1 = Gas used in one process category 
2 = Gas used in two process categories 
3 = Gas used in three process categories 

For the 12 F-GHGs used in semiconductor manufacturing, three, are not used at all in 150 mm 
fabs while six are used in a single process category; seven are used in a single category in 
200 mm fabs; one gas is not used at all while ten are used in a single process category in 300 mm 
fabs. Use of F-GHGs in a single category simplifies apportionment among the Tier 2b process 
categories when compared to the none sub-category apportionment required by the Refined 
Method.  

3.4.2 Analysis of Gas Usage Apportioned into Refined Method Categories 
To identify sub-categories for default emission factors, the amount of F-GHG used in the various 
semiconductor processes must be known. Table 2 shows the percentage of total F-GHG 
respondents reported using in the nine Refined Method sub-categories. 

Apportioning gas usage into the Refined Method sub-categories significantly increases the 
burden for fabs. Some gases must be apportioned into up to eight different sub-categories 
(e.g., CF4 and NF3), a level of detail that is not currently tracked. Ten of 11 etch gases must be 
apportioned across multiple etch sub-categories, even though usage in these sub-categories is 
minimal for many F-GHGs. The EPA assumes that the cost burden of apportioning and 
estimating emissions based on the Refined Method sub-categories is the same as their previous 
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estimate using Tier 2b.8 This assumption is incorrect. Data in Table 2 demonstrate that small 
amounts of F-GHG are used in multiple Refined Method process sub-categories, adding a greater 
level of complexity than the Tier 2b method.  

The reproposed rule provides separate Refined Method default emission factors for 150 mm, 
200 mm, and 300 mm wafer fabs (see Table 3). 

Table 2 Gas Usage Apportioned Into Refined Method Categories (% Total) 

CVD Chamber Cleaning Etch Wafer Cleaning 

 
Proces
s Gas 

In situ 
Plasm

a 

Remot
e 

Plasma 

In situ 
therma

l 
Silicon 
Etch 

Oxide 
Etch 

Nitride 
Etch 

Metal 
Etch 

Bevel 
Cleanin

g Ashing 

CF4 2% 0.05% — 2% 5% 2% 0.4% 0.1% 0.3% 

C2F6 12.0% — — 0.4% 0.4% 0.1% — — 0.6% 

C3F8 2% — — — 0.007
% 

— — — — 

c-C4F8 0.6% — — 0.03% 2% 0.2% 0.0002
% 

— — 

CHF3 — — — 0.3% 1% 0.5% 0.1% — 0.01% 

CH3F — — — — 0.02% 0.1% — — — 

SF6 17% 41% 0.3% 0.9% 1% 0.9% 2% — 0.007% 

NF3 0.1% — — 1% 0.6% 0.8% 0.4% 0.1% 0.0003
% 

C4F6 — — — — 0.3% 0.04% — — — 

C5F8 — — — — 0.1% 0.01% — — — 

C4F8O 0.2% — — — — — — — — 

A
m

ou
nt

 o
f e

ac
h 

ga
s 

us
e

d 
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h 
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s 
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f 
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CH2F2 — — — 0.1% 0.1% 0.1% — — — 

Table 3 Percent of Total 2009 F-GHG Used per Process Category and Wafer Size 

Process Sub-category  150 mm (5 fabs) 200 mm (11 fabs) 300 mm (12 fabs) 

In situ plasma 5% 16% 13% 

Remote plasma 1% 8% 32% 

In situ thermal — 0.02% 0.2% 

Silicon 1% 1% 3% 

Oxide 2% 3% 6% 

Nitride 0.5% 1.0% 3.0% 

Metal 1% 0.03% 2% 

Bevel Clean — 0.0002% 0.3% 

Ashing 0.04% 1% 0.2% 

% of Total F-GHG Used 10% 29% 61% 

Based on actual industry F-GHG usage, the need for in situ thermal, bevel clean, and ashing sub-
categories is not apparent for any wafer size. Additionally, etch sub-categories make up a small 

                                                 
8 TSD, p.4-30. 
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percentage of the total F-GHG usage; any less uncertainty derived by apportioning etch into sub-
categories could very well be offset by the greater uncertainty of the usage estimate. Finally, 
based on F-GHG usage, different default emission factors on a per wafer size basis may not be 
necessary. 

Figure 1 shows 2009 percentages of F-GHG usage in the three broad categories; CVD chamber 
cleans, etch, and wafer cleans.  

With chamber cleans accounting for 75% of total semiconductor F-GHG usage and etch 
accounting for only 24%, the benefit of apportioning etch emissions into four separate process 
sub-categories for three different wafer sizes as required in the reproposed rule is not apparent.  

Wafer Clean, 
1%

CVD Chamber 
Cleans, 75%

Etch, 24%

Wafer Clean CVD Chamber Cleans Etch
 

Figure 1 2009 F-Gas Usage Totals per Category 

3.4.3 Conclusion: Industry F-GHG Usage Per Process Category 
The ISMI survey collected estimated 2009 F-GHG usage data for Tier 2b process categories and 
the reproposed rule Refined Method sub-categories. Data were collected for 150 mm, 200 mm, 
and 300 mm fabs. While requiring more effort than Tier 2a (which estimates emissions per gas 
while not differentiating among process types), apportioning usage into the 3-IPCC Tier 2b 
categories simplifies the data collection compared to the Refined Method sub-categories and 
improves the accuracy of estimates. The survey showed that chamber cleans make up 75% of 
total F-GHG usage while etch accounts for ~24% of the total. Based on actual industry F-GHG 
usage, the need for in situ thermal, bevel clean, and ashing sub-categories is not apparent. 
Additionally, etch sub-categories make up a small percentage of the total F-GHG usage; any less 
uncertainty derived by apportioning etch into sub-categories could very well be offset by the 
increased uncertainty of the usage estimate. Finally, based on F-GHG usage patterns, 
establishing different default emission factors on a per wafer size basis may not be necessary. 

3.5 Emission Factors versus F-GHG Usage for Refined and Tier 2b Process Categories 
In a Notice of Data Availability (NODA), May 13, 2010, EPA issued “Draft Emission Factors 
for Refined Semiconductor Manufacturing Process Categories.” Table 4, Table 5, and Table 6 
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show emission factors for 150 mm, 200 mm and 300 mm fabs, respectively. A comparison of the 
NODA tables to reported gas usage by 150 mm, 200 mm and 300 mm fabs reveals that the EPA 
has not provided emission factors for many gases used in Refined Method process sub-
categories. 

Table 4 shows 150 mm refined method process sub-categories compared to industry F-GHG 
usage in the sub-categories. While EPA has provided default emission factors for thirteen 
150 mm F-GHG uses, emission factors are not provided for nine F-GHG uses. All of the F-GHG 
uses without defaults are in etch processes where F-GHG usage per process sub-category is a 
small percentage of the industry’s total usage. The 150 mm sub-categories without default 
emission factors account for ~2% of total industry F-GHG usage. 

Table 4 150 mm Refined Method Process Sub-categories with Default Emission 
Factors Compared to Industry Uses 

CVD Chamber Cleaning Etch 

Process 
Gas 

In situ 
Plasma 

Remote 
Plasma 

In situ 
Thermal 

Silicon 
Etch 

Oxide 
Etch 

Nitride 
Etch 

Metal 
Etch 

CF4    0.3%   0.2% 

C2F6      0.08%  

C3F8        

c-C4F8    0.004%  0.004%  

CHF3    0.03%    

CH3F        

SF6    0.6%  0.2%  

NF3     0.4%   

C4F6        

C5F8        

C4F8O        

CH2F2        

 
 F-Gas used in category and refined method emission factor provided 

 Refined method default emission factor provided but gas not used 

 F-Gas used in category and refined method emission factor NOT provided 
% Percent of 2009 Total F-Gas Used 

Table 5 shows 200 mm Refined Method process sub-categories compared to industry F-GHG 
usage in the sub-categories. While the EPA has provided default emission factors for eighteen 
200 mm F-GHG uses, it does not give factors for 27 F-GHG uses; thus, 60% of 200 mm uses do 
not have default emission factors. The 200 mm sub-categories without default emission factors 
account for ~ 3% of total industry F-GHG usage. 

Table 6 compares 300 mm process sub-categories to industry F-GHG usage in these sub-
categories. While EPA has provided default emission factors for 21 of the 300 mm F-GHG uses, 
emission factors are not provided for fifteen 300 mm F-GHG uses. Ninety-three percent of the 
missing default factors are for etch sub-processes with relatively minor F-GHG usage. The 
300 mm sub-categories without default emission factors account for ~4% of total industry 
F-GHG usage. 
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Table 5 200 mm Refined Method Process Sub-categories with Default Emission 
Factors Compared to Industry Uses 
CVD Chamber Cleaning Etch Wafer Cleaning 

Process 
Gas Plasma Plasma 

Therma
l 

Silicon 
Etch 

Oxide 
Etch 

Nitride 
Etch 

Metal 
Etch Cleaning Ashing 

CF4  0.05%  0.4%   0.03%  0.1% 

C2F6    0.4%  0.0002
% 

  1.0% 

C3F8          

c-C4F8    0.02%  0.1% 0.0003
% 

  

CHF3    0.06%     0.002% 

CH3F     0.01% 0.03%    

SF6 0.06%   0.3%  0.4%  0.0001% 0.0003% 

NF3   0.02%  0.2% 0.1%   0.01% 

C4F6      0.0002
% 

   

C5F8     0.05%     

C4F8O          

CH2F2    0.0002
% 

 0.001%    

 

 F-Gas used in category and refined method emission factor provided 

 F-Gas used in category and refined method emission factor NOT provided 

% Percent of 2009 Total F-Gas Used 

Table 6 300 mm Refined Method Process Sub-categories with Default Emission 
Factors Compared to Industry Uses 
CVD Chamber Cleaning Etch Wafer Cleaning 

Process 
Gas Plasma Plasma 

Therma
l 

Silicon 
Etch 

Oxide 
Etch 

Nitride 
Etch 

Metal 
Etch Cleaning Ashing 

CF4       0.2%   

C2F6 0.04%         

C3F8     0.01%     

c-C4F8      0.2%    

CHF3          

CH3F     0.01% 0.02%    

SF6     0.2% 0.2% 0.1%   

NF3     0.6%  2.0%   

C4F6      0.04%    

C5F8     0.1% 0.01%    

C4F8O          

CH2F2    0.06%      
 

 F-Gas used in category and refined method emission factor provided 

 Refined method default emission factor provided but gas not used 

 F-Gas used in category and refined method emission factor NOT provided 

% Percent of 2009 Total F-Gas Used 
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The 2009 F-GHG usage was then compared to the IPCC Tier 2b default emission factors (see 
Table 7). Tier 2b provides default emission factors for 98% of industry F-GHG uses. While 
IPCC Tier 2b does not provide default emission factors for in situ thermal chamber cleans, bevel 
cleans, or ashing, F-GHG use in these process sub-categories is only 1.5% of the total industry 
usage. F-GHG use in in-situ plasma chamber clean and etch processes without Tier 2b defaults is 
~0.4% of the total F-GHG used. 

Table 7 Tier 2b Process Categories with Emission Factors Compared to Industry 
F-GHG Uses 

Process 
Gas 

In situ 
Plasma Total 

Remote 
Plasma 

In situ 
Thermal 

Etch 
Total 

Bevel 
Cleaning Ashing 

CF4  0.05%   0.1% 0.3% 

C2F6      0.6% 

C3F8    0.007%   

c-C4F8       

CHF3      0.01% 

CH3F    0.07%   

SF6 0.06%    0.1% 0.0003% 

NF3   0.3%   0.007% 

C4F6       

C5F8    0.2%   

C4F8O       

CH2F2       

3.5.1 Conclusion: Emission Factors versus F-GHG Usage for Refined and Tier 2b 
Process Categories 

IPCC Tier 2b provides emission factors for 98% of processes in which F-GHGs are used while 
the Refined Method tables provide emission factors for only 91% of the GHGs used.  

4 ISMI ANALYSIS OF TSD REFINED METHOD UNCERTAINTY ANALYSIS 
ISMI reviewed Appendix B of the TSD to understand the basis for the EPA’s conclusion that the 
Refined Method results in twice the certainty as the IPCC Tier 2b. Several issues were identified 
with its approach:  

 EPA assumes uncertainties in usage are the same for each method (TSD, p.25); the survey 
data demonstrate this is not the case. Increasing the number of process categories beyond 
the IPCC Tier 2b categories introduces new sources of error associated with the 
engineering estimates to apportion gas usage among the additional process sub-categories. 

 The gas usage distribution was based on data from a PFC Reduction Climate Partnership 
for Semiconductors audit of a single large semiconductor partner (TSD, p.27); survey data 
demonstrate that the gas distribution used by the EPA is not reflective of the industry. 
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 For the Monte Carlo analysis, output variables were simulated based on input parameters 
such as relative errors and distributions around emission factors. The TSD acknowledges 
that some case existed had only a single entry for developing a refined process category 
emission factor. For those cases, the EPA assumed either a zero relative error or 10% based 
on ISMI’s Guideline for Environmental Characterization of Semiconductor Process 
Equipment - Revision 2, Technology Transfer #06124825A-ENG. ISMI believes that the 
relative errors used in the simulation model for the Refined Method are too low. The 10% 
relative error reported by ISMI is a measure of measurement repeatability when 
characterizing a single process recipe run on a single equipment set. The actual relative 
errors across multiple process recipes for multiple equipment types in multiple fabs will be 
much larger. The simulation results give a valid lower limit to the uncertainties, but do not 
capture the variability typically seen across process recipes and across the industry. Input 
was solicited from a company that conducts process emissions characterizations: 

Assuming an etch EF will not vary more than 10% is wrong. If we repeatedly test a single 
process step (with an unvarying recipe), then yes we get a high degree of repeatability. In 
fact, in that case the emission factor will vary by much less than 10% from test to test. 
However, EPA’s groupings of process categories (nitride etch, silicon etch, etc.) are broad 
enough to capture a wide range of process recipes especially since they’ll be coming from 
many different companies. When we look at different etch steps (for example) with different 
recipes we can see considerable variability in emission factors for a given compound. We 
have results from hundreds of different tool tests over the years, and while I didn’t take 
time to review all of them a quick survey of EFs we’re currently using in etch shows that 
emission factors for a given compound can vary 2 or 3X among different process recipes. 
In other words, SF6 for example may have an EF of 0.1 on one etch step and 0.25 on 
another. So emission factors on a given process recipe are highly repeatable, but they will 
vary considerably among different etch process recipes.  

