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§ 98.33 Calculating GHG emissions.
You must calculate CO2 emissions according to paragraph (a) of this section, and calculate CH4 and N2O emissions according to paragraph (c) of this
section.

CO2 = 1 x 10−3 ∗ Fuel ∗ HHV ∗ EF
Where:
CO2 = Annual CO2 mass emissions for the
specific fuel type (metric tons).
Fuel = Mass or volume of fuel combusted per
year, from company records as defined in
§ 98.6 (express mass in short tons for solid
fuel, volume in standard cubic feet for gaseous fuel, and volume in gallons for liquid
fuel).
HHV = Default high heat value of the fuel,
from Table C–1 of this subpart (mmBtu per
mass or mmBtu per volume, as applicable).
EF = Fuel-specific default CO2 emission factor, from Table C–1 of this subpart (kg CO2/
mmBtu).

1 × 10¥3 = Conversion factor from kilograms
to metric tons.

(2) Tier 2 Calculation Methodology.
Calculate the annual CO2 mass emissions for each type of fuel by using either Equation C2a or C2c of this section, as appropriate.
(i) Equation C–2a of this section applies to any type of fuel listed in Table
C–1 of the subpart, except for municipal solid waste (MSW). For MSW combustion, use Equation C–2c of this section.

CO2 = 1 x 10−3 ∗ Fuel ∗ HHV ∗ EF
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Where:
CO2 = Annual CO2 mass emissions for a specific fuel type (metric tons).
Fuel = Mass or volume of the fuel combusted
during the year, from company records as
defined in § 98.6 (express mass in short tons
for solid fuel, volume in standard cubic
feet for gaseous fuel, and volume in gallons
for liquid fuel).
HHV = Annual average high heat value of the
fuel from all valid samples for the year
(mmBtu per mass or volume). The average
HHV shall be calculated according to the
requirements of paragraph (a)(2)(ii) of this
section.
EF = Fuel-specific default CO2 emission factor, from Table C–1 of this subpart (kg CO2/
mmBtu).

(Eq. C-1)

(Eq. C-2a)

1 × 10¥3 = Conversion factor from kilograms
to metric tons.

(ii) The minimum number of HHV
samples for determining annual average HHV is specified (e.g., monthly,
quarterly, semi-annually, or by lot) in
§ 98.34. The method for computing the
annual average HHV is a function of
how frequently you perform or receive
from the fuel supplier the results of
fuel sampling for HHV. The method is
specified in paragraph (a)(2)(ii)(A) or
(a)(2)(ii)(B) of this section, as applicable.
(A) If the results of fuel sampling are
received monthly or more frequently,
then the annual average HHV shall be
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§ 98.32 GHGs to report.
You must report CO2, CH4, and N2O
mass emissions from each stationary
fuel combustion unit.

(a) CO2 emissions from fuel combustion.
Calculate CO2 emissions by using one
of the four calculation methodologies
in this paragraph (a) subject to the
conditions, requirements, and restrictions set forth in paragraph (b) of this
section. If you co-fire biomass fuels
with fossil fuels, report CO2 emissions
from the combustion of biomass separately using the methods in paragraph
(e) of this section.
(1) Tier 1 Calculation Methodology.
Calculate the annual CO2 mass emissions for each type of fuel by using
Equation C–1 of this section.

ER30OC09.004</MATH>

the applicability requirements of either
§ 98.2(a)(1),
§ 98.2(a)(2),
or
§ 98.2(a)(3).

§ 98.33

40 CFR Ch. I (7–1–10 Edition)

calculated using Equation C–2b of this
section. If multiple HHV determinations are made in any month, average

the
values
arithmetically.

for

the

month

n

∑ ( HHV )i ∗ ( Fuel )i

( HHV )annual = i =1

n

(Eq. C-2b)

∑ ( Fuel )i
i =1

CO 2 = 1 x 10−3 Steam ∗ B ∗ EF
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CO 2 =

1 × 10¥3 = Conversion factor from kilograms
to metric tons.

(3) Tier 3 Calculation Methodology.
Calculate the annual CO2 mass emissions for each fuel by using either
Equation C3, C4, or C5 of this section,
as appropriate.
(i) For a solid fuel, use Equation C–3
of this section.

44
∗ Fuel ∗ CC ∗ 0.91
12

Where:
CO2 = Annual CO2 mass emissions from the
combustion of the specific solid fuel (metric tons).

(Eq. C-3)

Fuel = Annual mass of the solid fuel combusted, from company records as defined in
§ 98.6 (short tons).
CC = Annual average carbon content of the
solid fuel (percent by weight, expressed as
a decimal fraction, e.g., 95% = 0.95). The
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Where:
CO2 = Annual CO2 mass emissions from MSW
or solid fuel combustion (metric tons).
Steam = Total mass of steam generated by
MSW or solid fuel combustion during the
reporting year (lb steam).
B = Ratio of the boiler’s maximum rated
heat input capacity to its design rated
steam output capacity (mmBtu/lb steam).
EF = Fuel-specific default CO2 emission factor, from Table C–1 of this subpart (kg CO2/
mmBtu).

