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Abbreviations and Acronyms 
AOC Allowable Operating Conditions 

AOR Ammonia Oxidation Reactor 

CDM Clean Development Mechanism 

CH4 Methane 

CO2 Carbon Dioxide 

CO2e Carbon Dioxide Equivalent 

CFR Code of Federal Regulations 

CRT Climate Reserve Tonne 

FTIR Fourier Transform Infrared Spectroscopy 

GHG Greenhouse Gas 

HNO3 Nitric Acid 

MT Metric Ton (or Tonne) 

N2 Nitrogen 

N2O Nitrous Oxide 

NAP Nitric Acid Plant 

NDIR Non-Dispersive Infrared Sensor 

NH3 Ammonia 

NO Nitric Oxide 

NO2 Nitrogen Dioxide 

NOx Refers to NO2 and NO 

NSCR Non-Selective Catalytic Reduction 

O2 Oxygen 

PSD Prevention of Significant Deterioration 

RATA Relative Accuracy Test Audit 

SCR Selective Catalytic Reduction 

SSRs Sources, Sinks, and Reservoirs 

UNFCCC United Nations Framework Convention on Climate 
Change 
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1 Introduction 
The Climate Action Reserve (Reserve) Nitric Acid Production Protocol provides guidance to 

account for, report, and verify greenhouse gas (GHG) emission reductions associated with the 

installation and use of a nitrous oxide (N2O) emission control technology to reduce N2O 

emissions generated as a by-product of nitric acid production. This document outlines the 
project activity requirements and guidance for all nitric acid production projects and is 
complementary to the Jurisdiction Module. Please refer to the applicable Jurisdiction Module for 
additional requirements.  

2 The GHG Reduction Project 

2.1 Background 
Nitric acid (HNO3) is an inorganic compound used primarily to make synthetic commercial 
fertilizers and technical ammonium nitrate. Virtually all of the nitric acid produced globally is 
produced by the catalytic oxidation of ammonia. In this industrial process, ammonia (NH3) is 
oxidized using a primary catalyst in an ammonia oxidation reactor (AOR) to produce nitric oxide 
(NO). NO is oxidized with air in the AOR to form nitrogen dioxide (NO2). Then, NO2 is absorbed 
in water in an absorption tower to form nitric acid. N2O is formed as a by-product of the oxidation 
process in the AOR (during Stage 1 in Figure 2.1 below); it remains in the tail gas leaving the 
absorption tower and is eventually emitted with the stack gas to the atmosphere. The reactions 
and stages of the nitric acid production process are illustrated in Figure 2.1. 

 

 

Figure 2.1. Reactions in the Nitric Acid Production Process  

 
Nitric acid production facilities can operate one or more nitric acid plants (NAPs), where a plant 
encompasses a single process unit, i.e., the equipment and process used to produce nitric acid. 
Emissions from each plant at a facility are managed independently; process units at the same 
facility can operate under different conditions and have different emission controls in place. 
Some pre-existing facilities operate with twin or quad burner plants; however, newly 

Stage 1 (in the ammonia oxidation reactor):  

xNH3 + yO2 → NO + NO2 + H2O + N2O + N2 

 

Stage 2 (in the absorption tower):  

3NO2 + H2O → 2HNO3 + NO 

 

 



Nitric Acid Production Protocol   Version 1.0, September 2026 

3 
 

commissioned plants are typically single process unit or single burner plants. 

Figure 2.2 shows the physical set up and flows of inputs and gases in a generic NAP without 
any N2O emission controls in place. 

 

 

Figure 2.2. Flow Diagram of a Typical Nitric Acid Plant Using Mono-Pressure Process1,2 

 

 

1 Source: http://www.epa.gov/ttn/chief/ap42/ch08/final/c08s08.pdf and EPA-450/3-91-026: Alternative Control 

Techniques Document: Nitric and Adipic Acid Manufacturing Plants (1991). 
2 Note that more than one nitric acid plant could feed into a common stack. In such cases, the pressure, temperature, 
and concentration can be taken after the compressor. 
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There are two basic types of NAPs: mono-pressure and dual pressure. Mono-pressure designs 
apply a mono-pressure throughout the reaction and absorption stages. Dual pressure designs 
use lower pressure in the AOR and higher pressure in the absorption tower. The amount of N2O 
formed during the nitric acid production process depends on combustion conditions (e.g., 
temperature and pressure), production rate, primary catalyst composition and age, and burner 
design.3 Thus, the precise operating conditions of the NAP affect how much N2O is formed. 

 

 

Figure 2.3. Flow Diagram of a Typical Nitric Acid Plant Using Dual-Pressure Process4 

 

Most NAPs currently operate with some form of NO and NO2 (i.e., NOX) emission control, 
usually selective catalytic reduction (SCR) technology and less often non-selective catalytic 
reduction (NSCR) technology. SCR can have a minor impact on N2O emissions (+/- < 5% 
change), while NSCR destroys both NOX and N2O. However, NSCR is generally not preferred in 
modern plants because of high energy costs and associated high gas temperatures. 

Intentional approaches to N2O emissions abatement have been reviewed in the research 
literature5 and highlighted by the Intergovernmental Panel on Climate Change (IPCC).6 Potential 
measures for abating N2O emissions are outlined below in Table 2.1. Specific measures that 
may qualify as a project under this protocol are discussed below in Section 2.2. 

 
3 J. Perez-Ramirez, F. Kapteijn, K. Schoffel, J.A. Moulijn, Formation and control of N2O in nitric acid production N: 
Where do we stand today? Applied Catalysis B: Environmental 44 (2003) 117-151. 
4 Source: Wiesenberger, H. (2001). State-of-the-Art for the Production of Nitric Acid with Regard to the IPCC 
Directive. Federal Environment Agency – Austria.  
5 Ibid. 
6 Intergovernmental Panel on Climate Change (IPCC) 2006 National GHG Inventory Guidelines. Volume 3 Industrial 
Processes. 
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Table 2.1. Potential N2O Abatement Measures 

 

2.2 Project Definition 
For the purposes of this protocol, a GHG reduction project is defined as the installation and 
operation of a N2O abatement technology at a single NAP that results in the reduction of N2O 
emissions that would otherwise have been vented to the atmosphere. Projects can be 
implemented at new build, existing, relocated, or upgraded NAPs provided historical HNO3 
production levels (Section 5.1) can be established. If a project is implemented at an existing 
NAP where NSCR has operated at any point, any N2O abatement that occurs as a result of the 
pre-existing NSCR is not eligible for emission reduction credits.  

Since the project definition is tied to a single NAP, it is possible to register multiple projects at a 
nitric acid facility with multiple NAPs, each with its own start date, crediting period, registration, 

and verification.  

Project developers may choose to switch to a different project type (e.g., secondary to tertiary) 
or install an additional abatement technology at their own discretion. The project developer does 
not need to resubmit the project for listing and shall continue the existing crediting period based 
on the original start date and crediting period. The project developer should notify the Reserve 
within six months of completing the installation if new abatement technology. 

2.2.1 Secondary Catalyst Project 

A secondary catalyst project is one that installs and operates a dedicated N2O abatement 
catalyst inside or immediately below the AOR. 

2.2.2 Tertiary Catalyst Project 

A tertiary catalyst project is one that installs and operates a dedicated N2O abatement catalyst 
in the tail gas leaving the absorption tower (or the tail gas leaving a pre-existing NSCR unit). 
The specific N2O abatement technology can either be catalytic decomposition or NSCR NOX 

abatement technology used to destroy N2O along with NOX. Installation of NSCR for the 

purpose of destroying NOx is not eligible for crediting (see Section 3.5.1). 

2.2.3 Combined Secondary and Tertiary Catalyst Project 

A combined secondary and tertiary catalyst project is one that installs a tertiary abatement 
system to an existing secondary catalyst without decommissioning the secondary system to 

Measure Point of Application 

Primary abatement 
Prevents N2O formation in the ammonia burner by modification of (i.e., 
optimizing) the ammonia oxidation process and/or catalysts. Primary 
abatement is not eligible under the protocol. 

Secondary abatement 

Removes N2O from the intermediate stream, i.e., from the gases between 
the AOR and the absorption tower. Usually this will mean intervening at the 
highest temperature, immediately downstream of the ammonia 
oxidation catalyst and catalytically reducing the N2O once it has been 
formed in the AOR. 

Tertiary abatement 

Treats the tail-gas leaving the absorption tower to destroy N2O. N2O 
abatement can be placed upstream or downstream of the tail-gas 
expansion turbine. These abatement measures may include catalytic 
decomposition or NSCR. 
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improve the project’s N2O control capabilities. While it is possible for a NAP to install a 
secondary catalyst to an existing tertiary abatement system, it is unlikely due to the lower 
abatement efficiency for secondary catalysts compared to tertiary systems and the higher 

capital costs. 

2.3 The Project Developer 
The project developer must be the entity with liability for the emissions of the NAP (i.e., the 
entity named on the facility’s operating permit, factory license, and/or environmental permits), 
unless the rights to the emissions reductions have been transferred to another entity (e.g., 
contracts). The project developer must sign the Attestation of Title. Refer to the Reserve 
Program Manual for additional information on meeting this requirement. 

Project developers may be existing or new owners of nitric acid facilities, entities that specialize 
in project development, or N2O abatement technology suppliers.  
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3 Eligibility Rules 
Projects that meet the definition of a GHG reduction project in Section 2.2 must fully satisfy the 
following eligibility rules in order to register with the Reserve. 

3.1 Location 
Under this protocol, only projects located at nitric acid production facilities in approved countries 
with a Jurisdiction Module are eligible to register with the Reserve.7  

3.2 Start Date 
The project start date shall be defined as the completion of the initial startup testing of the 
abatement catalyst system after the date on which production first commences after the first 
installation of the secondary and/or tertiary abatement catalyst system. The project start date 
must correspond to either the start of a campaign or commencement of nitric acid production 
after an outage. A campaign starts when production commences following the installation of a 
new charge of primary catalyst gauze or a new primary catalyst gauze and ends when 
production ceases for the purpose of replacing or recharging the primary catalyst gauze. 

A project listed with the Reserve that switches abatement technology (i.e., secondary to tertiary) 
or installs an additional system (i.e., combined secondary and tertiary catalyst project) has a 
project start date that corresponds with the original start date from the initial listing. 

The startup testing is limited to 180 operating days for the purpose of testing the successful 
implementation of the abatement catalyst system. Thus, the project developer may select the 
start date no later than 180 operating days following when production first commences after the 
installation of the abatement catalyst system. Startup testing exceeding 180 operating days 
must be approved by the Reserve prior to the completing verification of the initial reporting 

period. 

Documentation of when production first commences after the installation of the abatement 
catalyst system and the duration of the startup testing period must be presented during 
verification (e.g., performance standard checks and monitoring data). Project developers may 
be required to provide additional information pertaining to the startup testing upon verifier 
request. 

 

Figure 3.1. Sample timeline of a project with a startup testing period 

To be eligible, the project must be submitted for listing on the Reserve no more than 12 months 

 
7 The Reserve will conduct jurisdiction-specific protocol development processes for each eligible country. Please see 
Appendix A for more information. 
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after the project start date.8 Projects may always be submitted for listing by the Reserve prior to 
their start date. NAPs previously listed under another carbon crediting program but have been 
inactive may be eligible to transfer to the Reserve, given that the project can meet requirements 

under the protocol at the time of transfer. 

3.3 Project Crediting Period 
The Reserve will issue Climate Reserve Tonnes (CRTs) for GHG reductions quantified and 
verified for an initial crediting period of 10 years following the project start date. The crediting 
period begins at the project start date regardless of whether sufficient monitoring data is 
available to verify GHG reductions.  

Projects may be eligible to apply for a renewed crediting period, for a maximum of three, 10-
year crediting periods (i.e., for a project lifespan of 30 years), provided the project meets the 
eligibility requirements of the current version of the protocol at the time of such application.9 

The Reserve will cease to issue CRTs for GHG reductions if at any point in the future N2O 
abatement becomes legally required at the project site or the project otherwise fails the Legal 

Requirement Test (Section 3.5.2).  

3.4 Baseline Scenario 
The baseline scenario is a reference case that best represents the conditions most likely to 
have occurred in the absence of a GHG project. The Reserve establishes the baseline scenario 
from industry common practice and standardizes the requirements for nitric acid projects under 
the protocol. 

The protocol assumes that the NAP abates NOX through the use of SCR technology and does 
not abate N2O in the baseline. NAPs that have NSCR technology to abate NOX prior to the 
project start date are not eligible under the protocol. This includes NAPs that utilized NSCR 
technology that later transitioned to SCR after undergoing a facility upgrade. 

3.5 Additionality 
The Reserve strives to register only projects that yield surplus GHG reductions that are 
additional to what would have otherwise occurred in the absence of a GHG market. 

Projects must satisfy the following tests to be considered additional: 

1. The Performance Standard Test 

2. The Legal Requirement Test 

Furthermore, a project must demonstrate emission reductions associated with an increase in 
production levels above the NAPs production capacity are in response to market demand 
(Section 3.5.3) and the project is not receiving other financial incentives (Section 3.5.4). 

3.5.1 The Performance Standard Test 

Projects pass the Performance Standard Test by meeting a performance threshold, i.e., a 
standard of performance applicable to all N2O abatement projects, established on an ex-ante 

basis by this protocol. 

The Performance Standard Test employed by this protocol is based on a jurisdictional 

 
8 Projects are considered submitted for listing when the project developer has fully completed and filed the 
appropriate submittal documents. 
9 Refer to the Reserve Offset Program Manual for the deadline to submit for a renewed crediting period. 
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assessment of “common practice” for use of emission control technologies in NAPs to reduce 

N2O emissions. The performance standard defines those technologies that the Reserve has 
determined will exceed common practice and therefore generate additional GHG reductions.10 

By installing one of the following N2O abatement systems as defined in Section 2.2, the project 

passes the Performance Standard Test: 

1. A secondary N2O abatement catalyst; 

2. A tertiary N2O abatement catalyst, including catalytic decomposition or NSCR, or 

3. A secondary and tertiary N2O abatement catalyst 

SCR is considered industry standard for NOX control, thus NSCR is considered eligible tertiary 
abatement technology, excluding pre-existing NSCR and NSCR for purposes of controlling NOX. 

The Performance Standard Test is applied as of the project start date and is evaluated at the 
project’s initial verification. Once a project is registered, it does not need to be evaluated against 
future versions of the protocol or the Performance Standard Test for the duration of its first 
crediting period. However, if the project chooses to upgrade to a newer version of the protocol, it 
must meet the Performance Standard Test of that version of the protocol, applied as of the 

original project start date. 

If a project developer wishes to apply for an additional crediting period, the project must meet 
the eligibility requirements of the most current version of this protocol, including any updates to 
the Performance Standard Test, applied as of the project start date. 

3.5.2 The Legal Requirement Test 

A project passes the Legal Requirement Test when there are no laws, statutes, rules, 
regulations, ordinances, court orders, governmental agency actions, enforcement actions, 
environmental mitigation agreements, permitting conditions, permits or other legally binding 
mandates requiring the abatement of N2O at the project site. Each time a project undergoes 
verification, including the initial verification, the project developer must sign the Reserve’s 
Attestation of Voluntary Implementation form. Refer to the Reserve Program Manual for 
additional information on meeting this requirement. Jurisdiction Modules provide additional 
information related to legal considerations particular to a given jurisdiction. In addition, the 
project’s Monitoring Plan (Section 6) must include procedures that the project developer will 
follow to ascertain and demonstrate that the project at all times passes the Legal Requirement 
Test. 

The Reserve conducts a legal requirements test analysis during the expansion of eligible 
jurisdictions under this protocol.11 If an eligible project begins operation at a plant that later 
becomes subject to a regulation, ordinance, or permitting condition that calls for the abatement 
of N2O, emission reductions may be reported to the Reserve up until the date that N2O is legally 
required to be abated. If the nitric acid plant’s N2O emissions are included under an emissions 
cap (e.g., under a state/provincial or national emissions trading system (ETS) or carbon tax), 
emission reductions may likewise be reported to the Reserve until the date that the emissions 
cap takes effect. The project developer must attest that the project is not subject to an 
emissions cap at each verification period. Refer to the applicable Jurisdiction Module for further 
information. 

 
10 A summary of the study to establish the Performance Standard Test for each jurisdiction is provided in the 
respective module.  
11 Refer to the jurisdiction-specific legal requirements test assessment in the respective appendix. 
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3.5.3 Production Capacity 

Impacts on additionality may occur if a NAP with a Reserve nitric acid project begins to produce 
more nitric acid than it would otherwise would because the value of the carbon credits creates 
an incentive to increase production at levels above market conditions. 

Projects NAPs are not allowed to increase production above what market conditions would 
otherwise justify due solely to the objective of increasing carbon revenues. That is, the sole 
reason for increasing production would be to generate more credits, not sell more nitric acid. In 
this instance, a portion of the credits being produced solely from increased nitric acid production 

without a buyer would not be representative of real GHG emission reductions.  

To mitigate against this risk, credit issuance for nitric acid production levels that exceed the 
NAP’s production capacity (also known as “nameplate capacity”) for production levels as of the 
project start date and must be documented through an operating permit (i.e., permit issued by 

the appropriate regulatory body), licensor guarantee, or an independent certification. 

Recognizing that production levels in the nitric acid industry may exceed production capacity 
under certain conditions (e.g., debottlenecking), a NAP intending to increase production above 
the production capacity and intending to receive credit for the increased production levels 
should notify the Reserve no later than 30 days prior to the intent to increase production above 
the production capacity. The project developer must demonstrate that the increased production 
is in response to market demand and not an attempt to increase production solely for the 
purpose of generating additional credits. For example, the Reserve may request the project 
developer to provide documentation that the additional nitric acid that has been produced has 
been sold into the market (e.g., nitric acid, technical ammonium nitrite, or fertilizer invoices, 
contracts, or market forecasts) as deemed acceptable to a verifier. Preliminary approval must 
be received prior to the commencement of verification services for the applicable verification 

period and must be deemed acceptable during verification.  

If the project does not intend to receive credits for the emission reductions associated with the 
increase in production, no approval is required. However, the project developer must disclose 
any instances to the verification body during verification of the relevant reporting period. 

3.5.4 Credit Stacking 

Other types of incentives may exist at NAPs that could impact project eligibility, including credit 
stacking. When multiple forms of incentive credits are sought for a single activity at a single 
facility, with some temporal overlap between the different credits, it is referred to as “credit 
stacking.” 

Under this protocol, credit stacking is defined as receiving both carbon credits and other types 
of mitigation credits for the same activity on spatially overlapping areas associated with any 
phase of a nitric acid project. Mitigation credits are any instruments issued for the purpose of 
offsetting the environmental impacts of another entity. Refer to the Jurisdiction Module for more 

information on credit stacking opportunities in the jurisdiction. 

Project developers are encouraged to reach out to the Reserve as early as possible when 
considering credit stacking. Furthermore, they must disclose any such payments to the Reserve 
at the time of listing and to the verification body and the Reserve at the time of verification. The 
Reserve maintains the right to determine if stacking has occurred, or is occurring, and whether it 
would impact project eligibility. 

3.6 Regulatory Compliance 
Guidance related to regulatory compliance specific to a given jurisdiction can be found in the 
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relevant Jurisdiction Module. Each time the project is verified, the project developer must sign 
the Reserve’s Attestation of Regulatory Compliance form and report all instances of non-
compliance to the verifier. Refer to the Reserve Program Manual for additional information on 

meeting this requirement.  

3.7 Social and Environmental Safeguards 
This Protocol includes specific social and environmental safeguards that must be considered in 
the project design and implemented throughout the project life to help guarantee that the project 
will have positive environmental and social outcomes. In addition, all projects must comply with 
the Reserve Program Manual, including the section on regulatory compliance and programmatic 
environmental and social safeguards. The safeguards in the protocol are intended to respect 
internal governmental processes, customs, and rights of employees and communities while 
ensuring projects are beneficial, both socially and environmentally. The sections on monitoring, 
reporting, and verification (MRV) (Sections 7 and 8) specify the criteria for verification of each of 
these safeguards and consequences for failure to achieve the minimum thresholds.  

The social safeguards requirements include:  

1. Labor and Safety: The project developer must attest that the project is in material 
compliance with all applicable laws, including labor or safety laws. See Section 3.6 
Regulatory Compliance for further information. 

2. Dispute Resolution: The Reserve holds public comment on all listed projects prior to 
registration and has an ongoing dispute resolution process. See the Reserve Offset 
Program Manual and website for further information on programmatic and project 
specific public consultation and dispute resolution processes. Projects that receive 
material complaints will not be registered until a satisfactory dispute resolution plan has 
been approved. 

The environmental safeguards requirements include:  

1. Air and Water Quality: The project developer must attest that the project is in material 
compliance with all applicable laws, including environmental regulations (e.g., air and 
water quality). See Section 3.6 for further information. 

2. Mitigation of Pollutants: Projects must be designed and implemented to mitigate 
potential releases of pollutants that may cause degradation of the quality of soil, air, 
surface and groundwater, and project developers must acquire the appropriate local 
permits prior to installation to prevent violation of all applicable laws. 

  



Nitric Acid Production Protocol   Version 1.0, September 2026 

12 
 

4 GHG Assessment Boundary 
The GHG Assessment Boundary delineates the GHG sources, sinks, and reservoirs (SSRs) 
that shall be assessed by project developers in order to determine the total net change in GHG 
emissions caused by a NAP project. 

As the protocol applies to three project types, the GHG Assessment Boundary specific to each 
project type is provided below. 

4.1 Secondary Catalyst Project 
Figure 4.1 provides a general illustration of the GHG Assessment Boundary for secondary 
catalyst projects, indicating which SSRs are included or excluded from the boundary. 

Table 4.1 provides greater detail on each SSR and provides justification for all SSRs and gases 

that are excluded from the GHG Assessment Boundary. 

 

 

 

Figure 4.1. Illustration of GHG Assessment Boundary for Secondary Catalyst Projects 
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Table 4.1. Summary of Identified Sources, Sinks, and Reservoirs for Secondary Catalyst Projects 

SSR GHG Source 
Source 

Description 
Gas 

Included (I) or 
Excluded (E) 

Quantification 
Method 

Baseline (B) or 
Project (P) 

Justification/ Explanation 

1 
Nitric Acid 
Production 

Nitric acid 
process unit 
(burner inlet to 
stack) 

CO2 E N/A B, P 
Excluded, as project activity is 
unlikely to impact emissions 
relative to baseline activity 

CH4 E N/A 
 

B, P 

Excluded, as project activity is 
unlikely to impact emissions 
relative to baseline activity 

N2O from 

reaction 
byproduct 

I 

Determination of 
emission factors 

based on 
continuously 

measured plant 
and production 

parameters 

B, P 

N2O from production reaction is a 
primary effect and a major 
emission source 

2 
Secondary 
Catalyst 

Emissions from 
production, 
transport, 
operation, and 
de-
commissioning 
of the catalyst 

CO2 E N/A P 
Considered insignificant, 
upstream and downstream 
secondary GHG effects 

CH4 E N/A P 
Considered insignificant, 
upstream and downstream 
secondary GHG effects 

N2O E N/A P 
Considered insignificant, 
upstream and downstream 
secondary GHG effects 

3 
SCR de-NOX 
Unit 

SCR de-NOX 

unit 
N2O E N/A B, P 

N2O impact on existing SCR de-

NOX unit is small and a secondary 
effect 
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4.2 Tertiary Catalyst Project 
Figure 4.2 provides an illustration of the GHG Assessment Boundary for tertiary catalyst 
projects with existing SCR de-NOX units operating prior to the project start date, indicating which 

SSRs are included or excluded from the boundary. 

Figure 4.3 provides an illustration of the GHG Assessment Boundary for tertiary catalyst 
projects without existing SCR de-NOX units operating prior to the project start date, indicating 
which SSRs are included or excluded from the boundary. 

Table 4.2 provides greater detail on each SSR and provides justification for all SSRs and gases 

that are excluded from the GHG Assessment Boundary. 

 

 
Figure 4.2. Illustration of GHG Assessment Boundary for Tertiary Projects with Existing SCR De-NOX 

Units Operating Prior to the Project Start Date 



Nitric Acid Production Protocol   Version 1.0, September 2026 

14 
 

 

Figure 4.3. Illustration of GHG Assessment Boundary for Tertiary Projects without Existing SCR De-NOX 

Units Operating Prior to the Project Start Date 
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Table 4.2. Summary of Identified Sources, Sinks, and Reservoirs for Tertiary Catalyst Projects 

SSR GHG Source 
Source 

Description 
Gas 

Included (I) or 
Excluded (E) 

Quantification 
Method 

Baseline (B) 
or Project (P) 

Justification/ Explanation 

1
 Nitric Acid 

Production 

Nitric acid 
process unit 
(burner inlet to 
stack) 

CO2 E N/A B, P 
Excluded, as project activity is 
unlikely to impact emissions 
relative to baseline activity 

CH4 E N/A B, P 
Excluded, as project activity is 
unlikely to impact emissions 
relative to baseline activity 

N2O from 

reaction 
byproduct 

I 

N2O sampled 

before and after 

N2O destruction 
by tertiary catalyst 

B, P 

N2O from production reaction is a 
primary effect and a major 
emission source 

2
 Tertiary 

Catalyst 

Emissions from 
production, 
transport, 
operation, and 
de- 
commissioning 
of the catalyst 

CO2 

E 
 

N/A P 

Considered insignificant, 
upstream and downstream 
secondary GHG effects 

CH4 
Considered insignificant, 
upstream and downstream 
secondary GHG effects 

N2O 
Considered insignificant, 
upstream and downstream 
secondary GHG effects 

3 
SCR De-NOX 
Unit 

N2O from SCR 

de- NOX unit 
N2O 

N2O 
concentrations 

sampled 
upstream of 

tertiary catalyst 

B, P 

N2O impact of existing SCR unit is 
small and a secondary effect. 
While not an included SSR, in 
practice the placement of 
emissions monitoring will 
determine whether N2O emission 
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effects from an SCR de-NOX unit 

are actually measured. Such 
effects will be measured when the 

SCR de- NOX unit is located in 

between the N2O gas analyzers 

that measure baseline and project 
N2O gas concentrations. 
However, even if there is an 
effect, it is likely to be small and is 
considered negligible 

4 

Ammonia
 

Used to 
Operate SCR 
De-NOX Unit 

GHG emissions 
from production 
of ammonia 
used in tertiary 

abatement for 

N2O destruction 

CO2 
I 

(if SCR is part 
of the same 

abatement unit 
as the N2O 

abatement i.e. 
dual bed 

SCR.) 

GHG 
emissions based 

on additional 
amounts of 

ammonia input 
used during the 

project 

B, P 

If SCR is in place prior to project 
implementation, GHG emissions 
related to ammonia production 
used for operating the SCR de-
NOx unit will not be considered. 
However, if an SCR is installed to 
abate N2O as part of tertiary 
abatement, then GHG emissions 
from ammonia production will be 
considered as project emissions. 

CH4 

N2O 

5 
Hydrocarbon 
Input 

Hydrocarbon 
used as 
reducing agent 
and/or reheating 
the tail gas 

CO2 

and/or CH4 
I 

GHG 
emissions based 

on additional 
amounts of 

reducing agent or 
energy used 

during the project 

P 

If hydrocarbons are used as a 
reducing agent to enhance 
efficiency of the N2O catalyst, 

additional GHG emissions from 
the project activity will occur 

6 
Production of 
Hydrocarbons 

Emissions 
related to the 
production of 
hydrocarbon 

CO2 

E N/A P 
GHG emissions related to the 
production of hydrocarbons used 
as reducing agent are insignificant 

CH4 

N2O 

7 
External 
Energy to 

May be used to 
reheat the tail 

CO2 
I N/A P 

If additional energy is used to 
reheat tail gas and that energy is CH4 
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Reheat Tail 
Gas 

gas before 
entering the 
tertiary catalyst 
or NSCR 

N2O 

not recovered and used within the 
system, additional GHG 
emissions from the project activity 
will occur 
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4.3 Combined Secondary and Tertiary Catalyst Project 
Figure 4.4 provides an illustration of the GHG Assessment Boundary for combined secondary 
and tertiary catalyst projects with existing SCR de-NOX units operating prior to the project start 
date, indicating which SSRs are included or excluded from the boundary. 

