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where: 
ET = Annual production process emissions of 

all fluorinated GHGs for threshold appli-
cability purposes (metric tons Co2e). 

d = Factor accounting for fluorinated heat 
transfer fluid emissions, estimated as 10 
percent of total annual production proc-
ess emissions at a semiconductor facil-
ity. Set equal to 1.1 when Equation I–4 of 
this subpart is used to calculate total an-
nual production process emissions from 
semiconductor manufacturing. Set equal 
to 1 when Equation I–4 of this subpart is 

used to calculate total annual production 
process emissions from MEMS, LCD, or 
PV manufacturing. 

Ei = Annual production process emissions of 
input gas i for threshold applicability 
purposes (metric tons Co2e), as cal-
culated in Equations I–1, I–2 or I–3 of this 
subpart. 

i = Input gas. 

(b) You must calculate annual manu-
facturing capacity of a facility using 
Equation I–5 of this subpart. 

where: 
S = 100 percent of annual manufacturing ca-

pacity of a facility (m2). 
WX = Maximum designed substrate starts of 

a facility in month x (m2 per month). 
x = Month. 

[75 FR 74818, Dec. 1, 2010, as amended at 77 
FR 10380, Feb. 22, 2012] 

§ 98.92 GHGs to report. 
(a) You must report emissions of 

fluorinated GHGs (as defined in § 98.6), 
N2O, and fluorinated heat transfer 
fluids (as defined in § 98.98). The 
fluorinated GHGs and fluorinated heat 
transfer fluids that are emitted from 
electronics manufacturing production 
processes include, but are not limited 
to, those listed in Table I–2 to this sub-
part. You must individually report, as 
appropriate: 

(1) Fluorinated GHGs emitted from 
plasma etching. 

(2) Fluorinated GHGs emitted from 
chamber cleaning. 

(3) Fluorinated GHGs emitted from 
wafer cleaning. 

(4) N2O emitted from chemical vapor 
deposition and other electronics manu-
facturing processes. 

(5) Emissions of fluorinated heat 
transfer fluids. 

(6) All fluorinated GHGs and N2O con-
sumed, including gases used in manu-
facturing processes other than those 
listed in paragraphs (a)(1) through 
(a)(5) of this section. 

(b) CO2, CH4, and N2O combustion 
emissions from each stationary com-
bustion unit. You must calculate and 

report these emissions under subpart C 
of this part (General Stationary Fuel 
Combustion Sources) by following the 
requirements of subpart C of this part. 

[75 FR 74818, Dec. 1, 2010, as amended at 77 
FR 10380, Feb. 22, 2012] 

§ 98.93 Calculating GHG emissions. 

(a) You must calculate total annual 
facility-level emissions of each 
fluorinated GHG used in electronics 
manufacturing production processes at 
your facility, for each process type, 
using Equations I–6 and I–7 of this sub-
part according to the procedures in 
paragraphs (a)(1), (a)(2), (a)(3), (a)(4), 
(a)(5), or (a)(6) of this section, as appro-
priate. Facilities to which the proce-
dures in paragraphs (a)(1) of this sec-
tion or (a)(2) of this section apply may 
elect to use the procedures in para-
graph (a)(3) as an alternative. If your 
facility uses less than 50 kg of a 
fluorinated GHG in one reporting year, 
you may calculate emissions as equal 
to your facility’s annual consumption 
for that specific gas as calculated in 
Equation I–11 of this subpart. Where 
your facility is required to perform cal-
culations using default emission fac-
tors for gas utilization and by-product 
formation rates according to the proce-
dures in paragraphs (a)(1) or (a)(2) of 
this section, and default values are not 
available for a particular input gas and 
process type or sub-type combination 
in Tables I–3, I–4, I–5, I–6, or I–7, you 
must follow the procedures in para-
graph (a)(6) of this section. 
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where: 
ProcesstypeEi = Annual emissions of input 

gas i from the processes type (metric 
tons). 

Eij = Annual emissions of input gas i from 
recipe, process sub-type, or process type 
j as calculated in Equation I–8 of this 
subpart (metric tons). 