 Table B-1 of the TSD lists a Refined Process Category relative error for the CF4 in situ 
chamber clean gas utilization factor of 46%; it is not clear that 46% is the appropriate value 
when Table 6.9 of the 2006 IPCC GL lists an uncertainty of 10%. 

 In late 2009, the EPA asked device manufacturers and equipment suppliers to provide data 
on measured utilization rates and byproduct formation factors. On behalf of equipment 
suppliers and the industry, SEMI submitted sanitized data to the EPA. ISMI assumes those 
data are reflected in Table B-1 relative errors for chamber cleaning gases (8% vs. 30% for 
in situ C2F6 and C3F8, 9% vs. 70% for in-situ NF3, and 5% vs. 400% for remote NF3).  

 EPA concluded in the uncertainty analysis that, “The most sensitive determinant of 
uncertainty is the emission factor for RPS because its usage exceeds all others by a large 
margin” (TSD, p.29). The survey demonstrates that in situ and remote CVD chamber 
cleans are the largest use categories for F-GHG; ISMI assumes the EPA’s assessment 
applies to these two categories. Analysis of the SEMI sanitized data reports confirms 
current IPCC defaults for in situ and remote NF3 chamber cleans. Because relative errors 
for CVD chamber clean gases decreased and the majority of emission factors were 
unchanged from Tier 2b, conducting a new Tier 2b uncertainty analysis might be more 
appropriate than relying on the 2006 IPCC uncertainty analysis as the basis for comparing 
the two methods.  
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4.1 Conclusion: ISMI Analysis of TSD Refined Method Uncertainty Analysis 
The ISMI survey finds 75% of F-GHGs is used in chamber cleans. The TSD shows relative 
errors for chamber clean EFs have been significantly reduced while EFs have not substantively 
changed; it would be more appropriate for EPA to conduct a new Tier 2b uncertainty analysis 
using the improved chamber clean relative errors rather than relying on the 2006 IPCC 
uncertainty analysis as the basis for comparing the two methods.  

The relative errors that EPA estimates for the refined method etch process sub-categories 
underestimates uncertainty because the EPA equates measurement repeatability with relative 
error associated with emission factors for varying process conditions. Erroneous assumptions 
used to perform the TSD Refined Method uncertainty analysis and industry gas usage patterns 
support continued use of Tier 2B defaults rather than an expansion to Refined Method. 

5 COST ANALYSIS: BURDEN ESTIMATE FOR ESTIMATING AND 
REPORTING F-GHG EMISSIONS 

In Part 6 of the survey, data were collected to complete a cost analysis of the impact of the 
reproposed rule. The EPA methodology for estimating labor costs was used.9 Labor categories 
were Legal, Managerial, Technical and Clerical. While respondents indicated that wage rates for 
the highly technical semiconductor industry are considerably higher than those used in the EPA 
EIA, the EPA wage rates were used to make the data comparable. The EPA estimates the rule 
affects 91 facilities. Total industry labor burdens were calculated by taking the average of the 
survey responses for Part 6 and multiplying by 91 facilities. Industry total capital and O& M 
costs were calculated by taking the total reported by all respondents, dividing by the number of 
respondents, and then multiplying this result by 91. ISMI believes capital and O&M costs are 
underestimated because some respondents indicated they anticipated capital and O&M costs but 
were unable to prepare cost estimates at this time. Additionally, in a follow-up request for 
information from survey respondents, some respondents stated their reported O&M costs are low 
because they did not take into account requirements for calibrating GHG measurement devices 
(i.e., scales, pressure transducers, thermometers, etc.). Table 8 lists each activity associated with 
estimating F-GHG emissions according to the reproposed rule (excluding POU abatement 
testing) and the associated industry labor and monitoring instrumentation cost burdens. It also 
includes the EPA’s estimate of industry cost burden. 

An additional survey questionnaire was sent to the original survey participants to better assess 
facility-specific cost burden associated with a) recalculating gas/facility-specific heel factors 
when a trigger point changes by 1% and b) determining annual gas consumption using a different 
method from purchase records with heel factors applied. Since not all responses have yet been 
received, these additional costs are not included in Table 8. 

                                                 
9 U.S. Environmental Protection Agency (EPA), 2010. Economic Impact Analysis for the Mandatory Reporting of Greenhouse 

Gas Emissions F-Gases: Subparts I, L, QQ, SS. Available at http://www.epa.gov/climatechange/emissions/downloads10/F-
gas_EIA.pdf. 
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Table 8 Industry Burden Estimate and EPA Estimate 
Labor Burden for Collecting Data Instrumentation Burden for Monitoring Data 

Activity 

Industry 
Legal  
Cost 

Industry 
Managerial 

Costs 

Industry 
Technical 

Costs 

Industry 
Clerical 
Costs 

Total 
Industry 

Labor Costs 

Total 
Industry 

Capital Cost 

Total  
Industry  

O&M Cost 

Total 
Industry, 

Capital, and 
O&M Costs 

Industry cost to develop 
F-Gas heel factor and 
track data 

$4,596 $19,824 $513,295 $127 $537,841 $2,290,167 $3,254,767 $5,544,934 

Industry cost to develop 
and track F-Gas 
apportionment by nine 
“Refined Method” 
process categories 

$7,996 $41,820 $8,029,035 $16,792 $8,095,643 $13,839,583 $2,645,067 $16,484,650 

Estimating emissions 
and by-products by 
specific process type – 
EPA refined process 
categories 

$8,915 $53,455 $3,411,899 $180,236 $3,654,506 $22,514,917 $3,130,400 $25,645,317 

Collecting all data 
required to be 
reported/retained for 
POU abatement devices 

$303 $36,197 $386,481 $134,557 $557,538 $1,304,333 $333,667 $1,638,000 

Total industry burden for 
estimating F-GHG 
emissions per refined 
process categories and 
collecting data to be 
reported/retained for 
POU abatement 

$21,810 $151,297 $12,340,709 $331,711 $12,845,528 $39,949,000 $9,363,901 $49,312,901 

EPA estimate of industry 
burden to collect activity 
data for F-GHG emission 
estimate and to report 

$2,757 $116,347 $2,411,981 $22,664 $2,663,750 $0 $0 $0 

5.1 Conclusion: Burden Estimate for Estimating and Reporting F-GHG Emissions 
The EPA has greatly underestimated the cost for the semiconductor industry to comply with the 
reproposed rule. ISMI estimates the industry labor burden to collect and report F-GHG activity 
data is 5X what the EPA estimates. The EPA assumes the industry will incur no O&M costs (this 
cannot be true if measurement device calibrations are required); a conservative industry estimate 
is $9.4M. The EPA assumes that no capital costs are incurred, yet an estimated $40M of capital 
will be required to meet the requirements to develop facility- and gas-specific heel factors and to 
apportion F-GHG usage into the nine Refined Method process sub-categories using an 
engineering model based on wafer passes.  

6 POU ABATEMENT  

6.1 Survey Results 
Twenty-one responses from 31 fabs were received to questions on POU abatement of F-GHGs 
and N2O. Of these 31 fabs, 17 or 55% currently have installed or plan to install POU systems to 
abate F-GHG or N2O. The fabs intend to claim destruction removal efficiency (DRE) for 2114 
abatement systems. Twenty fabs are large (>10,500 m2 silicon) and account for 2076 or 99% of 
the total POU abatement devices reported. Three have 250 or more POU devices; on average, 
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each large fab has 122 POU devices. This is more than twice the 50 POU abatement systems the 
EPA estimates are installed in large fabs. 

6.1.1 Design of Device 
The reproposed rule requires documentation that the abatement systems are specifically designed 
to abate F-GHG or N2O abatement and that performance is verified according to the EPA’s 
Protocol for Measuring Destruction or Removal Efficiency of Fluorinated Greenhouse Gas 
Abatement Equipment in Electronics Manufacturing (EPA DRE protocol).  

Based on the survey responses, the companies depend on the equipment manufacturer to design 
the unit and the manufacturer to certify the DRE. Some sample responses are as follows (see 
Appendix C.1 for all comments): 

 “The only documentation available is equipment specification provided at time of 
purchase.” 

 “We intend to place this requirement on the equipment manufacturer.” 

 “PFC DRE has been a major part of the procurement selection process, that process 
and the manufacturer's data can be stored for documentation purposes.” 

6.1.2 Installation of the Abatement System  
The reproposed rule requires documentation that the abatement equipment is installed according 
to the equipment manufacturer’s specifications. 

Based on the survey responses, fabs use the manufacturer’s installation and operation 
specifications to develop a design packages for the units. The units are installed according to the 
requirements in the detailed design packages (gas hook-ups, valves, exhaust, materials of 
construction, power, water, etc.). At one fab, the supplier that designed the abatement systems 
also installs and operates the devices. Most companies keep installation records as part of their 
in-house installation protocols. If the fab outsources the installation and operation to a contractor, 
the contractor provides this documentation for the fab owner. According to one respondent, 

 “At a minimum, install per the manufacturer's instructions and/or have the 
manufacturer install the unit. We would have the manufacturer or contractor certify the 
proper installation.” 

 To certify proper installation, will use “standard documents related to tool installation 
and the start-up report from abatement supplier.” 

See Appendix C.2 for all comments. 

6.1.3 Operation and Maintenance of the Device 
The reproposed rule requires documentation that the abatement systems are operated and 
maintained according to the equipment manufacturer’s specification. This includes 
documentation that the equipment is used within the manufacturer’s specified equipment lifetime 
and limits of gas mix and exhaust flow rates. The rule requires annual certification with evidence 
of recent on-site measurements of DRE. 

Based on the survey responses, the fabs generally use the equipment manufacturer’s protocols in 
combination with their own in-house O&M procedures to ensure that the devices are properly 
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operated and maintained. However, the fabs have different ways to track and document the 
operation and maintenance of the device. Some use bi-weekly reports from their maintenance 
contractor, some use existing O&M tracking systems, and others use their supervisory control 
and data acquisition (SCADA) system to monitor the operation of the device. One response 
indicated that the fab currently uses a time-based preventive maintenance procedure, but would 
like to move to a more performance-based protocol. Some responses are as follows (see 
Appendix C.3 for all comments): 

 “Use existing maintenance documentation and tracking systems to document that the 
unit is properly maintained and operated according the manufacturer's specifications at 
a minimum.” 

 “SCADA is used to monitor process conditions for POUs. Also, we have a robust 
preventive maintenance program which documents all PMs.” 

6.1.4 Tracking POU Abatement System Uptime 
The reproposed rule requires documentation of the abatement system uptime (i.e., continuous 
operation of the system). 

The fabs plan to use a variety ways to track abatement device uptime, including manual as well 
as automated systems such as SCADAs or another equipment management system (EMS). At 
one fab, a malfunction of the abatement device shuts down the tool and tracking of the tool 
uptime serves as a surrogate for the abatement device. Some fabs plan to use their maintenance 
records to track abatement device uptime. Only six fabs or about 20% of all fabs currently track 
uptime. According to one respondent,  

“Through a mix of automated and manual methods. Routine maintenance requiring 
downtime is tracked through technician records. Other parameters that indicate the 
equipment is operating can be tracked through facility monitoring systems. Scheduled 
maintenance is tracked through mostly manual methods, but upset conditions are not.” 

See Appendix C.4 for all comments. 

6.1.5 Testing Using EPA Protocol 

Only three respondents out of 21 (i.e., 15%) have used the EPA DRE protocol in testing since the 
draft protocol was published. Previous testing used a Fourier transform infrared (FTIR) method 
as described in ISMI’s Guideline for Environmental Characterization of Semiconductor Process 
Equipment – Revision 2, Technology Transfer #06124825B-ENG and earlier versions. Some 
survey participants expressed concerns with the EPA test protocol, finding it too complex, costly, 
labor-intensive, and burdensome from a recordkeeping point of view. These companies are 
consequently considering using the 60% DRE default value, although they believe that the 
default greatly underestimates the capability of the abatement devices they are using.  

In the EIA, the EPA acknowledges that fabs will likely outsource DRE measurements at a cost of 
$35,000 per week (EIA, p.4-33). Very few third parties in the U.S. have experience 
characterizing semiconductor process emissions or testing semiconductor POU abatement 
devices; still fewer have experience testing in an operating manufacturing fab. Some sample 
responses are as follows (see Appendix D for all comments): 
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 “New ruling is very complex and was not used to verify performance of tools. We would 
probably choose to use the default values, although it significantly under-reports our 
abatement efficiency.”  

 “Site does not measure DRE due to cost and time burden. Site does not plan on 
developing measured DRE values.” 