Figure 4.5 provides an illustration of the GHG Assessment Boundary for tertiary catalyst 
projects without existing SCR de-NOX units operating prior to the project start date, indicating 

which SSRs are included or excluded from the boundary. 

Table 4.3 provides greater detail on each SSR and provides justification for all SSRs and gases 
that are excluded from the GHG Assessment Boundary. 

 

 
Figure 4.4. Illustration of GHG Assessment Boundary for Combined Secondary and Tertiary Catalyst 

Projects with Existing SCR De-NOX Units Operating Prior to the Project Start Date 
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Figure 4.5. Illustration of GHG Assessment Boundary for Combined Secondary and Tertiary Catalyst 

Projects without Existing SCR De-NOX Units Operating Prior to the Project Start Date 
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Table 4.3. Summary of Identified Sources, Sinks, and Reservoirs for Combined Secondary and Tertiary Catalyst Projects 

SSR GHG Source 
Source 

Description 
Gas 

Included (I) or 
Excluded (E) 

Quantification 
Method 

Baseline (B) or 
Project (P) 

Justification/ Explanation 

1 
Nitric Acid 
Production 

Nitric acid process 
unit (burner inlet 
to stack) 

CO2 

E N/A B, P 

Excluded, as project activity is 
unlikely to impact emissions 
relative to baseline activity 

 CH4 

N2O from 

reaction 
byproduct 

I 

N2O sampled 

before and after 

N2O destruction 
by tertiary 
catalyst 

B, P 

N2O from production reaction is a 

primary effect and a major 
emission source 

2 
Tertiary 
Catalyst 

Emissions from 
production, 
transport, 
operation, and de- 
commissioning of 
the catalyst 

CO2 

E N/A P 
Considered insignificant, 
upstream and downstream 
secondary GHG effects 

CH4 

N2O 

3 
SCR De-NOX 
Unit 

N2O from SCR 
de- NOX unit 

N2O E 

N2O 
concentrations 

sampled 
upstream of 

tertiary catalyst 

B (if 
applicable), P 

N2O impact of existing SCR unit is 

small and a secondary effect. 
While not an included SSR, in 
practice the placement of 
emissions monitoring will 

determine whether N2O emission 
effects from an SCR de-NOX unit 
are actually measured. Such 
effects will be measured when the 
SCR de- NOX unit is located in 

between the N2O gas analyzers 
that measure baseline and project 
N2O gas concentrations. 
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However, even if there is an 
effect, it is likely to be small and is 
considered negligible 

4 

Ammonia 
Used to 
Operate SCR 
De-NOX Unit 

GHG emissions 
from production of 
ammonia used in 
tertiary abatement 

for N2O 
destruction 

CO2 

I 
(if ammonia is 
an input to the 

N2O 
abatement 
process) 

GHG 
emissions based 

on additional 
amounts of 

ammonia input 
used during the 

project 

B (if 
applicable), P 

If SCR is in place prior to project 
implementation, GHG emissions 
related to ammonia production 
used for operating the SCR de-
NOX unit will not be considered. 
However, if an SCR is installed to 
abate N2O as part of tertiary 
abatement, then GHG emissions 
from ammonia production will be 
considered as project emissions 

CH4 

N2O 

5 
Hydrocarbon 
Input 

Hydrocarbon 

used as reducing 
agent and/or 
reheating the tail 
gas 

CO2 
and/or CH4 

I 

GHG 
emissions based 

on additional 
amounts of 

reducing agent 
or energy used 

during the 
project 

P 

If hydrocarbons are used as a 
reducing agent to enhance 
efficiency of the N2O catalyst, 
additional GHG emissions from 
the project activity will occur 

6 
Production of 
Hydrocarbons 

Emissions related 
to the production 
of hydrocarbon 

CO2 

E N/A P 

GHG emissions related to the 
production of hydrocarbons used 
as reducing agent are 
insignificant 

CH4 

N2O 

7 

External 
Energy to 
Reheat Tail 
Gas 

May be used to 
reheat the tail gas 
before entering 
the tertiary 
catalyst or NSCR 

CO2 

I N/A P 

If additional energy is used to 
reheat tail gas and that energy is 
not recovered and used within the 
system, additional GHG 
emissions from the project activity 
will occur 

CH4 

N2O 
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5 Quantifying GHG Emission Reductions 
The GHG reduction calculations provided in this protocol are derived from internationally 
accepted methodologies.12 Project developers shall use the calculation method provided in this 
protocol to quantify baseline and project GHG emissions in order to determine emission 

reductions.  

Figure 5.1, Figure 5.2, and Figure 5.3, Figure 5.2, and Figure 5.3 display the relationships 
between the various equations used in this section. If the project monitoring equipment reports 
data in alternative units (e.g., kg/hr), emission reductions may be calculated in such unit so long 
as the correct conversion factors are used and the baseline emissions, project emissions, and 
emission reductions are reported in tCO2e. 

GHG emission reductions must be quantified and verified. The length of time over which GHG 
emission reductions are quantified and verified is called the “reporting period.” A reporting 
period may not exceed 12 months in length and may be comprised of multiple campaigns. See 
Section 7.4.1 for more information. 

5.1 Determination of HNO3,MAX and HNO3,MAX,scaled 

HNO3,MAX represents the historical maximum annual output of 100% concentration nitric acid. In 
order to use this factor for quantification of emission reductions, it must be scaled to the length 
of the campaign for which emission reductions are being calculated, which results in 
HNO3,MAX,scaled. 

In order to determine HNO3,MAX, five consecutive years of historic data are used to calculate five 
values, each representing total HNO3 production levels during a one-year period (may be 
calendar year or fiscal year) at the process unit where the project is located. Total HNO3 
production can be calculated by using the daily HNO3 production data over a 12-month period, 
excluding days when the nitric acid plant was not operating. 

If five years of historical data are not available to calculate five maximum HNO3 production 
values, then less than five years’ worth of data may be used. As more data becomes available, 
the plant must re-assess HNO3,MAX until five consecutive years’ worth of data is available.  

For newly build NAPs, the plant must use a moving maximum to determine the HNO3,MAX, i.e., 
the maximum production is assessed yearly until the plant has access to at five years’ worth of 

consecutive production data, capped at the NAP’s nameplate capacity. 

  

 
12 The Reserve’s GHG reduction calculation method for N2O abatement projects at nitric acid plants is adapted from 

the Kyoto Protocol’s Clean Development Mechanism (AM0028 V.4.2 and AM0034 V.3.4). The methodology has been 
updated with the later adoption of ACM0019 V.4.0. 
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Equation 5.1. Calculating HNO3,MAX,scaled 

𝑯𝑵𝑶𝟑,𝑴𝑨𝑿,𝒔𝒄𝒂𝒍𝒆𝒅 = 𝑯𝑵𝑶𝟑,𝑴𝑨𝑿 ×
𝑶𝑫𝒏

𝟑𝟔𝟓
 

Where,   Units 

HNO3,MAX,scaled = Historical maximum annual total output of 100% concentration nitric 
acid, scaled to the length of the reporting period for which emission 
reductions are being calculated 

tHNO3 

HNO3,MAX = Historical maximum annual total output of 100% concentration nitric 
acid 

tHNO3/year 

ODn = Number of days in operation during the relevant reporting period days 

365 = Days in a year days/year 

5.2 Secondary Catalyst Project 
GHG emission reductions from a secondary catalyst project are quantified by comparing actual 
project emissions to baseline emissions at the NAP. Baseline emissions are an estimate of the 
GHG emissions from within the GHG Assessment Boundary (see Section 4.1) that would have 
occurred in the absence of the project. Project emissions are actual GHG emissions that occur 
at sources within the GHG Assessment Boundary. Project emissions must be subtracted from 
the baseline emissions to quantify the project’s total net GHG emission reductions (Equation 
5.2). 

Equation 5.2. Emission Reductions for Secondary Catalyst Projects 

𝑬𝑹 = 𝑩𝑬 − 𝑷𝑬 

Where,   Units 

ER = Total emission reductions for the reporting period tCO2e 

BE = Total baseline emissions for the reporting period tCO2e 

PE = Total project emissions from the reporting period tCO2e 

 

A secondary catalyst project involves the installation of a N2O abatement catalyst directly 

beneath the primary catalyst within the AOR. Because these projects involve abatement within 

the AOR, the gas stream cannot be sampled between the primary and secondary catalysts. 

Thus, a baseline emission factor must be determined prior to installation of the secondary 
catalyst in order to estimate the project’s baseline emissions, as will be discussed in Section 
5.2.1.2. Project emissions are calculated for each reporting period based on data collected 

during the reporting period (Section 5.2.2).  
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Figure 5.1. Organizational Chart of Equations for Secondary Catalyst Projects 

5.2.1 Quantifying Baseline Emissions 

Baseline emissions represent the GHG emissions within the GHG Assessment Boundary that 
would have occurred in the absence of the GHG reduction project. For secondary catalyst 
projects, baseline emissions are determined by the baseline emissions factor and the quantity of 

nitric acid produced. 

Equation 5.3. Baseline Emissions for Secondary Catalyst Projects 

𝑩𝑬 = 𝑬𝑭𝑩𝑳 × 𝑯𝑵𝑶𝟑,𝑹𝑷 × 𝑮𝑾𝑷 

Where,   Units 

BE = Total baseline emissions for the specific campaign tCO2e 

EFBL = Baseline emission factor (as calculated in Equation 5.4) tN2O/tHNO3 

HNO3,RP = Quantity of nitric acid production used to quantify emission 
reductions, not exceeding HNO3,MAX,scaled. If HNO3,RP > HNO3,MAX,scaled 

then HNO3, RP = HNO3,MAX,scaled (see Sections 3.5.3 and 5.1) 

tHNO3 

GWP = Global warming potential for N2O13 tCO2e/tN2O 

 
13 Refer to the Reserve Program Manual and relevant policy memos for the most recent GWP value. 
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5.2.1.1 Baseline Sampling Period 

A baseline sampling period must be conducted prior to the installation of the secondary catalyst 
at the project NAP. The baseline sampling period must encompass, at a minimum, the first ten 
weeks of a campaign, beginning with the resumption of nitric acid production following the 

installation of a new primary catalyst or new charge of primary catalyst gauze in the AOR. 

A continuous emission monitoring system (CEMS) installed using the guidance in Section 6 
shall be used to provide separate readings for N2O concentration and gas flow volume in the 
stack gas during the baseline sampling period. As shown in Equation 5.5 the total N2O 
produced during the baseline sampling period (N2OBL) is calculated from the sample data by 
multiplying the N2O concentration in the stack gas, the hourly flow rate of stack gas, and total 
operating hours during the baseline sampling period. 

Prior to calculating N2OBL, the data collected during the baseline sampling period shall be 

adjusted through the following steps: 

Step 1: Elimination of data beyond historic production levels 

Any data collected on the days the NAP operates above the HNO3,MAX during the baseline 
sampling period shall be removed from quantification. If the NAP operates above HNO3,MAX for 
such a duration that the minimum data requirements for the baseline sampling period cannot be 
met, the baseline sampling period must be restarted. 

Step 2: Elimination of outliers 

Measurement results can be distorted before and after periods of downtime or malfunction of 
the monitoring system. To eliminate such extremes and to ensure a conservative approach, the 
following statistical valuation is to be applied to the data series of N2O concentration and gas 
volume flow (only when ammonia is flowing and nitric acid is being produced). 

(a) Calculate the sample means (x) at hourly intervals 
(b) Calculate the sample standard deviations 
(c) Calculate the 95% confidence intervals (equal to 1.96 times the standard deviations) 
(d) Eliminate all data that lies outside the 95% confidence intervals (for gas flow and 

concentration only) 
(e) Calculate the new sample means from the remaining values (flow of stack gas (FBL) and 

N2O concentration of stack gas (N2Oconc,BL)) 

DAHS are programmed to invalidate data during downtime, maintenance, startup, and 
shutdown. The confidence interval may otherwise be valid data, and in such cases, the project 
developer may demonstrate during verification that the data should not be eliminated, subject to 
the verifier’s professional judgement. 

5.2.1.2 Baseline Emission Factor 

As stated above, because the gas stream cannot be sampled between the primary and 
secondary catalysts, a baseline emission factor must be determined prior to installation of the 
secondary catalyst in order to estimate baseline emissions. EFBL represents the N2O emissions 
per tonne of nitric acid over the baseline sampling period (tN2O/tHNO3). The EFBL shall remain 
static for the life of the project.  

The primary catalyst composition and type is selected based on its ability to produce nitric acid 
efficiently and reliably for the specific facility’s operating conditions and is selected in 
conjunction with the existing AOR and other relevant equipment, independent from its 
emissions. It is unlikely that the NAP will switch to a less emissions-intensive primary catalyst 



Nitric Acid Production Protocol   Version 1.0, September 2026 

26 
 

after establishing the baseline emissions factor. Facilities would require significant upgrades to 
the AOR and other relevant equipment to ensure optimal nitric acid production. Such upgrades 
occur infrequently due to the technological and financial investments required.  

Nevertheless, NAPs that undergo facility upgrades to the AOR, burner configuration, operating 
pressure, or other process parameters expected to reduce N2O formation must be reported to 
the Reserve and the verification body. The project developer must quantify its effects on the 
baseline using manufacturer data, engineering analysis, comparable operating data, or other 
methods approved by the Reserve prior to undergoing verification for the relevant reporting 
period. The resulting downward adjustment factor must be applied to the baseline emission 
factor where appropriate. 

Equation 5.4. Baseline Emission Factor 

𝑬𝑭𝑩𝑳 =
𝑵𝟐𝑶𝑩𝑳

𝑯𝑵𝑶𝟑𝑩𝑳
 

Where,   Units 

EFBL = Baseline N2O emissions factor tN2O/tHNO3 

N2OBL = Total N2O emissions during the baseline sampling period (as 
calculated in Equation 5.5) 

tN2O 

HNO3, BL = Total nitric acid production during the baseline sampling period tHNO3 

The term N2OBL represents the total N2O emissions that were produced during the baseline 

sampling period. Using hourly data for volume flow rate, N2O concentration, and operating hours 
gathered during the baseline sampling period and adjusted per Section 5.2.1.1, the project 
developer shall calculate the total N2O emissions during the baseline sampling period according 

to Equation 5.5. 

Equation 5.5. Total N2O Emissions during the Baseline Sampling Period  

𝑵𝟐𝑶𝑩𝑳 = ∑(𝑭𝑩𝑳,𝒊 × 𝑵𝟐𝑶𝒄𝒐𝒏𝒄,𝑩𝑳,𝒊 × 𝑶𝑯𝑩𝑳,𝒊)

𝒏

𝒊=𝟏

× 𝟏𝟎−𝟗 

Where,   Units 

N2OBL,i = Total N2O emissions during the baseline sampling period tN2O 

i = Operating hour hour 

n = Number of operating hours in the baseline sampling period hours 

FBL,i = Gas flow rate at the stack during the baseline sampling period for 
hour i. Mass flow rate can be used with appropriate unit conversions. 

m
3
/hour 

N2Oconc,BL,i = N2O concentration in the stack gas during the baseline sampling 

period for hour i 

mg N2O/m3 

OHBL,i = Percent of hour i that was operating % (as decimal) 

10
-9 = Unit conversion t/mg 
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5.2.2 Quantifying Project Emissions 

Project emissions are actual GHG emissions that occur within the GHG Assessment Boundary 
as a result of the project activity. Project emissions are calculated on an ex-post basis from 
measurements taken after the secondary catalyst is installed. 
 
Equation 5.6. Project Emissions for Secondary Catalyst Projects  

𝑷𝑬 = 𝑵𝟐𝑶𝑹𝑷 × 𝑮𝑾𝑷 

Where,   Units 

PE = Total project emissions for the reporting period tCO2e 

N2ORP = Total N2O emissions during the reporting period (as calculated in  

Equation 5.7) 

tN2O 

GWP = Global warming potential for N2O14  

5.2.2.1 Total Project N2O Emissions 

N2O concentration and gas volume flow in the stack of the NAP is measured continuously for the 

duration of the project activity and reported for each reporting period during the project lifetime.  

The same CEMS used during the baseline sampling period shall be used to monitor project 
emissions, and the same statistical evaluation and utilization rate that was applied to the 
baseline data series in Section 5.2.1.1 shall be applied to the project data series of N2O 
concentration and gas volume flow only (only when ammonia is flowing and nitric acid is being 
produced).  

The same CEMS used during the baseline sampling period shall be used to monitor project 
emissions. The same statistical evaluation that was applied to the baseline data series shall be 
applied to the project data series of N2O concentration and gas volume flow only (only when 
ammonia is flowing and nitric acid is being produced). For each reporting period: 

(a) Calculate the sample mean (x) 
(b) Calculate the sample standard deviation(s) 
(c) Calculate the 95% confidence interval (equal to 1.96 times the standard deviation) 
(d) Eliminate all data that lie outside the 95% confidence interval 
(e) Calculate the new sample mean from the remaining values 

The DAHS is programmed to invalidate data during downtime, maintenance, startup, and 
shutdown. The confidence interval may otherwise be valid data, and in such cases, the project 
developer may demonstrate during verification that the data should not be eliminated, subject to 

the verifier’s professional judgement. 

After the above steps, N2O emissions for the reporting period are calculated using Equation 5.7. 
The value of OHn represents the operating hours for the reporting period, and only data when 
ammonia is not flowing and nitric acid is not being produced are to be eliminated from this 

dataset for the calculation of Equation 5.7. 

  

 
14 Refer to the Reserve Program Manual and most recent policy memo for the GWP value. 
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Equation 5.7. Total N2O Emissions during the Reporting Period 

𝑵𝟐𝑶𝑹𝑷 = ∑(𝑭𝒊 × 𝑵𝟐𝑶𝒄𝒐𝒏𝒄,𝒊 × 𝑶𝑯𝒊)

𝒏

𝒊=𝟏

× 𝟏𝟎−𝟗 

Where,   Units 

N2ORP = Total N2O emissions during the reporting period tN2O 

i = Operating hour hour 

n = Number of operating hours in the reporting period hours 

Fi = Gas flow rate at the stack during the reporting period for hour i. 
Mass flow rate can be used with appropriate unit conversions. 

m
3
/hour 

N2Oconc,i = N2O concentration in the stack gas during the reporting period for 
hour i 

mg N2O/m3 

OHi = Percent of hour i that was operating expressed as decimal % 

10
-9 = Unit conversion t/mg 

5.3 Tertiary Catalyst Project 
Equation 5.8 provides the quantification approach that shall be used for calculating the emission 
reductions from tertiary catalyst N2O abatement projects. Equation 5.9 through Equation 5.19 
quantify the baseline and project emissions from tertiary catalyst N2O abatement projects. See 
Figure 5.2 below for the equation organizational chart. 

Equation 5.8. Emission Reductions for Tertiary Catalyst Projects  

𝑬𝑹 = 𝑩𝑬 − 𝑷𝑬 

Where,   Units 

ER = Emission reductions during the reporting period tCO2e 

BE = Baseline emissions during the reporting period (as calculated in 
Equation 5.9) 

tCO2e 

PE = Project emissions during the reporting period (as calculated in  
Equation 5.10) 

tCO2e 

 

Tertiary catalyst projects must determine the HNO3,MAX and HNO3,MAX,scaled as defined in Section 
5.1 to determine the HNO3 production cap available for crediting based on the operating hours 
during the reporting period. 
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Figure 5.2. Organizational Chart of Equations for Tertiary Catalyst Projects 

5.3.1 Quantifying Baseline Emissions 

Baseline emissions represent the GHG emissions within the GHG Assessment Boundary that 
would have occurred in the absence of the GHG reduction project (Equation 5.9). Baseline GHG 
emissions are based on the quantity of N2O in the tail gas before it enters the tertiary project 
abatement technology. Monitoring equipment may be located at any location in the tail gas 
stream before entering the tertiary abatement system. Projects that involve the installation of a 
tertiary catalyst at a NAP with a pre-existing NSCR system must sample the tail gas after it 

leaves the pre-existing NSCR unit, prior to entering the tertiary project abatement technology. 

GHG emissions from the use of a reducing agent or energy to reheat tail gas and from 
production of input ammonia, for the purposes of operating the tertiary catalyst, are considered 
to be zero in the baseline. 

The baseline is calculated from data collected during project operations by monitoring N2O 
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concentrations before the tail gas enters the tertiary catalyst or project NSCR. 

Equation 5.9. Baseline Emissions for Tertiary Catalyst Projects 

𝑩𝑬 = ∑(𝑭𝒊 × 𝑵𝟐𝑶𝒄𝒐𝒏𝒄,𝒊𝒏,𝒊 × 𝑶𝑯𝒊)

𝒊

𝒏

× 𝑮𝑾𝑷 

Where,   Units 

BE = Baseline emissions during the reporting period tCO2e 

Fi = Gas flow rate in the destruction facility15 during interval i16 m
3
/hour 

N2Oconc,in,i = N2O concentration at the inlet to the destruction facility during interval 
i 

tN2O/m3 

OHi = Operating hours in interval i hours 

i = Interval number  

n = Number of intervals in the reporting period  

GWP = Global warming potential of N2O tCO2e/tN2O 

 

5.3.2 Quantifying Project Emissions 

Project emissions are comprised of three sources: N2O emissions in the tail gas downstream of 
the tertiary catalyst facility, GHG emissions from the use of ammonia as input to the tertiary 

catalyst facility, and use of hydrocarbons as a reducing agent or to reheat tail gas. 

Equation 5.10. Project Emissions for Tertiary Catalyst Projects  

𝑷𝑬 = 𝑷𝑬𝑵𝟐𝟎 + 𝑷𝑬𝑵𝑯𝟑 + 𝑷𝑬𝑯𝑪 + 𝑷𝑬𝑬𝑬 

Where, Units 

PE = Project emissions during the reporting period tCO2e 

PEN2O = GHG emissions from N2O in the tail gas during the reporting period 

(as calculated in Equation 5.11) 

tCO2e 

PENH3 = GHG emissions from the ammonia input used to operate the tertiary 
catalyst facility during the reporting period (as calculated in Equation 
5.12) 

tCO2e 

PEHC = GHG emissions from the use of hydrocarbons as a reducing agent 
or to reheat tail gas during the reporting period (as calculated in z 
Equation 5.13) 

tCO2e 

PEEE = GHG emissions from external energy used to reheat tail gas during 
the reporting period (as calculated in Equation 5.16) 

tCO2e 

5.3.2.1 Calculating Project N2O Emissions in the Tail Gas 

 
15 Destruction facility refers to the equipment housing the tertiary catalyst or other N2O abatement technology if 

applicable (i.e., NSCR). 
16 It is only necessary to measure volume flow rate in one location, either upstream or downstream of the destruction 
facility because the system is closed and thus flow rate should be constant. 
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Tertiary catalyst N2O abatement is not 100% efficient; therefore, N2O emissions that are not 

destroyed by the catalyst are measured and included as project emissions. 

Equation 5.11. Project N2O Emissions in the Tail Gas 

𝑷𝑬𝑵𝟐𝑶 = ∑(𝑭𝒊 × 𝑵𝟐𝑶𝒄𝒐𝒏𝒄,𝒐𝒖𝒕,𝒊 × 𝑶𝑯𝒊) × 𝑮𝑾𝑷

𝒏

𝒊

 

Where,   Units 

PEN2O = N2O emissions from tail gas during the reporting period tCO2e 

Fi = Gas flow rate in the destruction facility during the operating hour i17 m3/hour 

N2Oconc,out,i = N2O concentration at the outlet to the tertiary catalyst during 

operating hour i 

tN2O/m3 

OHi = Percent of hour i that was operating expressed as decimal hour 

i = Operating hour hour 

n = Number of operating hours in the reporting period hours 

GWP = Global warming potential of N2O tCO2e/tN2O 

5.3.2.2 Calculating Project Emissions from Ammonia Input 

Additional ammonia usage at the NAP to improve N2O destruction efficiency, shall have project 

emissions related to the production of ammonia used to run the SCR calculated using Equation 
5.12. 

Equation 5.12. Project Emissions for Ammonia Input to Tertiary Catalyst  

𝑷𝑬𝑵𝑯𝟑 = 𝑸𝑵𝑯𝟑 × 𝟐. 𝟏𝟒 

Where,   Units 

PENH3 = GHG emissions from the ammonia input used to operate the tertiary 
catalyst facility during the reporting period 

tCO2e 

QNH3 = Ammonia input to the destruction facility during the reporting period tNH3 

2.14 = GHG emission factor for ammonia production
18

 tCO2e / tNH3 

5.3.2.3 Calculating Project Emissions from Hydrocarbon Use 

Hydrocarbons (organic compounds made up of carbon and hydrogen) are used primarily as a 
combustible fuel source (e.g., natural gas, which is mostly methane, propane, and butane). 
Hydrocarbons can be used as a reducing agent or to reheat tail gas to enhance the catalytic 
N2O reduction efficiency, which leads to CO2 and CH4 emissions. The project emissions related 
to hydrocarbon input to the project shall be calculated using Equation 5.13 through Equation 

5.15.z 

 

17 It is only necessary to measure volume flow rate in one location, either upstream or downstream of the destruction 
facility if the system is closed and thus flow rate should be constant. 
18 CDM methodology AM0028. 
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Equation 5.13. Project Emissions from Hydrocarbon Use  

𝑷𝑬𝑯𝑪 = 𝑪𝑶𝟐,𝑯𝑪 + 𝑪𝑯𝟒,𝑯𝑪 

Where,   Units 

PEHC = GHG emissions from the use of hydrocarbons as a reducing agent or 
to reheat tail gas during the reporting period 

tCO2e 

CO2,HC = GHG emissions as CO2 from hydrocarbon use during the reporting 

period (as calculated in Equation 5.14) 

tCO2e 

CH4,HC = GHG emissions as CH4 from hydrocarbon use during the reporting 

period (as calculated in Equation 5.15) 

tCO2e 

 

When hydrocarbons are combusted they produce heat, steam, and CO2. For calculation of the 
GHG emissions related to hydrocarbons, assume all hydrocarbons other than CH4 are 
completely converted to CO2 (see Equation 5.14). Because fuel combustion is not 100% 
efficient, to conservatively estimate project emissions from hydrocarbon use all CH4 in the fuel 
or reducing agent is assumed to be emitted directly as CH4 to the atmosphere and is not 
converted to CO2 (see  Equation 5.15). 

In Equation 5.14, the hydrocarbon CO2 emission factor (EFHC) is given by the molecular weight 
of the hydrocarbon and CO2 and the chemical reaction when hydrocarbons are converted.19 

Equation 5.14. Project Carbon Dioxide Emissions from Hydrocarbon Use 

𝑪𝑶𝟐𝑯𝑪 = 𝛒
𝑯𝑪 × 𝑸𝑯𝑪 × 𝑬𝑭𝑯𝑪 

Where,   Units 

CO2,HC = Converted hydrocarbon emissions during the reporting period tCO2e 

ρHC = Hydrocarbon density t/m3 

QHC = Quantity of hydrocarbon, with two or more molecules of carbon, 
input during the reporting period (i.e., not methane) 

m3 

EFHC = Carbon emission factor of hydrocarbon with two or more molecules 
of carbon 

tCO2e/tHC 

 
 
 
 
 
 
 
 
 
 
 
 

 
19 For example, where CH4 is used as hydrocarbon, each converted tonne of CH4 results in 44/16 tonnes of CO2, thus 
the hydrocarbon emission factor is 2.75. (CDM methodology AM0028) 
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Equation 5.15. Project Methane Emissions from Hydrocarbon Use 

𝑪𝑯𝟒𝑯𝑪 = 𝛒
𝑪𝑯𝟒 × 𝑸𝑪𝑯𝟒 × 𝑮𝑾𝑷  

Where,   Units 

CH4,HC = Unconverted hydrocarbon emissions (methane) during the reporting 
period 

tCO2e 

ρCH4 = Methane density t/m3 

QCH4 = Methane used during the reporting period m3 

GWP = Global warming potential of methane tCO2e/tCH4 

5.3.2.4 Calculating Project Emissions from Tail Gas Reheating 

If an external energy source is used to adjust tail gas temperatures at the inlet of the N2O 

destruction facility and the additional energy is not recovered before the tail gas is released to 
the atmosphere, then GHG emissions from the energy used shall be calculated and included in 
as project emissions using Equation 5.16. 