N = The total number of recipes or process 
sub-types j that depends on the elec-
tronics manufacturing facility and emis-
sion calculation methodology. If Eij is 
calculated for a process type j in Equa-
tion I–8 of this subpart, N = 1. 

i = Input gas. 
j = Recipe, process sub-type, or process type. 

where: 

ProcesstypeBEk = Annual emissions of by- 
product gas k from the processes type 
(metric tons). 

BEijk = Annual emissions of by-product gas k 
formed from input gas i used for recipe, 
process sub-type, or process type j as cal-
culated in Equation I–9 of this subpart 
(metric tons). 

N = The total number of recipes or process 
sub-types j that depends on the elec-
tronics manufacturing facility and emis-
sion calculation methodology. If BEkij is 
calculated for a process type j in Equa-
tion I–9 of this subpart, N = 1. 

i = Input gas. 
j = Recipe, process sub-type, or process type. 
k = By-product gas. 

(1) If you manufacture MEMS, LCDs, 
or PVs, you must, except as provided in 
§ 98.93(a)(3), calculate annual facility- 
level emissions of each fluorinated 
GHG used for the plasma etching and 
chamber cleaning process types using 
default utilization and by-product for-
mation rates as shown in Table I–5, I– 
6, or I–7 of this subpart, as appropriate, 
and by using Equations I–8 and I–9 of 
this subpart. 

(2) If you manufacture semiconduc-
tors on wafers measuring 300 mm or 
less in diameter, except as provided in 
§ 98.93(a)(3), you must adhere to the 
procedures in paragraphs (a)(2)(i) or 
(a)(2)(ii) of this section. 

(i) If your facility has an annual 
manufacturing capacity, as calculated 
using Equation I–5 of this subpart, of 
less than or equal to 10,500 m2 of sub-

strate, you must adhere to the proce-
dures in paragraphs (a)(i)(A) through 
(a)(i)(C) of this section. 

(A) You must calculate annual facil-
ity-level emissions of each fluorinated 
GHG used for the plasma etching proc-
ess type using default utilization and 
by-product formation rates as shown in 
Table I–3 or I–4 of this subpart, and by 
using Equations I–8 and I–9 of this sub-
part. 

(B) You must calculate annual facil-
ity-level emissions of each fluorinated 
GHG used for each of the process sub- 
types associated with the chamber 
cleaning process type, including in-situ 
plasma chamber clean, remote plasma 
chamber clean, and in-situ thermal 
chamber clean, using default utiliza-
tion and by-product formation rates as 
shown in Table I–3 or I–4 of this sub-
part, and by using Equations I–8 and I– 
9 of this subpart. 

(C) You must calculate annual facil-
ity-level emissions of each fluorinated 
GHG used for the wafer cleaning proc-
ess type using default utilization and 
by-product formation rates as shown in 
Table I–3 or I–4 of this subpart and by 
using Equations I–8 and I–9 of this sub-
part. 

(ii) If your facility has an annual 
manufacturing capacity of greater 
than 10,500 m2 of substrate, as cal-
culated using Equation I–5 of this sub-
part, you must adhere to the proce-
dures in paragraphs (a)(2)(ii)(A) 
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through (a)(2)(ii)(C) of this section, ex-
cept that you may use the procedures 
specified in paragraph (a)(2)(i) of this 
section for the 2011, 2012, and 2013 re-
porting years. 

(A) You must calculate annual facil-
ity-level emissions of each fluorinated 
GHG used for the plasma etching proc-
ess type using recipe-specific utiliza-
tion and by-product formation rates 
determined as specified in § 98.94(d), 
and by using Equations I–8 and I–9 of 
this subpart. You must develop recipe- 
specific utilization and by-product for-
mation rates for each individual recipe 
or set of similar recipes as defined in 
§ 98.98. Recipe-specific utilization and 
by-product formation rates must be de-
veloped each reporting year only for 
recipes which are not similar to any 
recipe used in a previous reporting 
year, as defined in § 98.98. 