(Eq. C-2c)

ER30OC09.007</MATH>

(B) If the results of fuel sampling are
received less frequently than monthly,

then the annual average HHV shall be
computed as the arithmetic average
HHV for all values for the year (including valid samples and substitute data
values under § 98.35).
(iii) For units that combust municipal solid waste (MSW) and that
produce steam, use Equation C–2c of
this section. Equation C–2c of this section may also be used for any other
solid fuel listed in Table C–1 of this
subpart provided that steam is generated by the unit.

ER30OC09.006</MATH>

Where:
(HHV)annual = Weighted annual average high
heat value of the fuel (mmBtu per mass or
volume).
(HHV)i = High heat value of the fuel, for
month ‘‘i’’ (mmBtu per mass or volume).
(Fuel)i = Mass or volume of the fuel combusted during month ‘‘i’’ (express mass in
short tons for solid fuel, volume in standard cubic feet for gaseous fuel, and volume
in gallons for liquid fuel).
n = Number of months in the year that fuel
is burned in the unit.

Environmental Protection Agency

§ 98.33

44
∗ Fuel ∗ CC ∗ 0.001
12

Where:
CO2 = Annual CO2 mass emissions from the
combustion of the specific liquid fuel (metric tons).
Fuel = Annual volume of the liquid fuel combusted (gallons). The volume of fuel combusted must be measured directly, using
fuel flow meters calibrated according to
§ 98.3(i). Fuel billing meters may be used
for this purpose. Tank drop measurements
may also be used.

CO2 =

(Eq. C-4)

CC = Annual average carbon content of the
liquid fuel (kg C per gallon of fuel). The annual average carbon content shall be determined using the same procedures as specified for HHV in paragraph (a)(2)(ii) of this
section.
44/12 = Ratio of molecular weights, CO2 to
carbon.
0.001 = Conversion factor from kg to metric
tons.

(iii) For a gaseous fuel, use Equation
C–5 of this section.

44
MW
∗ Fuel ∗ CC ∗
∗ 0.001
12
MVC

Where:
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(ii) For a liquid fuel, use Equation C–
4 of this section.

CO2 = Annual CO2 mass emissions from combustion of the specific gaseous fuel (metric
tons).
Fuel = Annual volume of the gaseous fuel
combusted (scf). The volume of fuel combusted must be measured directly, using
fuel flow meters calibrated according to
§ 98.3(i). Fuel billing meters may be used
for this purpose.
CC = Annual average carbon content of the
liquid fuel (kg C per gallon of fuel). The annual average carbon content shall be determined using the same procedures as specified for HHV in paragraph (a)(2)(ii) of this
section.
MW = Annual average molecular weight of
the gaseous fuel (kg/kg-mole). The annual
average carbon content shall be determined using the same procedures as specified for HHV in paragraph (a)(2)(ii) of this
section.
MVC = Molar volume conversion factor (849.5
scf per kg-mole at standard conditions, as
defined in § 98.6).
44/12 = Ratio of molecular weights, CO2 to
carbon.
0.001 = Conversion factor from kg to metric
tons.

(Eq. C-5)

(iv) Fuel flow meters that measure
mass flow rates may be used for liquid
fuels, provided that the fuel density is
used to convert the readings to volumetric flow rates. The density shall be
measured at the same frequency as the
carbon content, using ASTM D1298–99
(Reapproved 2005) ‘‘Standard Test
Method for Density, Relative Density
(Specific Gravity), or API Gravity of
Crude Petroleum and Liquid Petroleum
Products by Hydrometer Method’’ (incorporated by reference, see § 98.7).
(v) The following default density values may be used for fuel oil, in lieu of
using the ASTM method in paragraph
(a)(3)(iv) of this section: 6.8 lb/gal for
No. 1 oil; 7.2 lb/gal for No. 2 oil; 8.1 lb/
gal for No. 6 oil.
(4) Tier 4 Calculation Methodology.
Calculate the annual CO2 mass emissions from all fuels combusted in a
unit, by using quality-assured data
from continuous emission monitoring
systems (CEMS).
(i) This methodology requires a CO2
concentration monitor and a stack gas
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CO 2 =

0.91 = Conversion factor from short tons to
metric tons.

ER30OC09.009</MATH>

annual average carbon content shall be determined using the same procedures as
specified for HHV in paragraph (a)(2)(ii) of
this section.
44/12 = Ratio of molecular weights, CO2 to
carbon.

volumetric flow rate monitor, except
as otherwise provided in paragraph
(a)(4)(iv) of this section. Hourly measurements of CO2 concentration and
stack gas flow rate are converted to
CO2 mass emission rates in metric tons
per hour.
(ii) When the CO2 concentration is
measured on a wet basis, Equation C–6
of this section is used to calculate the
hourly CO2 emission rates:

CO2 = 5.18 x 10−7 ∗ CCO 2 ∗ Q (Eq. C-6)
Where:
CO2 = CO2 mass emission rate (metric tons/
hr).
CCO2 = Hourly average CO2 concentration (%
CO2).
Q = Hourly average stack gas volumetric
flow rate (scfh).
5.18 × 10¥7 = Conversion factor (metric tons/
scf/% CO2).