Equation 5.16. Project Emissions from Tail Gas Reheating 

𝑷𝑬𝑬𝑬 = 𝑺𝑬 × 𝑻𝑮𝑼 × 𝑻𝑮𝑯 

Where,   Units 

PEEE = Project emissions from external energy during the reporting period tCO2e 

SE = Emissions from net change in steam export during the reporting 
period (as calculated in Equation 5.17) 

tCO2e 

TGU = Emissions from net change in tail gas utilization during the reporting 
period (as calculated in Equation 5.18) 

tCO2e 

TGH = Emissions from net change in tail gas heating during the reporting 
period (as calculated in Equation 5.19) 

tCO2e 

 
Equation 5.17. Project Emissions from Steam Export   

𝑺𝑬 = [
(𝑺𝑻𝑩𝑳 − 𝑺𝑻𝑷𝑹) × 𝑶𝑯𝑹𝑷

𝛈𝑺𝑻

] × 𝑬𝑭𝑺𝑻 

Where,   Units 

SE = Emissions from net change in steam export during the reporting 
period 

tCO2e 

STBL = Baseline steam export during a reporting period MW 

STPR = Project steam export during the reporting period MW 

OHRP = Operating hours during the reporting period hours 

ηST = Efficiency of steam generation % 

EFST = Fuel emission factor for steam generation tCO2e/MWh 
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Equation 5.18. Project Emissions from Tail Gas Utilization 

𝑻𝑮𝑼 = [
(𝑬𝑬𝑩𝑳 − 𝑬𝑬𝑷𝑹) × 𝑶𝑯𝑹𝑷

𝛈𝒓

] × 𝑬𝑭𝒓 

Where,   Units 

TGU = Emissions from net change in tail gas utilization during the reporting 
period 

tCO2e 

EEBL = Baseline energy export from tail gas utilization during a reporting 
period 

MW 

EEPR = Project energy export from tail gas utilization during the reporting 
period 

MW 

OHRP = Operating hours during the reporting period hours 

ηr = Efficiency of replaced technology % 

EFr = Fuel emission factor for replaced technology tCO2e/MWh 

 
Equation 5.19. Project Emissions from Tail Gas Heating 

𝑻𝑮𝑯 = [
𝑬𝑬𝑻𝑮𝑯

𝛈𝑻𝑮𝑯
] × 𝑬𝑭𝑻𝑮𝑯 

Where,   Units 

TGH = Emissions from net change in tail gas heating during the reporting 
period 

tCO2e 

EITGH = Energy input for additional tail gas heating during the reporting period MWh 

ηTGH = Efficiency of additional tail gas heating % (as decimal) 

EFTGH = Emission factor for additional tail gas heating tCO2e/MWh 

 

5.4 Combined Secondary and Tertiary Catalyst Project   
If the project began as a secondary catalyst project, the project has previously calculated, and 
shall continue to use, and the baseline N2O emission factor (EFBL, Section 5.2.1.2). 

The protocol provides two approaches to quantify emission reductions for combined secondary 
and tertiary catalyst projects. NAPs that opt not to monitor the N2O concentration immediately 
downstream of the AOR shall use quantification Approach 1 provided in Section 5.4.1. 
Alternatively, in instances where the tertiary abatement catalyst system manufacturer and/or 
provider requires the installation of an additional N2O analyzer immediately upstream of the 
tertiary abatement system to ensure that the catalyst is performing at manufacturer 

specifications must use quantification Approach 2 in Section 5.4.2. 
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Equation 5.20. Emission Reductions for Combined Secondary and Tertiary Catalyst Projects 

𝑬𝑹 = 𝑩𝑬 − 𝑷𝑬 

Where,   Units 

ER = Total emission reductions for the reporting period tCO2e 

BE = Total baseline emissions for the reporting period tCO2e 

PE = Total project emissions for the reporting tCO2e 

5.4.1 Quantification Approach 1 

Combined secondary and tertiary catalyst projects will have a secondary N2O abatement 
catalyst situated within the AOR, and therefore determining baseline emissions via direct N2O 
concentration measurement is not feasible. There is no way to analyze the N2O concentration 
immediately downstream of the primary catalyst or gauze since the N2O generated is 
immediately decomposed by the secondary abatement catalyst, so projects must utilize the 
baseline N2O emission factor calculated per the secondary catalyst project methodology in 

Section 5.2.1.2 to calculate baseline emissions. 

 
Figure 5.3. Organizational Chart of Equations for Combined Secondary and Tertiary Catalyst Projects – 
Approach 1 
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5.4.1.1 Quantifying Baseline Emissions 

Baseline N2O emissions for combined secondary and tertiary projects are quantified the same 
as secondary abatement project types in Section 5.2.1, Equation 5.1 and Equation 5.3 through 
Equation 5.5. Project developers must determine the HNO3,MAX and HNO3,MAX,scaled as specified 
in Section 5.1. A NAP that transitions from a secondary catalyst project to a combined project 
type must use the original baseline emission factor, EFBL, from when the project was operating 
as a secondary catalyst project. 

5.4.1.2 Quantifying Project Emissions  

The project emissions under Approach 1 are equal to the mass of N2O entering the atmosphere 
unabated by the secondary and tertiary catalysts, which is equal to quantifying project 
emissions for standalone secondary and standalone tertiary catalyst projects in Section 0 and 
Section 5.3.2, respectively.  

The project emissions for a combined secondary and tertiary catalyst project are calculated 
using Equation 5.10, and the applicable sub-equations (i.e., Equation 5.11 through Equation 
5.19). 

5.4.2 Quantification Approach 2 

Projects that have an N2O analyzer installed immediately upstream of the tertiary abatement 
system shall use quantification Approach 2 outlined below. The analyzer is used to monitor the 
concentration of N2O in the tail gas between the AOR and the inlet to the tertiary abatement 
vessel. This approach quantifies emission reductions from the secondary and tertiary 
components separately and differentiates the impact of each type of N2O control technology. 
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Figure 5.4. Organizational Chart of Equations for Combined Secondary and Tertiary Catalyst Projects – 
Approach 2 

5.4.2.1 Quantifying Baseline Emissions 

The baseline emissions are quantified by adding the baseline emissions from the secondary 
abatement catalyst and the tertiary abatement catalyst components. Project developers must 
determine the HNO3,MAX and HNO3,MAX,scaled as specified in Section 5.1. 

Equation 5.21. Baseline Emissions for Combined Secondary and Tertiary Catalyst Projects 

𝑩𝑬 = 𝑩𝑬𝒔𝒆𝒄 + 𝑩𝑬𝒕𝒆𝒓𝒕 

Where,   Units 

BE = Total emission reductions for the reporting period for combined 
secondary and tertiary catalyst projects 

tCO2e 

BEsec = Total baseline emissions for the reporting period from the secondary 
abatement catalyst (as calculated in Equation 5.3) 

tCO2e 

BEtert = Total baseline emissions for the reporting period from the tertiary (as 
calculated in Equation 5.9) 

tCO2e 

5.4.2.2 Quantifying Project Emissions  

Project emissions from combined secondary and tertiary abatement catalyst project type are 
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quantified from adding the project emissions from the secondary catalyst and the tertiary 
catalyst.  The emissions from the secondary abatement catalyst are calculated using Equation 
5.6 . The emissions from the tertiary abatement catalyst are calculated using Equation 5.10 and 

the applicable sub-equations. 

Equation 5.22. Project Emissions for Combined Secondary and Tertiary Catalyst Projects 

𝑷𝑬 = 𝑷𝑬𝑵𝟐𝟎,𝒔𝒆𝒄,𝑹𝑷 + 𝑷𝑬𝒕𝒆𝒓𝒕,𝑹𝑷 

Where,   Units 

PE = Project emissions during the reporting period tCO2e 

PEN2O,sec,RP = GHG emissions from N2O for the secondary abatement catalyst 
component during the reporting period (as calculated in Equation 
5.6) 

tCO2e 

PEtert,RP = GHG emissions from N2O in the tail gas during the reporting period 
(as calculated in  Equation 5.10) 

tCO2e 
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6 Project Monitoring 
Monitoring is the process of regularly collecting data related to a project’s performance for 
reporting purposes. Project developers are required to gather data pertaining to a nitric acid 
project on a regular basis and report such data for each reporting period, as further described in 
Section 7.4. Thus, project developers are responsible for monitoring the performance of the 
project and ensuring that the operation of all project-related equipment is consistent with the 
manufacturer’s recommendations (as applicable) and that all project-related process are 
compliant with all relevant legal and regulatory requirements. 

The monitoring requirements are based on relevant sections of the United States Code of 
Federal Regulations Title 40 (40 CFR), Part 60 and Part 75.20 The 40 CFR is the codification of 
the general and permanent rules published by the Federal Registrar by the executive 
departments and agencies of the U.S. Federal Government. Monitoring and Quality Assurance 
and Quality Control (QA/QC) requirements in this protocol represent minimum standards. NAPs 
subject to more stringent legal and regulatory requirements in their jurisdiction must comply with 
those standards. Project developers must refer to the Jurisdiction Module for additional or 
superseding monitoring and QA/QC requirements. 

Part 60 and Part 75 provide guidance on the standards of performance for stationary emission 

sources and CEMS for NOX emission testing, which is also applicable to N2O emission testing 

at nitric acid production facilities. These parts outline the minimum requirements for the 
installation, evaluation, monitoring, and record keeping for CEMS (see Section 7.3 of this 
protocol for Reserve minimum record keeping requirements). Where both Part 60 and Part 75 
address the same matter and provisions are irreconcilably inconsistent, the protocol considers 
Part 75 to prevail over Part 60. 

Direct measurements of the N2O concentration in the stack gas (and tail gas in the case of 
tertiary projects and combined secondary and tertiary catalyst projects) and the flow rate of the 
stack gas/tail gas shall be made using a CEMS. CEMS is the most accurate monitoring method 
because N2O emissions are measured continuously from a specific source.21 Elements of a 
CEMS include a platform and sample probe within the stack to withdraw a sample of the stack 
gas, an analyzer to measure the concentration of the N2O (typically a non-dispersive infrared 
sensor (NDIR) or Fourier transform infrared (FTIR) spectroscopy) in the stack gas, and a flow 
meter within the stack to measure the flow rate of the stack gas. The emissions are calculated 
from the concentration of N2O in the stack gas/tail gas and the flow rate of the stack gas/tail gas. 
A CEMS continuously withdraws and analyzes a sample of the gas and continuously measures 

the N2O concentration and flow rate of the gas.22 

Project developers are responsible for monitoring the performance of the project and ensuring 
that the operation of the N2O abatement system is consistent with the manufacturer’s 
recommendations for each component of the system. Installation and certification of the 
emission monitoring system in accordance with this section of this protocol should take place 
prior to the project start date. In addition, for secondary catalyst projects only, emission 
monitoring to establish baseline emissions should take place immediately prior to the project 
start date. 

 
20 The 40 CFR is publicly accessible on the U.S. National Archives. At the time of publication, the 40 CFR is updated 
annually, as of July 1 each calendar year. For the most recent version of Part 60 and Part 75, please refer to the U.S. 
National Archives available at: https://www.ecfr.gov/current/title-40/chapter-I/subchapter-C 
21 This method is consistent with Approach 1 from the World Business Council for Sustainable Development and the 
“A” rated approach from the U.S. Department of Energy. 
22 U.S. EPA Technical Support Document for the Nitric Acid Production Sector: Proposed Rule for Mandatory 
Reporting of Greenhouse Gases, Office of Air and Radiation, January 22, 2009. 
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6.1 Monitoring Plan 
The Reserve requires a Monitoring Plan to be established for all monitoring and reporting 
activities associated with the project. The Monitoring Plan will serve as the basis for verifiers to 
confirm that the monitoring and reporting requirements in this section and Section 7 have been 
and will continue to be met, and that consistent, rigorous monitoring, and record-keeping is 
ongoing at the project site. The Monitoring Plan must cover all aspects of monitoring and 
reporting contained in this protocol and must specify how data for all relevant parameters in 
Table 6.6, Table 6.7, or Table 6.8 will be collected and recorded. 

At a minimum, the Monitoring Plan shall stipulate the frequency of data acquisition, a record 
keeping plan, the frequency of instrument field check and calibration activities, the role of 
individuals performing each specific monitoring activity, as well as quality assurance/quality 
control (QA/QC) provisions to ensure that data acquisition and meter calibration are carried out 
consistently and with precision. 

Finally, the Monitoring Plan must include procedures that the project developer will follow to 
ascertain and demonstrate that the project at all times passes the Legal Requirement Test 
(Section 3.5.2). 

6.2 System Installation and Certification 
The requirements for CEMS installation and initial certification reflect section 60.13 of 40 CFR 
Part 60, Performance Specification 2 of Appendix B of 40 CFR Part 60, and section 6 of 
Appendix A of 40 CFR Part 75. CEMS must be installed and operational before conducting 
performance tests on the system, and tests must be conducted while the unit(s) are operating. 
In order to achieve operational status, the project developer must show that the CEMS also 
meets manufacturer’s requirements or recommendations for installation, operation, and 
calibration. The procedures required may involve hazardous materials, operations, and 
equipment. It is the responsibility of the testing team to establish appropriate safety and health 

practices. 

Projects utilizing a CEMS that was initially installed for a purpose other than the monitoring of a 
N2O abatement project (e.g., to monitor NOX abatement) must still meet all of the requirements 
of this section. If any of the required tests listed below were not conducted or the requirements 
were not met at the time of initial installation and certification, the project developer must 
conduct the tests and ensure that the requirements are met prior to beginning the baseline 
campaign. 

The following initial certification requirements must be conducted for all installation and 

certification requirements and were derived from 40 CFR Part 75. 

▪ 7-day calibration error test to evaluate the accuracy and stability of a gas analyzer’s or 
flow monitor’s calibration over a period of unit operation (Section 6.3.2) 

▪ Linearity check to determine whether the response of the N2O concentration monitor is 

linear across its range by challenging CEMS with three different levels of calibration gas 
concentrations (Section 6.4) 

▪ Relative Accuracy Test Audit (RATA) to determine the accuracy of the system by 
comparing N2O emissions data recorded by the CEMS to data collected concurrently 

with an emission reference test method. All RATA of CEMS must be conducted by a 
testing body conforming to the requirements of ASTM D7036-0423 (Section 6.6). 

▪ Bias test to ensure that the monitoring system is not biased low with respect to the 
reference method, based on RATA results (Section 6.6). 

 
23 40 CFR Part 75, Appendix A, section 6.1.2(a). 
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▪ Cycle time test to ensure that the monitoring system is capable of completing at least one 
cycle of sampling, analyzing, and data recording every 15 minutes24 (Section 6.7). 

▪ Automated data acquisition and handling system (DAHS) verification to ensure that all 
emission calculations are performed correctly and that the missing data substitution 
methods are applied properly. 

6.2.1 Flow Monitor Design for Quality Control Testing 

Each flow monitor must be designed and equipped to allow for a daily calibration error test 
consisting of at least two reference values: Zero to 20 percent of span or an equivalent 
reference value (e.g., pressure pulse or electronic signal) and 50 to 70 percent of span. Flow 
monitor response, both before and after any adjustment, must be capable of being recorded by 
the DAHS. Each flow monitor must be designed to allow a daily calibration error test of the 
entire flow monitoring system, from and including the probe tip (or equivalent) through and 
including the DAHS, or the flow monitoring system from and including the transducer through 
and including the DAHS.25 

6.2.2 N2O Analyzer Instrument Span and Range 

The measurement range for each parameter (N2O or flow rate) must be set so that the majority 
of the readings obtained during typical unit operation are kept, to the extent practicable, 

between 20.0 and 80.0 percent of the full-scale range of the instrument.26 

6.2.2.1 Maximum Potential Concentration of N2O 

The Maximum Potential Contribution (MPC) for N2O27 for each affected unit can be determined 
from the following options: 

1. Use N2O emission test results; 

2. Use historical CEM data over the previous 720 (or more) unit operating hours and find 
the highest N2O emission rate; or 

3. If a reliable estimate of the uncontrolled N2O emissions from the unit is available from 
the manufacturer, the estimated value may be used. 

For the purpose of providing substitute data during NOX missing data periods in accordance 
with Section 6.8 and as required elsewhere, the project developer shall also calculate the 
maximum potential N2O emission rate (MER) by substituting the MPC for N2O in conjunction 
with the minimum expected CO2 or maximum O2 concentration (under all unit operating 
conditions except for unit startup, shutdown, and upsets). When the N2O MPC is determined 
from emission test results or from historical CEMS data, quality-assured diluent gas (i.e., O2 or 
CO2) data recorded concurrently with the MPC may be used to calculate the MER.  
 
For units with add-on N2O controls (whether or not the unit is equipped with low- N2O burner 
technology), or for units equipped with dry low- N2O (DLN) technology, N2O emission testing 
may only be used to determine the MPC if testing can be performed either upstream of the add-
on controls or during a time or season when the add-on controls are not in operation or when 
the DLN controls are not in the premixed (low- N2O) mode. If N2O emission testing is performed 
for add-on N2O controls, the following method shall be used: Operate the unit, or group of units 
sharing a common stack, at the minimum safe and stable load, the normal load, and the 

 
24 40 CFR Part 60, 60.13(e)(2). 
25 40 CFR Part 75, Appendix A, Section 2.2.2.1 
26 40 CFR Part 75, Appendix A, Section 2.1. 
27 40 CFR Part 75, Appendix A, Section 2.1.2.1. 



Nitric Acid Production Protocol   Version 1.0, September 2026 

42 
 

maximum load. If the normal load and maximum load are identical, an intermediate level does 
not need be tested. Operate the unit at the highest excess O2 level expected under normal 
operating conditions, with at least three runs of 20 minutes (minimum) duration with three 
traverse points per run at each operating condition. Then, select the highest point NOX 
concentration from all test runs as the MPC for NOX.  

If historical CEM data are used to determine the MPC, the data must, for uncontrolled units or 
units equipped with low- N2O burner technology and no other N2O controls, represent a 
minimum of 720 quality-assured monitor operating hours from the N2O component of a certified 
monitoring system, obtained under various operating conditions including the minimum safe and 
stable load, normal load (including periods of high excess air at normal load), and maximum 
load. A monitor operating hour is defined as any unit operating hour or portion thereof over 
which a CEMS, or other monitoring system is operating, regardless of the number of 
measurements (i.e., data points) collected during the hour or portion of the hour. 

For a unit with add-on N2O controls (whether or not the unit is equipped with low- N2O burner 
technology), or for a unit equipped with dry low- N2O (DLN) technology, historical CEM data 
may only be used to determine the MPC if the 720 quality-assured monitor operating hours of 
CEM data are collected upstream of the add-on controls or if the 720 hours of data include 
periods when the add-on controls are not in operation or when the DLN controls are not in the 
premixed (low-NOX mode). For units that do not produce electrical or thermal output, the data 
must represent the full range of normal process operation. The highest hourly N2O 
concentration in ppm shall be the MPC.  

6.2.3 QA/QC Requirements for Initial Certification 

Table 6.1 below provides a summary of the testing requirements for initial certification. The 
details for each test are provided in Sections 6.3.2 through 6.7. 

Table 6.1. Summary of Certification Requirements 

Certification Requirement Instrument(s) / System Section 

7-day calibration error test Gas analyzer(s), flow monitor 6.3.2 

Linearity check Gas analyzer(s) 6.4 

Relative Accuracy Test Audit (RATA) Gas analyzer(s), flow monitor 6.6 

Bias test Gas analyzer(s), flow monitor 6.6.6 

Cycle time test DAHS 6.7 

6.3 Calibration Error Checks 
Calibration error checks must be performed daily for N2O concentration and at least quarterly for 
flow monitors according to Section 6.3.1 through Section 6.3.4 below. 

6.3.1 N2O Calibration Error Check Reference Gases 

Calibration error tests must be conducted at zero and span for daily checks and at four 
concentration levels of reference gas for quarterly checks, as provided in Table 6.2 below. The 
calibration reference gases must be certified in accordance with IST 1234.56.28 

 

 

 

 
28 40 CFR Part 75, Appendix A, Section 5.1. 
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Table 6.2. Reference Gases for N2O Calibration Checks 

Concentration Level Allowable Percent of Instrument Span 

Zero-level 0.0 – 20.0 % 

Low-level 20.0 – 30.0 % 

Mid-level 50.0 – 60.0 % 

High-level 80.0 – 100.0 % 

6.3.2 7 Day Calibration Error Check 

6.3.2.1.1 N2O Analyzers 

7-Day calibration error check procedures and results below were developed in accordance with 

40 CFR Part 75, Appendix A, Section 3.1. and Section 6.3.1. 

6.3.2.1.2 Procedure 

Calibration error tests must be performed at both the zero-level concentration and high-level 
concentration, as specified in Table 6.2. Alternatively, mid-level concentration gas (50.0 to 60.0 
percent of the span value) may be used in lieu of the high-level gas, provided that the project 
developer can demonstrate during verification that the mid-level gas is more representative of 
the actual stack gas concentrations. Only calibration gas that meets the requirements in Section 
6.3.1 may be used. 

When conducting the calibration error check, each monitor must be operated in its normal 
sampling mode. For extractive and dilution type monitors, pass the calibration gas through all 
filters, scrubbers, conditioners, and other monitor components used during normal sampling and 
through as much of the sampling probe as is practical. For in-situ type monitors, perform 
calibration, checking all active electronic and optical components, including the transmitter, 
receiver, and analyzer. The N2O monitors must be challenged once with each calibration gas, 
and the monitor response from the DAHS must be recorded. 

The test results must be recorded and reported for each day using the unadjusted concentration 
measured in the calibration error test prior to making any manual or automatic adjustments (i.e., 
resetting the calibration). The calibration error tests should be approximately 24 hours apart, 
unless the 7-day test is performed over nonconsecutive days.  

The calibration error of each N2O analyzer while the unit is ‘on-line’ once each day for 7 
consecutive operating days (i.e., any part of a calendar day on which a unit is considered ‘on-
line’) must be measured. In the event that unit outages occur after the commencement of the 
test, the 7 consecutive unit operating days does not need to be 7 consecutive calendar days. 
Units using dual span monitors must perform the calibration error test on both high- and low-
scales of the pollutant concentration monitor. Manual or automatic adjustments cannot be made 
to the monitor settings until after taking measurements at both zero and high concentration 
levels for that day during the 7-day test. If automatic adjustments are made following both 
injections, the calibration error test shall be conducted such that the magnitude of the 
adjustments can be determined and recorded.  

6.3.2.1.3 Results 

Equation 6.1 must be used to determine the calibration error at each concentration once each 
day (at approximately 24-hour intervals) for 7 consecutive days. The results of a 7-day 
calibration error test are acceptable for monitors or monitoring system certification, 
recertification, or diagnostic testing if none of these daily calibration error test results exceed the 
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applicable performance specifications.29 For each reference value, the percentage calibration 
error must be calculated based upon instrument span for daily calibration error tests using the 
Equation 6.1 below. 

Equation 6.1. Calibration Error for N2O Analyzer 

𝑪𝑬 =
|𝑹 − 𝑨|

𝑺
× 𝟏𝟎𝟎 

Where,      Units 

CE =  Calibration error as a percentage of the span of the instrument.  % 

R = Reference value of zero or upscale (high-level or mid-level, as 
applicable) calibration gas introduced into the monitoring system. 

ppm 

A =  Actual monitoring system response to the calibration gas. ppm 

S = Span of the instrument.  ppm 

 

The calibration error of N2O monitors shall not deviate from the reference value of either the 
zero or upscale calibration gas by more than 2.5 percent of the span of the instrument, as 
calculated using Equation 6.1. Alternatively, where the span value is less than 200 parts per 
million (ppm), calibration error test results are also acceptable if the absolute value of the 
difference between the monitor response value and the reference value, |R−A| in Equation 6.1, 

is ≤5 ppm. 

The status of emission data from a gas monitor prior to and during a 7-day calibration error test 
period shall be determined as follows: 

For initial certification, data from the monitor are considered invalid until all certification tests, 
including the 7-day calibration error test, have been successfully completed, unless the 
conditional data validation procedures in Section 6.10.2.1 are used. When the procedures in 
6.10.2.1 are followed, the requirements for a “recertification” apply to an initial certification, and 
the initial certification tests must be completed by the applicable deadline in Section 6.10.3 

rather than within the time periods specified in Section 6.10.1.2(4) for the individual tests. 

When a 7-day calibration error test is required as a diagnostic test or for recertification, the 
data validation procedures in Section 6.10.1.2 should be used. 

6.3.2.2 Flow Meter 

The 7-day calibration error test procedure and results were developed in accordance with 40 

CFR Part 75, Appendix A, Section 3.1. and Section 6.3.2.  

6.3.2.2.1 Procedure 

During the 7-day certification test period, the calibration error test must be conducted while the 
unit is operating once each unit operating day (as close to 24-hour intervals as practicable). In 
the event that unit outages occur after the commencement of the test, the 7 consecutive 
operating days do not need to be 7 consecutive calendar days. Thermal mass flow meters 
require a self-check (i.e., smart transmitter) must contact the Reserve for approval. 

 
29 40 CFR Part 75, Appendix A, Section 3.1. 
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The flow monitor responses must be recorded by means of the DAHS. Corrective maintenance, 
repair, or replacement cannot be conducted upon the flow monitor during the 7-day test period 
other than required QA/QC procedures. Adjustments between the zero and high reference level 

measurements should not be made on any day during the 7-day test. 

6.3.2.2.2 Results 

The calibration error must be calculated using Equation 6.2 below. If the flow monitor operates 
within the calibration error performance specification (i.e., less than or equal to 3.0 percent error 
each day and requiring no corrective maintenance, repair, or replacement during the 7-day test 
period), the flow monitor passes the calibration error test. For each reference value, calculate 
the percentage calibration error based upon instrument span for daily calibration error tests 
using Equation 6.2. 

Equation 6.2. Calibration Error for Flow Monitor 

𝑪𝑬 =
|𝑹 − 𝑨|

𝑺
× 𝟏𝟎𝟎 

Where,      Units 

CE =  Calibration error as a percentage of span.  % 

R = Low or high level reference value specified in Section 6.2 scfm 

A =  Actual flow monitor response to the reference value. scfm 

S = Flow monitor calibration span value. scfm 

 

The calibration error of flow monitors shall not exceed 3.0 percent of the calibration span value 
of the instrument, as calculated using Equation 6.2. For differential pressure-type flow monitors, 
the calibration error test results are also acceptable if |R−A|, the absolute value of the difference 
between the monitor response and the reference value in Equation 6.2, does not exceed 0.01 
inches of water.  

All maintenance activities and the magnitude of any adjustments must be recorded, with the 
output readings from the DAHS before and after all adjustments. All calibration error test results 
using the unadjusted flow rate measured in the calibration error test must be recorded and 
reported prior to resetting the calibration. All adjustments made during the 7-day period must be 
recorded at the time the adjustment is made and must be reported in the certification or 
recertification application. The status of emissions data from a flow monitor prior to and during a 
7-day calibration error test period shall be determined as follows:  

1. For initial certification, data from the monitor are considered invalid until all certification 
tests, including the 7-day calibration error test, have been successfully completed, 
unless the conditional data validation procedures in Section 6.10.1 are used. When the 
procedures in Section 6.10.1 are followed, the requirements for a “recertification” should 
be conducted for the initial certification and must be completed by the applicable 
deadline in Section 6.10.3, rather than within the time periods specified in Section 
6.10.1.2(4) for the individual tests.  

2. When a 7-day calibration error test is required as a diagnostic test or for recertification, 
the data validation procedures in Section 6.10.1.2 shall be used. 
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6.3.3 Daily Calibration 

6.3.3.1 Calibration Error Test for N2O Analyzer 

6.3.3.1.1 On-line Daily Calibration Error Tests 

An out-of-control period occurs when the calibration error of an N2O pollutant concentration 
monitor exceeds 5.0 percent of the span value. An out-of-control period occurs when the 
calibration error of an N2O pollutant concentration monitor shall not be considered out-of-control 
if |R-A| in Equation 6.1 not exceed 5.0 ppm (for span values ≤ 50 ppm), or if |R-A|; does not 
exceed 10.0 ppm (for span values > 50 ppm, but ≤ 200 ppm).  