(B) You must calculate annual facil-
ity-level emissions of each fluorinated 
GHG used for each of the process sub- 
types associated with the chamber 
cleaning process type, including in-situ 
plasma chamber clean, remote plasma 
chamber clean, and in-situ thermal 
chamber clean, using default utiliza-
tion and by-product formation rates as 
shown in Table I–3 or I–4 to this sub-
part, and by using Equations I–8 and I– 
9 of this subpart. 

(C) You must calculate annual facil-
ity-level emissions of each fluorinated 
GHG used for the wafer cleaning proc-
ess type using default utilization and 
by-product formation rates as shown in 
Table I–3 or I–4 to this subpart, and by 
using Equations I–8 and I–9 of this sub-
part. 

(3) If you do not adhere to procedures 
as specified in paragraphs (a)(1) and 
(a)(2) of this section, you must cal-
culate annual facility-level emissions 
of each fluorinated GHG for all 
fluorinated GHG-emitting production 
processes using recipe-specific utiliza-
tion and by-product formation rates 
determined as specified in § 98.94(d) and 
by using Equations I–8 and I–9 of this 
subpart. You must develop recipe-spe-
cific utilization and by-product forma-
tion rates for each individual recipe or 
set of similar recipes as defined in 
§ 98.98. Recipe-specific utilization and 

by-product formation rates must be de-
veloped each reporting year only for 
recipes which are not similar to any 
recipe used in a previous reporting 
year, as defined in § 98.98. 

(4) If you manufacture semiconduc-
tors on wafers measuring greater than 
300 mm in diameter, you must cal-
culate annual facility-level emissions 
of each fluorinated GHG used for all 
fluorinated GHG emitting production 
processes using recipe-specific utiliza-
tion and by-product formation rates as 
specified in § 98.94(d), and by using 
Equations I–8 and I–9 of this subpart. 
You must develop recipe-specific utili-
zation and by-product formation rates 
for each individual recipe or set of 
similar recipes as defined in § 98.98. 
Recipe-specific utilization and by-prod-
uct formation rates must be developed 
each reporting year only for recipes 
that are not similar to any recipe used 
in a previous reporting year, as defined 
in § 98.98. 

(5) To be included in a set of similar 
recipes for the purposes of this subpart, 
a recipe must be similar to the recipe 
in the set for which recipe-specific uti-
lization and by-product formation 
rates have been measured. 

(6) Where your facility is required to 
perform calculations using default 
emission factors for gas utilization and 
by-product formation rates according 
to the procedures in paragraphs (a)(1) 
or (a)(2) of this section, and default val-
ues are not available for a particular 
input gas and process type or sub-type 
combination in Tables I–3, I–4, I–5, I–6, 
or I–7, you must follow the procedures 
in either paragraph (a)(6)(i) or (a)(6)(ii) 
of this section and use Equations I–8 
and I–9 of this subpart. 

(i) You must use utilization and by- 
product formation rates of 0. 

(ii) You must develop recipe-specific 
utilization and by-product formation 
rates determined as specified in 
§ 98.94(d) for each individual recipe or 
set of similar recipes as defined in 
§ 98.98. Recipe-specific utilization and 
by-product formation rates must be de-
veloped each reporting year only for 
recipes that are not similar to any rec-
ipe used in a previous reporting year, 
as defined in § 98.98. 
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where: 
Eij = Annual emissions of input gas i from 

recipe, process sub-type, or process type 
j (metric tons). 

Cij = Amount of input gas i consumed for rec-
ipe, process sub-type, or process type j, 
as calculated in Equation I–13 of this 
subpart (kg). 

Uij = Process utilization rate for input gas i 
for recipe, process sub-type, or process 
type j (expressed as a decimal fraction). 

aij = Fraction of input gas i used in recipe, 
process sub-type, or process type j with 

abatement systems (expressed as a dec-
imal fraction). 

dij = Fraction of input gas i destroyed or re-
moved in abatement systems connected 
to process tools where recipe, process 
sub-type, or process type j is used, as cal-
culated in Equation I–14 of this subpart 
(expressed as a decimal fraction). 

0.001 = Conversion factor from kg to metric 
tons. 

i = Input gas. 
j = Recipe, process sub-type, or process type. 

where: 

BEijk = Annual emissions of by-product gas k 
formed from input gas i from recipe, 
process sub-type, or process type j (met-
ric tons). 