6.1.6 Cost Analysis: POU Abatement Testing 
The EPA estimates there are 29 “large” fabs in the U.S. (see preamble to reproposed Rule); 
however, in the EIA, EPA assumes that only the 23 “large” semiconductor facilities that 
participate in EPA’s PFC Partnership use abatement devices and incur the cost of testing (EIA, 
p.4-27). The EPA also assumes those 23 fabs have an average 50 abatement systems for a total 
of 1150, of which 20% require testing annually (EIA, p.4-33). The EPA’s estimate of $35,000 
per week for third-party testing agrees with industry experience; however, the EPA assumes that 
five units per week can be tested while industry experience is three. The EPA estimates that each 
fab will annually spend $70,000 for testing POU devices for a total annual industry cost of 
$1,610,000. 

The survey identified that large fabs, which are not members of the PFC Partnership, have POU 
abatement systems installed; thus, the EPA’s assumption (that only the 23 large fabs operated by 
partners have abatement) is incorrect. The 20 large fab respondents have installed or plan to 
install 2076 POU units. According to the EPA’s 20% testing rule, the 20 fabs will have to test on 
average 415 units annually, averaging out to 21 units per fab, more than twice the 10 units the 
EPA estimates per “large” facility.  

At $35,000 per week, assuming three units are tested per week, the 20 survey respondents with 
large facilities will spend $4,844,000 annually or $242,200 per fab. If the average number of 
POU abatement devices for the 20 large fabs respondents is extrapolated to the 29 “large” 
facilities identified by the EPA, then the total annual cost to the U.S. industry will rise to $7.024 
million or 4.4X the burden estimated by EPA. ISMI believes this is an appropriate yet 
conservative estimate of total industry costs; the number will likely further increase in the future 
if some of the 61 fabs currently not in the “large” category decide to install POU abatement. For 
the large fabs that reported 250 installed POU abatement devices, the annual cost to test 50 units 
(20% of the total) would be approximately $600,000 and take 17 weeks.  

6.2 Conclusion: POU Abatement 
The reproposed rule requires that semiconductor fabs test 20% of the installed POU abatement 
devices annually or use a default DRE of 60%. Device manufacturers would not install F-GHG 
POU abatement devices if they believed the DREs they achieved were as low as the reproposed 
rule default of 60%; thus, fabs will most likely test their abatement devices so they can claim a 
higher DRE. The EPA has greatly underestimated the number of POU abatement devices 
installed in large semiconductor facilities. A conservative estimate of the annual industry cost to 
test POU abatement devices is $7 million, more than 4.4X EPA’s estimate and does not consider 
lost production time. 

7 RECORDKEEPING AND REPORTING 

The reproposed rule establishes data reporting requirements for semiconductor facilities that 
could be made available to the public. Additionally, it requires that the industry retain specific 
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data. Survey respondents were asked to indicate whether listed data elements are currently 
collected for each facility and to identify those elements they consider CBI. Table 9 lists the 
required data reporting elements and the percentage of compiled survey responses. 

Table 9 Availability and CBI Status of Data to Be Reported 

Currently Collected? CBI 

Data Element to be Reported Yes No N/A Yes No N/A 

Annual emissions of each fluorinated GHG and N2O emitted from each 
individual process, process category, or process type as applicable and 
from all heat transfer fluid use as applicable. 

46% 54% — 92% 8% — 

The method of emissions calculation used. 86% 14% — — 100% — 

Emission factors used for process utilization and by-product formation 
rates and the source for each factor for each fluorinated GHG and N2O. 

75% 25% — 64% 36% — 

Where process categories for semiconductor facilities are not used, 
descriptions of individual processes or process categories used to 
estimate emissions. 

64% 32% 4% 48% 48% 4% 

For each fluorinated GHG and N2O, annual gas consumed during the 
reporting year and facility-wide gas-specific heel-factors used. 

57% 43% — 48% 52% — 

The apportioning factors for each process category and a description of 
the engineering model used for apportioning gas usage. If the method 
used to develop the apportioning factors permits the development of 
facility-wide consumption estimates that are independent of the estimates 
calculated in Eq. I-10 of this subpart (e.g., that are based on wafer passes 
for each individual process or process category), you shall report the 
independent facility-wide consumption estimates for each fluorinated 
GHG and N2O. 

61% 36% 4% 84% 12% 4% 

Fraction of each gas fed into each process type that is fed into tools with 
abatement systems. 

68% 21% 11% 48% 32% 20% 

Description of all abatement systems through which fluorinated GHGs or 
N2O flow at your facility, including the number of devices of each 
manufacturer, model numbers, manufacturers guaranteed destruction or 
removal efficiencies, if any, and record of destruction or removal 
efficiency measurement over its in-use life. the inventory of abatement 
systems shall also include a description of the associated tools and/or 
processes for which these systems treat exhaust. 

46% 43% 11% 48% 36% 16% 

For each abatement system through which fluorinated GHGs or N2O flow at your facility, for which you are reporting controlled 
emissions, the following: 

Certification that each abatement system used at your facility is installed, 
maintained, and operating in accordance with manufacturers’ 
specifications. 

11% 68% 21% — 88% 12% 

The uptime and the calculations to determine uptime for that reporting 
year. 

18% 64% 18% 12% 76% 12% 

The default destruction or removal efficiency value or properly measured 
destruction or removal efficiencies for each abatement system used in 
that reporting year to reflect controlled emissions. 

57% 18% 25% 8% 80% 12% 

Where the default destruction or removal efficiency value is used to report 
controlled emissions, certification that the abatement systems for which 
controlled emissions are being reported are specifically designed for 
fluorinated GHG and N1O abatement. 

7% 64% 29% — 88% 12% 

Where properly measured destruction or removal efficiencies or class averages of destruction or removal efficiencies are used to report 
controlled emissions, the following: 

A description of the class including the abatement system manufacturer 
and model number, and the fluorinated GHG and N2O in the process 
effluent stream. 

57% 11% 32% 8% 68% 24% 

The total number of systems in that class for the reporting year. 57% 11% 32% 4% 72% 24% 

The total number of systems for which destruction or removal efficiency 
was measured in that class for the reporting year. 

21% 46% 32% 4% 72% 23% 

A description of the calculation used to determine the class average, 32% 36% 32% 4% 72% 24% 
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Currently Collected? CBI 

Data Element to be Reported Yes No N/A Yes No N/A 

including all inputs of the calculation. 

For heat transfer fluid emissions, inputs in the mass-balance equation, 
Eq. I-12 of this subpart for each fluorinated GHG. 

14% 75% 11% 8% 88% 4% 

Example calculations for fluorinated GHG, N2O, and heat transfer fluid 
emissions. 

68% 25% 7% 36% 60% 4% 

Table 10 lists the records required to be retained under the reproposed rule. Survey results for 
whether or not required records are currently available have not yet been obtained. 

Table 10 Availability of Records to be Retained 

Currently Available? 

Data Element to be Reported Yes No N/A 

Data and copies of calculations used to estimate emissions including all 
spreadsheets 

93% 7% — 

Documentation for the values used for fluorinated GHG and N2O utilization and by-product formation rates. If you use 
facility-specific, recipe-specific gas utilization and by-product formation rates, the following records must be retained: 

Documentation that these were measured using the International SEMATECH 
Manufacturing Initiative’s Guideline for Environmental Characterization of 
Semiconductor Process Equipment (December 2006). 

32% 46% 21% 

Documentation that the measurements made are representative of fluorinated GHG 
and N2O emitting processes at your facility. 

— 79% 21% 

The date and results of the initial and any subsequent tests to determine process tool 
gas utilization and by-product formation rates. 

29% 54% 18% 

For each abatement system through which fluorinated GHGs or N2O flows at your facility, for which you are reporting 
controlled emissions, the following: 

Documentation to certify that each abatement system used at your facility is installed, 
maintained, and operated in accordance with manufacturer’s specifications. 

18% 68% 14% 

Records of the uptime and the calculations to determine how the uptime was 
accounted for at your facility. 

18% 68% 14% 

Abatement system calibration and maintenance records. 61% 25% 14% 

Where the default destruction or removal efficiency value was used, documentation 
from the abatement system supplier describing the equipment’s designed purpose 
and emission control capabilities. 

18% 64% 18% 

Where properly measured destruction or removal efficiency is used to report 
controlled emissions, dated certification by the technician who made the 
measurement that the destruction or removal efficiency was calculated according to 
methods in EPA’s Protocol for Measuring Destruction or Removal Efficiency of 
Fluorinated Greenhouse Gas Abatement Equipment in Electronics Manufacturing, 
complete documentation of the results of any initial and subsequent tests, and the 
final report as specified in EPA’s Protocol for Measuring Destruction or Removal 
Efficiency of Fluorinated Greenhouse Gas Abatement Equipment in Electronics 
Manufacturing (March 2010)., 

— 64% 36% 

Purchase records for gas purchased. 93% 7% — 

Invoice for gas purchases and sales. 57% 43% — 
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7.1 Conclusion: Data Reporting, Retention, and CBI 
The reproposed rule requirement that emissions be reported by process, process category or 
process type is considered CBI by 92% of respondents. Much of the POU abatement data that 
must be reported is not currently collected, and the majority of data required to be retained is 
currently not collected. The EPA’s assumptions about the availability of required data likely 
underestimates the industry cost burden. 

8 SUMMARY 
The reproposed rule attempts to improve the accuracy of F-GHG emissions estimates by 
improving F-GHG consumption estimates through development of facility-wide, gas-specific 
heel factors based on “the residual weight or pressure of a gas cylinder/container.” These 
facility-specific heel factors are to be used instead of the 10% default heel factor currently used 
by 81% of respondents to the 2009 ISMI survey. In addition to an estimated $0.5 million for the 
industry to develop facility- and gas-specific heel factors, 26% of the industry can be expected to 
incur capital costs that are not comprehended in the EPA’s EIA. If measurement devices must be 
calibrated annually, all of the industry will incur annual O&M costs that are not accounted for in 
the EIA.  

All survey respondents indicate they are not meeting the reproposed rule apportioning 
requirements with their current gas tracking systems. Existing fab infrastructure does not capture 
usage data in the nine sub-categories of the Refined Method. Apportioning usage into these sub-
categories is more challenging than the EPA estimates and will increase labor burdens, require 
infrastructure changes, and result in significant capital and O&M expenditures. This burden is 
not reflected in the EPA EIA.  

The 2009 ISMI survey found 66% of fabs estimate F-GHG emissions using a method less 
rigorous than Tier 2b while 27% use some form of Tier 2b, typically with 10% heel factors; 
requiring facilities to estimate emissions using Tier 2b and facility-specific heel factors would 
improved accuracy for most semiconductor facilities. Apportioning F-GHG usage into the three 
IPCC Tier 2b categories is simpler than using Refined Method sub-categories because a majority 
of F-GHGs are used in a single Tier 2b process category. The 2010 survey showed that plasma 
CVD chamber cleans use 75% of the total F-GHG, while etch accounts for ~24%. Based on 
actual industry F-GHG usage, the need for in situ thermal, bevel clean, and ashing default sub-
categories is not apparent. Additionally, etch sub-categories make up a small percentage of the 
total F-GHG usage; any less uncertainty derived from apportioning etch into sub-categories 
could very well be offset by the greater uncertainty of the usage estimate. Finally, based on F-
GHG usage patterns, establishing different default emission factors on a per wafer size basis may 
not be necessary. 

The EPA states that the Refined Method results in emissions estimates that are twice as certain as 
the IPCC Tier2b approach; however, ISMI’s review of the EPA’s uncertainty analysis shows that 
assumptions were made that underestimate the relative error of Refined Method etch process 
sub-category defaults. On the other hand, the relative error of Tier 2b chamber clean defaults 
appears to be overestimated. These errors (coupled with industry F-GHG usage patterns and 
improvements in gas consumption estimates based on facility- and gas-specific heel factors) 
support the continued use of Tier 2b default emission factors. 
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The EPA has also underestimated the semiconductor industry burden to comply with the 
reproposed rule, largely due to their assumption that estimating emissions using Tier 2b imposes 
the same burden on the industry as the Refined Method. ISMI estimates the industry labor 
burden to collect and report F-GHG activity data is 5X the EPA estimate. The EPA assumes the 
industry will incur no capital or O&M costs, while ISMI conservatively estimates the cost to be 
$40 million and $9.4 million, respectively. Use of Tier 2b with facility- and gas-specific heel 
factors will improve the accuracy of F-GHG emissions estimates for at least 81% of fabs while 
not imposing the substantial cost burden associated with the Refined Method. 

Similarly, the EPA has underestimated the number of POU abatement devices installed in large 
semiconductor facilities. A conservative estimate of the annual industry cost to test POU 
abatement devices is $7 million, more than 4.4X the EPA estimate, and does not consider lost 
production. 

The reproposed rule requiring that emissions be reported by process, process category, or process 
type is considered CBI by 92% of the respondents. Also, much of the POU abatement data that 
must be reported is not currently collected or being retained. Consequently, the EPA is 
underestimating the cost burden of semiconductor F-GHG reporting requirements. 
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Appendix A – 2010 Semiconductor Industry Process Greenhouse Gas Survey 

The 2010 survey questionnaire was formatted as an Excel workbook with multiple sheets.  

Sheet 1: Background 

2010 Semiconductor Industry Process Greenhouse Gas Survey 

Background: 

The U.S. EPA has published a proposed Mandatory Greenhouse Gas Reporting Rule for the Electronics Industry in March, 
2010. Once published in the Federal Register, the industry has 60 days to submit comments. ISMI and SIA are partnering to 
gather and analyze data to respond to requirements in the proposed rule. 

Impact and Reporting Requirements 

We anticipate EPA’s proposed rule will impact semiconductor manufacturing facilities with annual production capacity >1,080 m2 
of silicon. Semiconductor facilities must report the following: 

 Fluorinated GHGs from plasma etching. 

 Fluorinated GHGs from chamber cleaning. 

 Fluorinated GHGs from wafer cleaning. 