The out-of-control period begins upon failure of the calibration error test and ends upon 
completion of a successful calibration error test. If a failed calibration, corrective action, and 
successful calibration error test occur within the same hour, emission data for that hour 
recorded by the monitor after the successful calibration error test may be used for reporting 
purposes, provided that two or more valid readings are obtained, as required by Section 6.9. A 
N2O-diluent CEMS is considered out-of-control if the calibration error of either component 
monitor exceeds twice the applicable performance specification. Emission data shall not be 
reported from an out-of-control monitor.30 

6.3.3.1.2 Off-line Daily Calibration Error Tests 

The procedures for off-line daily calibration error tests were derived from 40 CFR Part 75, 
Appendix B, Section 2.1.1. Daily calibrations may be performed while the unit is not operating 
(i.e., “off-line”) and may be used to validate data for a monitoring system that meets the 
following conditions: 

1. An initial demonstration test of the monitoring system is successfully completed and 
reported. The initial demonstration test, hereafter called the “off-line calibration 
demonstration”, consists of an off-line calibration error test followed by an on-line 
calibration error test. Both the off-line and on-line portions of the off-line calibration 
demonstration must meet the calibration error performance specification outlined in 
Section 6.3.2.1.2. Upon completion of the off-line portion of the demonstration, the zero 
and upscale monitor responses may be adjusted, but only toward the true values of the 
calibration gases or reference signals used to perform the test. Once these adjustments 
are made, no further adjustments may be made to the monitoring system until after 
completion of the on-line portion of the off-line calibration demonstration. Within 26 clock 
hours of the completion hour of the off-line portion of the demonstration, the monitoring 
system must successfully complete the first attempted calibration error test, i.e., the on-
line portion of the demonstration. 

2. For each monitoring system that has passed the off-line calibration demonstration, off-
line calibration error tests may be used on a limited basis to validate data, in accordance 
with paragraph (2) in Section 6.3.3.3.  

6.3.3.2 QA of Daily Assessment Data 

When a monitoring system passes a daily assessment (i.e., daily calibration error test or daily 
flow interference check), data from that monitoring system are prospectively validated for 26 
clock hours (i.e., 24 hours plus a 2-hour grace period) beginning with the hour in which the test 
is passed, unless another assessment (i.e., a daily calibration error test, an interference check 

 
30 40 CFR Part 75, Appendix B, Section 2.1.4. 
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of a flow monitor, a quarterly linearity check, a quarterly leak check, or a relative accuracy test 
audit) is failed within the 26-hour period. The data invalidation and start-up grace period 
procedures outlined below were derived from 40 CFR Part 75, Appendix B, Section 2.1.4. 

6.3.3.2.1 Data Invalidation 

The following rules apply to the invalidation of data with respect to daily assessments: 

1. Data from a monitoring system are invalid, beginning with the first hour following the 
expiration of a 26-hour data validation period or beginning with the first hour following 
the expiration of an 8-hour start-up grace period if the required subsequent daily 

assessment has not been conducted. 

2. For a monitor that has passed the off-line calibration demonstration, a combination of 
on-line and off-line calibration error tests may be used to validate data from the monitor, 
as follows. For a particular unit (or stack) operating hour, data from a monitor may be 

validated using a successful off-line calibration error test if both:  

a. An on-line calibration error test has been passed within the previous 26 unit (or 
stack) operating hours; and  

b. The 26 clock hour data validation window for the off-line calibration error test has 
not expired. If either of these conditions are not met, then the data from the 
monitor is invalid with respect to the daily calibration error test requirement. Data 
from the monitor shall remain invalid until the appropriate on-line or off-line 
calibration error test is successfully completed.  

3. For units with two measurement ranges (low and high) for a particular parameter, when 
separate analyzers are used for the low and high ranges, a failed or expired calibration 
on one of the ranges does not affect the quality-assured data status on the other range. 
For a dual-range analyzer (i.e., a single analyzer with two measurement scales), a failed 
calibration error test on either the low or high scale results in an out-of-control period for 
the monitor. Data from the monitor remain invalid until corrective actions are taken and 
“hands-off” calibration error tests have been passed on both ranges. However, if the 
most recent calibration error test on the high scale was passed but has expired, while 
the low scale is up-to-date on its calibration error test requirements (or vice-versa), the 
expired calibration error test does not affect the quality-assured status of the data 
recorded on the other scale. 

6.3.3.2.2 Start-up Grace Period 

To ensure data quality for daily assessments (i.e., a daily calibration error test), a start-up grace 
period may apply when a unit begins to operate after a period of non-operation. The start-up 
grace period for a daily calibration error test is independent of the start-up grace period for a 
daily flow interference check. To qualify for a start-up grace period for a daily assessment, the 
unit must meet the following requirements: 

1. The unit must have resumed operation after being in outage for 1 or more hours (i.e., the 
unit must be in a start-up condition) as evidenced by a change in unit operating time 
from zero in one clock hour to an operating time greater than zero in the next clock hour. 

2. For the monitoring system to be used to validate data during the grace period, the 
previous daily assessment of the same kind must have been passed on-line within 26 
clock hours prior to the last hour in which the unit operated before the outage. In 
addition, the monitoring system must be in-control with respect to quarterly and semi-
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annual or annual assessments. 

If both of the above conditions are met, then a start-up grace period of up to 8 clock hours 
applies, beginning with the first hour of unit operation following the outage. During the start-up 
grace period, data generated by the monitoring system is considered quality-assured. For each 
monitoring system, a start-up grace period for a calibration error test ends when either: (1) a 
daily assessment of the same kind (i.e., calibration error test) is performed; or (2) 8 clock hours 
have elapsed (starting with the first hour of unit operation following the outage), whichever 

occurs first. 

6.3.3.3 Data Recording 

Record and tabulate all calibration error test data according to month, day, clock-hour, and 
magnitude in either ppm, percent volume, or standard cubic feet per minute (scfh). Program 
monitors that automatically adjust data to the corrected calibration values (e.g., microprocessor 
control) to record either: (1) the unadjusted concentration or flow rate measured in the 
calibration error test prior to resetting the calibration, or (2) the magnitude of any adjustment.31 

6.3.4 Additional Calibration Error Tests 

In addition to the daily calibration error tests required in Section 6.2.3, a calibration error test of 
a monitor shall be performed as follows:32  

1. When a daily calibration error test is failed;  

2. When a monitoring system is returned to service following repair or corrective 
maintenance that could affect the monitor's ability to accurately measure and record 
emissions data;  

3. After making certain calibration adjustments, as described in this section. Except in the 
case of the routine calibration adjustments described below, data from the monitor is 
considered invalid until the required additional calibration error test has been 
successfully completed. 

Routine calibration adjustments of a monitor are permitted after any successful calibration error 
test. These routine adjustments shall be made to bring the monitor readings as close as 
practicable to the known tag values of the calibration gases or to the actual value of the flow 
monitor reference signals.  

An additional calibration error test is required following routine calibration adjustments where the 
monitor's calibration has been physically adjusted (e.g., by turning a potentiometer) to verify that 
the adjustments have been made properly. An additional calibration error test is not required, 
however, if the routine calibration adjustments are made by means of a mathematical algorithm 
programmed into the DAHS it is recommended that routine calibration adjustments be made, at 
a minimum, when the daily calibration error exceeds the limits of the performance specification 
for the pollutant concentration monitor or flow monitor.  

Additional (non-routine) calibration adjustments of a monitor are permitted prior to (but not 
during) linearity checks and RATAs and at other times, provided that an appropriate technical 
justification is included. Allowable non-routine adjustments are when the owner or operator 
physically adjusts the calibration of a monitor (e.g., by means of a potentiometer), provided that 
the post-adjustment zero and upscale responses of the monitor are within the performance 
specifications of the instrument given in Section 6.3.2.1.2. An additional calibration error test is 

 
31 40 CFR Part 75, Appendix B, Section 2.1.6. 
32 40 CFR Part 75, Appendix B, Section 2.1.3. 
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required following such adjustments to verify that the monitor is operating within performance 
specifications at both zero and upscale calibration levels. 

6.4 Linearity Check 

6.4.1 Measurement Range and Requirements 

For units using both a low and high span value, a linearity check is required only on the range(s) 
used to record and report emission data during the QA operating quarter. A QA operating 
quarter is defined as a calendar quarter in which there are at least 168 unit operating hours or, 
for a common stack or bypass stack, a calendar quarter in which there are at least 168 stack 
operating hours. Linearity checks must be conducted no less than 30 days apart, to the extent 
practicable, and the data validation procedures in Section 6.4.5 shall be followed.33 

If N2O span value for a particular monitor range is ≤ 30 ppm, that range is exempted from the 
linearity check requirements of this section, for initial certification, recertification, and for on-
going quality-assurance. For units with two measurement ranges (high and low) for a particular 
parameter, perform a linearity check on both the low scale (except for N2O span values ≤ 30 
ppm) and the high scale. Note that for a N2O-diluent monitoring system with two N2O 
measurement ranges, if the low N2O scale has a span value ≤ 3 0 ppm and is exempt from 
linearity checks, this does not exempt either the diluent monitor or the high N2O scale (if the 
span is > 30 ppm) from linearity check requirements.34 

6.4.2 Frequency 

Unless a particular monitor (or monitoring range) is exempted (as stated above) for ongoing 
quality assurance of the CEMS, a linearity check shall be performed for each primary and 
redundant backup N2O pollutant concentration at least once during each QA operating quarter. 
For units using both a low and high span value, a linearity check is required only on the range(s) 
used to record and report emission data during the QA operating quarter. The linearity checks 
must be conducted according to the data validation procedures in Section 6.4.5 no less than 30 
days apart, to the extent practicable.35  

A linearity check shall not commence if the monitoring system is operating ‘out-of-control’ with 
respect to the other daily or semiannual quality assurance assessments (RATA, calibration error 

checks).36 

6.4.3 Procedure 

The procedures for conducting a linearity check are developed in accordance with 40 CFR Part 
75, Appendix A, Section 6.2, 40 CFR Part 75, Appendix B, Section 2.2.3, and 40 CFR Part 75, 
Appendix A, Section 3.2. 

The linearity of each N2O monitor must be checked while the unit, or group of units for a 
common stack, is ‘on-line.’ Each monitor shall be challenged with calibration gas, as defined in 
Section 6.3.1, at the low-, mid-, and high-range concentrations specified in  

Table 6.2. The calibration gas shall be introduced at the gas injection port, as specified in 
Section 6.2.1. Each monitor must be operated at its normal operating temperature and 
conditions. For extractive and dilution type monitors, pass the calibration gas through all filters, 
scrubbers, conditioners, and other monitor components used during normal sampling and 

 
33 40 CFR Part 75, Appendix B, Section 2.2.1. 
34 40 CFR Part 75, Appendix A, Section 6.2. 
35 In accordance with 40 CFR Part 75, Appendix B, Section 2.2.1. and 40 CFR Part 75, Appendix A, Section 6.2. 
36 40 CFR Part 75, Appendix B, Section 2.2.3. 
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through as much of the sampling probe as is practical. For in-situ type monitors, perform 
calibration checking all active electronic and optical components, including the transmitter, 
receiver, and analyzer.  

The monitor must be challenged three times with each reference gas. The same gas cannot be 
used twice in succession. To the extent practicable, the duration of each linearity test, from the 
hour of the first injection to the hour of the last injection, shall not exceed 24-unit operating 
hours, with the monitor response from the DAHS recorded. For each concentration, the average 

of the responses should be used to determine the error in linearity using Equation 6.3. 

 
Equation 6.3. Percentage error in linearity at the low-level, mid-level, and high-level concentrations 

𝑳𝑬 =
|𝑹 − 𝑨|

𝑹
× 𝟏𝟎𝟎 

Where,      Units  

LE =  Percentage Linearity error, based upon the reference value. % 

R = Reference value of Low-, mid-, or high-level calibration gas 
introduced into the monitoring system. 

ppm 

A =  Average of the monitoring system responses  ppm 

 

Linearity checks are acceptable for monitor or monitoring system certification, recertification, or 
quality assurance if none of the test results exceed the following performance specifications for 
N2O pollutant concentration monitors: 

1. Error in linearity for each calibration gas concentration (low-, mid-, and high-levels) shall 
not exceed or deviate from the reference value by more than 5.0 percent (as calculated 
using Equation 6.3). 

2. Absolute value of the difference between the average and the monitor response values 
and average of the reference values, | R-A | in Equation 6.3. 

3. Low-, mid-, and high-level concentrations are less than or equal to 5 ppm. 

The monitor is considered to be out-of-control if the performance specifications are exceeded 
and the linearity test is failed or if a linearity test is aborted due to a problem with the monitor or 
monitoring system. For a N2O-diluent CEMS, the system is considered out-of-control if either of 
the component monitors exceed performance specifications or if the linearity test of either 

component is aborted due to a problem with the monitor. 

The out-of-control period begins with the hour of the failed or aborted linearity check and ends 
with the hour of completion of a satisfactory linearity check following corrective action and/or 
monitor repair unless the option to use the data validation procedures and associated timelines 
in Section 6.10.2(2) through (9) has been selected, in which case the beginning and end of the 
out-of-control period shall be determined in accordance with Section 6.10.2(7)(a) and (b). For a 
dual-range analyzer, “hands-off” linearity checks must be passed on both measurement scales 
to end the out-of-control period. A monitor shall not be considered out-of-control when a linearity 

test is aborted for a reason unrelated to the monitor's performance (e.g., a forced unit outage).  

6.4.4 Implications and Applications for Results 
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The status of emission data from a CEMS prior to and during a linearity test period shall be 
determined as follows:37 

1. For the initial certification of a CEMS, data from the monitoring system are considered 
invalid until all certification tests, including the linearity test, have been successfully 
completed, unless the conditional data validation procedures in Section  6.10.1.2 are 
used. When the procedures in Section 6.10.2 are followed, the requirements for 
“recertification” apply to an “initial certification” must be completed by the applicable 
deadline in Section 6.10.3, rather than within the time periods specified in Section 
6.10.1.2 (4) for the individual tests. 

2. For the routine quality assurance linearity checks required by Section 6.4, the data 
validation procedures in Section 6.4.5 shall be used. 

3. When a linearity test is required as a diagnostic test or for recertification, the data 
validation procedures in Section 6.10.1.2 shall be used. 

4. For linearity tests performed during a grace period and after the expiration of a grace 
period, the data validation procedures in Section 6.4.5 and Section 6.4.6, respectively, 

shall be used. 

5. For all other linearity checks, use the data validation procedures in Section 6.4.5 shall be 
used. 

6.4.5 Data Validation 

Each required linearity check shall be done according to the following:38  

1. The linearity check may be done “cold,” i.e., with no corrective maintenance, repair, 
calibration adjustments, re-linearization or reprogramming of the monitor prior to the test.  

2. The linearity check may be done after performing only the routine or non-routine 
calibration adjustments described in Section 6.3.4 at the various calibration gas levels 
(zero, low, mid or high), but no other corrective maintenance, repair, re-linearization, or 
reprogramming of the monitor. Trial gas injection runs may be performed after the 
calibration adjustments and additional adjustments within the allowable limits in Section 
6.3.4 may be made prior to the linearity check, as necessary, to optimize the 
performance of the monitor. The trial gas injections do not need to be reported, provided 
that they meet the specification for trial gas injections in Section 6.10.1.2 (7)(e). 
However, if, for any trial injection, this specification is not met, the trial injection shall be 
counted as an aborted linearity check.  

3. The linearity check may be done after repair, corrective maintenance, or reprogramming 
of the monitor. In this case, the monitor shall be considered out-of-control from the hour 
in which the repair, corrective maintenance, or reprogramming commenced until the 
linearity check has been passed. Alternatively, the data validation procedures and 
associated timelines in Section 6.10.1.2 (2) through (9) may be followed upon 
completion of the necessary repair, corrective maintenance, or reprogramming. If the 
procedures in Section 6.10.1.2 are used, the words “quality assurance” apply instead of 
the word “recertification”. 

Once a linearity check has commenced, the test shall be done ‘hands-off’, i.e., no adjustments 
to the monitor are permitted during the linearity test period, other than the routine calibration 
adjustments following daily calibration error tests, as described in Section 6.3.4. If a routine daily 

 
37 40 CFR Part 75, Appendix A, Section 6.2.  
38 40 CFR Part 75, Appendix B, Section 2.2.3. 
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calibration error test is performed and passed just prior to a linearity test (or during a linearity 
test period) and a mathematical correction factor is automatically applied by the DAHS, the 
correction factor shall be applied to all subsequent data recorded by the monitor, including the 

linearity test data.  

If a daily calibration error test is failed during a linearity test period, prior to completing the test, 
the linearity test must be repeated. Data from the monitor are invalidated prospectively from the 
hour of the failed calibration error test until the hour of completion of a subsequent successful 
calibration error test. The linearity test shall not commence until the monitor has successfully 
completed a calibration error test. 

No more than four successive calendar quarters shall elapse after the quarter in which a 
linearity check of a monitor or monitoring system (or range of a monitor or monitoring system) 
was last performed without a subsequent linearity test having been conducted. If a linearity test 
has not been completed by the end of the fourth calendar quarter since the last linearity test, 
then the linearity test must be completed within a 168 unit operating hour or stack operating 
hour “grace period” (as provided in Section 6.4.6) following the end of the fourth successive 

elapsed calendar quarter, or data from the CEMS (or range) will become invalid. 

For each monitoring system, report the results of all completed and partial linearity tests that 
affect data validation (i.e., all completed, passed linearity checks; all completed, failed linearity 
checks; and all linearity checks aborted due to a problem with the monitor, including trial gas 
injections counted as failed test attempts. Linearity attempts that are aborted or invalidated due 
to problems with the reference calibration gases or due to operational problems with the 
affected unit(s) do not need to be reported, as partial tests do not affect the validation status of 
emission data recorded by the monitor. A record of all linearity tests, trial gas injections and test 
attempts (whether reported or not) must be kept on-site as part of the official test log for each 
monitoring system.  

6.4.6 Grace Period 

When a required linearity test or flow monitor leak check has not been completed by the end of 
the QA operating quarter in which it is due or if, due to infrequent operation of a unit or 
infrequent use of a required high range of a monitor or monitoring system, four successive 
calendar quarters have elapsed after the quarter in which a linearity check of a monitor or 
monitoring system (or range) was last performed without a subsequent linearity test having 
been done, the owner or operator has a grace period of 168 consecutive unit operating hours39 
(or, for monitors installed on common stacks or bypass stacks, 168 consecutive stack operating 
hours) in which to perform a linearity test or leak check of that monitor or monitoring system (or 
range). The grace period begins with the first unit or stack operating hour following the calendar 
quarter in which the linearity test was due. Data validation during a linearity or leak check grace 

period shall be done in accordance with the applicable provisions in Section 6.4.5.  

If, at the end of the 168 unit (or stack) operating hour grace period, the required linearity test or 
leak check has not been completed, data from the monitoring system (or range) shall be invalid, 
beginning with the first unit operating hour following the expiration of the grace period. Data 
from the monitoring system (or range) remains invalid until the hour of completion of a 
subsequent successful hands-off linearity test or leak check of the monitor or monitoring system 
(or range). When a linearity test or a leak check is conducted within a grace period for the 
purpose of satisfying the linearity test or leak check requirement from a previous QA operating 
quarter, the results of that linearity test or leak check may only be used to meet the linearity 
check or leak check requirement of the previous quarter, not the quarter in which the missed 

 
39 40 CFR Part 75, Appendix B, Section 2.2.4. 
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linearity test or leak check is completed. 

6.5 Leak Checks 
For differential pressure flow monitors, a leak check of all sample lines (a manual check is 
acceptable) shall be performed at least once during each QA operating quarter. For this test, the 
unit does not have to be in operation. Leak checks shall be conducted no less than 30 days 
apart, to the extent practicable. An out-of-control period occurs when a flow monitor sample line 
leak is detected. The out-of-control period begins with the hour of the failed leak check and ends 
with the hour of a satisfactory leak check following corrective action. Refer to Section 6.4.6. for 
guidance on grace periods for leak checks. 

6.6 Relative Accuracy and Bias Tests 
The procedures for conducting relative accuracy and bias tests are described in accordance 
with 40 CFR Part 75, Appendix B, Sections 2.3.1, 2.3.1.3, and 6.5, and 40 CFR Part 75, 
Appendix B, Sections 2.3.2, 2.3.1.2, and 2.3.1.4. Guidance on grace periods for relative 

accuracy and bias tests were derived from 40 CFR Part 75, Appendix B, Section 2.3.3. 

6.6.1 Procedure 

For flow monitors that qualify to perform only single-level, all required semiannual or annual 
relative accuracy test audits shall be single-load (or single-level) audits at the normal load (or 
operating level). Each RATA shall be performed while the unit is considered “on-line”. The 

monitoring or monitoring system output from the DAHS must be recorded. 

For monitoring systems with dual ranges, perform the relative accuracy test on the range 
normally used for measuring emissions. For units with add-on N2O controls that operate 
continuously rather than seasonally, or for units that need a dual range to record high 
concentration “spikes” during startup conditions, the low range is considered normal. However, 
for some dual span units (e.g., for units that use fuel switching or for which the emission controls 
are operated seasonally), provided that both monitor ranges are connected to a common probe 
and sample interface, either of the two measurement ranges may be considered normal; in such 
cases, perform the RATA on the range that is in use at the time of the scheduled test. If the low 
and high measurement ranges are connected to separate sample probes and interfaces, RATA 
testing on both ranges is required.  

Complete each single-load RATA within a period of 168 consecutive unit operating hours (or, for 

CEMS installed on common stacks or bypass stacks, 168 consecutive stack operating hours).  

The status of emission data from the CEMS prior to and during the RATA test period shall be 
determined as follows:  

1. For the initial certification of a CEMS, data from the monitoring system is considered 
invalid until all certification tests, including the RATA, have been successfully completed, 
unless the conditional data validation procedures in Section 6.10.1.2 are used. When the 
procedures in Section 6.10.1.2 are followed, the requirements for a “recertification” 
applies for an initial certification and must be completed by the applicable deadline in 
Section 6.10.3, rather than within the time periods specified in Section 6.10.1.2(4) for the 
individual tests. 

2. For the routine quality assurance RATAs required by Section 6.6, the data validation 
procedures in Section 6.6.3 shall be used. 

3. For recertification RATAs, the data validation procedures in Section 6.10.1.2 shall be 
used. 
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4. For RATAs performed during and after the expiration of a grace period, the data 
validation procedures in Sections 6.6.3 and 6.6.4, respectively, shall be used. 

5. For all other RATAs, the data validation procedures in Section 6.6.3 shall be used. 

For each flow monitor and each N2O concentration monitoring system used to determine N2O 
mass emissions, the relative accuracy must be calculated in accordance with Section 6.6. 
Additionally, a bias test must be conducted, and an appropriate bias adjustment factor must be 
determined in accordance with Sections 6.6.6 using data from the RATA.  

6.6.2 RATA Frequencies 

6.6.2.1 Standard RATA Frequencies 

Except as otherwise specified in Section 6.6.2.2, RATAs shall be performed semiannually, i.e., 
once every two successive QA operating quarters for each flow monitor or N2O concentration 
monitoring system. A calendar quarter that does not qualify as a QA operating quarter shall be 
excluded in determining the deadline for the next RATA. No more than eight successive 
calendar quarters shall elapse after the quarter in which a RATA was last performed without a 
subsequent RATA having been conducted. If a RATA has not been completed by the end of the 
eighth calendar quarter since the quarter of the last RATA, then the RATA must be completed 
within a 720 unit (or stack) operating hour grace period (as provided in Section 6.6.4) following 
the end of the eighth successive elapsed calendar quarter, or data from the CEMS will become 
invalid.  

The relative accuracy test audit frequency of a CEMS may be reduced, as specified in Section 
6.6.2.2 for primary or redundant backup monitoring systems which qualify for less frequent 
testing. All required RATAs must be performed in accordance with the applicable procedures 
and provisions in Sections 6.6.1, 6.6.3, and 6.6.4.  

6.6.2.2 Reduced RATA Frequencies 

RATAs conducted on N2O concentration monitoring systems, flow monitors, or N2O-diluent 
monitoring may be performed annually (i.e., once every four successive QA operating quarters) 
rather than once every two successive QA operating quarters if any of the following conditions 
are met for the specific monitoring system involved:  

1. The relative accuracy during the audit of a N2O concentration monitoring system, or of a 
N2O-diluent monitoring system is ≤ 7.5 percent;  

2. The relative accuracy during the audit of a flow monitor is ≤ 7.5 percent at each 
operating level tested;  

3. For low flow (≤ 10.0 standard feet per second (fps), as measured by the reference 
method during the RATA) stacks/ducts, when the flow monitor fails to achieve a relative 
accuracy ≤ 7.5 percent during the audit, but the monitor mean value, calculated in 
Equation 6.4 and converted back to an equivalent velocity in fps, is within ± 1.5 fps of the 
reference method mean value, converted to an equivalent velocity in fps; 

4. For low N2O emitting units (average N2O reference method concentrations ≤ 250 ppm) 
during the RATA, when N2O concentration monitoring system fails to achieve a relative 
accuracy ≤ 7.5 percent during the audit, but the monitor mean value from the RATA is 
within ± 12 ppm of the reference method mean value. 
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Equation 6.4. Calculate the arithmetic mean of the differences of a data set 

𝒅̅ =
𝟏

𝒏
∑ 𝒅𝒊

𝒏

𝒊=𝟏

 

Where,      

𝑑̅ =  Arithmetic mean of the differences 

n = Number of data points (test runs) 

∑ 𝑑𝑖

𝑛

𝑖=1

 
=  Algebraic sum of the individual differences, 𝑑𝑖 

𝑑𝑖 = The difference between a reference method value and the corresponding CEMS 
value (RMi – CEMi), for a given datapoint 

6.6.2.3 Number of RATA Attempts 

The owner or operator may perform as many RATA attempts as are necessary to achieve the 
desired RATA frequencies and/or bias adjustment factors. However, the data validation 
procedures in Section 6.6.3 must be followed. 

6.6.3 Data Validation 

A RATA shall not commence if the monitoring system is operating out-of-control with respect to 
any of the daily and quarterly quality assurance assessments required by Section 6.3.3, and 
with respect to the additional calibration error test requirements in Section 6.3.4. 

Each required RATA shall be done in accordance with the following: 

1. The RATA may be done “cold,” i.e., with no corrective maintenance, repair, calibration 
adjustments, re-linearization or reprogramming of the monitoring system prior to the test.  

2. The RATA may be done after performing only the routine or non-routine calibration 
adjustments described in Section 6.3.4 at the zero and/or upscale calibration gas levels, 
but no other corrective maintenance, repair, re-linearization or reprogramming of the 
monitoring system. Trial RATA runs may be performed after the calibration adjustments 
and additional adjustments within the allowable limits in Section 6.3.4 may be made prior 
to the RATA, as necessary, to optimize the performance of the CEMS. The trial RATA 
runs need not be reported, provided that they meet the specification for trial RATA runs 
in Section 6.10.1.2 (7)(e). However, if, for any trial run, this specification is not met, the 
trial run shall be counted as an aborted RATA attempt.  

3. The RATA may be done after repair, corrective maintenance, re-linearization or 
reprogramming of the monitoring system. In this case, the monitoring system shall be 
considered out-of-control from the hour in which the repair, corrective maintenance, re-
linearization or reprogramming is commenced until the RATA has been passed. 
Alternatively, the data validation procedures and associated timelines in Section 6.10.1.2 
(2) through (9) may be followed upon completion of the necessary repair, corrective 
maintenance, re-linearization or reprogramming. If the procedures in Section 6.10.1.2 
are used, the words “quality assurance” apply instead of the word “recertification.”  
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Once a RATA has commenced, the test must be done hands-off, i.e., no adjustment of the 
monitor's calibration is permitted during the RATA test period, other than the routine calibration 
adjustments following daily calibration error tests, as described in Section 6.3.4. If a routine daily 
calibration error test is performed and passed just prior to a RATA (or during a RATA test 
period) and a mathematical correction factor is automatically applied by the DAHS, the 
correction factor shall be applied to all subsequent data recorded by the monitor, including the 
RATA test data. 