Bijk = By-product formation rate of gas k cre-
ated as a by-product per amount of input 
gas i (kg) consumed by recipe, process 
sub-type, or process type j (kg). 

Cij = Amount of input gas i consumed for rec-
ipe, process sub-type, or process type j, 
as calculated in Equation I–13 of this 
subpart (kg)). 

aij = Fraction of input gas i used for recipe, 
process sub-type, or process type j with 
abatement systems (expressed as a dec-
imal fraction). 

djk = Fraction of by-product gas k destroyed 
or removed in abatement systems con-
nected to process tools where recipe, 
process sub-type, or process type j is 
used, as calculated in Equation I–14 of 
this subpart (expressed as a decimal frac-
tion). 

0.001 = Conversion factor from kg to metric 
tons. 

i = Input gas. 
j = Recipe, process sub-type, or process type. 
k = By-product gas. 

(b) You must calculate annual facil-
ity-level N2O emissions from each 
chemical vapor deposition process and 
other electronics manufacturing pro-
duction processes using Equation I–10 
of this subpart and the methods in 
paragraphs (b)(1) and (b)(2) of this sec-
tion. If your facility uses less than 50 
kg of N2O in one reporting year, you 
may calculate emissions as equal to 
your facility’s annual consumption for 

N2O as calculated in Equation I–11 of 
this subpart. 

(1) You must use a factor for N2O uti-
lization for chemical vapor deposition 
processes pursuant to either paragraph 
(b)(1)(i) or (b)(1)(ii) of this section. 

(i) You must develop a facility-spe-
cific N2O utilization factor averaged 
over all N2O-using chemical vapor dep-
osition processes determined as speci-
fied in § 98.94(e). 

(ii) If you do not use a facility-spe-
cific N2O utilization factor for chem-
ical vapor deposition processes, you 
must use the default utilization factor 
as shown in Table I–8 to this subpart 
for N2O from chemical vapor deposition 
processes. 

(2) You must use a factor for N2O uti-
lization for other manufacturing proc-
esses pursuant to either paragraph 
(b)(2)(i) or (b)(2)(ii) of this section. 

(i) You must develop a facility-spe-
cific N2O utilization factor averaged 
over all N2O-using electronics manu-
facturing production processes other 
than chemical vapor deposition proc-
esses determined as specified in 
§ 98.94(e). 

(ii) If you do not use a facility-spe-
cific N2O utilization factor for manu-
facturing production processes other 
than chemical vapor deposition, you 
must use the default utilization factor 
in as shown in Table I–8 to this subpart 
for N2O from manufacturing production 
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processes other than chemical vapor 
deposition. 

where: 
E(N2O)j = Annual emissions of N2O for N2O- 

using process j (metric tons). 
CN2O,j = Amount of N2O consumed for N2O- 

using process j, as calculated in Equation 
I–13 of this subpart and apportioned to 
N2O process j (kg). 

UN2O,j = Process utilization factor for N2O- 
using process j (expressed as a decimal 
fraction). 

aN2O,j = Fraction of N2O used in N2O-using 
process j with abatement systems (ex-
pressed as a decimal fraction). 

dN2O,j = Fraction of N2O for N2O-using process 
j destroyed or removed in abatement sys-
tems connected to process tools where 
process j is used, as calculated in Equa-
tion I–14 of this subpart (expressed as a 
decimal fraction). 

0.001 = Conversion factor from kg to metric 
tons. 

j = Type of N2O-using process, either chem-
ical vapor deposition or other N2O-using 
manufacturing processes. 

(c) You must calculate total annual 
input gas i consumption for each 
fluorinated GHG and N2O using Equa-
tion I–11 of this subpart. Pursuant to 
§ 98.92(a)(6), for all fluorinated GHGs 
and N2O used at your facility for which 
you do not calculate emissions using 
Equations I–6, I–7, I–8, I–9, and I–10 of 
this subpart, calculate consumption of 
these fluorinated GHGs and N2O using 
Equation I–11 of this subpart. 

where: 

Ci = Annual consumption of input gas i (kg 
per year). 