(iii) If the CO2 concentration is measured on a dry basis, a correction for the
stack gas moisture content is required.
You shall either continuously monitor
the stack gas moisture content as described in § 75.11(b)(2) of this chapter or,
for certain types of fuel, use a default
moisture percentage from § 75.11(b)(1)
of this chapter. For each unit operating hour, a moisture correction must
be applied to Equation C–6 of this section as follows:

⎛ 100 − % H 2O ⎞
CO2* = CO2 ⎜
⎟
100
⎝
⎠

(Eq. C-7)
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Where:
CO2* = Hourly CO2 mass emission rate, corrected for moisture (metric tons/hr).
CO2 = Hourly CO2 mass emission rate from
Equation C-6 of this section, uncorrected
(metric tons/hr).
%H2O = Hourly moisture percentage in the
stack gas (measured or default value, as
appropriate).

(iv) An oxygen (O2) concentration
monitor may be used in lieu of a CO2
concentration monitor to determine
the hourly CO2 concentrations, in accordance with Equation F–14a or F–14b
(as applicable) in appendix F to 40 CFR
part 75, if the effluent gas stream monitored by the CEMS consists solely of
combustion products (i.e., no process
CO2 emissions are mixed with the combustion products) and if only fuels that
are listed in Table 1 in section 3.3.5 of

appendix F to 40 CFR part 75 are combusted in the unit. If the O2 monitoring
option is selected, the F-factors used in
Equations F–14a and F–14b shall be determined according to section 3.3.5 or
section 3.3.6 of appendix F to 40 CFR
part 75, as applicable. If Equation F–14b
is used, the hourly moisture percentage
in the stack gas shall be either a measured
value
in
accordance
with
§ 75.11(b)(2) of this chapter, or, for certain types of fuel, a default moisture
value from § 75.11(b)(1) of this chapter.
(v) Each hourly CO2 mass emission
rate from Equation C–6 or C–7 of this
section is multiplied by the operating
time to convert it from metric tons per
hour to metric tons. The operating
time is the fraction of the hour during
which fuel is combusted (e.g., the unit
operating time is 1.0 if the unit operates for the whole hour and is 0.5 if the
unit operates for 30 minutes in the
hour). For common stack configurations, the operating time is the fraction of the hour during which effluent
gases flow through the common stack.
(vi) The hourly CO2 mass emissions
are then summed over each calendar
quarter and the quarterly totals are
summed to determine the annual CO2
mass emissions.
(vii) If both biomass and fossil fuel
are combusted during the year, determine and report the biogenic CO2 mass
emissions separately, as described in
paragraph (e) of this section.
(5) Alternative methods for units with
continuous monitoring systems. Units not
subject to the Acid Rain Program that
report data to EPA according to 40
CFR part 75 may use the alternative
methods in this paragraph in lieu of
using any of the four calculation methodology tiers.
(i) For a unit that combusts only
natural gas and/or fuel oil, is not subject to the Acid Rain Program, monitors and reports heat input data yearround according to appendix D to 40
CFR part 75, but is not required by the
applicable 40 CFR part 75 program to
report CO2 mass emissions data, calculate the annual CO2 mass emissions
for the purposes of this part as follows:
(A) Use the hourly heat input data
from appendix D to 40 CFR part 75, together with Equation G–4 in appendix
G to 40 CFR part 75 to determine the
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hourly CO2 mass emission rates, in
units of tons/hr;
(B) Use Equations F–12 and F–13 in
appendix F to 40 CFR part 75 to calculate the quarterly and cumulative
annual CO2 mass emissions, respectively, in units of short tons; and
(C) Divide the cumulative annual CO2
mass emissions value by 1.1 to convert
it to metric tons.
(ii) For a unit that combusts only
natural gas and/or fuel oil, is not subject to the Acid Rain Program, monitors and reports heat input data yearround according to 40 CFR 75.19 of this
chapter but is not required by the applicable 40 CFR part 75 program to report CO2 mass emissions data, calculate the annual CO2 mass emissions
for the purposes of this part as follows:
(A) Calculate the hourly CO2 mass
emissions, in units of short tons, using
Equation
LM–11
in
40
CFR
75.19(c)(4)(iii).
(B) Sum the hourly CO2 mass emissions values over the entire reporting
year to obtain the cumulative annual
CO2 mass emissions, in units of short
tons.
(C) Divide the cumulative annual CO2
mass emissions value by 1.1 to convert
it to metric tons.
(iii) For a unit that is not subject to
the Acid Rain Program, uses flow rate
and CO2 (or O2) CEMS to report heat
input data year-round according to 40
CFR part 75, but is not required by the
applicable 40 CFR part 75 program to
report CO2 mass emissions data, calculate the annual CO2 mass emissions
as follows:
(A) Use Equation F–11 or F–2 (as applicable) in appendix F to 40 CFR part
75 to calculate the hourly CO2 mass
emission rates from the CEMS data. If
an O2 monitor is used, convert the
hourly average O2 readings to CO2
using Equation F–14a or F–14b in appendix F to 40 CFR part 75 (as applicable), before applying Equation F–11 or
F–2.
(B) Use Equations F–12 and F–13 in
appendix F to 40 CFR part 75 to calculate the quarterly and cumulative
annual CO2 mass emissions, respectively, in units of short tons.
(C) Divide the cumulative annual CO2
mass emissions value by 1.1 to convert
it to metric tons.