For single-load (or single-level) RATAs, if a daily calibration error test is failed during a RATA 
test period, prior to completing the test, the RATA must be repeated. Data from the monitor is 
invalidated prospectively from the hour of the failed calibration error test until the hour of 
completion of a subsequent successful calibration error test. The subsequent RATA shall not 
commence until the monitor has successfully passed a calibration error test in accordance with 
Section 6.3.4. 

If RATAs that done “cold” or as “trial runs” are failed (that is, if the relative accuracy exceeds the 
applicable specification in Section 6.5) or if the RATA is aborted prior to completion due to a 
problem with the CEMS, then the CEMS is out-of-control and all emission data from the CEMS 
are invalidated prospectively from the hour in which the RATA is failed or aborted. Data from the 
CEMS remain invalid until the hour of completion of a subsequent RATA that meets the 
applicable specification in Section 6.6.5 If the option to use the data validation procedures and 
associated timelines in Section 6.10.1.2 (2) through (9) has been selected, the beginning and 
end of the out-of-control period shall be determined in accordance with Section 6.10.1.2 (7)(a) 
and (b). Note that when a RATA is aborted for a reason other than monitoring system, this does 
not trigger an out-of-control period for the monitoring system. 

For each monitoring system, report the results of all completed and partial RATAs that affect 
data validation (i.e., all completed, passed RATAs; all completed, failed RATAs; and all RATAs 
aborted due to a problem with the CEMS, including trial RATA runs counted as failed test 
attempts) in the quarterly required reports. Note that RATA attempts that are aborted or 
invalidated due to problems with the reference method or due to operational problems with the 
affected unit(s) need not be reported. Such runs do not affect the validation status of emission 
data recorded by the CEMS. However, a record of all RATAs, trial RATA runs and RATA 
attempts (whether reported or not) must be kept on-site as part of the official test log for each 

monitoring system.  

Each time that a hands-off RATA of a N2O concentration monitoring system, or a flow monitor is 
passed, perform a bias test in accordance with Section 6.6.6. Apply the appropriate bias 
adjustment factor to the reported N2O, or flow rate data, in accordance with Section 6.6.6. 

Failure of the bias test does not result in the monitoring system being out-of-control. 

6.6.4 RATA Grace Period 

The owner or operator has a grace period of 720 consecutive unit operating hours (or, for 
CEMS installed on common stacks or bypass stacks, 720 consecutive stack operating hours in 
which to complete the required RATA for a particular CEMS when:  

1. A required RATA has not been performed by the end of the QA operating quarter in 
which it is due; or 

2. Eight successive calendar quarters have elapsed, following the quarter in which a RATA 
was last performed, without a subsequent RATA having been done, due to infrequent 

operation of the unit(s). 

The grace period shall begin with the first unit (or stack) operating hour following the calendar 
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quarter in which the required RATA was due. Data validation during a RATA grace period shall 
be done in accordance with the applicable provisions in Section 6.6.3. 

If, at the end of the 720 unit (or stack) operating hour grace period, the RATA has not been 
completed, data from the monitoring system shall be invalid, beginning with the first unit 
operating hour following the expiration of the grace period. Data from the CEMS remains invalid 
until the hour of completion of a subsequent hands-off RATA. The deadline for the next test 
shall be either two QA operating quarters (if a semiannual RATA frequency is obtained) or four 
QA operating quarters (if an annual RATA frequency is obtained) after the quarter in which the 
RATA is completed, not to exceed eight calendar quarters.  

When a RATA is done during a grace period in order to satisfy a RATA requirement from the 
previous quarter, the deadline for the next RATA shall be determined as follows:  

1. If the grace period RATA qualifies for a reduced, (i.e., annual), RATA frequency the 
deadline for the next RATA shall be set at three QA operating quarters after the quarter 
in which the grace period test is completed. 

2. If the grace period RATA qualifies for the standard, (i.e., semiannual), RATA frequency 
the deadline for the next RATA shall be set at two QA operating quarters after the 
quarter in which the grace period test is completed. 

3. Notwithstanding these requirements, no more than eight successive calendar quarters 
shall elapse after the quarter in which the grace period test is completed, without a 

subsequent RATA having been conducted. 

6.6.5 Performance Specifications 

Performance specifications for flow meters and N2O concentration monitoring systems were 
derived from 40 CFR Part 75, Appendix A, Section 3.3. The relative accuracy of flow monitors 
shall not exceed 10.0 percent at any load (or operating) level at which a RATA is performed.  

For affected units where the average of the flow reference method measurements of gas 
velocity at a particular load (or operating) level of the relative accuracy test audit is less than or 
equal to 10.0 fps, the difference between the mean value of the flow monitor velocity 
measurements and the reference method mean value in fps at that level shall not exceed ± 2.0 

fps, wherever the 10.0 percent relative accuracy specification is not achieved.  

6.6.5.1 Relative Accuracy for Flow Meters 

The relative accuracy of flow monitors shall not exceed 10.0 percent at any load (or operating) 
level at which a RATA is performed.  

For affected units where the average of the flow reference method measurements of gas 
velocity at a particular load (or operating) level of the relative accuracy test audit is less than or 
equal to 10.0 fps, the difference between the mean value of the flow monitor velocity 
measurements and the reference method mean value in fps at that level shall not exceed ± 2.0 
fps, wherever the 10.0 percent relative accuracy specification is not achieved. 

6.6.5.2 Relative Accuracy for N2O Concentration Monitoring Systems 

The following requirement applies only to N2O concentration monitoring systems (i.e., N2O 
pollutant concentration monitors) that are used to determine N2O mass emissions, where the 
owner or operator elects to monitor and report N2O mass emissions using a N2O concentration 
monitoring system and a flow monitoring system.  

The relative accuracy for N2O concentration monitoring systems shall not exceed 10.0 percent. 
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Alternatively, for affected units where the average of the reference method measurements of 
N2O concentration during the relative accuracy test audit is less than or equal to 250.0 ppm, the 
difference between the mean value of the CEMS measurements and the reference method 
mean value shall not exceed ± 15.0 ppm, when the 10.0 percent relative accuracy specification 
is not achieved. 

6.6.6 Bias Adjustment Factor 

Except as otherwise specified in this section, if a flow monitor or a N2O concentration monitoring 
system used to calculate N2O mass emissions fails the bias test, use the bias adjustment factor 
given in Equation 6.8 and Equation 6.9.40 
 
N2O concentration monitoring systems used to determine N2O mass emissions shall not be 
biased low. The bias specification applies to all N2O concentration monitoring systems, including 
those measuring an average N2O concentration of 250.0 ppm or less, and to all N2O-diluent 
CEMS, including those measuring an average N2O emission rate of 0.200 lb/mmBtu or less. 
 

The RATA data sets for flow monitors and N2O concentration monitoring systems used to 
determine N2OX mass emissions must be tested for bias using the procedures outlined in this 
section. 
 

Flow monitors shall not be biased low as determined by the test procedure in Section 6.6.6. The 
bias specification applies to all flow monitors including those measuring an average gas velocity 
of 10.0 fps or less.  
 
The arithmetic mean of the differences of the data set must be calculated using Equation 6.4. To 
calculate bias for N2O pollutant concentration monitor, “di” is, for each paired data point, the 
difference between the N2O concentration value (in ppm) obtained from the reference method 
and the monitor. To calculate bias for a flow monitor, “di” is, for each paired data point, the 
difference between the flow rate values (in scfh) obtained from the reference method and the 
monitor.  
 
The standard deviation of the data set should be calculated according to Equation 6.5. 
 
Equation 6.5. Calculating the standard deviation of the data set 

𝑺𝒅 =
√∑ 𝒅𝒊

𝟐𝒏
𝒊=𝟏 −

(∑ 𝒅𝒊
𝒏
𝒊=𝟏 )𝟐

𝒏
𝒏 − 𝟏

 
 

Where,      Units  

Sd =   Standard deviation of the dataset 
 

di = The difference between the flow rate or N2O emission rate value for 
each paired data point obtained from the reference method and the 
monitoring system 

ppm/ 
scfh/ 
lbmmBtu 

 

The confidence coefficient, cc, of the data set should be calculated according to Equation 6.6. 

 
40 Bias adjustment factor procedures as described in this section are in accordance with 40 CFR Part 75, 
Appendix A, Section 3.4. and 40 CFR Part 75, Appendix A, Section 7.6. 
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Equation 6.6. Calculate the confidence coefficient (one-tailed) 

𝑐𝑐 = 𝑡0.025 × (
𝑆𝑑

√𝑛
) 

 

Where,      

Cc = Confidence Coefficient. 

𝑡0.025 =  T value (Table 6.3) 

𝑆𝑑 = Standard deviation, as calculated in Equation 6.5 

n =  Number of test runs 

 
 
Table 6.3. T-Values 

n-1  t 0.025  n-1  t 0.025  n-1  t 0.025 

1 12.706  12 2.179  23 2.069 

2 4.303  13 2.160  24 2.064 

3  3.182  14 2.145  25 2.060 

4 2.776  15 2.131  26 2.056 

5 2.571  16 2.120  27 2.052 

6 2.447  17 2.110  28 2.048 

7 2.365  18 2.101  29 2.045 

8 2.306  19 2.093  30 2.042 

9 2.262  20 2.086  40 2.021 

10 2.228  21 2.080  60 2.000 

11 2.201  22 2.074  >60 1.960 

  

 
If, for the RATA data set being tested, the mean difference, d̄, is less than or equal to the 
absolute value of the confidence coefficient, | cc |, the monitor or monitoring system has passed 
the bias test. If the mean difference, d̄, is greater than the absolute value of the confidence 
coefficient, √ cc √, the monitor or monitoring system has failed to meet the bias test 
requirement. 
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Equation 6.7. Calculate the relative accuracy of a data set 

𝑹𝑨 =
|𝒅̅| + |𝒄𝒄|

𝑹𝑴
× 𝟏𝟎𝟎 

 

Where,      

RM = Arithmetic mean of the reference method values. 

|𝑑̅| =  The absolute value of the mean difference between the reference method values 
and the corresponding CEMS values 

|𝑐𝑐| = The absolute value of the confidence coefficient 

 
If the monitor or monitoring system fails to meet the bias test requirement, adjust the value 
obtained from the monitor using Equation 6.8 below. Equation 6.9 shall be used to calculate the 
relative accuracy of a data set. 
 
Equation 6.8. Adjusting data based on bias test failure  

CEMi
Adjusted

= CEMi
Monitor × BAF  

Where,      

CEMi
Monitor = Data (measurement) provided by the monitor at time i 

CEMi
Adjusted

 =  Data value, adjusted for bias, at time i 

BAF = Bias adjustment factor, determined in Equation 6.9 

 
Equation 6.9. Relative accuracy of a data set 

𝑩𝑨𝑭 =  𝟏 +  
|𝒅̅|

CEMavg
 

 

Where,      

BAF = Bias adjustment factor, calculated to the nearest thousandth. 

𝑑̅ =  Arithmetic mean of the difference obtained during the failed bias test obtained 
using Equation 6.4. 

CEMavg = Mean of the data values provided by the monitor during the failed bias test. 

 

For single-load RATAs of N2O concentration monitoring systems the appropriate BAF is 
determined directly from the RATA results at normal load, using Equation 6.8. Notwithstanding, 
when a N2O concentration CEMS installed on a low-emitting affected unit (i.e., average N2O 
concentration during the RATA ≤250 ppm meets the normal 10.0 percent relative accuracy 
specification or the alternate relative accuracy specification in section 6.5 for low-emitters, but 
fails the bias test, the BAF may either be determined using Equation 6.9, or a default BAF of 



Nitric Acid Production Protocol   Version 1.0, September 2026 

61 
 

1.111 may be used. 
 
Each time the monitoring system passes the RATA, and the appropriate bias adjustment factor 
has been determined, apply the BAF prospectively to all monitoring system data, beginning with 
the first clock hour following the hour in which the RATA was completed.  
 
The bias-adjusted values must be used in computing substitution values in the missing data 
procedure, as specified in Section 6.8, and in reporting the concentration and the flow rate. In 
addition, when using a N2O concentration monitoring system and a flow monitor to calculate 
N2O mass emissions, use bias-adjusted values for N2O concentration and flow rate in the mass 
emission calculations and use bias-adjusted N2O concentrations to compute the appropriate 
substitution values for N2O concentration in the missing data routines in Section 6.8. 

6.6.7 Special Considerations 

When a significant change is made to a monitoring system such that recertification of the 
monitoring system is required in accordance with Section 6.10.1.2, a recertification test (or 
tests) must be performed to ensure that the CEMS continues to generate valid data. In all 
recertifications, a RATA will be one of the required tests; for some recertifications, other tests 
will also be required. A recertification test may be used to satisfy the quality assurance test 
monitoring requirements. For example, if, for a particular change made to a CEMS, one of the 
required recertification tests is a linearity check and the linearity check is successful, then, 
unless another such recertification event occurs in that same QA operating quarter, it would not 
be necessary to perform an additional linearity test of the CEMS in that quarter to meet the 
quality assurance requirement in Section 6.4. For this reason, it is recommended that owners or 
operators coordinate component replacements, system upgrades, and other events that may 
require recertification, to the extent practicable, with the periodic quality assurance testing 
required by this protocol. When a quality assurance test is done for the dual purpose of 
recertification and routine quality assurance, the applicable data validation procedures in 
Section 6.10.1.2 shall be followed.41 

Except as provided in Section 6.6.4, when a passing RATA of a gas monitor is performed, the 
RATA frequency (semi-annual or annual) shall be established based upon the date and time of 
completion of the RATA and the relative accuracy percentage obtained.  

6.7 Cycle Time Test 
Cycle time tests must be performed for each pollutant concentration monitor and CEMS while 
the unit is operating, according to the following procedures.42  

1. Use a zero-level and a high-level calibration gas (as defined in Section 6.3.1), 
alternately.  

2. To determine the downscale cycle time, measure the concentration of the flue gas 
emissions until the response stabilizes.  

3. Record the stable emissions value. Inject a zero-level concentration calibration gas into 
the probe tip.  

4. Record the time of the zero-gas injection, using the DAHS.  
5. Allow the monitor to measure the concentration of the zero gas until the response 

stabilizes.  
6. Record the stable ending calibration gas reading.  
7. Determine the downscale cycle time as the time it takes for 95.0 percent of the step 

 
41 40 CFR Part 75, Appendix B, Section 2.4. 
42 Cycle time test procedures are developed in accordance with 40 CFR Part 75, Appendix A, Section 6.4. 
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change to be achieved between the stable stack emissions value and the stable ending 
zero gas reading.  

8. Then repeat the procedure, starting with stable stack emissions and injecting the high-
level gas, to determine the upscale cycle time, which is the time it takes for 95.0 percent 
of the step change to be achieved between the stable stack emissions value and the 
stable ending high-level gas reading.  

9. Use the following criteria to assess when a stable reading of stack emissions or 
calibration gas concentration has been attained.  

a. A stable value is equivalent to a reading with a change of less than 2.0 percent of 
the span value for 2 minutes, or a reading with a change of less than 6.0 percent 
from the measured average concentration over 6 minutes. For monitors or 
monitoring systems that perform a series of operations (such as purge, sample, 
and analyze), time the injections of the calibration gases so it will produce the 
longest possible cycle time.  

b. Report the slower of the two cycle times (upscale or downscale) as the cycle time 
for the analyzer.  

c. For time-shared systems, perform the cycle time tests at each probe location that 
will be polled within the same 15-minute period during monitoring system 
operations.  

d. To determine the cycle time for time-shared systems, at each monitoring 
location, report the sum of the cycle time observed at that monitoring location 
plus the sum of the time required for all purge cycles (as determined by the 
CEMS manufacturer) at each of the probe locations of the time-shared systems.  

e. For monitors with dual ranges, report the test results for each range separately. 
Cycle time test results are acceptable for monitor or monitoring system 
certification, recertification or diagnostic testing if none of the cycle times exceed 
15 minutes.  

The status of emissions data from a monitor prior to and during a cycle time test period shall be 
determined as follows: 

1. For initial certification, data from the monitor are considered invalid until all certification 
tests, including the cycle time test, have been successfully completed, unless the 
conditional data validation procedures of Section 6.10.2 are used. When the procedures 
in Section 6.10.2 are followed, the words “initial certification” apply instead of 
“recertification,” and complete all of the initial certification tests by the applicable 
deadline in Section 6.10.3, rather than within the time periods specified in Section 6.10.2 

(4) for the individual tests.  

2. When a cycle time test is required as a diagnostic test or for recertification, use the data 
validation procedures in Section 6.6.3.  

6.8 Missing Data Substitution 
In situations where there is missing concentration, flow, or nitric acid production data, the project 
developer shall follow the missing data substitution procedures outlined in this section.43 Missing 
data from the operation of the CEMS may be replaced with substitute data to determine the N2O 
emissions during the period for which CEMS data are missing. The owner or operator of the 
CEMS can substitute for missing N2O concentration data using the procedures specified in this 
section. 

 
43 40 CFR Part 75, Subpart D 
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Except as provided in Section 6.8.3, which pertains to units with add-on emissions controls, the 
owner or operator shall provide substitute data for each affected unit using a CEMS according 
to the missing data procedures whenever the unit is considered ‘online’ and: 

1. A valid, quality-assured hour of flow data (in scfh) has not been measured and recorded 
for an affected unit from a certified flow monitor; or 

2. A valid, quality-assured hour of N2O concentration data (in ppm) has not been measured 
or recorded for an affected unit, either by a certified N2O concentration monitoring 

system used to determine N2O mass emissions. 

However, data substitution does not need to be conducted according to this section if the owner 
or operator uses N2O concentration or flow rate data recorded from either a certified redundant 
or regular non-redundant backup CEMS, a like-kind replacement non-redundant backup 
analyzer, or a backup reference method monitoring system when the certified primary monitor is 
not operating or is out-of-control. A redundant or non-redundant backup CEMS must have been 
certified according to the procedures in Section 6.10 prior to the missing data period. Non-
redundant backup CEMS must pass a linearity check (for pollutant concentration monitors) or a 
calibration error test (for flow monitors) prior to each period of use of the certified backup 
monitor for recording and reporting emissions. The use of a certified backup monitoring system 
or backup reference method monitoring system is optional and at the discretion of the owner or 
operator. 

When the certified primary monitor is not operating or out-of-control, then data recorded for an 
affected unit from a certified backup continuous emission monitor or backup reference method 
monitoring system are used, as if such data were from the certified primary monitor, to calculate 
monitor data availability in Section 6.8.2, and to provide the quality-assured data used in the 

missing data procedures in Section 6.8.1 and Section 6.8.3, such as the “hour after” value. 

6.8.1 Initial Missing Data Procedures 

During the first 2,160 quality assured monitor operating hours following initial certification of the 
required N2O concentration, or flow monitoring system(s) at the unit or stack location (i.e., the 
date and time at which quality assured data begins to be recorded by CEMS(s) installed at that 
location), the owner or operator shall provide substitute data required under this section 
according to the procedures that follow. The owner or operator of a unit shall use these 
procedures for no longer than three years (26,280 clock hours) following initial certification. 

For each hour of missing volumetric flow rate data or N2O concentration data used to determine 

N2O mass emissions: 

1. Whenever prior quality-assured data exists at the time of the missing data period, the 
owner or operator shall substitute, by means of the automated DAHS, for each hour of 
missing data, the arithmetic average of all of the prior quality-assured hourly average 

flow rates or N2O concentrations. 

2. Whenever no prior N2O concentration data exist, the owner or operator shall, as 
applicable, substitute for each hour of missing data the maximum potential N2O 
concentration as specified in Section 6.2.2.1. 

6.8.2 Determination of Monitoring Data Availability 

Following the initial certification of the required N2O concentration or flow monitoring system(s) 
at a unit or stack location, the owner or operator shall begin calculating the percent monitor data 
availability as described in this section, and shall, upon completion of the first 2,160 quality-
assured monitor operating hours, record, by means of the automated DAHS, the percent 
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monitor data availability for each monitored parameter. Notwithstanding these requirements, if 
three years (26,280 clock hours) have elapsed since the date and hour of initial certification and 
fewer than 720 (or 2,160, as applicable) quality-assured monitor operating hours have been 

recorded, the owner or operator shall begin recording the percent monitor data availability.  

The percent monitor data availability shall be calculated for each monitored parameter at each 
unit or stack location according to the following procedure: 

1. Prior to completion of 8,760 unit or stack operating hours following initial certification, the 
owner or operator shall, for the purpose of applying the standard missing data 
procedures of Section 6.8.3, use Equation 6.10. Calculating Percent Monitor Data 
Availability, Scenario 1 to calculate hourly, percent monitor data availability. 

2. Upon completion of 8,760 unit (or stack) operating hours following initial certification and 
thereafter, the owner or operator shall, for the purpose of applying the standard missing 
data procedures of Section 6.8.3, use Equation 6.11 to calculate hourly, percent monitor 
data availability. Notwithstanding this requirement, if three years (26,280 clock hours) 
have elapsed since initial certification and fewer than 8,760 unit or stack operating hours 
have been accumulated, the owner or operator shall begin using a modified version of 
Equation 6.11, as described below.  

3. When calculating percent monitor data availability using Equation 6.10 or Equation 6.11, 
the owner or operator shall include all unit operating hours, and all monitor operating 
hours for which quality-assured data were recorded by a certified primary monitor; a 
certified redundant or non-redundant backup monitor or a reference method for that unit. 
No hours from more than three years (26,280 clock hours) earlier shall be used in 
Equation 6.11. For a unit that has accumulated fewer than 8,760 unit operating hours in 
the previous three years (26,280 clock hours), redefine OHQA in the numerator as “Total 
unit operating hours for which quality-assured data were recording in the previous three 
years” and replace “8,760” in the denominator of Equation 6.11 with “total unit operating 
hours in the previous three years.”  

Scenario 1 (in Equation 6.10) refers to units or stacks that have not completed the 8,760 hours 
following the initial certification, while Scenario 2 (in Equation 6.11) refers to those that have. 
The monitor data availability shall be calculated for each hour during each missing data period. 
The owner or operator shall record the percent monitor data availability for each hour of each 

missing data period to implement the missing data substitution procedures. 

  



Nitric Acid Production Protocol   Version 1.0, September 2026 

65 
 

Equation 6.10. Calculating Percent Monitor Data Availability, Scenario 1 

𝑴𝑫𝑨 =
𝑶𝑯𝑸𝑨

𝑶𝑯𝑻𝑶𝑻
× 𝟏𝟎𝟎 

Where,      Units  

MDA =  Percent monitoring data availability % 

𝑂𝐻𝑄𝐴 = Total unit operating hours for which quality-assured data were 
recorded since certification 

Hours 

𝑂𝐻𝑇𝑂𝑇  =  Total unit operating hours since certification Hours 

 
Equation 6.11. Calculating Percent Monitor Data Availability, Scenario 2 

𝑴𝑫𝑨 =
𝑶𝑯𝑸𝑨

𝟖, 𝟕𝟔𝟎
× 𝟏𝟎𝟎 

Where,      Units  

MDA =  Percent monitoring data availability % 

𝑂𝐻𝑄𝐴 = Total unit operating hours for which quality-assured data were 
recorded during previous 8,760 unit operating hours 

Hours 

6.8.3 Missing Data Procedures for N2O and Flow Rate 

The missing data procedures for the N2O inlet data (Table 6.4) and N2O outlet and flow rate 
data (Table 6.5) depend on the availability of data and duration of the CEMS outage. The 
procedures were developed in accordance with 40 CFR Part 75, Subpart B, Section 75.10. 
 
Table 6.4. Missing Data Procedure for N2O Inlet 

Trigger conditions Calculation routines 

Monitor data 
availability 
(percent) 

Duration (N) of 
CEMS outage 

(hours)1 
Method Lookback Period2 

95 or more 

N ≤ 24  Average 2,160 hours 

N > 24 

The lesser of:  

10th percentile 2,160 hours 

Average of hour before and 
after 

2,160 hours 

90 or more, but 
below 95 

N ≤ 8 Average 2,160 hours 

N > 8 The lesser of:  
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5th percentile 2,160 hours 

Average of hour before and 
after 

2,160 hours 

80 or more, but 
below 90 

Any hour Minimum value3 2,160 hours 

Below 80 Any Hour Minimum potential value4 None 

1 During unit operation only.   
2 Lookback period consists of quality-assured (in-control) CEMS operating hours only.  
3 Minimum value is the lowest CEMS reading observed in the lookback period  
4 The minimum potential value is established for use in the worst-case scenario outlined above when the CEMS 
historical data availability falls below 80 percent. Defined as the lowest hourly average measured by a certified CEMS 
during the previous 720 hours. It must be demonstrated that the control system was in operation during the missing 
data period.  

 
 
Table 6.5. Missing Data Procedure for N2O Outlet and Flow Rate  

Trigger conditions Calculation routines 

Monitor data 
availability 
(percent) 

Duration (N) of 
CEMS outage 

(hours)1 
Method Lookback Period2 

95 or more 

N ≤ 24  Average 2,160 hours 

N > 24 

The greater of:  

Average 2,160 hours 

90th Percentile 2,160 hours 

90 or more, but 
below 95 

N ≤ 8 Average 2,160 hours 

N > 8 

The greater of:  

Average 2,160 hours 

95th Percentile 2,160 hours 

80 or more, but 
below 90 

Any hour Maximum value3 2,160 hours 

Below 80 Any Hour Maximum potential value4 None 

1 During unit operation only 
2 Lookback period consists of quality-assured (in-control) CEMS operating hours only.  
3 Maximum value is the highest reading observed in the lookback period 
4 The maximum potential value is established for use in the worst-case scenario outlined above when the CEMS 
historical data availability falls below 80 percent. Defined as the highest hourly average measured by a certified 
CEMS during the previous 720 hours. It must be demonstrated that the control system was in operation during the 
missing data period.  Note: Above table assumes 2160 hours have been achieved  
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6.9 Monitoring Requirements 
The operating requirements outlined in this section were developed in accordance with 40 CFR 

Part 75, Subpart B, Section 75.10. 

To determine N2O emissions, the owner or operator shall install, certify, operate, and maintain, 
in accordance with this section, a N2O CEMS with an automated DAHS for measuring and 
recording N2O concentration (in ppm) discharged to the atmosphere.  

A single certified monitor, and a single automated DAHS may be used to meet these 
requirements.   

Primary Equipment Performance Requirements: The owner or operator shall ensure that 
each CEMS required by this part meets the equipment, installation, and performance 

specification; and is maintained according to the QA/QC procedures. 

Primary equipment hourly operating requirements: The owner or operator shall ensure that 
all CEMS required by this part are in operation and monitoring unit emissions at all times that 
the unit is considered ‘online’ except during periods of calibration, quality assurance, or 
preventive maintenance, performed pursuant to this test reference, specifically Section 6.10.2, 
periods of repair, periods of backups of data from the DAHS, or recertification performed 
pursuant to Section 6.10.2. The owner or operator must ensure that the following requirements 
are met: 

1. Each CEMS must be capable of completing a minimum of one cycle of operation 
(sampling, analyzing, and data recording) for each successive 15-min interval. The 
volumetric flow and N2O concentration data collected by the monitors must be reduced 
to hourly averages. Hourly averages shall be computed using at least one data point in 
each fifteen-minute quadrant of an hour, where the unit is ‘online’ during that quadrant of 
an hour. Notwithstanding this requirement, an hourly average may be computed from at 
least two data points separated by a minimum of 15 minutes (where the unit operates for 
more than one quadrant of an hour) if data are unavailable as a result of the 
performance of calibration, quality assurance, or preventive maintenance activities 
pursuant to Section 6.10.2, or backups of data from the DAHS, or recertification, 
pursuant to Section 6.10. All valid measurements or data points collected during an hour 
must be used to calculate the hourly averages. All data points collected during an hour 

shall be, to the extent practicable, evenly spaced over the hour. 

2. Failure of an N2O concentration monitor or flow monitor to acquire the minimum number 
of data points for calculation of an hourly average shall result in the failure to obtain a 
valid hour of data and the loss of such component data for the entire hour. If a valid hour 
of data is not obtained, the owner or operator shall estimate and record emissions or 
flow data for the missing hour by means of the automated DAHS, in accordance with the 
applicable procedure for missing data substitution in Section 6.8. 