IBi = Inventory of input gas i stored in con-
tainers at the beginning of the reporting 
year, including heels (kg). For containers 
in service at the beginning of a reporting 
year, account for the quantity in these 
containers as if they were full. 

IEi = Inventory of input gas i stored in con-
tainers at the end of the reporting year, 
including heels (kg). For containers in 
service at the end of a reporting year, ac-
count for the quantity in these con-
tainers as if they were full. 

Ai = Acquisitions of input gas i during the 
year through purchases or other trans-

actions, including heels in containers re-
turned to the electronics manufacturing 
facility (kg). 

Di = Disbursements of input gas i through 
sales or other transactions during the 
year, including heels in containers re-
turned by the electronics manufacturing 
facility to the chemical supplier, as cal-
culated using Equation I–12 of this sub-
part (kg). 

i = Input gas. 

(d) You must calculate disbursements 
of input gas i using facility-wide gas- 
specific heel factors, as determined in 
§ 98.94(b), and by using Equation I–12 of 
this subpart. 

where: 

Di = Disbursements of input gas i through 
sales or other transactions during the re-
porting year, including heels in con-
tainers returned by the electronics man-

ufacturing facility to the gas distributor 
(kg). 

hil = Facility-wide gas-specific heel factor for 
input gas i and container size and type l 
(expressed as a decimal fraction), as de-
termined in § 98.94(b). If your facility uses 
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less than 50 kg of a fluorinated GHG or 
N2O in one reporting year, you may as-
sume that any hil for that fluorinated 
GHG or N2O is equal to zero. 

Nil = Number of containers of size and type l 
returned to the gas distributor con-
taining the standard heel of input gas i. 

Fil = Full capacity of containers of size and 
type l containing input gas i (kg). 

Xi = Disbursements under exceptional cir-
cumstances of input gas i through sales 
or other transactions during the year 
(kg). These include returns of containers 
whose contents have been weighed due to 

an exceptional circumstance as specified 
in § 98.94(b)(4). 

i = Input gas. 
l = Size and type of gas container. 
M = The total number of different sized con-

tainer types. If only one size and con-
tainer type is used for an input gas i, 
M=1. 

(e) You must calculate the amount of 
input gas i consumed for each indi-
vidual recipe (including those in a set 
of similar recipes) process sub-type, or 
process type j, using Equation I–13 of 
this subpart. 

where: 
Ci,j = The annual amount of input gas i con-

sumed for recipe, process sub-type, or 
process type j (kg). 

fi,j = Recipe-specific, process sub-type-spe-
cific, or process type-specific input gas i 
apportioning factor (expressed as a dec-
imal fraction), as determined in accord-
ance with § 98.94(c). 

Ci = Annual consumption of input gas i as 
calculated using Equation I–11 of this 
subpart (kg). 

i = Input gas. 
j = Recipe, process sub-type, or process type. 

(f) If you report controlled emissions 
pursuant to § 98.94(f), you must cal-
culate the fraction of input gas i de-
stroyed in abatement systems for each 
individual recipe (including those in a 
set of similar recipes) process sub-type, 
or process type j by using Equation I– 
14 of this subpart. 

where: 
dij = Fraction of input gas i destroyed or re-

moved in abatement systems connected 
to process tools where recipe, process 
sub-type, or process type j is used (ex-
pressed as a decimal fraction). 

Cijp = The amount of input gas i consumed for 
recipe, process sub-type, or process type 
j fed into abatement system p (kg). 

dijp = Destruction or removal efficiency for 
input gas i in abatement system p con-
nected to process tools where recipe, 
process sub-type, or process type j is used 
(expressed as a decimal fraction). This is 

zero unless the facility adheres to re-
quirements in § 98.94(f). 

up = The uptime of abatement system p as 
calculated in Equation I–15 of this sub-
part (expressed as a decimal fraction). 

i = Input gas. 
j = Recipe, process sub-type, or process type. 
p = Abatement system. 