(D) If both biomass and fossil fuel are
combusted during the year, determine
and report the biogenic CO2 mass emissions separately, as described in paragraph (e) of this section.
(b) Use of the four tiers. Use of the
four tiers of CO2 emissions calculation
methodologies described in paragraph
(a) of this section is subject to the following conditions, requirements, and
restrictions:
(1) The Tier 1 Calculation Methodology:
(i) May be used for any fuel listed in
Table C–1 of this subpart that is combusted in a unit with a maximum rated
heat input capacity of 250 mmBtu/hr or
less.
(ii) May be used for MSW in a unit of
any size that does not produce steam,
if the use of Tier 4 is not required.
(iii) May be used for solid, gaseous, or
liquid biomass fuels in a unit of any
size provided that the fuel is listed in
Table C–1 of this subpart.
(iv) May not be used if you routinely
perform fuel sampling and analysis for
the fuel high heat value (HHV) or routinely receive the results of HHV sampling and analysis from the fuel supplier at the minimum frequency specified in § 98.34(a), or at a greater frequency. In such cases, Tier 2 shall be
used.
(2) The Tier 2 Calculation Methodology:
(i) May be used for the combustion of
any type of fuel in a unit with a maximum rated heat input capacity of 250
mmBtu/hr or less provided that the
fuel is listed in Table C–1 of this subpart.
(ii) May be used in a unit with a maximum rated heat input capacity greater than 250 mmBtu/hr for the combustion of pipeline quality natural gas and
distillate fuel oil.
(iii) May be used for MSW in a unit of
any size that produces steam, if the use
of Tier 4 is not required.
(3) The Tier 3 Calculation Methodology:
(i) May be used for a unit of any size
that combusts any type of fuel listed in
Table C–1 of this subpart (except for
MSW), unless the use of Tier 4 is required.
(ii) Shall be used for a unit with a
maximum rated heat input capacity
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greater than 250 mmBtu/hr that combusts any type of fuel listed in Table C–
1 of this subpart (except MSW), unless
either of the following conditions
apply:
(A) The use of Tier 1 or 2 is permitted, as described in paragraphs
(b)(1)(iii) and (b)(2)(ii) of this section.
(B) The use of Tier 4 is required.
(iii) Shall be used for a fuel not listed
in Table C–1 of this subpart if the fuel
is combusted in a unit with a maximum rated heat input capacity greater than 250 mmBtu/hr provided that
both of the following conditions apply:
(A) The use of Tier 4 is not required.
(B) The fuel provides 10% or more of
the annual heat input to the unit or, if
§ 98.36(c)(3) applies, to a group of units
served by common supply pipe.
(4) The Tier 4 Calculation Methodology:
(i) May be used for a unit of any size,
combusting any type of fuel.
(ii) Shall be used if the unit meets all
six of the conditions specified in paragraphs (b)(4)(ii)(A) through (b)(4)(ii)(F)
of this section:
(A) The unit has a maximum rated
heat input capacity greater than 250
mmBtu/hr, or if the unit combusts municipal solid waste and has a maximum
rated input capacity greater than 250
tons per day of MSW.
(B) The unit combusts solid fossil
fuel or MSW, either as a primary or
secondary fuel.
(C) The unit has operated for more
than 1,000 hours in any calendar year
since 2005.
(D) The unit has installed CEMS that
are required either by an applicable
Federal or State regulation or the
unit’s operating permit.
(E) The installed CEMS include a gas
monitor of any kind or a stack gas volumetric flow rate monitor, or both and
the monitors have been certified, either in accordance with the requirements of 40 CFR part 75, part 60 of this
chapter, or an applicable State continuous monitoring program.
(F) The installed gas or stack gas
volumetric flow rate monitors are required, either by an applicable Federal
or State regulation or by the unit’s operating permit, to undergo periodic
quality assurance testing in accordance with either appendix B to 40 CFR