6.10 Operation and Maintenance Requirements 

6.10.1 Initial Certification and Recertification Procedures 

6.10.1.1 Recertification Approval Process 

When the owner or operator makes a replacement, modification, or change in a certified CEMS 
that may significantly affect the ability of the system to accurately measure or record the stack 
gas volumetric flow rate, N2O concentration, or to meet the requirements of Section 6.10.2 or 
any quality control tests, the owner or operator shall recertify the CEMS according to the 
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procedures in this section.44  

Furthermore, whenever the owner or operator makes a replacement, modification, or change to 
the unit operation that may significantly change the flow or concentration profile, the owner or 
operator shall recertify the monitoring system according to the procedures in this section. 
Examples of changes which require recertification include replacement of the analyzer; change 
in location or orientation of the sampling probe or site; and complete replacement of an existing 
CEMS. Any change to a flow monitor or gas monitoring system for which a RATA is not 
necessary shall not be considered a recertification event. In such cases, any other tests that are 
necessary to ensure continued proper operation of the monitoring system (e.g., 3-load flow 
RATAs following changes to flow monitor polynomial coefficients, linearity checks, calibration 
error tests, DAHS verifications, etc.) shall be performed as diagnostic tests, rather than as 
recertification tests. The data validation procedures in this section shall be applied to RATAs 
associated with changes to flow, and to linearity checks, 7-day calibration error tests, and cycle 
time tests, when these are required as diagnostic tests. When the data validation procedures of 
this section are applied in this manner, replace the word “recertification” with the word 

“diagnostic” 

For all recertification testing, the owner or operator shall complete all initial certification tests in 
section that are applicable to the monitoring system. For diagnostic testing after changing the 
flow rate monitor polynomial coefficients, the owner or operator shall complete a 3-level RATA. 

6.10.1.2 Recertification Test Period Requirements and Data Validation 

The data validation provisions45 in (1) through (9) below apply to all CEMS recertifications and 
diagnostic testing. The provisions below may also be applied to initial certifications and may be 
used to supplement the linearity check and RATA data validation procedures. 

1. The owner or operator shall use substitute data, according to the standard missing data 
procedures in Section 6.8.3 (or shall report emission data using a reference method or 
another monitoring system that has been certified or approved for use under this part), in 
the period extending from the hour of the replacement, modification or change made to a 
monitoring system that triggers the need to perform recertification testing, until either: the 
hour of successful completion of all of the required recertification tests; or the hour in 
which a probationary calibration error test is performed and passed, following all 
necessary repairs, adjustments or reprogramming of the monitoring system. The first 
hour of quality-assured data for the recertified monitoring system shall either be the hour 
after all recertification tests have been completed or, if conditional data validation is 
used, the first quality-assured hour shall be determined in accordance with numbers 2 
through 9 below. Notwithstanding these requirements, if the replacement, modification, 
or change requiring recertification of the CEMS is such that the historical data stream is 
no longer representative, the owner or operator shall substitute for missing data as 
follows, in lieu of using the standard missing data procedures in section 8: for a change 
that results in a significantly higher concentration or flow rate, substitute maximum 
potential values according to the procedures in number 5 below; or for a change that 
results in a significantly lower concentration or flow rate, substitute data using the 
standard missing data procedures. The owner or operator shall then use the initial 
missing data procedures in Section 6.8.1, beginning with the first hour of quality-assured 
data obtained with the recertified monitoring system.  
 

 
44 40 CFR Part 75, Subpart C, Section § 75.20 
45 40 CFR Part 75, Subpart C, Section § 75.20 
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2. Once the modification or change to the CEMS has been completed and all of the 
associated repairs, component replacements, adjustments, linearization, and 
reprogramming of the CEMS have been completed, a probationary calibration error test 
is required to establish the beginning point of the recertification test period. In this 
instance, the first successful calibration error test of the monitoring system following 
completion of all necessary repairs, component replacements, adjustments, linearization 
and reprogramming shall be the probationary calibration error test. The probationary 
calibration error test must be passed before any of the required recertification tests can 
commence. 

 
3. Beginning with the hour of commencement of a recertification test period, emission data 

recorded by the CEMS are conditionally valid, contingent upon the results of the 
subsequent recertification tests. 

 
4. Each required recertification test shall be completed no later than the following number 

of unit operating hours (or unit operating days) after the probationary calibration error 
test that initiates the test period: 

a. For a linearity check and/or cycle time test, 168 consecutive unit operating hours 
or for CEMS installed on common stacks or bypass stacks, 168 consecutive 
stack operating hours; 

b. For a RATA (whether normal-load or multiple-load), 720 consecutive unit 
operating hours for CEMS installed on common stacks or bypass stacks, 720 
consecutive stack operating hours, and 

c. For a 7-day calibration error test, 21 consecutive unit operating days. 
 

5. All recertification tests shall be performed hands-off. No adjustments to the calibration of 
the CEMS, other than the routine calibration adjustments following daily calibration error 
tests as described in Section 6.3.4, are permitted during the recertification test period. 
Routine daily calibration error tests shall be performed throughout the recertification test 
period, in accordance with Section 6.3.3. The additional calibration error test 
requirements in Section 6.3.4 shall also apply during the recertification test period. 
 

6. If all of the required recertification tests and required daily calibration error tests are 
successfully completed in succession with no failures, and if each recertification test is 
completed within the time period specified in point 4 of this section, then all of the 
conditionally valid emission data recorded by the CEMS shall be considered quality-
assured, from the hour of commencement of the recertification test period until the hour 
of completion of the required test(s). 

 
7. If a required recertification test is failed or aborted due to a problem with the CEMS, or if 

a daily calibration error test is failed during a recertification test period, data validation 
shall be done as follows: 

a. If any required recertification test fails, it shall be repeated. If any recertification 
test other than a 7-day calibration error test is failed or aborted due to a problem 
with the CEMS, the original recertification test period is ended, and a new 
recertification test period must be commenced with a probationary calibration 
error test. The tests that are required in the new recertification test period will 
include any tests that were required for the initial recertification event which were 
not successfully completed and any recertification or diagnostic tests that are 
required as a result of changes made to the monitoring system to correct the 
problems that caused the failure of the recertification test.  
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b. If a linearity check, RATA, or cycle time test is failed or aborted due to a problem 
with the CEMS, all conditionally valid emission data recorded by the CEMS are 
invalidated, from the hour of commencement of the recertification test period to 
the hour in which the test is failed or aborted, except for the case in which a 
multiple-load flow RATA is passed at one or more load levels, failed at a 
subsequent load level, and the problem that caused the RATA failure is corrected 
without re-linearizing the instrument. In that case, data invalidation shall be 
prospective, from the hour of failure of the RATA until the commencement of the 
new recertification test period. Data from the CEMS remains invalid until the hour 
in which a new recertification test period is commenced, following corrective 
action, and a probationary calibration error test is passed, at which time the 
conditionally valid status of emission data from the CEMS begins again; 

c. If a 7-day calibration error test is failed within the recertification test period, 
previously recorded conditionally valid emission data from the CEMS are not 
invalidated. The conditionally valid data status is unaffected, unless the 
calibration error on the day of the failed 7-day calibration error test exceeds twice 
the performance specification in section, as described in point 7of this section; 
and 

d. If a daily calibration error test is failed during a recertification test period (i.e., the 
results of the test exceed twice the performance specification in Section 6.3), the 
CEMS is out-of-control as of the hour in which the calibration error test is failed. 
emission data from the CEMS shall be invalidated prospectively from the hour of 
the failed calibration error test until the hour of completion of a subsequent 
successful calibration error test following corrective action, at which time the 
conditionally valid status of data from the monitoring system resumes. Failure to 
perform the required daily calibration error test during a recertification test period 
shall also cause data from the CEMS to be invalidated prospectively, from the 
hour in which the calibration error test was due until the hour of completion of a 
subsequent successful calibration error test. Whenever a calibration error test is 
failed or missed during a recertification test period, no further recertification tests 
shall be performed until the required subsequent calibration error test has been 
passed, re-establishing the conditionally valid status of data from the monitoring 
system. If a calibration error test failure occurs while a linearity check or RATA is 
still in progress, the linearity check or RATA must be re-started. 

e. Trial gas injections and trial RATA runs are permissible during the recertification 
test period, prior to commencing a linearity check or RATA, for the purpose of 
optimizing the performance of the CEMS. The results of such gas injections and 
trial runs shall not affect the status of previously recorded conditionally valid data 
or result in termination of the recertification test period, provided that the 
following specifications and conditions are met: 

i. For gas injections, the stable, ending monitor response is within ±5 
percent or within 5 ppm of the tag value of the reference gas; 

ii. For RATA trial runs, the average reference method reading and the 
average CEMS reading for the run differ by no more than ±10% of the 
average reference method value or ±15 ppm from the average reference 
method value, as applicable; 

iii. No adjustments to the calibration of the CEMS are made following the 
trial injection(s) or run(s), other than the adjustments permitted under 
section 3.4; and 

iv. The CEMS is not repaired, re-linearized or reprogrammed (e.g., changing 
flow monitor polynomial coefficients or linearity constants) after the trial 
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injection(s) or run(s). 
f. If the results of any trial gas injection(s) or RATA run(s) are outside the limits in 

points 7(e)(i). or 7(e)(ii). of this section or if the CEMS is repaired, re-linearized or 
reprogrammed after the trial injection(s) or run(s), the trial injection(s) or run(s) 
shall be counted as a failed linearity check or RATA attempt. If this occurs, follow 
the procedures pertaining to failed and aborted recertification tests in points 7a. 
and (7)(b). of this section. 
 

8. If any required recertification test is not completed within its allotted time period, data 
validation shall be done as follows. For a late linearity test, RATA, or cycle time test that 
is passed on the first attempt, data from the monitoring system shall be invalidated from 
the hour of expiration of the recertification test period until the hour of completion of the 
late test. For a late 7-day calibration error test, whether or not it is passed on the first 
attempt, data from the monitoring system shall also be invalidated from the hour of 
expiration of the recertification test period until the hour of completion of the late test. For 
a late linearity test, RATA, or cycle time test that is failed on the first attempt or aborted 
on the first attempt due to a problem with the monitor, all conditionally valid data from the 
monitoring system shall be considered invalid back to the hour of the first probationary 
calibration error test which initiated the recertification test period. Data from the 
monitoring system shall remain invalid until the hour of successful completion of the late 
recertification test and any additional recertification or diagnostic tests that are required 
as a result of changes made to the monitoring system to correct problems that caused 
failure of the late recertification test. 
 

9. If any required recertification test of a monitoring system has not been completed by the 
end of a calendar quarter and if data contained in the quarterly report are conditionally 
valid pending the results of test(s) to be completed in a subsequent quarter, the owner or 
operator shall indicate this by means of a suitable conditionally valid data flag in the 
electronic quarterly report for that quarter. The owner or operator shall resubmit the 
report for that quarter if the required recertification test is subsequently failed. In the 
resubmitted report, the owner or operator shall use the appropriate missing data routine 
in Section 6.8.1 or Section 6.8.3 to replace with substitute data each hour of 
conditionally valid data that was invalidated by the failed recertification test. Alternatively, 
if any required recertification test is not completed by the end of a particular calendar 
quarter but is completed no later than 30 days after the end of that quarter, the test data 
and results may be submitted with the earlier quarterly report even though the test 
date(s) are from the next calendar quarter. In such instances, if the recertification test(s) 
are passed in accordance with the provisions of Section 6.10.1.2, conditionally valid data 
may be reported as quality-assured, in lieu of reporting a conditional data flag. If the 
recertification test(s) is failed and if conditionally valid data are replaced, as appropriate, 
with substitute data, then neither the reporting of a conditional data flag nor 
resubmission is required. In addition, if the owner or operator uses a conditionally valid 
data flag in any of the four quarterly reports for a given year, the owner or operator shall 
indicate the final status of the conditionally valid data (i.e., resolved or unresolved). 

6.10.1.3 Initial Certification and Recertification Procedures 

Prior to the deadline in Section 6.10.3, the owner or operator shall conduct initial certification 
tests and demonstrate that the continuous emission and components thereof meet the 
specifications. The owner or operator shall compare reference method values with output from 
the automated DAHS that is part of the CEMS being tested. Except as otherwise specified in 
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Sections 6.10.1.1 and 6.10.1.2 of this section, and in Section 6.3.2, the owner or operator shall 
perform the following tests for initial certification or recertification of continuous emission or 
components: 

1. For each N2O concentration monitoring system used to determine N2O mass emissions: 
a. A 7-day calibration error test, where, for the N2O CEMS, the test is performed 

separately on the N2O pollutant concentration monitor 
b. A linearity check, where, for the N2O CEMS, the test is performed on the N2O 

pollutant concentration  
c. A relative accuracy test audit. For the N2O concentration monitoring system, the 

RATA shall be done on a ppm basis; 
d. A bias test; 
e. A cycle time test, where, for the N2O CEMS, the test is performed on the N2O 

pollutant concentration monitor 
 

2. For each flow monitor: 
a. A 7-day calibration error test; 
b. Relative accuracy test audits; 
c. A bias test for the single-load (or single-level) flow RATA; and 

 
3. For the automated DAHS, tests designed to verify: 

a. Proper computation of hourly averages for pollutant concentrations, flow rate, 
pollutant emission rates, and pollutant mass emissions; and 

b. Proper computation and application of the missing data substitution procedures 
in Section 6.8 and the bias adjustment factors in Section 6.6.6. 
 

4. The owner or operator shall provide adequate facilities for initial certification or 
recertification testing that include: 

a. Sampling ports adequate for test methods applicable to such facility, such that: 
i. Volumetric flow rate, pollutant concentration, and pollutant emission rates 

can be accurately determined by applicable test methods and 
procedures; and 

ii. A stack or duct free of cyclonic flow during performance tests is available, 
as demonstrated by applicable test methods and procedures. 

b. Basic facilities (e.g., electricity) for sampling and testing equipment. 

6.10.2 QA/QC Requirements 

The QA/QC requirements in the protocol were derived from 40 CFR Part 75, Subpart C, 

Sections 75.21 and 75.24 and 40 CFR Part 75, Subpart A, Section 75.4. 

6.10.2.1 Continuous Emission Monitoring System 

The owner or operator shall operate, calibrate, and maintain each primary and, if applicable, 
redundant backup CEMS according to the QA/QC procedures. 

6.10.2.2 Calibration Gases 

The owner or operator shall ensure that all calibration gases used to quality assure the 

operation of the instrumentation shall meet the definition in Section 6.3.1.  

6.10.2.3 Out-of-Control Period 

When a CEM fails a quality assurance audit or any other audit, the system is considered to be 
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‘out-of-control’. The owner or operator shall follow the procedures outlined in this section for out-
of-control periods. 

If an out-of-control period occurs to a monitor or CEMS, the owner or operator shall take 

corrective action and repeat the tests applicable to the “out-of-control parameter”: 

1. For daily calibration error tests, an out-of-control period occurs when the calibration error 
of a pollutant concentration monitor exceeds the applicable specification in Section 6.3.  

2. For quarterly linearity checks, an out-of-control period occurs when the error in linearity 
at any of three gas concentrations (low, mid-range, and high) exceeds the applicable 
specification in Section 6.4.  

3. For RATAs, an out-of-control period occurs when the relative accuracy exceeds the 
applicable specification in Section 6.6. 

When a monitor or CEMS is out-of-control, any data recorded by the monitor or monitoring 
system is not quality-assured and shall not be used in calculating monitor data availability 
pursuant to Section 6.8.2.  

When a monitor or CEMS is out-of-control, the owner or operator shall take one of the following 
actions until the monitor or monitoring system has successfully met the relevant criteria 
demonstrated by subsequent tests: 

1. Apply the procedures for missing data substitution to emissions from affected unit(s); or 

2. Use a certified backup monitoring system or a reference method for measuring and 

recording emissions from the affected unit(s); or 

3. Adjust the gas discharge paths from the affected unit(s) with emissions normally 
observed by the out-of-control monitor or monitoring system so that all exhaust gases 
are monitored by a certified monitor or monitoring system. 

When the bias test indicates that a flow monitor or a N2O concentration monitoring system used 
to determine N2O mass emissions is biased low (i.e., the arithmetic mean of the differences 
between the reference method value and the monitor or monitoring system measurements in a 
RATA exceed the bias statistic in Section 6.6.6), the owner or operator shall adjust the monitor 
or CEMS to eliminate the cause of bias such that it passes the bias test or calculate and use the 
bias adjustment factor as specified in Section 6.6.6.  

6.10.3 Certification and Recertification Compliance Dates 

In accordance with Section 6.10.1 the owner or operator of each new affected unit shall ensure 
that all monitoring systems required under this part for monitoring of N2O and volumetric flow 
are installed, and all certification tests are completed on or before 180 calendar days after the 
date the unit commences commercial operation. 

6.11 Monitoring Parameters 
Prescribed monitoring parameters necessary to calculate baseline and project emissions are 
provided in Table 6.6 for secondary catalyst projects, Table 6.7 for tertiary catalyst projects, and 
Table 6.8 for combined secondary and tertiary catalyst projects. 
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Table 6.6. Monitoring Parameters for Secondary Catalyst Projects 

Eq. # Parameter Description Data Unit 

Calculated (c) 
Measured (m) 
Reference (r) 

Operating 
Records (o) 

Measurement 
Frequency 

Comment 

General Project Parameters 

 Regulations 

Project 
developer 

attestation of 
compliance 
with legal 

requirements 
relating to the 

project 

All 
applicable 
regulations 

n/a Each verification 

Information used to: 
1) Demonstrate ability to meet the Legal 
Requirement Test – where regulation would 

require the abatement of N2O or the installation of 

certain NOX emission control technology that will 

impact N2O emissions 
2) Demonstrate compliance with all applicable 
regulations, e.g., criteria pollutant emission 
standards, health and safety, etc. 

Equation 5.2 ER 

Emission 
reductions for 
the reporting 

period 

tCO2e c 
Per reporting 

period 
 

Equation 5.1 HNO3,MAX 

 Annual 
production 
capacity 
output of 

100% 
concentration 

nitric acid 

tHNO3/day o Once* 

Annual production capacity as of the project start 
date, based on facility documentation (e.g., 
operating permit, licensor guarantee, or 
independent certification).  
*Changes to the production capacity must receive 
approval from the Reserve prior to verification.  
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Eq. # Parameter Description Data Unit 

Calculated (c) 
Measured (m) 
Reference (r) 

Operating 
Records (o) 

Measurement 
Frequency 

Comment 

Equation 5.1 
HNO3,MAX,sc

aled 

Historical 
maximum 

annual total 
output of 

100% 
concentration 

nitric acid, 
scaled to the 
length of the 

reporting 
period 

tHNO3 o 
Per reporting 

period 

Historical maximum annual total output of 100% 
concentration nitric acid, scaled to the length of 
the reporting period for which emission reductions 
are being calculated 

Baseline Calculation Parameters 

Equation 5.2 
Equation 5.3 

BE 

Baseline 
emissions for 
the reporting 

period 

tCO2e c 
Per reporting 

period 

Emissions that would have occurred in the 
absence of the project activity, determined through 
the baseline sampling period 

Equation 5.3 
Equation 5.4  

EFBL 

Baseline 
emission 

factor 

tN2O/tHNO3 c 
Per reporting 

period 
 

Equation 5.4 HNO3,BL 

Total nitric 
acid 

production 
during the 
baseline 
sampling 

period 

tHNO3 c 
Per reporting 

period 
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Eq. # Parameter Description Data Unit 

Calculated (c) 
Measured (m) 
Reference (r) 

Operating 
Records (o) 

Measurement 
Frequency 

Comment 

Equation 5.4 N2OBL 

Total N2O 

emissions 
during the 
baseline 
sampling 

period 

tN2O m 

Continuously, 
totaled for the 

baseline 
campaign 

 

Equation 5.4 FBL,i 
Gas flow rate 
at the stack 

gas  
m

3
/hour m 

Every one 
minute 

The data are collected using a gas flow meter and 
the data output will be processed using 
appropriate software programs, with proper unit 
conversions as needed 

Equation 5.4 N2Oconc,BL,i 

N2O 
Concentration 

in the stack 
gas 

tN2O/m3 
 

m 
Every one 

minute 

The data are collected using a N2O analyzer and 
the data output will be processed using 
appropriate software programs, with proper unit 
conversions as needed 

Equation 5.4 OHBL,i 
Operating 

hours 
hours o 

Daily, totaled for 
the entire 
baseline 

campaign 

Plant manager records the hours of full operation 
of the plant during the baseline campaign 

Project Calculation Parameters 

Equation 5.2 
Equation 5.6  

PE 

Project 
emissions for 
the reporting 

period 

tCO2e c 
Per reporting 

period 
 Emissions resulting from project activities  

Equation 5.6 
Equation 5.7 

N2ORP 

Total N2O 
emissions 
during the 
reporting 

period 

tN2O c 
Per reporting 

period 
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Eq. # Parameter Description Data Unit 

Calculated (c) 
Measured (m) 
Reference (r) 

Operating 
Records (o) 

Measurement 
Frequency 

Comment 

Equation 5.7 Fi 
Gas flow rate 
at the stack 

gas  
m3/hour c 

Per reporting 
period 

Data is collected during a project campaign using 
gas flow rate software programs, with proper unit 
conversions as needed. The analyzer will be 
calibrated according to vendor specifications and 
recognized industry standards.  

Equation 5.7 N2Oconc,i 

N2O 

concentration 
in the stack 

gas 

tN2O/m3 
 

m 
Every one 

minute 

The data are collected during a project campaign 
using a N2O analyzer and the data output will be 
processed using appropriate software programs, 
with proper unit conversions as needed. The 
analyzer will be calibrated according to vendor 
specifications and recognized industry standards 

Equation 5.7 OHi 

Operating 
hours during 
the reporting 

period 

hours o 
Daily, totaled for 

the entire 
reporting period 

Plant manager records the hours of full operation 
of the plant during a reporting period 
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Table 6.7. Monitoring Parameters for Tertiary Catalyst Projects 

Eq. # Parameter Description Data Unit 

Calculated (c) 
Measured (m) 
Reference (r) 

Operating 
Records (o) 

Measurement 
Frequency 

Comment 

General Project Parameters 

 Regulations 

Project developer 
attestation of 

compliance with 
legal 

requirements 
relating to the 

project 

All 
applicable 
regulations 

n/a Each verification 

Information used to: 
1) Demonstrate ability to meet the Legal 
Requirement Test – where regulation would 

require the abatement of N2O or the 

installation of certain NOX emission control 

technology that will impact N2O emissions 
2) Demonstrate compliance with all applicable 
regulations, e.g., criteria pollutant emission 
standards, health and safety, etc. 

Equation 5.9 ER 
Emission 

reductions for the 
reporting period 

tCO2e c 
Per reporting 

period 
 

Equation 5.1 HNO3,MAX 

 Annual 
production 

capacity output of 
100% 

concentration 
nitric acid 

tHNO3/day o Once* 

Annual production capacity as of the project 
start date, based on facility documentation 
(e.g., operating permit, licensor guarantee, or 
independent certification).  
*Changes to the production capacity must 
receive approval from the Reserve prior to 
verification.  

Equation 5.1 
HNO3,MAX,sc

aled 

Historical 
maximum annual 

total output of 
100% 

concentration 
nitric acid, scaled 
to the length of 
the reporting 

period 

tHNO3 o 
Per reporting 

period 

Historical maximum annual total output of 
100% concentration nitric acid, scaled to the 
length of the reporting period for which 
emission reductions are being calculated 
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Eq. # Parameter Description Data Unit 

Calculated (c) 
Measured (m) 
Reference (r) 

Operating 
Records (o) 

Measurement 
Frequency 

Comment 

Baseline Calculation Parameters 

Equation 5.8 
Equation 5.8 

BE 
Baseline 

emissions for the 
reporting period 

tCO2e c 
Per reporting 

period 
 

Equation 5.8 Fi 
Gas flow rate at 
the stack gas m

3
/hour m 

Every one 
minute 

The data is collected using a gas volume flow 
meter and the data output will be processed 
using appropriate software programs, with 
proper unit conversions as needed. 

Equation 5.8 N2Oconc,in,i 

N2O 

concentration at 
inlet to tertiary 

catalyst 

tN2O/m3 m 
Every one 

minute 

The data is collected using a N2O analyzer 

and the data output will be processed using 
appropriate software programs, with proper 
unit conversions as needed 

Equation 5.8 OHi 
Operating hours 
during interval i 

hours m, r 
After every 
interval is 
completed 

 

Project Calculation Parameters 

Equation 5.8 
Equation 5.10 

PE 
Project emissions 
for the reporting 

period 

tCO2e c 
Per reporting 

period 
 

Equation 5.10 
 

PEN2O 

GHG emissions 
from N2O in the 

tail gas during the 
reporting period 

tCO2e c 
Per reporting 

period 
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Eq. # Parameter Description Data Unit 

Calculated (c) 
Measured (m) 
Reference (r) 

Operating 
Records (o) 

Measurement 
Frequency 

Comment 

Equation 5.10 

Equation 5.12 
PENH3 

GHG emissions 
from the 

ammonia input 
used to operate 

the tertiary 
catalyst during 
the reporting 

period 

tCO2e c 
Per reporting 

period 
 

Equation 5.10 

Equation 5.16 
PEHC 

GHG emissions 
from the use of 
hydrocarbons 

during the 
reporting period 

tCO2e c 
Per reporting 

period 
 

Equation 5.10 
Equation 5.16 

PEEE 

GHG emissions 
from external 
energy used 
during the 

reporting period 

tCO2e c 
Per reporting 

period 
 

Equation 5.11 N2Oconc,out,i 

N2O 

concentration at 
outlet of tertiary 
catalyst facility 

 

tN2O/m3 m 
Every one 

minute 

The data is collected using a N2O analyzer 

and the data output will be processed using 
appropriate software programs, with proper 
unit conversions as needed. 

Equation 5.12 QNH3 
Project ammonia 

input 
tNH3 m Monthly 

Measured if no SCR de-NOX unit is installed in 
the baseline scenario 

Equation 5.13 
Equation 5.14 
 

CO2,HC 

GHG emissions 

as CO2 from the 

use of 
hydrocarbons 

during the 
reporting period 

tCO2e c 
Per reporting 

period 
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Eq. # Parameter Description Data Unit 

Calculated (c) 
Measured (m) 
Reference (r) 

Operating 
Records (o) 

Measurement 
Frequency 

Comment 

Equation 5.13 
Equation 5.15 

CH4,HC 

GHG emissions 

as CH4 from the 

use of 
hydrocarbons 

during the 
reporting period 

tCO2e c 
Per reporting 

period 
 

Equation 5.14 ρHC 
Hydrocarbon 

density t/m
3
 m 

Per reporting 
period 

 

Equation 5.14 QHC 

Quantity of 
hydrocarbon 

input during the 
reporting period 
(not methane) 

m
3 o Daily  

Equation 5.14 EFHC 
Hydrocarbon 

emission factor 
(not methane) 

tCO2/tHC c 
Per reporting 

period 

Given by the molecular weight of the 
hydrocarbon and CO2 and the chemical 
reaction when hydrocarbons are converted 
(CDM AM0028) 

Equation 5.15 ρCH4 Methane density t/m
3
 m 

Per reporting 
period 

 

Equation 5.15 QCH4 

Quantity of 
methane used 

during the 
reporting period 

m
3 o Daily  

Equation 5.16 
Equation 5.17 

SE 

Emissions from 
net change in 
steam export 

during the 
reporting period 

tCO2e c 
Per reporting 

period 
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Eq. # Parameter Description Data Unit 

Calculated (c) 
Measured (m) 
Reference (r) 

Operating 
Records (o) 

Measurement 
Frequency 

Comment 

Equation 5.16 
Equation 5.18 
 

TGU 

Emissions from 
net change in tail 

gas utilization 
during the 

reporting period 

tCO2e c 
Per reporting 

period 
 

Equation 5.16 
Equation 5.19 

TGH 

Emissions from 
net change in tail 

gas heating 
during the 

reporting period 

tCO2e c 
Per reporting 

period 
 

Equation 5.17 STPR 
Project steam 

export 
MW c Once  

Equation 5.17 
Equation 5.18 

OHRP 

Operating hours 
during the 

reporting period 
hours o 

Totaled once for 
reporting period 

 

Equation 5.17 ηST 
Steam generation 

efficiency 
% c Once Based on manufacturer information 

Equation 5.17 EFST 
Steam generator 
emission factor 

tCO2e/ 

MWh 
c 

Per reporting 
period 

Based on fuel supplier certificate or default 
value if fuel supplier certificate is unavailable 

Equation 5.18 EEPR 
Project energy 
export from tail 
gas utilization 

MW c Once  

Equation 5.18 ηr 
Efficiency of 

replaced 
technology 

% c Once Based on manufacturer information 

Equation 5.18 EFr 
Fuel emission 

factor for replaced 
technology 

tCO2e/ 

MWh 
c 

Per reporting 
period 

Based on fuel supplier certificate or default 
value if fuel supplier certificate is unavailable 
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Eq. # Parameter Description Data Unit 

Calculated (c) 
Measured (m) 
Reference (r) 

Operating 
Records (o) 

Measurement 
Frequency 

Comment 

Equation 5.19 EITGH 
Additional energy 
input for tail gas 

heating 
MWh m or c Monthly  

Equation 5.19 ηTGH 
Efficiency of 

additional tail gas 
heating 

% c Once Based on manufacturer information 

Equation 5.19 EFTGH 
Fuel emission 

factor for external 
tail gas heating 

tCO2e/ 

MWh 
c 

Per reporting 
period 

Based on fuel supplier certificate or default 
value if fuel supplier certificate is unavailable 
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Table 6.8. Monitoring Parameters for Combined Secondary and Tertiary Catalyst Projects 

Eq. # Parameter Description Data Unit 

Calculated (c) 
Measured (m) 
Reference (r) 

Operating 
Records (o) 

Measurement 
Frequency 

Comment 

General Project Parameters 

 Regulations 

Project 
developer 

attestation of 
compliance with 

legal 
requirements 
relating to the 

project 

All 
applicable 
regulations 

n/a Each verification 

Information used to: 
Demonstrate ability to meet the Legal 
Requirement Test – where regulation would 
require the abatement of N2O or the 
installation of certain NOX emission control 
technology that will impact N2O emissions 
Demonstrate compliance with all applicable 
regulations, e.g., criteria pollutant emission 
standards, health and safety, etc. 