 N2O emissions from chemical vapor deposition and other manufacturing processes. 

 Fluorinated GHGs from heat transfer fluid use. 

 CO2, CH4 and N2O emissions from stationary combustion units. 

Estimating Emissions 

EPA proposes developing facility specific heel factors for each cylinder/container size of each process GHG used. EPA further 
proposes allocation of gas per process using a facility-specific engineering model based on wafer passes. EPA is proposing use 
of default emission factors for fluorinated GHG based on wafer size being processed in a fab and process categories. 

Definitions:  

Fab: A single semiconductor device manufacturing line. 

Fluorinated greenhouse gas: Sulfur hexafluoride (SF6), nitrogen trifluoride (NF3), and any fluorocarbon gas except for controlled 
substances as defined at 40 CFR Part 82 Subpart A. In addition to SF6 and NF3, “fluorinated GHG” includes but is not limited to 
any hydrofluorocarbon, any perfluorocarbon, any fully fluorinated linear, branched or cyclic alkane, ether, tertiary amine or 
aminoether, any perfluoropolyether, and any hydrofluoropolyether (typical fluorinated GHGs used: CF4, C2F6, C3F8, c-C4F8, c-
C4F8O, C4F6, C5F8,CHF3, CH2F2, NF3, SF6, and heat transfer fluids (HTFs) (CF3-(OCF(CF3)-CF2)n-(O-CF2)m-O-CF3, 
CnF2n+2, CnF2n+1(O)CmF2m+1, CnF2nO, (CnF2n+1)3N)). 

Heel: the amount of gas that remains in a shipping container after it is discharged or off-loaded (that is no more than ten percent 
of the volume of the container). 

Process Sub-categories: 

Oxide etch means any process using fluorinated GHG reagents to selectively remove SiO2, SiOx-based or fully organic-based 
thin-film material that has been deposited on a wafer during semiconductor device manufacturing.  

Nitride etch means any process using fluorinated GHG reagents to selectively remove SiN, SiON, Si3N4, SiC, SiCO, SiCN, etc. 
that has been deposited on a wafer during semiconductor manufacturing. 

Silicon etch also often called polysilicon etch means any process using fluorinated GHG reagents to selectively remove silicon 
during semiconductor manufacturing. 
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Sheet 2: Instructions, Part 1: General Information and Part 2: Determination of facility-specific gas-specific heel factors 
and gas utilization by process 

Instructions: Please complete the following survey by responding to the grey boxes. Do not report any data considered to be company 
confidential/proprietary. Survey is to be returned by April 26th, 2010 to Laurie.Beu@ismi.sematech.org. A separate survey must be completed 
for each fab. If more than one fab is located at a facility, separate surveys should be completed for each fab. Please respond to every question. 
It is likely you will need to meet with facilities/chemical distribution and process engineers to develop responses. ISMI will compile and analyze 
the results by May 19, 2010. 

Survey data handling, analysis, and reporting: Completed surveys will be reviewed, analyzed, and compiled by ISMI personnel (member 
company assignees will not have access to the individual responses). All survey results will be scrubbed of any company identifying information 
and reported anonymously. NO data will be shown when fewer than five responses were received for a question. Average and trend data not 
specific to any company may be shared with the industry and others. Upon agreement of both SIA and ISMI, ISMI may provide written technical 
reports documenting survey results. 

Part 1: General Information 

Name of Person Completing Survey:      

Email Address:      

Phone Number:      

Company:      

Location:      List city, state and/or country.

Site Location Name:

How many fabs are located at this site?      

Name of Fab being reported:      

Diameter of wafers processed in fab: Choose appropriate response from list.

Fab manufacturing capacity currently: Choose appropriate response from list.

Do you expect to exceed the 25,000 metric 
ton CO2eq per year emission threshold 
(includes process and combustion GHG 
emissions)?

How will you determine "100% 
manufacturing capacity" for this fab?  
Please describe:

Check with fab 
business planners.

Manufacturing capacity: The proposed rule requires that a facility calculate process emissions to determine applicability of the rule with an 
equation that includes manufacturing capacity (m2).
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Describe how this fab plans to develop 
facility-wide gas-specific, container-
specific heel factors for the fab:

Do the measuring devices you currently 
use meet the 1% of full scale accuracy 
requirement? Please explain:

Please describe how you currently 
calibrate flowmeters, weigh scales, 
pressure gauges and thermometers.

If you do not have accuracy and precision 
of 1% of full scale, what is the accuracy 
and precision of the meters you use?

If you do not have accuracy and precision 
of 1% of full scale, what is the cost of 
replacing each type of device with devices 
that meet the proposed rule?  

Please describe how your fab plans to 
apportion process gas usage by process 
category or individual process:

How do you plan to determine gas 
consumption per wafer pass?

Will additional monitoring, software, re-
distribution of gas cylinders, etc. be 
required for your fab to apportion gases by 
process category based on wafer passes? 

Please describe how your facility would 
determine process gas usage by process 
category or individual process if you could 
use a method not based on wafer passes:

SIA Proposed Method to determine gas utilization per process type: Once the total amount of each gas used by the facility is 
determined, the amount of each gas used in each process type (etch and chamber cleans) can be reasonably approximated using 
engineering estimates where gas distribution systems feed multiple tools and processes. First all of the tools that use a particular gas are 
determined and sorted by process type (etch and chamber cleans). The total usage of a particular gas is then apportioned between etch and 
chamber clean processes by using knowledge of factors such as process recipes, typical flow rates and times, groups of similar tools 
running similar processes, and the average utilization or throughput of individual tools or groups of similar tools.

2010 Proposed Rule Apportioning of Gas to Processes: The proposed rule requires apportioning fluorinated GHG consumption by 
process category or individual process using a facility-specific engineering model based on wafer passes.   

Part 2: Determination of facility-specific gas-specific heel factors and gas utilization by process - The IPCC Tier 2 methodology 
utilizes defaults to estimate process greenhouse gas emissions.  To estimate process gas usage, the IPCC takes the amount of gas utilized 
and subtracts a default value of 10% for the fraction of gas remaining in the cylinder (heel factor) which is un-used and sent back to the 
supplier.  Default emission factors are then used to determine emissions from etch and CVD.  In the 2009 proposed rule, EPA proposed that 
facilities track gas consumption utilizing MFCs or scales with ±1% accuracy.  The 2010 re-proposed rule calls for development of facility-wide 
gas-specific heel factors based on residual weight or pressure of a gas cylinder/container that the facility uses to change out the cylinder for 
each cylinder type for each gas used 

The proposed rule requires that all flowmeters, weigh scales, pressure gauges and thermometers used to measure quantities shall have an 
accuracy and precision of 1% of full scale or better. 

Please provide estimate of man-hour and equipment cost to comply with gas apportioning using a model based on wafer passes by 
responding to Question 2 in Part 6.

Please provide estimate of man-hours and equipment costs to comply with requirements to develop gas-specific, container-specific heel 
factors by fab using measuring devices with 1% full scale accuracy by responding to Question 1 in Part 6.

Facility-wide gas-specific heel factors: The weight of the gas in the incoming cylinder is very consistent for each gas container type. A 
cylinder change-out is triggered by either the weight of the gas measured by scale or the measured pressure, depending on the gas. The gas 
remaining in the cylinder is determined either by the measured weight or the calculated weight based on the measured pressure using the 
Ideal Gas Law (PV=ZnRT) with the appropriate compressibility factor (Z) for the gas. The total usage is the difference in the weight of the 
cylinder when installed and when changed. Using this known residual weight of the container, a gas specific heel factor for each container 
type used (cylinder or bulk) for each type of gas used is determined (residual amount percentage of the total amount). This gas-specific heel 
factor is then applied to each of the cylinders or bulk containers for each gas used to determine the net amount of each gas used by the 
facility.
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In situ plasma Remote plasma

CF4
C2F6
C3F8

c-C4F8
CHF3
SF6

CH3F
NF3
C4F6
C5F8

C4F8O
CH2F2

F2
COF2
N2O

Part 3: Applying Default Emission Factors for Various Process Sub-categories - The IPCC method Tier 2b provides default emission factors for 
fluorinated process greenhouse gases commonly used in CVD chamber clean and etch around the 2005 timeframe.  Since the defaults were developed, 
the basket of process greenhouse gases has expanded and gases are being used in additional  processes.  In the re-proposed rule, EPA plans to develop 
additional default emission factors for additional processes and process sub-categories.  To prioritize development of new default emission factors, please 
estimate 2009 gas usage in your fab using each of the following sub-categorization methods. If a gas is not used for a process sub-category, list "N/A".  
Please use the apportioning methodologies described previously to provide fab-wide estimates of gas usage.

Please provide estimate of man-hours and equipment costs to develop emissions estimates using IPCC Tier 2b by responding to Question 3 in Part 6.

Please describe how you collected 
Table 1 data and any deficiencies 
you noted with using Tier 2b:
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Table 1: Estimate of Process Greenhouse Gas Utilization per 2006 IPCC Tier 2b -  IPCC method Tier 2b provides default emission factors for CVD 
and etch.  EPA's proposed rule expands the categories of processes using F-GHG and N2O into process sub-categories.  Please provide an estimate of 
the amount of each gas used in calendar year 2009 in each process sub-category shown in grey.  The blacked out spaces do not currently have IPCC 
default emission factors.  If you are using a gas in one of these categories, please list 2009 annual consumption in kg.  If you use F-GHG in bevel cleaning 
or ashing, please include in etch.  If bulk gas distribution is utilized and gas consumption tracking data is not available for CVD and etch, contact fab 
process engineers and develop an engineering estimate to apportion gas usage between the different process types.  
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Please describe how you collected 
Table 2 usage for updated IPCC 
emission categories and the 
barriers you noted to data 
collection:
Please provide estimate of man-hours and equipment costs to develop emissions estimates using updated IPCC Tier 2b by responding to Question 4 in 
Part 6.

Etch Wafer 
Cleaning

Table 2: Estimate of Process Greenhouse Gas Utilization using Updated IPCC Emission Sub-categories -  Since the IPCC Tier 2b factors were 
developed, additional process gases and GHG using processes have been identified.  This method is an update of the IPCC emissions defaults to reflect 
in-situ thermal chamber cleans, wafer cleaning, and additional GHGs.  Please provide an estimate of the amount of each gas used annually in each 
process sub-category.  If bulk or centralized gas distribution is utilized and gas consumption tracking data is not available for CVD and etch, contact fab 
process engineers and develop an engineering estimate to apportion gas usage between different process types.  

Process 
Gas

CVD

CVD (plasma processes) Other (non-plasma 
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In situ plasma Remote plasma In-situ thermal Silicon Oxide Nitride Metal
bevel 
cleaning ashing

CF4
C2F6
C3F8

c-C4F8
CHF3
CH3F
SF6
NF3
C4F6
C5F8

C4F8O
CH2F2
COF2

N2O

Please provide estimate of man-hours and equipment costs to develop emissions estimates using EPA's refined process categories by responding to 
Question 5 in Part 6.

Wafer Cleaning

Please describe how you collected 
Table 3 usage data using EPA's 
refined process categories and the 
barriers to collecting the data:

Film Etch

CVD (plasma processes) Other (non-plasma)
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Table 3: EPA Refined Process Category Method: Estimate of Process Greenhouse Gas Utilization adding wafer cleaning and additional process 
sub-categories -  In the proposed rule, EPA provides tables with yet to be developed default GHG emission factors for process sub-categories.  This 
method divides chamber cleaning into three sub-categories, etch processes into four sub-categories based on the film being etched and adds two wafer 
cleaning categories.  Please provide an estimate of the amount of each gas used annually in each process sub-category.  If bulk gas distribution is utilized 
and gas consumption tracking data is not available for CVD, etch and wafer clean subcategories, contact fab process engineers and develop an 
engineering estimate to apportion usage among different process categories.  

 



 33 

ISMI Technology Transfer #10065097A-TR 
 

Question Response Please explain:
Do you currently have or have plans to install POU 
abatement to abate F-GHG or N2O in your fab? If No, go to next sheet.
How many POU abatement systems do you plan to 
claim DRE for F-GHG or N2O?

Documentation that the abatement systems are 
specifically designed for F-GHG or N2O. How do you 
plan to document that systems are designed specifically 
for F-GHG or N2O?

Documentation to certify that the abatement systems 
are properly installed according to manufacturer's 
specifications.  How do you plan to document that 
systems are properly installed?
Documentation to certify that the abatement systems 
are properly operated and maintained according to 
manufacturer's specifications. How do you plan to 
document that systems are properly maintained and 
operated?

Documentation of abatement system uptime. How do 
you plan to document abatement system uptime,( i.e., 
SCADA or manufacturing tracking systems)?
Do you currently continuously track abatement system 
uptime?

Have you measured DRE in accordance with the EPA 
Protocol?
The rule requires random sampling of 3 abatement 
devices  or 20% of installed abatement systems, 
whichever is greater.  How many abatement devices 
are you required to test annually?

Please provide estimate of man-hour and equipment cost to comply with POU abatement testing requirements by responding to 
Question 7 in Part 6.

Testing is required if you wish to claim emissions reductions due to abatement but do not plan to use the default DRE of 60%; If 
this is the case for your fab, please answer the following:

Part 4: POU Abatement Requirements: If you wish to reflect emissions reductions due to F-GHG or N2O POU abatement 
systems, the proposed rule allows for use of a default 60% DRE or a measured DRE if specific criteria are met.