(g) If you report controlled emissions 
pursuant to § 98.94(f), you must cal-
culate the uptime by using Equation I– 
15 of this subpart. 
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where: 

up = The uptime of abatement system p (ex-
pressed as a decimal fraction). 

tp = The total time in which abatement sys-
tem p is in an operational mode when 
fluorinated GHGs or N2O are flowing 
through production process tool(s) con-
nected to abatement system p (hours). 

Tp = Total time in which fluorinated GHGs 
or N2O are flowing through production 

process tool(s) connected to abatement 
system p (hours). 

p = Abatement system. 

(h) If you use fluorinated heat trans-
fer fluids, you must report the annual 
emissions of fluorinated heat transfer 
fluids using the mass balance approach 
described in Equation I–16 of this sub-
part. 

where: 

EHi = Emissions of fluorinated heat transfer 
fluid i, (metric tons/year). 

Densityi = Density of fluorinated heat trans-
fer fluid i (kg/l). 

IiB = Inventory of fluorinated heat transfer 
fluid i in containers other than equip-
ment at the beginning of the reporting 
year (in stock or storage) (l). The inven-
tory at the beginning of the reporting 
year must be the same as the inventory 
at the end of the previous reporting year. 

Pi = Acquisitions of fluorinated heat transfer 
fluid i during the reporting year (l), in-
cluding amounts purchased from chem-
ical suppliers, amounts purchased from 
equipment suppliers with or inside of 
equipment, and amounts returned to the 
facility after off-site recycling. 

Ni = Total nameplate capacity (full and prop-
er charge) of equipment that uses 
fluorinated heat transfer fluid i and that 
is newly installed during the reporting 
year (l). 

Ri = Total nameplate capacity (full and prop-
er charge) of equipment that uses 
fluorinated heat transfer fluid i and that 
is removed from service during the re-
porting year (l). 

IiE = Inventory of fluorinated heat transfer 
fluid i in containers other than equip-
ment at the end of the reporting year (in 
stock or storage)(l). 

Di = Disbursements of fluorinated heat trans-
fer fluid i during the reporting year, in-
cluding amounts returned to chemical 
suppliers, sold with or inside of equip-
ment, and sent off-site for verifiable re-
cycling or destruction (l). Disbursements 
should include only amounts that are 
properly stored and transported so as to 
prevent emissions in transit. 

0.001 = Conversion factor from kg to metric 
tons. 

i = Fluorinated heat transfer fluid. 

(1) If you use a fluorinated chemical 
both as a fluorinated heat transfer 
fluid and in other applications, you 

may calculate and report either emis-
sions from all applications or from 
only those specified in the definition of 
fluorinated heat transfer fluids in § 98.98. 

(2) For the 2012 reporting year, you 
may calculate and report emissions of 
fluorinated heat transfer fluids whose 
vapor pressure falls below 1 mm Hg ab-
solute at 25 °C either for the time pe-
riod January 1, 2012 through December 
31, 2012 or for the time period March 23, 
2012 through December 31, 2012. The 
term ‘‘reporting year’’ in Equation I–16 
shall be interpreted to be consistent 
with the time period selected. In addi-
tion, for the 2012 reporting year IiB is 
not required to be the same as the in-
ventory at the end of 2011 if the inven-
tory at the end of 2011 excluded 
fluorinated heat transfer fluids whose 
vapor pressure falls below 1 mm Hg ab-
solute at 25 °C. Starting in the report-
ing year 2013, you must calculate and 
report emissions of all fluorinated heat 
transfer fluids for the entirety of the 
reporting year. 

[75 FR 74818, Dec. 1, 2010, as amended at 76 
FR 59551, Sept. 27, 2011; 77 FR 10380, Feb. 22, 
2012] 

§ 98.94 Monitoring and QA/QC require-
ments. 

(a) For calendar year 2011 moni-
toring, you may follow the provisions 
in paragraphs (a)(1) through (a)(3) of 
this section for best available moni-
toring methods. 

(1) Best available monitoring methods. 
From January 1, 2011 through Decem-
ber 31, 2011, owners or operators may 
use best available monitoring methods 
for any parameter that cannot reason-
ably be measured according to the 
monitoring and QA/QC requirements of 
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