Equation 5.20 ER 

Emission 
reductions for 
the reporting 

period 

tCO2e c 
Per reporting 

period 
 

Equation 5.1 HNO3,MAX 

 Annual 
production 

capacity output 
of 100% 

concentration 
nitric acid 

tHNO3/day o Once* 

Annual production capacity as of the project 
start date, based on facility documentation 
(e.g., operating permit, licensor guarantee, or 
independent certification).  
*Changes to the production capacity must 
receive approval from the Reserve prior to 
verification.  

Equation 5.1 
HNO3,MAX,sc

aled 

Historical 
maximum 

annual total 
output of 100% 
concentration 

nitric acid, 
scaled to the 
length of the 

reporting period 

tHNO3 o 
Per reporting 

period 

Historical maximum annual total output of 
100% concentration nitric acid, scaled to the 
length of the reporting period for which 
emission reductions are being calculated 
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Eq. # Parameter Description Data Unit 

Calculated (c) 
Measured (m) 
Reference (r) 

Operating 
Records (o) 

Measurement 
Frequency 

Comment 

Baseline Calculation Parameters – Approach 1 

Equation 5.3 
Equation 5.4 

EFBL 
Baseline 

emission factor 
tN2O/tHNO3 c 

Per reporting 
period 

 

Equation 5.4 HNO3,BL 

Total nitric acid 
production 
during the 
baseline 

sampling period 

tHNO3 c 
Per reporting 

period 
 

Equation 5.4 N2OBL 

Total N2O 

emissions during 
the baseline 

sampling period 

tN2O m 

Continuously, 
totaled for the 

baseline 
campaign 

 

Equation 5.4 FBL,i 
Gas flow rate at 

the stack gas  m
3
/hour m 

Every one 
minute 

The data are collected using a gas flow meter 
and the data output will be processed using 
appropriate software programs, with proper 
unit conversions as needed. 

Equation 5.4 N2Oconc,BL,i 

N2O 
Concentration 

in the stack gas 

tN2O/m3 
 

m 
Every one 

minute 

The data are collected using a N2O analyzer 

and the data output will be processed using 
appropriate software programs, with proper 
unit conversions as needed. 

Equation 5.4 OHBL,i Operating hours hours o 

Daily, totaled for 
the entire 
baseline 

campaign 

Plant manager records the hours of full 
operation of the plant during the baseline 
campaign 

Project Calculation Parameters – Approach 1 

Equation 5.20 
Equation 5.10 

PE 

Project 
emissions for 
the reporting 

period 

tCO2e c 
Per reporting 

period 
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Eq. # Parameter Description Data Unit 

Calculated (c) 
Measured (m) 
Reference (r) 

Operating 
Records (o) 

Measurement 
Frequency 

Comment 

Equation 5.10 
Equation 5.11 

PEN2O 

GHG emissions 
from N2O in the 

tail gas during 
the reporting 

period 

tCO2e c 
Per reporting 

period 
 

Equation 5.10  
Equation 5.12 

PENH3 

GHG emissions 
from the 

ammonia input 
used to operate 

the tertiary 
catalyst during 
the reporting 

period 

tCO2e c 
Per reporting 

period 
 

Equation 5.10 
Equation 5.13 

PEHC 

GHG emissions 
from the use of 
hydrocarbons 

during the 
reporting period 

tCO2e c 
Per reporting 

period 
 

 
Equation 5.10 
Equation 5.16 

PEEE 

GHG emissions 
from external 
energy used 
during the 

reporting period 

tCO2e c 
Per reporting 

period 
 

Equation 5.11 N2Oconc,out,i 

N2O 

concentration at 
outlet of tertiary 
catalyst facility 

 

tN2O/m3 m 
Every one 

minute 

The data is collected using a N2O analyzer 

and the data output will be processed using 
appropriate software programs, with proper 
unit conversions as needed 

Equation 5.12 QNH3 
Project ammonia 

input 
tNH3 m Monthly 

Measured if no SCR de-NOX unit is installed in 
the baseline scenario 
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Eq. # Parameter Description Data Unit 

Calculated (c) 
Measured (m) 
Reference (r) 

Operating 
Records (o) 

Measurement 
Frequency 

Comment 

Equation 5.13 
Equation 5.14 

CO2,HC 

GHG emissions 

as CO2 from the 

use of 
hydrocarbons 

during the 
reporting period 

tCO2e c 
Per reporting 

period 
 

Equation 5.13 
Equation 5.15 
 

CH4,HC 

GHG emissions 

as CH4 from the 

use of 
hydrocarbons 

during the 
reporting period 

tCO2e c 
Per reporting 

period 
 

Equation 5.14 ρHC 
Hydrocarbon 

density t/m
3
 m 

Per reporting 
period 

 

Equation 5.14 QHC 

Quantity of 
hydrocarbon 

input during the 
reporting period 
(not methane) 

m
3 o Daily  

Equation 5.14 EFHC 

Hydrocarbon 
emission factor 
(not methane) 

tCO2/tHC c 
Per reporting 

period 

Given by the molecular weight of the 
hydrocarbon and CO2 and the chemical 
reaction when hydrocarbons are converted 
(CDM AM0028) 

Equation 5.15 ρCH4 Methane density t/m
3
 m 

Per reporting 
period 

 

Equation 5.15 QCH4 

Quantity of 
methane used 

during the 
reporting period 

m
3 o Daily  
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Eq. # Parameter Description Data Unit 

Calculated (c) 
Measured (m) 
Reference (r) 

Operating 
Records (o) 

Measurement 
Frequency 

Comment 

Equation 5.16 
Equation 5.17 

SE 

Emissions from 
net change in 
steam export 

during the 
reporting period 

tCO2e c 
Per reporting 

period 
 

Equation 5.16 
Equation 5.18 

TGU 

Emissions from 
net change in 

tail gas 
utilization during 

the reporting 
period 

tCO2e c 
Per reporting 

period 
 

Equation 5.16 
Equation 5.19 

TGH 

Emissions from 
net change in 

tail gas heating 
during the 

reporting period 

tCO2e c 
Per reporting 

period 
 

Equation 5.17 STPR 
Project steam 

export 
MW c Once  

Equation 5.17 
Equation 5.18 

OHRP 
Operating hours 

during the 
reporting period 

hours o 
Totaled once for 
reporting period 

 

Equation 5.17 ηST 
Steam 

generation 
efficiency 

% c Once Based on manufacturer information 

Equation 5.17 EFST 
Steam generator 
emission factor 

tCO2e/ 

MWh 
c 

Per reporting 
period 

Based on fuel supplier certificate or default 
value if fuel supplier certificate is unavailable 

Equation 5.18 EEPR 
Project energy 
export from tail 
gas utilization 

MW c Once  
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Eq. # Parameter Description Data Unit 

Calculated (c) 
Measured (m) 
Reference (r) 

Operating 
Records (o) 

Measurement 
Frequency 

Comment 

Equation 5.18 ηr 
Efficiency of 

replaced 
technology 

% c Once Based on manufacturer information 

Equation 5.18 EFr 

Fuel emission 
factor for 
replaced 

technology 

tCO2e/ 

MWh 
c 

Per reporting 
period 

Based on fuel supplier certificate or default 
value if fuel supplier certificate is unavailable 

Equation 5.19 EITGH 
Additional 

energy input for 
tail gas heating 

MWh m or c Monthly  

Equation 5.19 ηTGH 
Efficiency of 
additional tail 
gas heating 

% c Once Based on manufacturer information 

Equation 5.19 EFTGH 

Fuel emission 
factor for 

external tail gas 
heating 

tCO2e/ 

MWh 
c 

Per reporting 
period 

Based on fuel supplier certificate or default 
value if fuel supplier certificate is unavailable 

Baseline Calculation Parameters – Approach 2 

Equation 5.20 
Equation 5.21 

BE 

Baseline 
emissions for the 
reporting period 

tCO2e c 
Per reporting 

period 

Emissions that would have occurred in the 
absence of the project activity, determined 
through the baseline sampling period 

Equation 5.20 
 

BEsec 

Baseline 
emissions for the 

secondary 
catalyst 

component 

tCO2e c 
Per reporting 

period 

Emissions that would have occurred in the 
absence of the project activity that are 
attributed to operating the secondary catalyst 
component. Projects are directed use 
Equation 5.3 to calculate emissions. 
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Eq. # Parameter Description Data Unit 

Calculated (c) 
Measured (m) 
Reference (r) 

Operating 
Records (o) 

Measurement 
Frequency 

Comment 

Equation 5.20 BEtert 

Baseline 
emissions for the 
tertiary catalyst 

component 

tCO2e c 
Per reporting 

period 

Emissions that would have occurred in the 
absence of the project activity that are 
attributed to operating the tertiary catalyst 
component. Projects are directed to use 
Equation 5.9 to calculate emissions. 

Equation 5.3 
Equation 5.4 

EFBL 
Baseline 

emission factor 
tN2O/tHNO3 c 

Per reporting 
period 

 

Equation 5.4 HNO3,BL 

Total nitric acid 
production 
during the 
baseline 

sampling period 

tHNO3 c 
Per reporting 

period 
 

Equation 5.4 N2OBL 

Total N2O 

emissions during 
the baseline 

sampling period 

tN2O m 

Continuously, 
totaled for the 

baseline 
campaign 

 

Equation 5.4 FBL,i 
Gas flow rate at 

the stack gas  m
3
/hour m 

Every one 
minute 

The data are collected using a gas flow meter 
and the data output will be processed using 
appropriate software programs, with proper 
unit conversions as needed. 

Equation 5.4 N2Oconc,BL,i 

N2O 
Concentration 

in the stack gas 

tN2O/m3 
 

m 
Every one 

minute 

The data are collected using a N2O analyzer 

and the data output will be processed using 
appropriate software programs, with proper 
unit conversions as needed. 

Equation 5.9 BE 

Baseline 
emissions for 
the reporting 

period 

tCO2e c 
Per reporting 

period 
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Eq. # Parameter Description Data Unit 

Calculated (c) 
Measured (m) 
Reference (r) 

Operating 
Records (o) 

Measurement 
Frequency 

Comment 

Equation 5.9 Fi 
Gas flow rate at 
the stack gas m

3
/hour m 

Every one 
minute 

The data is collected using a gas volume flow 
meter and the data output will be processed 
using appropriate software programs, with 
proper unit conversions as needed. 

Equation 5.9 N2Oconc,in,i 

N2O 

concentration at 
inlet to tertiary 

catalyst 

tN2O/m3 m 
Every one 

minute 

The data is collected using a N2O analyzer 

and the data output will be processed using 
appropriate software programs, with proper 
unit conversions as needed. 

Equation 5.9 OHi 
Operating hours 
during interval i 

hours m, r 
After every 
interval is 
completed 

 

Project Calculation Parameters – Approach 2 

Equation 5.20 
Equation 5.22 

PE 

Project emissions 
for the reporting 

period 

tCO2e c 
Per reporting 

period 
 Emissions resulting from project activities  

Equation 5.22 
Equation 5.16 

PEN2O,sec,RP 

Project emissions 
for secondary 

catalyst 
component 
during the 

reporting period 

tCO2e c 
Per reporting 

period 

Emissions resulting from project activities from 
operating the secondary catalyst component. 
Projects are directed to Equation 5.6 to 
calculate emissions. 

Equation 5.22,  
Equation 5.10 

PEtert,RP 

Project emissions 
for tertiary 
catalyst 

component 
during the 

reporting period 

tCO2e c 
Per reporting 

period 

Emissions resulting from project activities from 
operating the tertiary catalyst component. 
Projects are directed to Equation 5.10 to 
calculate emissions. 
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Eq. # Parameter Description Data Unit 

Calculated (c) 
Measured (m) 
Reference (r) 

Operating 
Records (o) 

Measurement 
Frequency 

Comment 

Equation 5.7 N2On 

Total N2O 
emissions during 

the reporting 
period 

tN2O c 
Per reporting 

period 
 

Equation 5.7 Fi 
Gas flow rate at 
the stack gas  

m3/hour c 
Per reporting 

period 

Data is collected during a project campaign 
using gas flow rate software programs, with 
proper unit conversions as needed. The 
analyzer will be calibrated according to vendor 
specifications and recognized industry 
standards.  

Equation 5.7 N2Oconc,i 

N2O 

concentration in 
the stack gas 

tN2O/m3 
 

m 
Every one 

minute 

The data are collected during a project 
campaign using a N2O analyzer and the data 
output will be processed using appropriate 
software programs, expressed in normal 
conditions, with proper unit conversions as 
needed. The analyzer will be calibrated 
according to vendor specifications and 
recognized industry standards 

Equation 5.7 OHi 

Operating hours 
during the 

reporting period 
hours o 

Daily, totaled for 
the entire 
campaign 

Plant manager records the hours of full 
operation of the plant during a campaign 

 
Equation 5.10  
Equation 5.11 

PEN2O 

GHG emissions 
from N2O in the 

tail gas during 
the reporting 

period 

tCO2e c 
Per reporting 

period 
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Eq. # Parameter Description Data Unit 

Calculated (c) 
Measured (m) 
Reference (r) 

Operating 
Records (o) 

Measurement 
Frequency 

Comment 

 
Equation 5.10 
Equation 5.12 

PENH3 

GHG emissions 
from the 

ammonia input 
used to operate 

the tertiary 
catalyst during 
the reporting 

period 

tCO2e c 
Per reporting 

period 
 

 
Equation 5.10 
Equation 5.15 
 

PEHC 

GHG emissions 
from the use of 
hydrocarbons 

during the 
reporting period 

tCO2e c 
Per reporting 

period 
 

 
Equation 5.10 
Equation 5.16 

PEEE 

GHG emissions 
from external 
energy used 
during the 

reporting period 

tCO2e c 
Per reporting 

period 
 

Equation 5.11 N2Oconc,out,i 

N2O 

concentration at 
outlet of tertiary 
catalyst facility, 
expressed in 

normal 
conditions 

(101.325 kPa, 
0 °C) 

tN2O/m3 m 
Every one 

minute 

The data is collected using a N2O analyzer 

and the data output will be processed using 
appropriate software programs 

 
Equation 5.12 

QNH3 
Project ammonia 

input 
tNH3 m Monthly 

Measured if no SCR de-NOX unit is installed in 
the baseline scenario 
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Eq. # Parameter Description Data Unit 

Calculated (c) 
Measured (m) 
Reference (r) 

Operating 
Records (o) 

Measurement 
Frequency 

Comment 

z 
Equation 5.13 
Equation 5.14 
 

CO2,HC 

GHG emissions 

as CO2 from the 

use of 
hydrocarbons 

during the 
reporting period 

tCO2e c 
Per reporting 

period 
 

z 
Equation 5.13 
Equation 5.15  
 

CH4,HC 

GHG emissions 

as CH4 from the 

use of 
hydrocarbons 

during the 
reporting period 

tCO2e c 
Per reporting 

period 
 

Equation 5.14 ρHC 
Hydrocarbon 

density t/m
3
 m 

Per reporting 
period 

 

Equation 5.14 QHC 

Quantity of 
hydrocarbon 

input during the 
reporting period 
(not methane) 

m
3 o Daily  

Equation 5.14 EFHC 

Hydrocarbon 
emission factor 
(not methane) 

tCO2/tHC c 
Per reporting 

period 

Given by the molecular weight of the 
hydrocarbon and CO2 and the chemical 
reaction when hydrocarbons are converted 
(CDM AM0028) 

Equation 5.15 ρCH4 Methane density t/m
3
 m 

Per reporting 
period 

 

Equation 5.15 QCH4 

Quantity of 
methane used 

during the 
reporting period 

m
3 o Daily  
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Eq. # Parameter Description Data Unit 

Calculated (c) 
Measured (m) 
Reference (r) 

Operating 
Records (o) 

Measurement 
Frequency 

Comment 

Equation 5.16 
Equation 5.17 

SE 

Emissions from 
net change in 
steam export 

during the 
reporting period 

tCO2e c 
Per reporting 

period 
 

Equation 5.16 
Equation 5.18 

TGU 

Emissions from 
net change in 

tail gas 
utilization during 

the reporting 
period 

tCO2e c 
Per reporting 

period 
 

Equation 5.16 
Equation 5.19 

TGH 

Emissions from 
net change in 

tail gas heating 
during the 

reporting period 

tCO2e c 
Per reporting 

period 
 

Equation 5.17 STPR 
Project steam 

export 
MW c Once  

Equation 5.17 
Equation 5.18 

OHRP 
Operating hours 

during the 
reporting period 

hours o 
Totaled once for 
reporting period 

 

Equation 5.17 ηST 
Steam 

generation 
efficiency 

% c Once Based on manufacturer information 

Equation 5.17 EFST 
Steam generator 
emission factor 

tCO2e/ 

MWh 
c 

Per reporting 
period 

Based on fuel supplier certificate or default 
value if fuel supplier certificate is unavailable 

Equation 5.18 EEPR 
Project energy 
export from tail 
gas utilization 

MW c Once  
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Eq. # Parameter Description Data Unit 

Calculated (c) 
Measured (m) 
Reference (r) 

Operating 
Records (o) 

Measurement 
Frequency 

Comment 

Equation 5.18 ηr 
Efficiency of 

replaced 
technology 

% c Once Based on manufacturer information 

Equation 5.18 EFr 

Fuel emission 
factor for 
replaced 

technology 

tCO2e/ 

MWh 
c 

Per reporting 
period 

Based on fuel supplier certificate or default 
value if fuel supplier certificate is unavailable 

Equation 5.19 EITGH 
Additional 

energy input for 
tail gas heating 

MWh m or c Monthly  

Equation 5.19 ηTGH 
Efficiency of 
additional tail 
gas heating 

% c Once Based on manufacturer information 

Equation 5.19 EFTGH 

Fuel emission 
factor for 

external tail gas 
heating 

tCO2e/ 

MWh 
c 

Per reporting 
period 

Based on fuel supplier certificate or default 
value if fuel supplier certificate is unavailable 
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7 Reporting Parameters 
This section provides guidance on reporting rules and procedures. A priority of the Reserve is to 
facilitate consistent and transparent information disclosure among project developers. Project 
developers must submit verified emission reduction reports to the Reserve for every reporting 
period. 

7.1 Project Submittal Documentation 
Project developers must provide the following documentation to the Reserve to submit a nitric 
acid production project for listing: 

▪ Project Submittal form 
▪ Project Diagram (diagram of the NAP showing where the project is located within the 

NAP, as well as location of monitoring equipment) 

Project developers must provide the following documentation each verification period in order for 
the Reserve to issue CRTs for quantified GHG reductions: 

▪ Verification Report 
▪ Verification Opinion 
▪ Project Diagram (if changed from previous verification period) 
▪ Project Data Report 
▪ Sustainable Development Goals (SDG) Tool 
▪ Social and Environmental Safeguards form 
▪ Signed Attestation of Title form 
▪ Signed Attestation of Voluntary Implementation form 
▪ Signed Attestation of Regulatory Compliance form 

At a minimum, the above project documentation (except for the project diagram) will be 
available to the public via the Reserve’s online registry. Further disclosure and other 
documentation may be made available by the project developer on a voluntary basis. Project 
submittal forms and project registration information can be found at 
http://www.climateactionreserve.org/how/program/documents/. 

7.1.1 Project Data Report  

A Project Data Report (PDR) is a required document for reporting information about a project. 
The document must be submitted for every reporting period. A PDR template has been 
prepared by the Reserve and is available on the Reserve’s website. The template is organized 
to assist in ensuring that all requirements of the protocol are addressed.  PDRs are intended to 
serve as the main project document that thoroughly describes how the project meets eligibility 
requirements, discusses the quantification methodologies utilized to generate project estimates, 
and outlines how the project complies with terms for additionality. PDRs must be of professional 
quality and free of incorrect citations, missing pages, incorrect project references, etc. 

7.2 Joint Project Verification 
Because the protocol allows for multiple projects at a single nitric acid production facility, project 
developers have the option to hire a single verification body to verify multiple projects at a 
facility through a “joint project verification.” This may provide economies of scale for the project 
verifications and improve the efficiency of the verification process. 

 

http://www.climateactionreserve.org/how/program/documents/
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Under joint project verification, each project, as defined by the protocol, is submitted for listing, 
listed, and registered separately in the Reserve system. Furthermore, each project requires its 
own separate verification process and Verification Statement (i.e., each project is assessed by 
the verification body separately as if it were the only project at the facility). However, all projects 
may be verified together by a single site visit to the facility. Furthermore, a single Verification 
Report may be filed with the Reserve that summarizes the findings from multiple project 
verifications. 

Regardless of whether the project developer chooses to verify multiple projects through a joint 
project verification or pursue verification of each project separately, the documents and records 
for each project must be retained according to this section. 

7.3 Record Keeping 
For purposes of independent verification and historical documentation, project developers are 
required to keep all information outlined in this protocol through the life of the project, i.e., until 
the final reporting period of the final crediting period has completed verification. This information 
will not be publicly available but may be requested by the verifier or the Reserve. 

System information the project developer should retain includes: 

▪ All data inputs for the calculation of the project emission reductions, including all required 
sampled data 

▪ Copies of all solid waste, air, water, and land use permits, Notice of Violations (NOVs), 
and any administrative or legal consent orders dating back at least 3 years prior to the 
project start date, and for each subsequent year of project operation 

▪ Project developer attestation of compliance with regulatory requirements relating to the 
N2O abatement project 

▪ Plant design information (production capacity and operating parameters per site 
operating procedure) and diagrams/drawings of the NAP 

▪ Diagram schemes showing the type of and detailed components of the N2O abatement 

system and where it is or where it will be installed 

▪ Automated extractive gas analyzer or monitor information (model and serial number) 
▪ Gas flow meter information (model and serial number) 
▪ Plans or diagram schemes showing the selection of data measuring points upstream 

and/or downstream to the N2O abatement system 
▪ Calibration results for all meters 
▪ Information relevant to the N2O abatement catalysts (composition, service life 

expectancy, and installation date) 

▪ The total production of nitric acid per reporting period and the number of operating hours 
▪ CO2e annual tonnage calculations 

▪ Verification records and results 

▪ All maintenance records relevant to the N2O abatement system and monitoring 

equipment 

Calibrated gas analyzer information that the project developer should retain includes: 

▪ Hourly average values 
▪ Date, time, and results of instrument calibration 
▪ Corrective measures taken if instrument does not meet performance specifications 
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7.4 Reporting Period and Verification Cycle 

7.4.1 Reporting Periods 

The reporting period is the length of time over which GHG emission reductions from project 
activities are quantified. Project developers must report GHG reductions resulting from project 
activities during each reporting period. A reporting period may not exceed 12 months in length, 
except for the initial reporting period of the first crediting period, which may be up to 24 months 
in length. A reporting period may be comprised of multiple campaigns, but a reporting period 
does not need to include a full campaign. A campaign is defined as the full length of operation of 
one set of primary catalyst gauzes (i.e., the time between new catalyst installations or new 
charges of catalyst gauze). The Reserve accepts verified emission reduction reports on a sub-
annual basis, should the project developer choose to have a sub-annual reporting period and 
verification schedule (e.g., semi-annually).  

Reporting periods must be contiguous; there must be no gaps in reporting during the crediting 
period of a project once the first reporting period has commenced. Occasionally, certain types of 
maintenance activities may be required at the plant that may interrupt project activities. Such 
maintenance periods, defined as a period during which no ammonia is flowing and no nitric acid 
is produced, are permissible with the following caveats to ensure continuous reporting for the 

project: 

▪ Maintenance periods must be included within the dates of a reporting period to ensure 
continuous reporting. 

▪ The data generated during the maintenance period shall be excluded when performing 
the calculations in Section 5. 

▪ Monitoring equipment may be removed during these maintenance periods, as 
necessary, and the related QA/QC requirements may be suspended during that time. 

▪ Once production commences following a maintenance period, daily QA/QC 
requirements must be met, and the quarterly, semi-annual, and annual QA/QC 
requirements must resume in a timely manner, so as to continue to meet the 
requirements of Section 6. 

▪ The project developer must demonstrate to the verifier that no ammonia was flowing and 
no nitric acid was produced during a maintenance period. 

If a reporting period spans multiple calendar years, then the emission reductions shall be 
calculated for the entire reporting period and then scaled for each vintage year based on 
operating hours. 

7.4.2 Verification Periods 

The verification period is the length of time over which GHG emission reductions from project 
activities are verified. Verification periods may cover multiple campaigns and reporting periods, 
with a maximum of 24 months of data total. CRTs will not be issued for reporting periods that 
have not been verified. For any reporting period that ends prior to the end of the verification 
period (i.e., year 1 of a 2-year verification period), an interim monitoring report must be 
submitted to the Reserve no later than six months following the end of the relevant reporting 
period. The interim monitoring report shall contain a summary of emission reductions, 
description of QA/QC activities, and description of any potential nonconformances, data errors, 
metering issues, or material changes to the project. All mandatory sections of interim monitoring 
reports must be verified in the subsequent verification.  

To meet the verification deadline, the project developer must have the required verification 
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documentation (see Section 7.1) submitted within 12 months of the end of the verification 
period. The end date of any verification period must correspond to the end date of a reporting 
period. 

7.4.3 Verification Site Visit Schedule  

An in-person site visit must occur during the initial verification, and at least once every 24 
months thereafter. A reporting period may be verified without a new in-person site visit if the 
following requirements are met:  
 

1. The current verification is being conducted by the same verification body that conducted 
the site visit for the previous verification; and  

2. There have been no significant changes in data management systems, equipment, or 
personnel since the previous site visit.  

The Reserve provides site visit flexibility to nitric acid production projects by offering a virtual 
site visit option. Virtual site visits may be conducted if the above requirements are met.  

The above requirements apply regardless of whether the verification period contains one or two 
reporting periods. The Reserve maintains the discretion to require a new site visit for a reporting 
period despite satisfaction of the above requirements. For example, the approval of a significant 
variance during the reporting period could be considered grounds for denial of the option to 
forego an in-person site visit for the verification.  
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8 Verification Guidance 
This section provides verification bodies with guidance on verifying GHG emission reductions 
from projects developed to the standards of this protocol. This verification guidance 
supplements the Reserve’s Verification Program Manual and describes verification activities in 
the context of reducing N2O emissions through secondary catalyst, tertiary catalyst, and 
combined secondary and tertiary catalyst abatement projects at nitric acid plants. 