The proposed rule requires the following documentation for POU abatement devices:

Please provide estimate of man-hour and equipment cost to comply with POU abatement reporting/recordkeeping requirements 
by responding to Question 6 in Part 6.
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Data Element to be Reported
Currently 

Collected? CBI? If considered CBI, please explain why:

Annual emissions of each fluorinated GHG and N2O emitted from each 
individual process, process category, or process type as applicable and from all 
heat transfer fluid use as applicable. 
The method of emissions calculation used. 
Emission factors used for process utilization and by-product formation rates 
and the source for each factor for each fluorinated GHG and N2O. 
Where process categories for semiconductor facilities are not used, 
descriptions of individual processes or process categories used to estimate 
emissions. 

For each fluorinated GHG and N2O, annual gas consumed during the reporting 
year and facility-wide gas-specific heel-factors used. 

The apportioning factors for each process category and a description of the 
engineering model used for apportioning gas usage. If the method used to 
develop the apportioning factors permits the development of facility-wide 
consumption estimates that are independent of the estimates calculated in 
Equation I-10 of this subpart (e.g., that are based on wafer passes for each 
individual process or process category), you shall report the independent 
facility-wide consumption estimate for each fluorinated GHG and N2O.

Fraction of each gas fed into each process type that is fed into tools with 
abatement systems. 

Description of all abatement systems through which fluorinated GHGs or N2O 
flow at your facility, including the number of devices of each manufacturer, 
model numbers, manufacturers guaranteed destruction or removal efficiencies, 
if any, and record of destruction or removal efficiency measurements over its in-
use life. The inventory of abatement systems shall also include a description of 
the associated tools and/or processes for which these systems treat exhaust. 

Certification that each abatement system used at your facility is installed, 
maintained, and operated in accordance with manufacturers’ specifications. 

The uptime and the calculations to determine uptime for that reporting year. 

The default destruction or removal efficiency value or properly measured 
destruction or removal efficiencies for each abatement system used in that 
reporting year to reflect controlled emissions. 
Where the default destruction or removal efficiency value is used to report 
controlled emissions, certification that the abatement systems for which 
controlled emissions are being reported are specifically designed for fluorinated 
GHG and N2O abatement. 

A description of the class including the abatement system manufacturer and 
model number, and the fluorinated GHG and N2O in the process effluent 
stream; 
The total number of systems in that class for the reporting year. 
The total number of systems for which destruction or removal efficiency was 
measured in that class for the reporting year. 
A description of the calculation used to determine the class average, including 
all inputs of the calculation. 
For heat transfer fluid emissions, inputs in the mass-balance equation, 
Equation I-12 of this subpart for each fluorinated GHG. 
Example calculations for fluorinated GHG, N2O, and heat transfer fluid 
emissions.

Required Record
Currently 

Available?
Data and copies of calculations used to estimate emissions including all 
spreadsheets.

Where properly measured destruction or removal efficiencies or class averages of destruction or removal efficiencies are used to report controlled 
emissions, the following: 

Part 5: Recordkeeping and Reporting Requirements: The proposed rule lists several data reporting requirements for the facility that could be made 
available to the public under this reporting rule.  Please indicate if each piece of data is currently available for the fab.  Please indicate if your company 
considers each data item to be Confidential Business Information (CBI).  If CBI, provide a detailed explanation as to why this data is considered sensitive 
from a business and/or competitive aspect.  It is important to describe why certain data is CBI and why it would be damaging to your company if made 
public.

The proposed rule calls for the retention of significant amounts of data.  Please indicate if each piece of data is currently available for the fab.  If not 
currently being collected and retained, please explain what will be involved in collecting and retaining this data.

For each abatement system through which fluorinated GHGs or N2O flow at your facility, for which you are reporting controlled emissions, the following: 

If you anticipate problems with collecting or retaining 
this data, please explain.
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Legal (hours)
Manager 
(hours)

Technical 
(hours) Clerical (hours)

Capital Costs 
($K)

Equipment 
Lifetime (years)

Annual O&M 
Costs ($K)

Other Annual 
Costs (please 
specify) ($K)

1. Developing facility-wide gas-
specific, container-specific heel 
factors per fab using measuring 
devices with 1% full scale accuracy 
and precision.

2. Apportioning process GHG usage 
by process category or individual 
process using EPA proposed method 
based on wafer passes.

3. Apportioning PFC usage and 
estimating emissions and by-products 
by process type (CVD, etch) using 
2006 IPCC Tier 2b Method defaults 
(Table 1).

4. Apportioning PFC usage and 
estimating emissions and by-products 
by specific process type - Updated 
IPCC Method defaults (Table 2).

5. Estimating emissions and by-
products by specific process type - 
EPA refined process categories (Table 
3).

6. Collecting all  data required to be 
reported/retained for POU abatement 
devices.

7. Conducting emissions testing and 
providing all data required to comply 
with POU abatement testing 
requirements if not using abatement 
defaults.

8. Collecting all  data required to be 
reported/retained for heat transfer 
fluid estimate.

Thank you for completing the survey! 
Please send completed survey to:  Laurie.Beu@ismi.sematech.org 

Part 6: Estimated Burden for Estimating Process Greenhouse Gas Emissions Using Proposed Alternatives - EPA has proposed  methods for estimating process greenhouse 
gas heel factors, apportioning gas usage between process categories, and estimating emissions that are more stringent than required by the IPCC.  Reporting and recording keeping 
requirements are also significant.  An accurate assessment of the manpower and monitoring impacts is required to determine overall cost to the industry.  

Please estimate the Facility-
Specific Burden associated with 
the following:

Labor Burden For Collecting Data Instrumentation Burden For Monitoring Data Comments (e.g., is measurement 
already performed in ordinary 
course of business? If not, what 
specific instrumentation will be 
required?)
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Appendix B – Full Comments for Part 3: Apportioning Gas Usage into Tier 2b and EPA 
Refined Method categories 

B.1 Tier 2b Method  
Responses to “Please describe how you collected Table 1 usage data and any deficiencies you 
noted with using the Tier 2b Method.” 

B.1.1 Estimation of Gas Consumption 

 We used “a combination of purchase data, tool information, and cylinder data.”  

 “We have Purchasing (department) supply us with the amount of full cylinders used per year 
to start the data collection process. The heel and amount of gas used is based on the full 
cylinder weight/pressure. We are using 98% of the product but are required to measure each 
cylinder for less than 20 lbs of being left in the cylinder. This rule penalizes companies, 
when their use approaches 100%, which minimizes emissions. As usage approaches 100%, 
companies will have to weigh the empty cylinders.” 

 “When a cylinder is received in gas management system (GMS) it is assigned the full 
cylinder volume (psi or lbs) programmed based on what each supplier has stated the fill 
volume is for that product. When the cylinder is installed in a cabinet it is moved in GMS to 
the appropriate panel. When the cylinder is removed from the panel as empty, it is moved in 
GMS and the empty cylinder volume (either psi or lbs) is entered in GMS. GMS itself 
converts everything to SCF.” 

 “Data is collected from Air Liquide cylinder usage report based on facility-specific heel 
factors.” 

 “This is based upon delivery records for the various materials to the Fab.” 

 We use “amount of gas purchased and heel factor (10%).” 

B.1.2 Apportioning of Gas Usage Between Tools 

 “CF4 was apportioned between CVD and etch based on the number of tools performing 
each process. C2F6 was apportioned between etch and CVD based on engineering judgment 
considering process tool gas valve and wafer passes data. The CVD portion of C2F6 was 
only used with In Situ Plasma cleaning. C3F8 is used only for In Situ Plasma cleans. C4F8, 
CHF3, and SF6 are used only for etch processes. NF3 was apportioned between etch and 
CVD based on engineering judgment considering process tool gas valve and wafer pass 
data. NF3 was only used for In Situ Plasma cleaning. N2O is used only as a CVD process 
gas.” 

 “We used the 100 most frequently run GHG-utilizing recipes to develop an engineering 
model to apportion gas consumption between the 3 categories. Gas consumption was 
apportioned using nominal recipe gas flow and time for 2009. The only gas for which 
apportioning came into play was CF4. All other gases are uniquely used in either CVD or 
etch.” 

 We used “a combination of purchase data, tool information, and cylinder data.” 
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 “Data (was) first modeled using tool-recipe specific data and converted into monthly and 
annual usage.  

 “If a gas goes from a cabinet to a VMB or VMP, the total usage is divided by the number of 
active tools which can be anywhere from 1 tool to 8 tools. Based on the tool ID it is 
determined if this is etch or CVD. Further description explains remote plasma system (RPS) 
or in-situ. There are some instances where in-situ and RPS tools share the same VMB. The 
reported usage is sometimes estimated based on usage of other (i.e., RPS) tools that do not 
share VMB with in-situ tools.”  

 “Air Products provides gas usage by tool. Most tools have a dedicated cylinder/cabinet so 
usage is, by default, determined as CVD or etch based on the tool. In the few instances 
where a cylinder/cabinet feeds multiple tools from a common VMB, the tools that share the 
cylinder are of the same type (CVD or etch) - but may run different recipes within that CVD 
or etch category. 

 “Each gas cabinet is tied to a specific tool which allows gas usage apportioning by tool and 
process type. Knowledge of each tool allows us to distinguish between remote and in situ 
plasma.” 

 We use “engineering estimates to split gas purchases into separate categories.” 

 “CF4, C4F8, CHF3, CH3F, SF6, and C5F8 are used only for etch processes. NF3 was 
apportioned between etch and CVD based on engineering judgment considering process 
tool gas valve and wafer pass data. NF3 was apportioned between In Situ Plasma and 
Remote Plasma cleaning based on the number of tools using each technology. N2O is used 
only as a CVD process gas.”  

 “Data was collected based on purchasing records and apportioned by cost center usage. 
Engineering estimates were used to apportion NF3 between In-situ and Remote plasma 
cleans.” 

 “The values presented here are the result of a calculation using actual 2009 data of gases 
taken from inventory and an apportioning scheme based on design flow of gases to each 
category. Once the apportioning is done, the percentage of the gas per category is multiplied 
times the gas usage.” 

B.2 EPA Refined Method  

Responses to “Please describe how you collected Table 3 usage data using EPA's Refined 
Method and the barriers to collecting the data.”  

B.2.1 Apportioning of Gas Usage Between Tools 

 “Used engineering estimate. There is likely ~50% error in this estimate.” 

 “The silicon, oxide and nitride usage for tools that have multiple process are added and then 
each tool set given 1/3 of the usage that is not attributed to a single process type.” 

 “CF4 was apportioned between CVD and etch based on the number of tools performing 
each process. The etch portion of CF4 was apportioned between individual etch and wafer 
cleaning processes based on the number of tools performing each process. C2F6 was 
apportioned between etch and CVD based on engineering judgment considering process 
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tool gas valve and wafer passes data. The CVD portion of C2F6 was only used with In Situ 
Plasma cleaning. The etch portion of C2F6 was apportioned to individual etch processes 
based on the number of tools performing each process. C3F8 is used only for In Situ Plasma 
cleans. C4F8, CHF3, and SF6 are used only for etch processes and were apportioned to 
individual etch processes based on the number of tools performing each process. NF3 was 
apportioned between etch and CVD based on engineering judgment considering process 
tool gas valve and wafer pass data. The CVD portion of NF3 was only used for In Situ 
Plasma cleaning. The etch portion of NF3 was only used for oxide etch. N2O is used only as 
a CVD process gas. 

 “We used the 100 most frequently run GHG-utilizing recipes to develop an engineering 
model to apportion gas consumption between the 5 categories. Gas consumption was 
apportioned using nominal recipe gas flow and time for 2009. There is some CF4 used for 
ashing; however, the amount is believed to be relatively small compared to CVD chamber 
cleaning and etch. In addition, there is some SF6 used for metal etch which is not included 
here but believed to be a small fraction of total usage. The primary barrier to data collection 
is resources required to manually extract information from recipes.” 

 “Note that the poly and nitride etch processes are run on the same tools, and the separation 
between the two processes was not available at this time; would need to work with fab 
engineers to determine going forward. All usage for 2009 was indicated as nitride, even 
though there is a split between the two processes.” 

 “Can not accurately separate some etch processes due to complexity of processes in multi-
stack films. Does not include some film stacks that we etch (e.g., silicon carbide).” 

 Same as for Tier 2b (Table 1) “plus had to obtain more process specific info from etch 
engineering as of which film is etched by which tool and clarification on gases used by each 
tool. This is not based on wafer passes. That info is not currently available. Data based on 
last quarter 2009 actual usage per cylinder.” 

 “CVD is straightforward…….gas usage per tool, one kind of clean. I spent significant time 
creating a complete list of Etch tools. I then took a 1st stab at filling in the columns for 
%ash/%bevel/%poly/%oxide/%nitride/%aluminum based on some educated guesses and 
looking at some recipes/film stacks. This part is what took the longest. Note that this is not a 
comprehensive determination -- just engineering judgment. The % for each kind of film was 
then applied to each gas usage -- but in a linear fashion. No accounting for actual flow or 
time variations for the individual gases.” 

 “Each system's lot history was examined over a 4 month period for 140 etch process systems 
and chambers by stage, equipment integration program, and capability in order to estimate 
a percentage of wafers processed per film type. A 4 month period was chosen due to data 
manageability. Factory wafers processed fluctuations, technology introductions, technology 
changes, system idling, or system maintenance "hard-down" situations can not be 
forecasted. Choosing the correct film type for each gas is dependent on the engineer's 
knowledge about the specific technology flows, stages, equipment integration programs, 
capabilities, and processes encountered on each system. Film types can not be automatically 
filtered or determined solely based on etch parameters. Idle systems are not included in 
usage data due to insufficient lot history data. Lot histories do not include processing that 
may bypass normal track-in procedures and/or do not utilize production wafers such as 
“quals” (etch rate, particle, MFC calibration, endpoint testing), engineering experiments, 
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engineering lots, special work requests, new product and new test development, chamber 
conditioning, chamber in-situ cleans, chamber warm-up processes, engineering recovery 
procedures, etc. Gas usage per wafer could not be determined in these situations. Gas usage 
per wafer also could not be determined due to the amount of process recipes used on each 
system, chamber unique gas flow correction factors, end pointed processes (which introduce 
variable wafer-to-wafer times per lot), process stabilization steps, automated system process 
routines (ESC chucking/de-chucking), process faults/lot aborts, variable chamber 
sequencing (multiple chambers utilized on a system), and wafer count variation from lot to 
lot.” 