part 75, appendix F to 40 CFR part 60,
or an applicable State continuous monitoring program.
(iii) Shall be used for a unit with a
maximum rated heat input capacity of
250 mmBtu/hr or less and for a unit
that combusts municipal solid waste
with a maximum rated input capacity
of 250 tons of MSW per day or less, if
the unit meets all of the following
three conditions:
(A) The unit has both a stack gas volumetric flow rate monitor and a CO2
concentration monitor.
(B) The unit meets the conditions
specified in paragraphs (b)(4)(ii)(B)
through (b)(4)(ii)(D) of this section.
(C) The CO2 and stack gas volumetric
flow rate monitors meet the conditions
specified in paragraphs (b)(4)(ii)(E) and
(b)(4)(ii)(F) of this section.
(5) The Tier 4 Calculation Methodology shall be used beginning on:
(i) January 1, 2010, for a unit that is
required to report CO2 mass emissions
beginning on that date, if all of the
monitors needed to measure CO2 mass
emissions have been installed and certified by that date.
(ii) January 1, 2011, for a unit that is
required to report CO2 mass emissions
beginning on January 1, 2010, if all of
the monitors needed to measure CO2
mass emissions have not been installed
and certified by January 1, 2010. In this
case, you may use Tier 2 or Tier 3 to
report GHG emissions for 2010.
(6) You may elect to use any applicable higher tier for one or more of the
fuels combusted in a unit. For example,
if a 100 mmBtu/hr unit combusts natural gas and distillate fuel oil, you may
elect to use Tier 1 for natural gas and
Tier 3 for the fuel oil, even though Tier
1 could have been used for both fuels.
However, for units that use either the
Tier 4 or the alternative calculation
methodology specified in paragraph
(a)(5) of this section, CO2 emissions
from the combustion of all fuels shall
be based solely on CEMS measurements.
(c) Calculation of CH4 and N2O emissions from stationary combustion sources.
You must calculate annual CH4 and
N2O mass emissions only for units that
are required to report CO2 emissions
using the calculation methodologies of
this subpart and for only those fuels
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or Tier 3 calculation methodologies for
CO2. Use the same values for fuel combustion that you use for the Tier 1 or
Tier 3 calculation.

CH 4 or N 2O = 1 x 10−3 ∗ Fuel ∗ HHV ∗ EF

1 × 10¥3 = Conversion factor from kilograms
to metric tons.

(2) Use Equation C–9a of this section
to estimate CH4 and N2O emissions for
any fuels for which you use the Tier 2
Equation C–2a of this section to estimate CO2 emissions. Use the same values for fuel combustion and HHV that
you use for the Tier 1 or Tier 3 calculation.

CH 4 or N 2O = 1 x 10−3 ∗ HHV ∗ EF ∗ Fuel

1 × 10¥3 = Conversion factor from kilograms
to metric tons.

(3) Use Equation C–9b of this section
to estimate CH4 and N2O emissions for
any fuels for which you use Equation
C–2c of this section to calculate the
CO2 emissions. Use the same values for
steam generation and the ratio ‘‘B’’
that you use for Equation C–2c.

CH 4 or N 2O = 1 x 10−3 Steam ∗ B ∗ EF

WReier-Aviles on DSKGBLS3C1PROD with CFR

Where:
CH4 or N2O = Annual CH4 or N2O emissions
from the combustion of a solid fuel (metric
tons).
Steam = Total mass of steam generated by
solid fuel combustion during the reporting
year (lb steam).
B = Ratio of the boiler’s maximum rated
heat input capacity to its design rated
steam output (mmBtu/lb steam).

(Eq. C-9b)

EF = Fuel-specific emission factor for CH4 or
N2O, from Table C–2 of this subpart (kg CH4
or N2O per mmBtu).
1 × 10¥3 = Conversion factor from kilograms
to metric tons.

(4) Use Equation C–10 of this section
for units in the Acid Rain Program,
units that monitor and report heat
input on a year-round basis according
to 40 CFR part 75, and units that use
the Tier 4 Calculation Methodology.
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Where:
CH4 or N2O = Annual CH4 or N2O emissions
from the combustion of a particular type
of fuel (metric tons).
Fuel = Mass or volume of the fuel combusted
during the reporting year.
HHV = High heat value of the fuel, averaged
for all valid measurements for the reporting year (mmBtu per mass or volume).
EF = Fuel-specific default emission factor
for CH4 or N2O, from Table C–2 of this subpart (kg CH4 or N2O per mmBtu).

(Eq. C-9a)

ER30OC09.014</MATH>

Where:
CH4 or N2O = Annual CH4 or N2O emissions
from the combustion of a particular type
of fuel (metric tons).
Fuel = Mass or volume of the fuel combusted, either from company records or directly measured by a fuel flow meter, as
applicable (mass or volume per year).
HHV = Default high heat value of the fuel
from Table C–1 of this subpart (mmBtu per
mass or volume).
EF = Fuel-specific default emission factor
for CH4 or N2O, from Table C–2 of this subpart (kg CH4 or N2O per mmBtu).

(Eq. C-8)

ER30OC09.013</MATH>

that are listed in Table C–2 of this subpart.
(1) Use Equation C–8 of this section
to estimate CH4 and N2O emissions for
any fuels for which you use the Tier 1

§ 98.33
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CH 4 or N 2O = 0.001 ∗ (HI)A ∗ EF

⎛ MWCO 2 ⎞
CO2 = 0.91 ∗ S ∗ R ∗ ⎜
⎟
⎝ MWS ⎠

WReier-Aviles on DSKGBLS3C1PROD with CFR

Where:
CO2 = CO2 emitted from sorbent for the reporting year (metric tons).
S = Limestone or other sorbent used in the
reporting year, from company records
(short tons).
R = 1.00, the calcium-to-sulfur stoichiometric ratio.
MWCO2 = Molecular weight of carbon dioxide
(44).
MWS = Molecular weight of sorbent (100 if
calcium carbonate).
0.91 = Conversion factor from short tons to
metric tons.