Verification bodies trained to verify nitric acid production projects must conduct verifications to 
the standards of the following documents: 

▪ Climate Action Reserve Program Manual 
▪ Climate Action Reserve Verification Program Manual 
▪ Climate Action Reserve Nitric Acid Production Protocol (this document) 
▪ Climate Action Reserve Jurisdiction Module (project location dependent) 

The Reserve’s Program Manual, Verification Program Manual, and project protocols are 
designed to be compatible with each other and are available on the Reserve’s website at 
http://www.climateactionreserve.org. 

In cases where the Program Manual and/or Verification Program Manual differ from the 
guidance in this protocol, this protocol takes precedent. The Jurisdiction Module is 
complementary to this Core Protocol; however, in the case that they differ the Jurisdiction 
Module takes precedence. 

Only ISO-accredited verification bodies trained by the Reserve for this project type are eligible to 
verify nitric acid production project reports. Verification bodies approved under other project 
protocol types are not permitted to verify nitric acid production projects. Information about 
verification body accreditation and Reserve project verification training can be found in the 
Verification Program Manual. 

8.1 Verification of Multiple Projects at a Single Nitric Acid Production 
Facility 

Because the protocol allows for multiple projects at a single nitric acid production facility, project 
developers have the option to hire a single verification body to verify multiple projects under a 
joint project verification. This may provide economies of scale for the project verifications and 
improve the efficiency of the verification process. Joint project verification is only available as an 
option for a single project developer; joint project verification cannot be applied to multiple 
projects registered by different project developers at the same facility. 

Under joint project verification, each project, as defined by the protocol, must be registered 
separately in the Reserve system and requires its own verification process and Verification 
Statement (i.e., each project is assessed by the verification body separately as if it were the only 
project at the facility). However, all projects may be verified together by a single site visit to the 
facility. Furthermore, a single Verification Report may be filed with the Reserve that summarizes 
the findings from multiple project verifications. 

Finally, the verification body may submit one Notification of Verification Activities/Conflict of 
Interest (NOVA/COI) Assessment form that details and applies to all of the projects at a single 
facility that it intends to verify. 

If during joint project verification, the verification activities of one project are delaying the 
registration of another project, the project developer can choose to forego joint project 

http://www.climateactionreserve.org/
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verification. There are no additional administrative requirements of the project developer or the 
verification body if joint project verification is terminated. 

8.2 Standard of Verification 
The Reserve’s standard of verification for nitric acid production projects is the Nitric Acid 
Production Protocol, the Reserve Program Manual, and the Verification Program Manual. To 
verify a nitric acid production project developer’s project report, verification bodies apply the 
guidance in the Verification Program Manual and this section of the protocol to the standards 
described in Sections 2 through 7 of this protocol. Sections 2 through 7provide eligibility rules, 
methods to calculate emission reductions, performance monitoring instructions and 

requirements, and procedures for reporting project information to the Reserve. 

8.3 Monitoring Plan 
The Monitoring Plan serves as the basis for verification bodies to confirm that the monitoring 
and reporting requirements in Section 6 and Section 7 have been met, and that consistent, 
rigorous monitoring and record keeping is ongoing at the project site. Verification bodies shall 
confirm that the Monitoring Plan covers all aspects of monitoring and reporting contained in this 
protocol and specifies how data for all relevant parameters in Table 6.6, Table 6.7, and Table 
6.8 are collected and recorded. 

8.4 Verifying Eligibility Criteria 

Verification bodies must affirm nitric acid production project eligibility according to the rules 
described in this protocol. The table below outlines the eligibility criteria for a nitric acid 
production project. This table does not represent all criteria for determining eligibility 
comprehensively; verification bodies must also look to Section 3 and the verification items lists in 
Section 8.5. 

Table 8.1. Summary of Eligibility Criteria 

Eligibility Rule Eligibility Criteria Frequency of Rule 
Application 

Start Date 
Start date may be no more than 12 months 
prior to project submittal 

During the first verification 
of the initial reporting period 
for each crediting period  

Location 
A jurisdiction is considered approved if it has a 
jurisdiction module. 

During the first verification 
of the initial reporting period 
for each crediting period  

Performance Standard 

▪ Secondary catalyst projects: installation 
of a secondary N2O abatement catalyst in 
a nitric acid plant 

▪ Tertiary catalyst projects: installation of a 
tertiary N2O abatement catalyst or NSCR 
in a nitric acid plant 

▪ Combined secondary and tertiary 
projects: installation of a secondary N2O 
abatement catalyst and the subsequent 
installation of a tertiary N2O abatement 
catalyst or NSCR 

During the first verification 
of the initial reporting period 
for each crediting period 
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Legal Requirement Test 

Signed Attestation of Voluntary Implementation 
form and monitoring procedures that lay out 
procedures for ascertaining and demonstrating 
that the project passes the Legal Requirement 
Test 

Every verification 

Regulatory Compliance 
Test 

Signed Attestation of Regulatory Compliance 
attesting that project is in material compliance 
with all applicable laws 

Every verification 

Social Safeguard 1 – 
Labor and Safety 

Signed Attestation of Regulatory Compliance 
form attesting to be in material compliance with 
all applicable laws, including labor and safety. 

Every verification 

Social Safeguard 2 – 
Dispute Resolution 

Public comment is held during project submittal 
process in addition to ongoing dispute 
resolution process. All material complaints 
received are resolved prior to registration 

Every verification 

Environmental Safeguard 
1 – Air and Water Quality 

Signed Attestation of Regulatory Compliance 
form attesting to be in material compliance with 
all applicable laws, including air and water 
quality. 

Every verification 

Environmental Safeguard 
2 – Mitigation of 
Pollutants 

Historical records and ongoing monitoring and 
reporting through data logging of physical 
measurements, online sources, and 
government data to demonstrate the project 
was designed and implemented to mitigate 
potential releases of pollutants that may cause 
degradation of the quality of soil, air, surface 
and groundwater, and project developers have 
acquired the appropriate local permits prior to 
installation to prevent violation of all applicable 
laws. 

Every verification 

8.5 Core Verification Activities 

The Nitric Acid Production Protocol provides explicit requirements and guidance for quantifying 

GHG reductions associated with reducing N2O emissions at nitric acid plants. The Verification 
Program Manual describes the core verification activities that shall be performed by verification 
bodies for all project verifications. They are summarized below in the context of a nitric acid 
production project, but verification bodies shall also follow the general guidance in the 
Verification Program Manual. 

Verification is a risk assessment and data sampling effort designed to ensure that the risk of 
reporting error is assessed and addressed through appropriate sampling, testing, and review. 

The three core verification activities are: 

1. Identifying emission sources, sinks, and reservoirs 
2. Reviewing GHG management systems and estimation methodologies 
3. Verifying emission reduction estimates 

 

Identifying emission sources, sinks, and reservoirs 

The verification body reviews for completeness the sources, sinks, and reservoirs identified for a 
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project. 

Reviewing GHG management systems and estimation methodologies 

The verification body reviews and assesses the appropriateness of the methodologies and 

management systems that the facility operator uses to gather data on plant operations and N2O 
emissions and to calculate baseline and project emissions. 

Verifying emission reduction estimates 

The verification body further investigates areas that have the greatest potential for material 
misstatements and then confirms whether or not material misstatements have occurred. This 
involves site visits to the project to ensure the systems on the ground correspond to and are 
consistent with data provided to the verification body. In addition, the verification body 
recalculates a representative sample of the performance or emissions data for comparison with 
data reported by the project developer in order to double-check the calculations of GHG 

emission reductions. 

8.6 Nitric Acid Production Verification Items 
The following tables provide lists of items that a verification body needs to address while 
verifying a nitric acid production project. The tables include references to the section in the 
protocol where requirements are further described. The tables also identify items for which a 
verification body is expected to apply professional judgment during the verification process. 
Verification bodies are expected to use their professional judgment to confirm that protocol 
requirements have been met in instances where the protocol does not provide (sufficiently) 
prescriptive guidance. For more information on the Reserve’s verification process and 
professional judgment, please see the Verification Program Manual. 

Note: These tables should not be viewed as a comprehensive list or plan for verification 
activities, but rather guidance on areas specific to nitric acid production projects that must be 
addressed during verification. 

8.6.1 Project Eligibility and CRT Issuance 

Table 8.2 lists the criteria for reasonable assurance regarding eligibility and CRT issuance for 
nitric acid production projects. These requirements determine if a project is eligible to register 
with the Reserve and/or have CRTs issued for the reporting period. If any one requirement is not 
met, either the project may be determined ineligible or the GHG reductions from the reporting 
period (or subset of the reporting period) may be ineligible for issuance of CRTs, as specified in 

Sections 2, 3, and 6. 

Table 8.2. Eligibility Verification Items 

Protocol Section Eligibility Qualification Item 
Apply 
Professional 
Judgment? 

2.2 – 2.2.3 
Verify that the project meets the project definition and is properly 
defined as a secondary catalyst, tertiary catalyst project, or 
combined secondary and tertiary catalyst project 

No 

2.2 
Verify whether the nitric acid plant is new, existing, upgraded, 
relocated, or restarted 

No 

2.3 
Verify ownership of the reductions by reviewing the Attestation of 
Title 

No 
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3.1 
Verify that the project only consists of activities at a single nitric 
acid plant at a nitric acid production facility operating within an 
eligible jurisdiction  

No 

3.2 Verify eligibility of project start date No 

3.2 Verify accuracy of project start date based on operational records Yes 

3.3 Verify that the reporting period is within the current crediting period No 

3.5.1 
Verify that the project meets the appropriate Performance 
Standard Test for the project type 

No 

3.5.2 
Confirm execution of the Attestation of Voluntary Implementation 
form to demonstrate eligibility under the Legal Requirement Test 

No 

3.5.2 
Confirm that there are no regulations (including a national or regional 
ETS) for the NAP to install a secondary or tertiary catalyst and/or 
abate N2O emissions 

No 

3.5.2 
Verify that the Monitoring Plan contains procedures for 
ascertaining and demonstrating that the project passes the Legal 
Requirement Test at all times 

Yes 

3.6 

Verify that the project activities comply with applicable laws by 
reviewing any instances of non-compliance provided by the project 
developer and performing a risk-based assessment to confirm the 
statements made by the project developer in the Attestation of 
Regulatory Compliance form 

Yes 

6 
Verify that monitoring meets the requirements of the protocol. If it 
does not, verify that a variance has been approved for monitoring 
variations 

No 

6.2– 6.4 

Verify that all components of the CEMS adhered to the field check 
and calibration schedule specified in the protocol. If they do not, 
verify that a variance has been approved for monitoring variations 
or that adjustments have been made to data per the protocol 
requirements 

No 

6.2 

Verify that installation and initial certification of the N2O CEMS 
were completed according to manufacturer specifications and the 
requirements of this protocol 

No 

6.3, 6.4 
Verify that the calibration test procedures were properly followed, 
including the calibration error test and linearity check 

No 

6.6 
Verify that the relative accuracy test audits were completed 
according to the required procedure and schedule 

No 

6.8 
If used, verify that data substitution methodology was properly 
applied 

No 

n/a 
If any variances were granted, verify that variance requirements 
were met and properly applied 

Yes 

8.6.2 Quantification of GHG Emission Reductions 

Table 8.3 lists the items that verification bodies shall include in their risk assessment and 
recalculation of the project GHG emission reductions. These quantification items inform any 
determination as to whether there are material and/or immaterial misstatements in the project 
GHG emission reduction calculations. If there are material misstatements, the calculations must 
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be revised before CRTs are issued. 

Table 8.3. Quantification Verification Items 

Protocol Section Quantification Item 
Apply 
Professional 
Judgment? 

4 
Verify that SSRs included in the GHG Assessment Boundary 
correspond to those required by the protocol and those 
represented in the project diagram for the reporting period 

No 

5.1 
Verify that the project developer has correctly calculated and 

applied HNO3,MAX and HNO3,MAX,scaled 
No 

5.2.1.1 
Verify that the project developer correctly accounted for HNO3,MAX 

in the baseline sampling period for the secondary catalyst project 
and combined secondary and tertiary catalyst projects 

No 

5.2.1, 0 
Verify that the project developer correctly calculated the baseline 

and project N2O emission factors for the secondary catalyst project 
No 

5.3 

Verify that the project developer correctly accounted for N2O 

emissions at the inlet and outlet of the destruction facility for the 
tertiary catalyst project and combined secondary and tertiary project 
(if using Approach 2) 

No 

5.3.2.2 
Verify that the project developer correctly quantified ammonia 
input to the tertiary catalyst project and combined project type or 
correctly assumed no change in ammonia input 

No 

5.3.2.3 
Verify that the project developer correctly quantified hydrocarbon 
use for tertiary catalyst project and combined project type 

No 

5.3.2.4 

Verify that the project developer correctly quantified external 
energy inputs or was correct in not estimating this source due to 
capture and use of the additional energy within the system for 
tertiary and combined project type 

Yes 

5.3.2 
Verify that the project emissions calculations were calculated 
according to the protocol with the appropriate data for tertiary 
catalyst project 

No 

5.4.1.2 or 5.4.2.2 
Verify that the project emissions calculations were calculated 
according to the protocol with the appropriate data for combined 
project 

No 

8.6.3 Risk Assessment 

Verification bodies will review the following items in Table 8.4 to guide and prioritize their 

assessment of data used in determining eligibility and quantifying GHG emission reductions. 

Table 8.4. Risk Assessment Verification Items 

Protocol Section Item that Informs Risk Assessment 
Apply 
Professional 
Judgment? 

6 
Verify that the project monitoring plan is sufficiently rigorous to 
support the requirements of the protocol and proper operation of 
the project 

Yes 
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6 
Verify that appropriate monitoring equipment is in place to meet the 
requirements of the protocol 

No 

6 
Verify that the individual or team responsible for managing and 
reporting project activities are qualified to perform this function 

Yes 

6 
Verify that appropriate training was provided to personnel assigned 
to greenhouse gas reporting duties 

Yes 

 
6 

Verify that all contractors are qualified for managing and reporting 
greenhouse gas emissions if relied upon by the project developer. 
Verify that there is internal oversight to assure the quality of the 
contractor’s work 

Yes 

6, 7.3 
Verify that all required records have been retained by the project 
developer 

No 

8.7 Completing Verification 
The Verification Program Manual provides detailed information and instructions for verification 
bodies to finalize the verification process. It describes completing a Verification Report, 
preparing a Verification Opinion, submitting the necessary documents to the Reserve, and 
notifying the Reserve of the project’s verified status. 

As stated in Section 8.1, project developers may choose to have a verification body conduct 
multiple project verifications at a single facility under a joint project verification. The verification 
body must verify the emission reductions entered into the Reserve system for each project and 
upload a unique Verification Opinion for each project within the joint verification. The verification 
body can prepare a single Verification Report that contains information on all of the projects, but 

this must also be uploaded to every project under the joint verification. 
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9 Glossary of Terms 
Additionality Project activities that are above and beyond “business as usual” 

operation, exceeding the baseline characterization, and are not 
mandated by regulation. 
 

Baseline Sampling Period Determination of baseline emission factor through continuous 

monitoring of N2O concentration and gas flow volume for a 

minimum of the first ten weeks after the start of a campaign and 
prior to secondary catalyst installation. 
 

Campaign The full length of operation of one set of primary catalyst gauzes 
(i.e., the time between new catalyst installations or new charges of 
catalyst gauze). 
 

Carbon Dioxide (CO2) The most common of the six primary greenhouse gases, 
consisting of a single carbon atom and two oxygen atoms. 
 

Carbon Dioxide Equivalent 
(tCO2e) 

The quantity of a given GHG multiplied by its total global warming 
potential. This is the standard unit for comparing the degree of 
warming which can be caused by different GHGs. 
 

Continuous Emission Monitoring 
System (CEMS) 

 

The monitoring system required under this project protocol for all 

projects for the direct measurement of the N2O concentration in 

the stack gas and the flow rate of the stack gas. 
 

Combined Secondary And 
Tertiary Project 

A N2O emission reduction project that installs and operates a 

dedicated N2O abatement catalyst inside or immediately below the 
ammonia oxidation reactor (secondary catalyst) as well as a 
dedicated N2O abatement catalyst in the tail gas leaving the 
absorption tower (catalytic decomposition) or a NSCR unit (tertiary 
catalyst). 
 

Crediting Period The crediting period is approximately ten years in length, aligning 
with the end of the last full campaign that begins in the tenth year 
of reporting. 
 

Effective Date The date of adoption of this protocol by the Reserve Board. 
 

Emission Factor (EF) A unique value for determining an amount of a GHG emitted for a 
given quantity of activity data (e.g., metric tons of carbon dioxide 
emitted per barrel of fossil fuel burned). 
 

Existing NAP Refers to a NAP with an existing ammonia oxidation reactor 
operating at existing production capacity. 

Fossil Fuel fuel, such as coal, oil, and natural gas, produced by the 
decomposition of ancient (fossilized) plants and animals. 
 

Greenhouse Gas (GHG) Carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), sulfur 
hexafluoride (SF6), hydrofluorocarbons (HFCs), or 
perfluorocarbons (PFCs). 
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GHG Reservoir A physical unit or component of the biosphere, geosphere, or 
hydrosphere with the capability to store or accumulate a GHG that 
has been removed from the atmosphere by a GHG sink or a GHG 
captured from a GHG source. 
 

GHG Sink A physical unit or process that removes GHG from the 
atmosphere. 
 

GHG Source A physical unit or process that releases GHG into the atmosphere. 
 

Global Warming Potential (GWP) The ratio of radiative forcing (degree of warming to the 
atmosphere) that would result from the emission of one unit of a 
given GHG compared to one unit of CO2,which is by defined as 
having a GWP of one (1). 
 

Hour Before / Hour After For purposes of the missing data substitution procedures, the 
quality-assured hourly flow rate or N2O concentration recorded by 
a certified monitor during the unit or stack operating hour 
immediately before and the unit or stack operating hour 
immediately after a missing data period. 
 

Joint Project Verification Project verification option where a project developer hires a 
verification body to verify multiple projects at a nitric acid 
production facility. 
 

Metric Ton (t, tonne) A common international measurement for the quantity of GHG 
emissions, equivalent to about 2204.6 pounds or 1.1 short tons. 
 

Monitor Operating Hour Any unit operating hour or portion thereof over which a CEMS, or 
other monitoring system is operating, regardless of the number of 
measurements (i.e., data points) collected during the hour or 
portion of an hour.  
 

Nitric Acid (HNO3) 100% concentrated nitric acid. 

 
Nitric Acid Plant (NAP) A facility producing nitric acid by either a pressure or atmospheric 

pressure process from a single process unit (i.e., the equipment 
and process used to produce nitric acid). 
 

NSCR Non-selective catalytic reduction system designed originally for 
NOX abatement, which may qualify as a tertiary catalyst project 
provided the project requirements under this protocol are met. 
 

Operating Manual An operating manual for NAP equipment is defined as one or 
more current, detailed, engineering document(s) that establish 
operational constraints and optimal ranges for temperature, 
pressure, and ammonia-to-air ratio, developed for the NAP by 
either the NAP equipment manufacturer or a third-party 
engineering firm that manages NAP equipment use, upgrade, and 
replacement. 
 

Project Baseline A “business as usual” GHG emission assessment against which 
GHG emission reductions from a specific GHG reduction activity 
are measured. 
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Project Diagram A diagram of the NAP equipment and processes, including the 
location of all project meters and monitoring equipment. 
 

QA Operating Quarter A calendar quarter in which there are at least 168 unit operating 
hours or, for a common stack or bypass stack, a calendar quarter 
in which there are at least 168 stack operating hours.  
 

Relocated NAP A NAP that has been moved from another geographic location to 
its current location. 
 

Reporting Period Specific time period of project operation for which the project 
developer has calculated and reported emission reductions and is 
seeking verification and registration.  
 

Secondary Catalyst Project A N2O emission reduction project that installs and operates a 
dedicated N2O abatement catalyst inside or immediately below the 
ammonia oxidation reactor. 
 

Stack Gas Gases in the stack, after any NOX or tertiary abatement, to be 
emitted into the atmosphere. 
 

Tail Gas All gases (e.g., NOX and N2O) exiting the absorbing tower before 
any NOX or tertiary abatement. 
 

Tertiary Catalyst Project A N2O emission reduction project that installs and operates a 
dedicated N2O abatement catalyst in the tail gas leaving the 
absorption tower (catalytic decomposition) or a NSCR unit. 
 

Upgraded NAP A NAP that has been modified in any way to increase production 
capacity and/or design capacity prior to the project start date or 
any time during the project crediting period. 
 

Unit Operating Day Refers to a calendar day in which a unit is considered ‘on-line’ for 
any part. 
 

Verification The process used to ensure that a given participant’s GHG 
emissions or emission reductions have met the minimum quality 
standard and complied with the Reserve’s procedures and 
protocols for calculating and reporting GHG emissions and 
emission reductions. 
 

Verification Body A Reserve-approved firm that is able to render a verification 
opinion and provide verification services for operators subject to 
reporting under this protocol. 
 

Verification Cycle The Reserve requires verification of projects separately for each 
reporting period but does not require verifications to be completed 
on specific dates. Project developers define the reporting period to 
be verified. Thus, each project has a unique verification cycle that 
begins the first time a project is verified, occurs at least once per 
reporting period, and ends once the crediting period expires or the 
project is no longer eligible, whichever happens first. 
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Appendix A Supporting Information for Performance 
Standard Development 

The following performance standard analysis was initially conducted for the development of the 
U.S. Nitric Acid Production Protocol Version 1.0. A summary of the practice-change threshold is 
provided below. A comprehensive review of the performance standard test and federal, 
regional, provincial/state, and local regulations is conducted with each new jurisdiction eligible 
under the protocol. Please refer to individual Jurisdiction Modules for country-level analysis of 
common practice. 

A.1 NOX Emission Control Technology 

While N2O emissions are often not regulated, countries may have regulations to limit nitrogen 
oxides (NOX) emissions at industrial facilities. NOX emission control technologies are evaluated 
under the performance standard test for nitric acid projects as it pertains to regulatory 

compliance and N2O emission reductions as a result of NOX abatement. 

There are three commonly used NOX emission control technologies: NSCR, SCR, and extended 
absorption, with average NOX control efficiencies of 97.7%, 86.0-97.2%, and 94.6%, 
respectively.46 

NSCR 

NSCR is added after the ammonia burner and treats the absorber tail gas before it is emitted to 
the atmosphere. It uses a catalyst to consume oxygen in the tail gas of the absorber, converts 
NO2 to NO (to decolor the tail gas) and reduces NO to elemental N.47 Additional fuel is required 
to run NSCR and an energy recovery unit must also be installed to handle excess heat 
generated by NSCR. The process is “non-selective” because all oxygen present in the tail gas is 
consumed, thus limiting all reactions requiring O2, including reactions that produce N2O. Some 
suggest that NSCR may destroy up to 80-90% of all N2O produced during nitric acid 
production.48 Others report NSCR N2O control efficiency of about 70%.49 

NSCR can be installed at new plants, operated at any pressure, retrofitted to new plants, and 
used in conjunction with other NOX control techniques; heat generated by NSCR can be 

recovered and used to supply energy for process compression. 

SCR 

Like NSCR, SCR is also added after the ammonia burner and treats the absorber tail gas before 
it is emitted to the atmosphere. However, SCR uses ammonia, O2, and a catalyst to reduce NOX 
to elemental N. The ammonia preferentially reacts with NOX, making it a selective process,50 
though SCR can have at least a slight unintentional impact on N2O emissions (+/- < 5% of total 
emissions). SCR requires the use of additional ammonia, can operate at any pressure, can be 
retrofitted to existing low-pressure plants and is well suited for new plant applications.  

There are costs savings to SCR relative to NSCR because it does not cause the same high 
temperatures and, thus, energy recovery equipment is not required.51 As a result, beginning in 
the late 1970s, NSCR technology started to be replaced by SCR technology, particularly in the 

 
46 EPA-450/3-91-026: Alternative Control Techniques Document: Nitric and Adipic Acid Manufacturing Plants (1991). 
47 Ibid. 
48 Personal communication with project developers. 
49 Value provided by ClimeCo (project developers) based on NSCR N2O removal testing by a few of their customers. 
50 Ibid. 
51 Ibid. 
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United States. However, older plants designed around NSCR would likely require a complete 
redesign of the existing plant to replace the NSCR NOX control system with SCR and this is not 
considered by industry to be practical or economical.52  

Extended Absorption 

Extended absorption improves production efficiency of HNO3 by increasing the absorption of 
NO2 in the absorption tower. As a result, less NO2 is available to convert to NOX, thereby 
lowering NOX emissions. This is achieved by increasing the volume and number of absorption 
trays, which is accomplished either by adding a second absorption tower or extending the height 
of an existing tower.53 Because of the improved production efficiencies, extended absorption is 
a standard component of new facilities and a common add-on to old ones. New plants are 
generally designed with a single large tower, and retrofits typically involve adding a second 
absorption tower in series. Extended absorption is believed to have no impact on N2O 
emissions. 

A.1.1 Current Industry Practice for using NOX Emission Controls 

The most used technology for NOX emission control globally is SCR, owing in part to its cost-
effectiveness. NSCR, which also controls N2O, was more common before the 1970s but is less 
common than SCR today since it has been considered an unviable option due to the high fuel 
consumption and secondary emissions.54 As a result, the opportunities to further destroy N2O 
from NOx emission controls at nitric acid facilities are limited. 

A.2 N2O Abatement Technology 

Installation of N2O emission controls is not standard industry practice anywhere globally and it 
has only been recently that the technologies were developed since the onset of compliance and 
voluntary GHG markets. Table 2.1 provides an overview of the N2O abatement approaches, as 
classified by Perez-Ramirez et al (2003) and the Intergovernmental Panel on Climate Change 

(IPCC) (2006).55 

 

Primary abatement may be achieved by optimizing the oxidation process, modifying the 
platinum-rhodium gauze, or through oxide-based combustion catalysts.56 However, primary 
abatement is ineligible under the protocol due to the lower abatement efficiency compared to 
secondary and tertiary abatement, alternative motivations for selecting a primary catalyst gauze, 
and difficulties with monitoring approaches if combined with an additional abatement 
technology.  
 
Optimization of the oxidation reactor and primary catalysts with a higher abatement efficiency 
compared to the baseline may achieve abatement efficiencies up to 40%, whereas secondary 
and tertiary can achieve 70-90% and more than 95%, respectively.57 

 
52 Based on a stationary source permit review for the construction and operation of modifications at a PCS Nitrogen 
facility located in Augusta, Georgia, published by the Georgia Department of Natural Resources. 
53 Ibid. 
54 Perez-Ramirez, J., Kapteijn, F., Shoffel, K. and Moulijn, J. A. (2003). ‘Formation and control of N2O in nitric acid 
production: Where do we stand today?’, Applied Catalysis B: Environmental 44, pp.117-131, Elsevier Science B.V. 
55 Note that there were no applicable revisions in the 2019 Refinement Report to the 2006 IPCC Guidelines for 
National Greenhous Gas Inventories. 
56 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 3: Industrial Processes and Product Use, 
Table 3.2. 
57 According to Nitric Acid Climate Group, https://www.nitricacidaction.org/transforming-the-sector/nitrous-oxide-
emissions-from-nitric-acid-production/ 
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While the composition of the gauze does affect the amount of N2O that is generated in the nitric 
acid production process, however, the high costs and constrained operating conditions make it 
such that N2O is not a consideration when selecting a gauze. Rather, the mesh type is chosen 
based on the operating conditions and the composition is based on financial considerations.  
 
Difficulties arise if the protocol were to allow for both primary and an additional abatement 
technology (i.e., secondary or tertiary abatement). Since the secondary catalyst is located 
underneath the primary gauze, if combined with primary abatement, it is impractical to 
differentiate between the impact of the abatement equipment on N2O emission reductions. 
While more practical, combining primary and tertiary abatement is unlikely to be implemented 
due to the high abatement efficiency of tertiary abatement equipment and higher costs of more 
efficient primary gauze with marginal improvements in abatement. Thus, combining primary 
abatement with another abatement technology type presents additional complexity in the 
baseline quantification approach for primary catalysts. 
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