 Used the following methodology to estimate gas usage: 1. Used heel factors for each 
cylinder type based on change out triggers. 2. Applied heel factors to gas disbursement data 
to obtain total usage of each gas for the year. 3. Assigned each tool/gas combination to a 
process group. 4. Where multiple processes are performed by the same gas on the same tool: 
a. Chose the predominant one, or b. If judged to be equal, distributed gas for that 
tool/process equally across categories. 3. Matched tool/gas process groups with gas 
distribution system information to assign process group(s) to each cylinder station. 4. Where 
>1 process group on a cylinder station, prorated gas usage per cylinder across groups 
based on number of tools in that group, without regard to process recipe nominal flows (due 
to) time constraint. 5. Multiplied by actual cylinder changes for the year, and summed up 
gas consumption by process groups. 
NOTE: Some older tools, not served by the centralized gas rooms and core farms, log 
cylinder changes locally, not in the central database. We did not attempt to obtain these 
records for the survey, but used the centralized data to estimate the gas allocation for these 
tools.” 

 “C4F8, CHF3, CH3F, SF6, and C5F8 were apportioned between individual etch processes 
based on the number of tools performing each process. CF4 was apportioned between 
individual etch and wafer cleaning processes based on the number of tools performing each 
process. NF3 was apportioned between etch and CVD based on engineering judgment 
considering process tool gas valve and wafer pass data. NF3 was apportioned between In 
Situ Plasma and Remote Plasma cleaning based on the number of tools using each 
technology. NF3 used for etch was apportioned between individual etch processes based on 
the number of tools performing each process. N2O is used only as a CVD process gas.” 

 “We have apportioned the actual usage of each tool chamber by using a ratio of the 
authorized tool usage / the total authorized usage of the Fab x the actual usage / total 
number of tool chambers.” 

 “This data is based on purchasing records and apportioned by cost center billing. 
Engineering estimates were used to apportion gases between different processes. Gas use by 
refined process category is currently not tracked.” 

 “The values presented here are the result of a calculation using actual 2009 data of gases 
received and an apportioning scheme based on design flow of gases to each category. Once 
the apportioning is done, the percentage of the gas per category is multiplied times the gas 
usage. 
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B.3 Barriers to Accurate Data Collection 
The respondents identified a number of barriers to accurate data collection:  

 “Can not accurately separate some etch processes due to complexity of processes in multi-
stack films” 

 “Gas usage per wafer also could not be determined due to the amount of process recipes 
used on each system, chamber unique gas flow correction factors, end pointed processes 
(which introduce variable wafer-to-wafer times per lot), process stabilization steps, 
automated system process routines (ESC chucking/de-chucking), process faults/lot aborts, 
variable chamber sequencing (multiple chambers utilized on a system), and wafer count 
variation from lot to lot.” 

 “Lot histories do not include processing that may bypass normal track-in procedures and/or 
do not utilize production wafers such as “quals” (etch rate, particle, MFC calibration, 
endpoint testing), engineering experiments, engineering lots, special work requests, new 
product and new test development, chamber conditioning, chamber in-situ cleans, chamber 
warm-up processes, engineering recovery procedures, etc.” 

 “Some older tools, not served by the centralized gas rooms and core farms, log cylinder 
changes locally, not in the central database.” 

 “Our cylinder stations can serve up to 8 tools. Many of these stations are NOT segregated 
by the process groups proposed by EPA. Using an engineering model based on wafer passes 
and nominal gas flows to allocate gas usage would be very complex in our fab due to large 
numbers of recipes per tool and constantly changing product mix. Data from ~ 1000 recipes 
would have to be assessed and maintained on an ongoing basis. Customized software tied to 
our logistics system would be required to collect and aggregate the data for reporting.” 

 “Gas use by Refined Method process categories is currently not tracked.” 
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Appendix C – Full Comments for Part 4: POU Abatement  

Responses to POU abatement questions. 

C.1 Design of Device 

 “The only documentation available is equipment specification provided at time of 
purchase.” 

 “We intend to place this requirement on the equipment manufacturer.” 

 “Require the manufacturer to provide documentation.” 

 “For abatement units installed (though not specifically for PFCs), the manufacturer 
provides a manual - or specifications - with each POU abatement unit. It indicates that the 
unit is designed to abate and their rated DRE. These specifications become part of the 
facilities design and installation package.” 

 “The manufacturer designed, installed and operates the POU devices. Upon installation, the 
manufacturer has written a commissioning document which includes that the system was 
designed, installed and is operated properly to abate specific F-gases. At each annual PM 
the commissioning document is updated to certify proper operation of the POU.” 

 “PFC DRE has been a major part of the procurement selection process, that process and the 
manufacturer's data can be stored for documentation purposes.” 

 “We will rely on manufacturers to provide that certification for specific gases. We are 
assuming they will be able to provide this because they currently provide published DRE 
numbers for some of the specific gases listed in the rule. We have 3 different abatement 
systems, and will have to obtain manufacturer certification for all three types.” 

C.2 Installation of the Abatement System  

 “We have employed the services of company that maintains the systems. We would request 
statement from them, along with statement from our current facilities and maintenance 
owners.” 

 “By developing check lists or other appropriate paperwork documenting what the 
manufacturer's specs are and that our installation procedures have complied with them.” 

 “At a minimum, install per the manufacturer's instructions and/or have the manufacturer 
install the unit. We would have the manufacturer or contractor certify the proper 
installation.” 

 “Facilities (department) uses the manufacturers installation and operation specifications to 
develop the design package for the unit. The units are installed per the requirements in the 
detailed design package (gas hook ups, valves, exhaust, materials of construction, power, 
water, etc). The manufacturer specifications are retained as part of the design/installation 
records.” 

 “We have reviewed the manufacturer's installation manuals and developed what we call 
"typicals"--standard install instructions. We also install each unit under the guidance of a 
supplier representative. We would have the manufacturer or contractor certify the proper 
installation.” 
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 ”The manufacturer designed, installed and operates the POU devices. Upon installation, the 
manufacturer has written a commissioning document which includes that the system was 
designed, installed and is operated properly to abate specific F-gases. At each annual PM 
the commissioning document is updated to certify proper operation of the POU.” 

 To certify proper installation, will use “standard documents related to tool installation and 
the start-up report from abatement supplier.” 

  “We have documentation sign-offs from actual install process. Prints are developed and 
published by site engineers, and tools are installed according to prints. Trades groups install 
according to prints and sign-off work as it's completed. The prints are designed according to 
the manufacturer's specifications for flow, pressure, etc. We do maintain as-built files of our 
equipment installs.” 

 “Our tool install process included the documentation of proper installation practices.” 

C.3 Operation and Maintenance of the Device 

  “A combination of maintenance records for equipment and training records for personnel 
could probably satisfy this requirement.” 

 “We have biweekly reports from our contracted service supplier to demonstrate on-going 
maintenance and operation. We also maintain the tools on our in-house monitoring system.” 

 ”By developing check lists or other appropriate paperwork documenting what the 
manufacturer's specs are and that our O&M procedures have complied with them. 
Operation and maintenance procedures on the systems are currently documented but have 
not been routinely compared against manufacturer’s specs.” 

 “Use existing maintenance documentation and tracking systems to document that the unit is 
properly maintained and operated according the manufacturer's specifications at a 
minimum.” 

 “Preventive maintenance procedures (cleaning & repair) are determined by the equipment 
engineers - typically per the manufacturers recommendations but they can be modified 
based on field operation (e.g., frequency may be increased or decreased based on unit 
performance and other factors). The PM procedures are maintained on-line in the 
equipment system. Note that for GHG abatement units that would be installed, the on-line 
PM procedures would not deviate from the manufacturers specifications if required by the 
Rule.” 

 “The manufacturer designed, installed and operates the POU devices. Upon installation, the 
manufacturer has written a commissioning document which includes that the system was 
designed, installed and is operated properly to abate specific F-gases. At each annual PM 
the commissioning document is updated to certify proper operation of the POU. 

 “We may use the abatement supplier for contracted on site service; documentation of 
maintenance plan and activities is part of the contracted work; also, monitoring 
maintenance activity type and frequency type is standard.” 
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 “This would require a site-wide procedural change as O&M is currently based off system 
performance. We would prefer to follow the manufacturer's recommendations for 
performance metrics (temperatures, pressures, throughput), as opposed to time-based PMs. 
Specifically, replacing parts on a time basis rather than use or performance basis.” 

 “SCADA is used to monitor process conditions for POUs. Also, we have a robust preventive 
maintenance program which documents all PMs.” 

C.4 Tracking of Uptime 

 “SCADA and monthly report from contract supplier.”  

 “Through a mix of automated and manual methods. Routine maintenance requiring 
downtime is tracked through technician records. Other parameters that indicate the 
equipment is operating can be tracked through facility monitoring systems. Scheduled 
maintenance is tracked through mostly manual methods, but upset conditions are not.” 

 “These abatement systems have facility system SCADA monitoring added.” 

 “No current requirement” 

 “POU abatement uptime is not currently tracked in the Equipment Management System 
(EMS). Rather, the chamber/tool that the unit is tied to has uptime tracked in our EMS. 
When a tool is "down,” the equipment engineer can select an option that the abatement unit 
is "down" therefore the tool is down. If the abatement unit is down, the tool is not allowed to 
operate. Any GHG abatement units added could be given a unique ID (identification) in 
EMS and then the "uptime" would be tracked separately -- though the system would be 
configured such that the tool could not operate if the abatement unit is off-line.” 

 “Install facility systems monitoring to track uptime, i.e. SCADA. We have a few POU hooked 
into SCADA because of LSS (Life Safety System) requirements to shut down the tool if the 
POU goes offline.” 

 “The tools are designed to prevent F-gases from flowing if the abatement system has 
malfunctioned. The tool is allowed to finish the process run if and when a scrubber 
malfunction occurs. All subsequent runs are prevented from running until the POU fault is 
corrected. Therefore the (company’s) EFK (system) needs only to track individual 
malfunctions of each POU. Co./Vendor track uptime on POUs as part of the vendor 
contract. 

 “Online monitoring system tracking and documenting uptime of all abatement units.” 

 “We use SCADA on site, but adding all POU abatement equipment to the system will require 
IS configuration and software updates. Queries would also have to be developed to pull 
down-time. The site typically configures the POU systems so that if they are not operating it 
will shutdown the tool or divert to a redundant POU system. We would prefer the option to 
use a process tool shutdown ability (or redundant POU) as opposed to tracking POU 
uptime. (Currently) site does not track POU uptime.” 

 We use “SCADA” 
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C.5 Testing Using EPA Protocol 

 “New ruling is very complex and was not used to verify performance of tools. We would 
probably choose to use the default values, although it significantly under-reports our 
abatement efficiency.”  

 Have you used the EPA testing protocol? “On recent testing, yes, but some testing was done 
prior to the protocol.” 

 “New protocol requires gas flow from the process equipment during abatement device 
testing. Cost of production and other manufacturing impacts are being evaluated.” 

 “No current requirement.” 

 “Any newly installed GHG abatement unit would either be tested upon installation or the 
default DRE would be claimed, although 60% seems unreasonably low.” 

 Have not tested DRE using EPA protocol due to “the cost of rental/purchase of QMS.”  

 “We measured DRE, but (tests) have not yet been performed following the new EPA 
protocol; FTIR method has been used.” 

 “Site does not measure DRE due to cost and time burden. Site does not plan on developing 
measured DRE values.” 
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1 EXECUTIVE SUMMARY 
The International SEMATECH Manufacturing (ISMI) Environment, Safety, and Health 
Technology Center conducted a major survey in support of ISMI and Semiconductor Industry 
Association (SIA) members’ response to the Environmental Protection Agency’s (EPA’s) 
reproposed  rule for estimating greenhouse gas emissions. This report documents the results of a 
supplemental survey, comprised of five questions, which dealt with recalculating gas cylinder 
heel factors and determining gas usage by means other than gas purchase records. Six companies 
participated in the survey, providing data for 13 fabs.  

The survey shows that only a few fabs currently collect the data required to recalculate 
gas/facility specific heel factors when the trigger point for cylinder replacement is changed by 
1% or 20%. Most indicated that they need additional scales, pressure transducers, network 
capability, and software upgrades to meet this requirement.  

Only one fab currently collects the data that would allow it to calculate gas usage without using 
purchase records and heel factors. One fab commented that calculating gas usage based on 
process recipes using real-time flow meters would be very costly in terms of new capital 
equipment.  

For the annual reporting of gas usage, the fabs would have to formalize their recordkeeping with 
the addition of hardware and software upgrades as well as database programming to minimize 
calculations. 

Based on the survey, it is estimated that the industry cost for labor (legal, managerial, technical, 
and clerical) to collect the data would be on the order of $1.4 million annually. Similarly, the 
costs for equipment capital and operation and maintenance of the equipment would be 
~ $2.8 million, for a combined industry cost burden of $4.2 million in the first year. 