(2) The annual CO2 mass emissions
for the unit shall be the sum of the CO2
emissions from the combustion process
and the CO2 emissions from the sorbent.
(e) CO2 emissions from combustion of
biomass. Use the procedures of this
paragraph (e) to estimate biogenic CO2
emissions from units that combust a

(Eq. C-11)

combination of biomass and fossil
fuels. Reporting of CO2 emissions from
combustion of biomass is required only
for those biomass fuels listed in Table
C–1 of this section, unless emissions
are measured using CEMS.
(1) If CEMS are not used to measure
CO2, use Equation C–1 of this subpart
to calculate the annual CO2 mass emissions from the combustion of biomass
(except MSW) for a unit of any size. Determine the mass of biomass combusted using one of the following procedures in this paragraph (e)(1), as appropriate.
(i) Use company records.
(ii) Follow the procedures in paragraph (e)(5) of this section.
(iii) For premixed fuels that contain
biomass and fossil fuels (e.g., mixtures
containing biodiesel), use best available information to determine the
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(i) If only one type of fuel listed in
Table C–2 of this subpart is combusted
during normal operation, substitute
the cumulative annual heat input from
combustion of the fuel into Equation
C–10 of this section to calculate the annual CH4 or N2O emissions.
(ii) If more than one type of fuel listed in Table C–2 of this subpart is combusted during normal operation, use
Equation C–10 of this section sepa-

rately for each type of fuel. If flow rate
and diluent gas monitors are used to
measure the unit heat input, use the
best available information (e.g., fuel
feed rate measurements, fuel heating
values, engineering analysis) to estimate the annual heat input from each
type of fuel.
(5) When multiple fuels are combusted during the reporting year, sum
the fuel-specific results from Equations
C–8, C–9a, C–9b, or C–10 of this section
(as applicable) to obtain the total annual CH4 and N2O emissions, in metric
tons.
(d) Calculation of CO2 from sorbent. (1)
When a unit is a fluidized bed boiler, is
equipped
with
a
wet
flue
gas
desulfurization system, or uses other
acid gas emission controls with sorbent
injection, use Equation C–11 of this section to calculate the CO2 emissions
from the sorbent, if those CO2 emissions are not monitored by CEMS:

ER30OC09.016</MATH>

Where:
CH4 or N2O = Annual CH4 or N2O emissions
from the combustion of a particular type
of fuel (metric tons).
(HI)A = Cumulative annual heat input from
the fuel, derived from the electronic data
reports required under § 75.64 of this chapter or, for Tier 4 units, from the best available information as described in paragraph
(c)(4)(ii) of this section (mmBtu).
EF = Fuel-specific emission factor for CH4 or
N2O, from Table C–2 of this section (kg CH4
or N2O per mmBtu).
0.001 = Conversion factor from kg to metric
tons.

(Eq. C-10)

Environmental Protection Agency

§ 98.33

100

∗ Qh ∗ th

Where:
VCO2h = Hourly volume of CO2 emitted (scf).
(%CO2)h = Hourly average CO2 concentration,
measured by the CO2 concentration monitor, or, if applicable, calculated from the
hourly average O2 concentration (%CO2).
Qh = Hourly average stack gas volumetric
flow rate, measured by the stack gas volumetric flow rate monitor (scfh).
th = Source operating time (decimal fraction
of the hour during which the source combusts fuel, i.e., 1.0 for a full operating hour,
0.5 for 30 minutes of operation, etc.).
100 = Conversion factor from percent to a
decimal fraction.

(ii) Sum all of the hourly VCO2h values
for the reporting year, to obtain Vtotal,
the total annual volume of CO2 emitted.
(iii) Calculate the annual volume of
CO2 emitted from fossil fuel combustion using Equation C–13 of this section. If two or more types of fossil fuel
are combusted during the year, perform a separate calculation with Equation C–13 of this section for each fuel
and sum the results.

WReier-Aviles on DSKGBLS3C1PROD with CFR

Vff =

Fuel ∗ Fc ∗ HHV
106

(Eq. C-12)

site-specific value determined under section 3.3.6 of appendix F to 40 CFR part 75
(scf CO2/mmBtu).
HHV = High heat value of the fossil fuel,
from fuel sampling and analysis (annual
average value in Btu/lb for solid fuel, Btu/
gal for liquid fuel and Btu/scf for gaseous
fuel, sampled as specified (e.g., monthly,
quarterly, semi-annually, or by lot) in
§ 98.34(a)(2)). The average HHV shall be calculated according to the requirements of
paragraph (a)(2)(ii) of this section.
106 = Conversion factor, Btu per mmBtu.