2 INTRODUCTION 
The U.S. Environmental Protection Agency’s Proposed Mandatory Reporting of Greenhouse 
Gases (GHG): Additional Sources of Fluorinated GHGs (reproposed  rule) was published in the 
Federal Register (FR) on April 12, 2010, beginning the 60-day comment period. To develop a 
response to the reproposed  rule, the Semiconductor industry Association (SIA) asked the 
International SEMATECH Manufacturing Initiative (ISMI) Environment, Safety, and Health 
Technology Center to conduct a survey of SIA and ISMI members to determine its impact. The 
survey results are documented in ISMI’s 2010 ISMI Semiconductor Greenhouse Gas (GHG) 
Reporting Rule Survey Report, Technology Transfer #10065097A-TR. 

To answer a few supplemental questions about the reproposed  rule, SIA and ISMI members 
were subsequently asked to complete another shorter survey. ISMI sent a questionnaire to SIA 
and ISMI members asking for comments and cost information associated with data collection 
and annual data reporting. Two of the questions dealt with the impacts of changes to the gas 
cylinder heel factor, changes of 1% and 20%, respectively. Another question looked at the 
impact of the reproposed  rule requirement that a facility take two annual inventories of cylinders 
in service (at the beginning and end of year). The fourth question asked for comments on 
determining gas consumption using a technique other than purchase records. The last question 
assessed the effort involved to maintain the records required for annual gas consumption 
reporting to the EPA.  
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The survey participants were also asked to estimate the impact on labor, capital and annual 
operating and manufacturing (O&M) costs for each of their fabs to meet the reproposed  rule 
requirements for the following tasks:  

1. Recalculating gas/facility specific heel factor when a trigger point changes by 1% 

2. Tracking cylinders (separate from purchase records) changed out at a point that differs 
by more than 20% of its trigger point 

3. Determining annual inventory of all cylinders in service (beginning and end of year) 

4. Determining annual gas consumption using a different method from purchase records 
with heel factors applied 

5. Maintaining records required to determine annual gas consumption 

ISMI’s ESH Technology Center developed the survey questionnaire, collected the survey 
responses, and compiled and analyzed the data for ISMI and SIA members. Survey data were 
analyzed independent of the SIA to preserve respondent confidentiality.  

3 SURVEY RESULTS 

Six companies, representing a total of 13 fabs, responded to the five questions in the 
Supplemental GHG Survey. Due to time and man-power constraints, respondents could provide 
data for only 13 fabs, representing a 14% response for the 91 fabs that the EPA estimates must 
report under the reproposed  rule. Despite the few responses, the amount of data is significant 
and representative of the industry as a whole.  

Question 1 – What is the impact of recalculating gas/facility specific heel factor when the trigger 
point changes by 1%? 

Response: Three of the 13 fabs already record the required data. One fab pointed out that 
additional scales, pressure transducers, network capability, and software upgrades would be 
required. Another stated that it is not clear how this would be done and further study would be 
required. 

Question 2 – What is the impact of tracking cylinders (separate from purchase records) changed 
out at a point that differs by greater than 20% of its trigger point? 

Response: Only one of the fabs currently records this data. The other fabs stated that they either 
have no clear idea of how to meet this requirement or would need to calculate gas usage cylinder 
by cylinder based on data currently collected. Others indicated that they would need additional 
scales, pressure transducers, network capability, and software upgrades to meet this requirement.  

Question 3 – What is the impact of determining annual inventory of all cylinders in service 
(beginning and end of year)? 

Response: Two respondents stated that they would calculate annual consumption based on data 
that is currently being collected. Another company with six fabs responded that they would use 
contractors to weigh and track all incoming and outgoing fluorinated greenhouse gas (F-GHG) 
cylinders by fab. Another fab questioned the need for performing this task twice, since the data at 
the end of one year would be the same as that at the beginning of the following year. 
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Question 4 – What is the impact of determining annual gas consumption using a different 
method from purchase records with heel factors applied? 

Response: Only one fab is equipped to calculate annual consumption with a different method 
using data that is currently being collected. Another fab indicated that it would ask the gas 
supplier to weigh each cylinder after it is returned. Two fabs stated that they would need 
additional scales, pressure transducers, network capability, software upgrades and database 
programming (to minimize calculations). One fab commented that calculating gas usage based 
on process recipes using real-time flow meters would be very costly in terms of new capital 
equipment. 

Question 5 – What is the impact of maintaining records required for annual gas consumption 
determination? 

Response: Currently, because most companies rely on purchase records for annual gas 
consumption data, they would need to formalize their recordkeeping process to meet this 
requirement. In addition to the hardware and software upgrades (mentioned above), database 
programming would be required to minimize calculations. 

4 ESTIMATED BURDEN FOR ESTIMATING PROCESS GREENHOUSE GAS 
EMISSIONS USING EPA REPROPOSED ALTERNATIVES  

The six companies that responded to the survey estimated the number of man-hours that would 
be required by the 13 fabs in the various labor categories―legal, managerial, technical, and 
clerical―to accomplish each task covered by the five questions. Table 1 shows that the tasks 
require a significant number of additional man-hours for the 13 fabs. As expected, the greatest 
number of man-hours falls into the technical and clerical categories.  

Table 1 Labor (Man-Hours) for Data Collection for 13 Fabs 

Question Legal Managerial  Technical Clerical 

1 1 54 330 48 

2 11 68 638 48 

3 10 45 502 116 

4 32 80 820 58 

5 10 58 427 306 

Total 64 305 2717 576 

Table 2 shows the labor costs ($K) in the four labor categories for data collection for the 13 fabs. 
To convert the man-hours in Table 1 to dollars in Table 2, the following average industry labor 
costs were used:  

Labor Category $/hr 

Legal 101.00 

Manager 71.03 

Technician 55.30 

Cleric 29.65 
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Table 2 shows that the additional labor cost burden for the 13 fabs is ~ $195,500 annually. All 
costs in the tables are given in thousands of dollars. 

Table 2 Labor Cost ($K) for Data Collection for 13 Fabs 

Question Legal Managerial  Technical Clerical Total 

1 0 3.8 18.3 1.4 23.7 

2 1.1 4.8 35.3 1.4 42.6 

3 1.0 3.2 27.8 3.4 35.4 

4 3.2 5.7 45.3 1.7 55.9 

5 1.0 4.1 23.6 9.1 37.8 

Total 6.4 21.7 150.3 17.1 195.5 

Similarly, the capital, annual O&M, and other annual costs were estimated by the six companies 
for the 13 fabs (see Table 3). Again, the cost related to each of the tasks in the five questions was 
estimated by category (i.e., capital, O&M, and other). The data show that recalculating the 
specific heel factor and determining gas consumption without using purchase records result in 
the highest capital and O&M expenditures. Total expenditures for the 13 fabs are estimated to be 
$335,000 for capital and $60,000 for annual O&M. 

Table 3 Capital and O&M Costs ($K) for Data Collection for 13 Fabs 

Question Capital Costs  Annual O & M Costs  Other Annual Costs 

1 150 15 0 

2 3 0 0 

3 0 0 0 

4 182 45 10 

5 0 0 0 

Total 335 60 10 

Average costs per fab were calculated by dividing the values in Table 2 and Table 3 by 13 (the 
number of responding fabs). To arrive at a total industry cost, the costs per fab were then 
extended to the 91 fabs that the EPA estimated will have to report under the reproposed rule.  
Table 4 shows that the total industry cost burden for additional labor is approximately 
$1,368,000 annually. 

Table 4 Industry Labor Cost ($K) for Data Collection for 91 Fabs  

Question Legal Managerial Technical  Clerical Total 

1 1 27 128 10 165 

2 8 34 247 10 299 

3 7 22 194 24 247 

4 23 40 317 12 392 

5 7 29 165 64 265 

Total 46 151 1,052 120 1,368 
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Similarly, industry capital and annual O&M costs were calculated by extrapolating the data from 
the survey to the 91 fabs (see Table 5). The total cost burden to the industry for capital and 
annual O&M is estimated to be approximately $2,835,000 for the first year. 

Table 5 Industry Capital & O & M Costs ($K) for Data Collection for 91 Fabs 

Question Capital O & M Other Total 

1 1,050 105 0 1,155 

2 21 0 0 21 

3 0 0 0 0 

4 1,274 315 70 1,659 

5 0 0 0 0 

Total 2,345 420 70 2,835 

When labor, capital, and O&M costs are combined, the total burden to the semiconductor 
industry to comply with the requirements of EPA’s reproposed  rule is on the order of $4.2 
million for the first year. For the second and consequent years, the total cost burden would 
decrease by about a half, assuming the equipment has a 5-year lifetime (as estimated by some of 
the respondents). 

5 SUMMARY 
The reproposed  rule attempts to improve the accuracy of F-GHG emissions estimates by 
improving F-GHG consumption estimates through the development of facility-wide gas-specific 
heel factors based on “the residual weight or pressure of a gas cylinder/container.” The first two 
questions of this survey addressed the impact on fab capital and O&M costs when the trigger 
point for changing out the cylinders is altered by 1% or 20%, respectively. Only a few fabs 
currently collect the data required to recalculate gas/facility specific heel factors. Others 
indicated that they need additional scales, pressure transducers, network capability, and software 
upgrades to meet this requirement.  

A few fabs currently collect enough data to calculate gas inventory at the beginning and end of 
each year. Some will use contractors to weigh and track all incoming and outgoing cylinders. 
Others questioned the need for two inventories since the inventory at the end of one year would 
be the same as the inventory at the beginning of the next year.  

Only one fab currently collects the data that would allow it to calculate gas usage without using 
purchase records and heel factors. Most fabs would have to either rely on contractors or install 
significant new hardware and software to collect the necessary data. One fab commented that 
calculating gas usage based on process recipes using real-time flow meters would be very costly 
in terms of new capital equipment. For the annual reporting of gas usage, the fabs would have to 
formalize their recordkeeping with the addition of hardware and software upgrades as well as 
database programming to minimize calculations. 

The cost to the industry (i.e., 91 fabs) in terms of labor and capital expenditures to meet the 
specific requirements of the reproposed  rule would be significant. It is estimated that the labor 
(legal, managerial, technical, and clerical) for collecting the data would cost on the order of 
$1.4 million annually. Similarly, the costs for equipment capital and operation and maintenance 
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of the equipment would be approximately $2.8 million. The grand total industry cost burden for 
labor, capital, and O&M would be on the order of $4.2 million in the first year. 
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Consolidated Comments from ISMI GHG Working Group: 
March 2010 EPA Draft DRE Measurement Protocol 
 
General Comments: 
1. Need to integrate JEITA alternative method for measuring dilution through 
the system. (Comment from last draft not addressed).  We anticipate that this will 
be resolved during EPA witness testing planned for this year. 
2.  Why is it acceptable to use a tracer approach to determine tool effluent flow but 
not acceptable for abatement system effluent flow?  Agree with the consideration 
for a properly mixed sample which the tool pump provides at the tool effluent as 
well as the concern when dealing with non-ideal ducts (ones which may not 
contain laminar flow) as often at the abatement system effluents.  The missing 
piece is the demonstration that the injected tracer is homogeneously mixed with 
the abatement system effluent flow.  Propose to add a stratification test to the 
protocol in support of the post-abatement flow tracer method.  This stratification 
test can be easily performed by stepping the FTIR sample probe across the 
abatement system effluent duct at depths of 25%, 50% and 75% (or more if 
desired) while measuring the tracer gas concentrations by FTIR.  Should the 
concentrations be consistent at each depth into the abatement system effluent 
duct the tracer/effluent can be considered homogenously mixed and the flow 
determination can continue with the probe centered in the duct.  Furthermore, the 
gases incorporated for tracers are also the same pfcs commonly monitored at 
these facilities, albeit absent of the particular process for flow determinations.  
Therefore, if the FTIR data is acceptable for concentration measurements used for 
DRE determinations it should be acceptable for flow determination by the process 
described above.  Previous results have displayed very repeatable results at 
various tracer injection rates.  Two other experiments comparing FTIR and QMS 
tracer studies for flow determination are planned for the next few months.  One will 
be at a laboratory using a 4” mixing duct and a second in late June at a semi-
conductor facility.  Another issue of concern is the stability of the QMS 
measurements during these tests.  Previous testing results demonstrated very 
tight deviations using FTIR concentration results over multiple tracer release flow 
rates.  With the inherent drift, ambient pressure inlet and calibration issues 
associated with the QMS (and alluded to in the protocol Section 2.2.4) it is a 
concern that the QMS will not be able to produce data quality equal to the FTIR 
approach.  We anticipate that this will be resolved during EPA witness testing 
planned for this year. 
 
Real life issues not addressed in the protocol: 
1. What it takes to construct the "calibration curve", reference library should 
bracket concentrations seen in the field.  (Comment from last draft not addressed, 
see further comments on 2.2.5 comment 2)  
2. Reference conditions should be reasonably close to sample conditions 
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(temp, press, path length) and will impact data. (Comment from last draft not 
addressed)                                     
3. Analysis method will take significant work to determine optimal regions for 
analysis to minimize interfererants.  (Comment from last draft not addressed)  
4. Heated versus unheated sample lines?  (Comment from last draft not 
addressed)  
5. Optics integrity, fouling due to particulates.  (Comment from last draft not 
addressed)  
6. Signal to noise and resulting detection limits. (Comment from last draft not 
addressed)  
7. Detector saturation.  (Comment from last draft not addressed)  
8. Moisture issues, spectra interference.   (Comment from last draft not 
addressed)  
 
Section  
1.1 Protocol Purpose 
1.2 Protocol Objectives 
 
1.3 Protocol Scope 
1. References ISMI 2006 guideline. Please note that ISMI Guideline is 
currently being revised in a coordinated effort with ISMI’s international 
membership. Here and throughout the document, should reference the 
2009 SEMATECH Guideline, which will be finalized soon.  (Comment from last 
draft not addressed) Still 2006 
2. The method stipulates that the relative error must achieve plus or minus 5 
%. Presumably they mean < 5% relative error.  (Comment from last draft not 
addressed)    
3. Footnotes 3 and 4: Selection of fraction emitted as the 
benchmark/performance metric seems predicated on low DRE. For a well 
functioning abatement unit with DRE approaching 1, all the same issues 
will occur with using the relative error of fraction emitted as are identified 
with using the relative error of DRE as DRE approaches 0. The 
benchmark metric and performance standard defined for this protocol 
should not be so sensitive to the DRE itself. Should the acceptable error 
be defined as a percentage of the unabated emission value instead?  
While footnote 4 argues that the proposed 5% relative error performance 
standard is achievable, it is not clear that this is true across the full range 
of DREs.  (Comment from last draft not addressed) 
4.  Typo in Section 1.3, paragraph 3, 4th sentence should have the “the” removed 
between standard and relative. 
 
1.4 History of the Protocol 
1. We question the cost-benefit of the ban on the detuning (bypass) method. 
Given the short duration of the test protocol, and in recognition that the 
method is for a single tool with relatively low emissions; we question 
whether the ban on the de-tuning method is justifiable....i.e., “prevents a 
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significant quantity of PFC emissions.”  (Comment from last draft not addressed) 
 
2.1.1 Description of Experimental System 
In Figure 1 consideration needs to be taken when low purge-flow pumps are 
employed.  If the sample exhaust is not returned to the tool effluent downstream of 
the extraction location it will impact the DRE as the inlet mass loading will be lower 
than normal operation. This is only applicable when the extracted flow is not 
negligible compared to the tool effluent flow. 
 
2.1.3 Required Resources 
1. Figure 1 - Will MFCs function in this configuration, the schematic locates 
them on the suction side of the pump? They would be at negative 
pressure, typical MFCs need pressure (i.e. 20-50psi) to function properly.  
(Comment from last draft not addressed) 
2. Figure 1 - What is a "calibration system"? Is this gas delivery via MFC? 
Need more info, if it is MFCs then same comment as above. 
 (Comment from last draft not addressed) 
3. Figure 1 - Need to specify minimum distance between pump exhaust and 
FTIR2 inlet to avoid recirculation issues.  (Comment from last draft not addressed) 
 
2.1.5 Safety 
1. Mentions “integrated circuit fabrication environment.” Don’t forget this is 
supposed to apply to flat panel and solar facilities.  (Comment from last draft not 
addressed) 
 
2.2 Measurement Methodology 
2. Include JEITA alternative for measuring dilution.  (Comment from last draft not 
addressed).  We anticipate that this will be resolved during EPA witness testing 
planned for this year. 
 
2.2.1 Method 1 – Dilution Adjusted Concentration Measurement 
1). In section 2.2.1 (DRE determination with plasma off) a specified flow of 120% 
of the process flow is stipulated to ensure the abatement system is tested under 
conditions that may occur during processing.  The pfc concentrations will be much 
greater than normal as is (not being disassociated by a plasma).  
 
2.2.2 Method 2 – Total Volume Adjustment.   
1). Typo in 2.2.2, 2nd paragraph, 3rd sentence “…all operating chambers that are” 
 
2.2.3 Equipment Needed 
1. Is NDIR an appropriate method for abatement effluent characterization? 
Should it be included? If it is included, what is needed to obtain good 
results?  (Comment from last draft not addressed) 
2. Table 1 – What is a metal bellows sample pump? Do we mean flex 
foreline fitting bellows? Do we mean metal diaphragm? If so what type of 
metal? Might not hold up to corrosives.  (Comment from last draft not addressed) 
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3. Table 1 - Sample filter, pore size spec? Material spec? Could impact 
pressure drop/data significantly over time for dirty processes and 
unheated lines.  (Comment from last draft not addressed)   
3.  The suggestion of using a pfc that passes through the abatement system with 
DRE<5% to determine abatement system effluent flow forms a circular argument.  
Per the protocol, one must demonstrate that the abatement system DRE for the 
compound is <5% by QMS and tracer studies before using the pfc tracer approach.   
 
2.2.4 FTIR and QMS Protocols 
1. FTIR absorbance range of "0.1 to 1" is somewhat arbitrary and detector 
specific.  (Comment from last draft not addressed) 
2.  Current version states scan times should be on the order of 3 seconds.  Not all 
FTIRs can scan so quickly.  One of the systems we have collects 1 scan/1.7 
seconds plus you have factor in the processing time.  Also short scans will 
increase MDLs at the abatement system effluents.   
 
2.2.5 Calibration Curve 
1. Why is a 6 point calibration curve required for QMS, but apparently only a 
2 point calibration curve required for FTIR?  (Comment from last draft not 
addressed) 
2. Current version states the necessity to bracket (within the FTIR reference set for 
the particular compound) the observed concentration ranges and only considers 
absorption features between 0.1 and 1.0 absorbance units (a.u.).  Although it is 
good practice, it is not always practical or necessary.  Since most pfcs have broad 
absorption features they are linear over large concentration ranges.  It is a fair 
assumption that the linear behavior can be extrapolated to concentrations ~50% 
greater than the largest reference should the compound exhibit linear behavior. In 
the last sentence of 2 paragraph of 2.2.5 it alludes to this by stating that all non-
linear curves must bracket the observed concentration range.  Alternating cells at 
the tool effluent FTIR can eliminate the ability to observe byproducts.  It is also 
cumbersome to switch between plasma off/on experiments to ensure that 
concentrations are bracketed or the 0.1-1.0 a.u. range is conserved.   
 
3.  The suggestion to only quantify over FTIR absorbance features between 0.1-1.0 
absorbance units (a.u.) is rather restricting (Sections 2.2.4, 2.2.5 & 2.2.7).  There 
are often plenty of usable features outside this 0.1-1.0 range.   
 
The lower bound of this range would be better represented by a factor offset based 
on the FTIR system noise, say absorbance features at a minimum of 1.5 times the 
system noise are acceptable for use. Common system noise levels are on the 
order of 10-3 and most of the time much better.  Using 0.1 a.u. as the lower bound 
is requiring that absorbance features be 100 times (or more) your system noise to 
be usable.  An illustration of this is depicted below in the FTIR reference for SO2.  
This SO2 feature displayed is the band most often quantified.  The peak 
absorbance is less than 0.1 a.u. (0.04 a.u.), but remains well above the system 
noise.  The FTIR cell path length of 10.5m is common for semi-conductor 
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sampling, therefore normalizing the SO2 concentration to fall within the 0.1-1.0 
range yields approximately 136 ppm required to quantify SO2 using this 
absorbance feature.   
 
Similarly, there is a lot of usable information to be gathered from absorbance 
features greater than 1.0 a.u.  I feel a better representation of the upper bound 
would be features that are not opaque (totally absorbing) and quantify at no more 
50% of the concentration of the largest reference in the particular compounds’ set. 
Of course this only applies to linear absorbing compounds which the pfcs are.  A 
skilled spectroscopist (meteorologist) would know when this is appropriate.  
Furthermore, when determining the tool effluent flow, this is often the case as it is 
necessary to run the process recipe (per the protocol Section 2.2.1) with the tool 
plasma off. This is the case when determining tool utilization as well. 
 

 
FTIR Reference for 85 ppm SO2 collected at 10.54m 

 
Granted SO2 is not a GHG but it is a by-product of SF6 processes. The protocol 
also does state that it is acceptable to go outside of this range so long as the 
reference set bracket it which is easy to do on the lower bound by adding a zero (or 
noise spectrum) to your reference set.  However, looking forward, if this protocol is 
to be applied for other compounds this restrictive range may provoke an issue 
where good data could be non-acceptable. 
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2.2.6 Flow and Dilution Measurement 
1. Is the stipulation of a minimum of 3 flow rates with an average derived 
from a minimum of 40 distinct analytical measurements, for each flow rate, 
appropriate? How was this number selected?  (Comment from last draft not 
addressed) 
2. Same as 2.2.3 comment - The suggestion of using a pfc that passes through 
the abatement system with DRE<5% to determine abatement system effluent flow 
forms a circular argument.  Per the protocol, one must demonstrate that the 
abatement system DRE for the compound is <5% by QMS and tracer studies 
before using the pfc tracer approach.   
 
2.3.1.1 Total Volume Flow 
1. We are confused why different minimum measurement data collection 
quantities of 640, 40, and 60 are alternately applied here. What is the 
basis for selecting these numbers?  (Comment from last draft not addressed) 
2. Why must there be a minimum of 180 TVF data points? What is the 
physical or mathematical basis for selecting this number?  (Comment from last 
draft not addressed) 
3. The statistical methods and equations, along with any specific sample 
number requirements they may have should be referenced to standard 
textbooks or similar reference material.  (Comment from last draft not addressed). 
4.  Using a Non-reactive Gas at POU Abatement Device Outlet  (Comment from 
last draft not addressed).  We anticipate that this will be resolved during EPA 
witness testing planned for this year. 
 
Discussion: the below described added methodology can be proven at a 
company's fab and utilized for that same POU abatement device make and model 
at that company's fab. It would need to be proven again at a same company's 
different fab. This logic is the same as above less than 5% tracer gas testing 
methodology, as it also needs to be proven. 
 
Suggested Added Language: Another methodology is to accurately flow a non-
reactive gas (e.g. CF4) into POU abatement device outlet and measure the 
concentration downstream (usually by FTIR). This methodology requires the use of 
all of the following criteria: 
 
The non-reactive gas used must be sampled at POU abatement device outlet to 
determine that this gas is not present. 
 
The non-reactive gas must be injected across the POU abatement device outlet 
duct. This should be accomplished by using an injection probe with equally 
spaced holes to uniformly distribute gas. 
 
The location selected for downstream non-reactive gas analysis must be at least 
eight duct diameters downstream from non-reactive gas injection location. 
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The location selected for downstream non-reactive gas analysis must be used for 
POU abatement device outlet sampling. This will ensure that any dilution that 
occurs from POU abatement device outlet to this sampling location will be 
accounted for. 
 
The downstream non-reactive gas analysis location must be traversed with the 
sampling probe at a few locations to ensure the non-reactive gas is well mixed.  
For example, if the duct is 10 centimeters, the duct can be traversed every 2 
centimeters to prove each probe location has nearly the same non-reactive gas 
concentration. The concentrations measured for each of these probe locations 
must agree within +/-10%. The average of the measured concentrations would 
then be used to calculate the POU abatement device outlet flow. 
 
The distance from the downstream non-reactive location to the next downstream 
air addition (e.g. exhaust lateral connection) is at least two duct diameters. 
 
If any of the six above criteria cannot be met, then this methodology cannot be 
utilized.  
 
To ensure that this methodology can be utilized, it should be compared directly to 
the QMS and noble gas methodology for a specific POU abatement device make 
and model at a fab. The calculated dilution factor for both the QMS and noble gas 
methodology and this POU abatement device outlet methodology must be within 
+/-10% of each other. Thereafter, this POU abatement outlet methodology can be 
utilized for the all of the same POU abatement device make and model for this 
company's fab only, if each POU abatement device make model can meet the six 
criteria listed above. 
 
3 BENCHMARK RELATIVE ERROR 
1. "These formulas may not be applicable when using alterative 
methodologies to those presented in this protocol are used..." Does this 
mean that alternative methods are ok? It implies that way. Also note typo 
in quotes.  (Comment from last draft not addressed) 
 
 
 

















































































































































































































































Appendix B: Transcripts from public hearings. 
 
Spokane, WA – October 6, 2010 
 
The Air Quality Program conducted a public hearing for Chapter 173-441 WAC, Reporting of 
Emissions of Greenhouse Gases, on October 6th, 2010 at Ecology’s Eastern Regional Office in 
Spokane, Washington. Kendra Robinson-Harding and Neil Caudill from Ecology were present. 
A total of 10 people were in attendance. No one chose to give oral testimony at the hearing. 
 
Lacey, WA – October 7, 2010 
 
The Air Quality Program conducted a public hearing for Reporting of Emissions of Greenhouse 
Gases on Thursday October 7, 2010 at Ecology’s Headquarters. Neil Caudill, Tami Dahlgren, 
Nancy Pritchett were present. A total of 10 people were in attendance. A total of one testimony 
was given. 
 
Rashad J. Morris, Washington Environmental Council: 
 
Thank you. My name is Rashad Morris. I'm here to testify on behalf of the Washington 
Environmental Council. I'm gonna keep my statements rather brief right now because the 
environmental council will be submitting written statements later. But I just wanted to indicate 
that the environmental community in general and the Washington Environmental Council in 
particular is disappointed that the Department of Ecology is delaying this reporting when the 
initial statute was passed in 2008 that should have put everyone on notice that greenhouse gas 
emissions would be required to be reported. When the governor issued executive orders in both 
2007 and 2009 and once again gave proper notice to emitters and others that they should start at 
least collecting the data and being prepared to deliver it. 
 
It also should have given the Department of Ecology notice that they needed to start preparing to 
receive and deal with the data. And then in 2010 when the legislature passed Engrossed Second 
Substitute Senate Bill 6373, it required that emissions reporting begin in 2010 for 2009 
emissions. 
 
And it's disappointing that ecology and its submittal to the code reviser indicated that the soonest 
they can have an effective date for a rule was 2011. 
 
So I strongly urge the Department of Ecology, and the environmental council strongly urges the 
Department of Ecology to make haste and do whatever is necessary to get their systems in place 
todeal with the data that needs to be received. Because it's very important that we start collecting 
data on emissions so that we can move forward with regulating emissions for the health of 
Washingtonians, especially the health of Washington's children, and for the development of the 
clean and efficient economy that we're constantly being promised. Ecology has a role in that and 
the environmental community and the Washington Environmental Council looks forward to 
working with ecology going forward. Thank you. 
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