(iv) Subtract Vff from Vtotal to obtain
Vbio, the annual volume of CO2 from the
combustion of biomass. If a CEMS is
being used to measure the combined
combustion and process emissions from
a unit that is subject to another subpart of part 98, then also subtract CO2
process emissions from Vtotal to determine Vbio. The CO2 process emissions
must be calculated according to the requirements of the applicable subpart.
(v) Calculate the biogenic percentage
of the annual CO2 emissions,expressed
as a decimal fraction, using Equation
C–14 of this section:

(Eq. C-13)

% Biogenic =

Where:
Vff = Annual volume of CO2 emitted from
combustion of a particular fossil fuel (scf).
Fuel = Total quantity of the fossil fuel combusted in the reporting year, from company records, as defined in § 98.6 (lb for
solid fuel, gallons for liquid fuel, and scf
for gaseous fuel).
Fc = Fuel-specific carbon based F-factor, either a default value from Table 1 in section
3.3.5 of appendix F to 40 CFR part 75 or a

Vbio
Vtotal

(Eq. C-14)

(vi) Calculate the annual biogenic
CO2 mass emissions, in metric tons, by
multiplying the results obtained from
Equation C–14 of this section by the annual CO2 mass emissions in metric
tons, as determined:
(A) Under paragraph (a)(4)(vi) of this
section, for units using the Tier 4 Calculation Methodology.
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( %CO2 )h

ER30OC09.019</MATH>

VCO 2 h =

fossil fuel and biomass (except for
MSW) are combusted in the unit during
the reporting year, you may use the
following procedure to determine the
annual biogenic CO2 mass emissions. If
MSW is combusted in the unit, follow
the procedures in paragraph (e)(3) of
this section.
(i) For each operating hour, use
Equation C–12 of this section to determine the volume of CO2 emitted.

ER30OC09.018</MATH>

mass of biomass fuels and document
the procedure used in the GHG Monitoring Plan required by § 98.3(g)(5).
(2) If a CO2 CEMS (or a surrogate O2
monitor) and a stack gas flow rate
monitor are used to determine the annual CO2 mass emissions either according to 40 CFR part 75, the Tier 4 Calculation Methodology, or the alternative calculation methodology specified in paragraph (a)(5)(iii); and if both

§ 98.33

40 CFR Ch. I (7–1–10 Edition)

(B) Under paragraph (a)(5)(iii)(B) of
this section, for units using the alternative calculation methodology specified in paragraph (a)(5)(iii).
(C) From the electronic data report
required under § 75.64 of this chapter,
for units in the Acid Rain Program and
other units using CEMS to monitor and
report CO2 mass emissions according to
40 CFR part 75. However, before calculating the annual biogenic CO2 mass
emissions, multiply the cumulative annual CO2 mass emissions by 0.91 to convert from short tons to metric tons.
(3) For a unit that combusts MSW,
the annual biogenic CO2 emissions
shall be calculated using the procedures in this paragraph (e)(3).
(i) If the Tier 1 or Tier 2 Calculation
Methodology is used to quantify CO2
mass emissions:
(A) Use Equation C–1 or C–2c of this
subpart, as appropriate, to calculate
the annual CO2 mass emissions from
MSW combustion.
(B) Determine the relative proportions of biogenic and non-biogenic CO2
emissions on a quarterly basis using
the method specified in § 98.34(d).
(C) Determine the annual biogenic
CO2 mass emissions from MSW combustion by multiplying the annual CO2
mass emissions by the annual average
biogenic decimal fraction obtained
from § 98.34(d).
(ii) If the unit uses Tier 4 to quantify
CO2 emissions:
(A) Follow the procedures in paragraphs (e)(2)(i) and (ii) of this section,
to determine Vtotal.
(B) If any fossil fuel was combusted
during the year, follow the procedures
in paragraph (e)(2)(iii) of this section,
to determine Vff.
(C) Subtract Vff from Vtotal, to obtain
VMSW, the annual volume of CO2 emissions from MSW combustion.
(D) Determine the annual volume of
biogenic CO2 emissions (Vbio) from

[ H ∗ S ] − ( HI ) nb
2000 ( HHV )bio (Eff )bio

(Eq. C-15)
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( Fuel ) p =

MSW combustion as follows. Multiply
the annual volume of CO2 emissions
from MSW combustion (VMSW) by the
annual average biogenic decimal fraction obtained from ASTM D6866–08 and
ASTM D7459–08.
(E) Calculate the biogenic percentage
of the annual CO2 emissions from the
unit, using Equation C–14 of this section. For the purposes of this calculation, the term ‘‘Vbio’’ in the numerator
of Equation C–14 of this section shall
be the results of the calculation performed under paragraph (e)(3)(ii)(D) of
this section.
(F) Calculate the annual biogenic CO2
mass emissions according to paragraph
(e)(2)(vi)(A) of this section.
(4) As an alternative to the procedures in paragraph (e)(2) of this section, use ASTM Methods D7459–08 and
D6866–08 to determine the biogenic portion of the annual CO2 emissions, as described in § 98.34(e). If this option is selected, the results of each determination shall be expressed as a decimal
fraction (e.g., 0.30, if 30 percent of the
CO2 is biogenic), and the values shall be
averaged over the reporting year. The
annual biogenic CO2 mass emissions
shall be calculated by multiplying the
the total annual CO2 mass emissions by
the annual average biogenic fraction
obtained from ASTM D6866–08 and
ASTM D7459–08.
(5) If Equation C–1 of this section is
selected to calculate the annual biogenic mass emissions for wood, wood
waste, or other solid biomass-derived
fuel, Equation C–15 of this section may
be used to quantify biogenic fuel consumption, provided that all of the required input parameters are accurately
quantified. Similar equations and calculation methodologies based on steam
generation and boiler efficiency may be
used, provided that they are documented in the GHG Monitoring Plan
required by § 98.3(g)(5).

Environmental Protection Agency

§ 98.34

Where:
(Fuel)p = Quantity of biomass consumed during the measurement period ‘‘p’’ (tons/year
or tons/month, as applicable).
H = Average enthalpy of the boiler steam for
the measurement period (Btu/lb).
S = Total boiler steam production for the
measurement period (lb/month or lb/year,
as applicable).
(HI)nb = Heat input from co-fired fossil fuels
and non-biomass-derived fuels for the
measurement period, based on company
records of fuel usage and default or measured HHV values (Btu/month or Btu/year,
as applicable).
(HHV)bio = Default or measured high heat
value of the biomass fuel (Btu/lb).
(Eff)bio = Percent efficiency of biomass-to-energy conversion, expressed as a decimal
fraction.
2000 = Conversion factor (lb/ton).

WReier-Aviles on DSKGBLS3C1PROD with CFR

§ 98.34 Monitoring and QA/QC requirements.
The CO2 mass emissions data for stationary fuel combustion sources shall
be monitored as follows:
(a) For the Tier 2 Calculation Methodology:
(1) All fuel samples shall be taken at
a location in the fuel handling system
that provides a sample representative
of the fuel combusted. The fuel sampling and analysis may be performed
by either the owner or operator or the
supplier of the fuel.
(2) The minimum required frequency
of the HHV sampling and analysis for
each type of fuel is specified in this
paragraph. When the specified frequency is based on a specified time period (i.e., weekly, monthly, quarterly,
or semiannually), fuel sampling and
analysis is required only for those periods in which the unit operates.
(i) For natural gas, semiannual sampling and analysis is required (i.e.,
twice in a calendar year, with consecutive samples taken at least four
months apart).
(ii) For coal and fuel oil, analysis of
at least one representative sample
from each fuel lot is required. For the
purposes of this section, a fuel lot is
defined as a shipment or delivery of a
single fuel (e.g., ship load, barge load,
group of trucks, group of railroad cars,
etc.).
(iii) For liquid fuels other than fuel
oil, for fossil fuel-derived gaseous fuels,
and for biogas; sampling and analysis

is required at least once per calendar
quarter. To the extent practicable, consecutive quarterly samples shall be
taken at least 30 days apart.
(iv) For solid fuels other than coal
and MSW, weekly sampling is required
to obtain composite samples, which are
then analyzed monthly.
(3) If different types of fuel (e.g., different ranks of coal or different grades
of fuel oil) are blended prior to combustion, use one of the following procedures in this paragraph.
(i) Use a weighted HHV value in the
emission calculations, based on the relative proportions of each fuel in the
blend.
(ii) Take a representative sample of
the blend and analyze it for HHV.
(4) If, for a particular type of fuel,
HHV sampling and analysis is performed more often than the minimum
frequency specified in paragraph (a)(2)
of this section, the results of all valid
fuel analyses shall be used in the GHG
emission calculations.
(5) If, for a particular type of fuel,
valid HHV values are obtained at less
than the minimum frequency specifed
in paragraph (a)(2) of this section, appropriate substitute data values shall
be used in the emissions calculations,
in accordance with missing data procedures of § 98.35.
(6) Use any applicable fuel sampling
and analysis methods in this paragraph
(a)(6) to determine the high heat values. Alternatively, for gaseous fuels,
the HHV may be calculated using
chromatographic
analysis
together
with standard heating values of the
fuel constituents, provided that the gas
chromatograph is operated, maintained, and calibrated according to the
manufacturer’s instructions.
(i) ASTM D4809–06 Standard Test
Method for Heat of Combustion of Liquid Hydrocarbon Fuels by Bomb Calorimeter (Precision Method) (incorporated by reference, see § 98.7).
(ii) ASTM D240–02 (Reapproved 2007)
Standard Test Method for Heat of Combustion of Liquid Hydrocarbon Fuels
by Bomb Calorimeter (incorporated by
reference, see § 98.7).
(iii) ASTM D1826–94 (Reapproved 2003)
Standard Test Method for Calorific
(Heating) Value of Gases in Natural
Gas Range by Continuous Recording
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