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An Important Note 

This module is not a stand-alone document. Readers should refer to the introduction 
for a more detailed overview and discussion of the Framework and procedures to 
determine the GGI and, especially, to the Note on Common References, Default 
Values, Acronyms and Abbreviations used in the Modules. Common information 
includes default values for CO2 emissions from electricity and thermal energy derived 
from coal, oil and natural gas; a list of acronyms and abbreviations; guidance on using 
the sources cited for US exports, imports, and production by sector, and CO2 
emissions from electricity produced in nations that export to the United States. 

Sharing Our Work 

Our work is available for sharing and adaptation under an Attribution-NonCommercial-
NoDerivatives 4.0 International (CC BY-NC-ND 4.0) license. You can copy and 
redistribute our material in any medium or format; you must give appropriate credit, 
provide a link to the license, and indicate if changes were made, and you may not 
apply additional restrictions. You may do so in any reasonable manner, but not in any 
way that suggests the licensor endorses you or your use. You may not use the 
material for commercial purposes. If you remix, transform, or build upon the material, 
you may not distribute the modified material. For more information, visit 
https://creativecommons.org/licenses/by-nc-nd/4.0/. 

  

https://www.rff.org/publications/working-papers/the-greenhouse-gas-index-for-products-in-39-industrial-sectors/
https://www.rff.org/publications/working-papers/the-greenhouse-gas-index-for-products-in-39-industrial-sectors/
https://creativecommons.org/licenses/by-nc-nd/4.0/
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1. Introduction 

The nitrogenous fertilizer manufacturing sector (NAICS Code 325111) consists of 
ammonia, nitric acid, ammonium nitrate, urea, ammonium sulfate, and sodium nitrate. 
During 2019, US exports of these products were about $753 million, and imports to the 
United States were about $2.98 billion.1 The total US production in 2018 for these 
products was about $7 billion.2 Under the Framework we’ve proposed, rebates and 
import charges would be based on an upstream US GHG tax and the greenhouse gas 
indices (GGIs) for the imported and exported products.3 

In this module, we determine GGIs—which track GHG process emissions and the 
contribution of the carbon content of products derived from fossil resources along the 
production and supply chain in a manner analogous to that used in value-added 
taxes—for nitrogenous fertilizers. A minimum GGI of 0.50 tonnes CO2e/tonne product 
is required for an export rebate or the imposition of an import charge. We refer to such 
covered products as GHG-intensive products. When multiplied by the GHG tax, the 
result is the relevant export rebate or import charge.  

There are two major steps involved in determining GGI values for these products. The 
first is to evaluate the total input of taxed sources of GHG emissions—CO2e(TOT). 
The second is to allocate this total to the covered product (P) produced by the 
manufacturer. So, the GGI is determined as follows: 

 CO2e(TOT) = total taxed sources of GHG emissions (tonnes CO2e); 
 M(P) = total mass of product (tonnes of product P); 
 GGI = CO2e(TOT)/M(P) (tonnes CO2e/tonne P). 

We consider various pathways to produce covered products. Contributors to GGI 
include natural gas as a feedstock to produce ammonia, and use of electricity and 
fuels to produce steam and thermal energy. Results, as described below, depend on 
the treatment of nitrous oxide (N2O), a powerful GHG that is produced during the 
manufacture of nitric acid, and on whether CO2 generated during the production of 
ammonia is emitted or captured and utilized to make final products. The range of GGIs 

 
1 See: Export and import data: 
https://usatrade.census.gov/data/Perspective60/View/dispview.aspx; and 
https://usatrade.census.gov/data/Perspective60/View/dispview.aspx which provides data 
by country and area 
2https://data.census.gov/cedsci/table?q=AM1831BASIC&tid=ASMAREA2017.AM1831BASIC
01  for the AM1831BASIC01—Annual Survey of Manufactures: Summary Statistics for Industry 
Groups and Industries in the US: 2018–2020. 
3 See: Flannery, Brian, Jennifer A. Hillman, Jan Mares, and Matthew C. Porterfield. 2020. 
Framework Proposal for a US Upstream GHG Tax with WTO-Compliant Border Adjustments: 
2020 Update. Washington, DC: Resources for the Future. 
https://www.rff.org/publications/reports/framework-proposal-us-upstream-ghg-tax-wto-
compliant-border-adjustments-2020-update/ 

https://usatrade.census.gov/data/Perspective60/View/dispview.aspx
https://usatrade.census.gov/data/Perspective60/View/dispview.aspx
https://data.census.gov/cedsci/table?q=AM1831BASIC&tid=ASMAREA2017.AM1831BASIC01
https://data.census.gov/cedsci/table?q=AM1831BASIC&tid=ASMAREA2017.AM1831BASIC01
https://www.rff.org/publications/reports/framework-proposal-us-upstream-ghg-tax-wto-compliant-border-adjustments-2020-update/
https://www.rff.org/publications/reports/framework-proposal-us-upstream-ghg-tax-wto-compliant-border-adjustments-2020-update/
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for these products is 0.43 tonnes CO2e/tonne ammonium sulfate to 1.60 tonnes 
CO2e/tonne ammonia—all of which would be higher if the CO2 produced during 
ammonia production is not captured. 

We note in this sector that one of the estimates of GGI for a product is less than 0.50 
tonnes CO2e/tonne product (and thus such a product would not receive an export 
rebate). However, there is a reasonable probability that some producers of such 
product would have a GGI of 0.50 tonnes CO2e/tonne product or higher. In such case, 
such products would be entitled to an export rebate or have an import charge 
imposed. Similarly, there are estimates of the GGI for a product that are somewhat 
higher than 0.50 tonnes CO2e/tonne product. There, too, is also a reasonable 
probability that the GGIs for some such product(s) would be less than 0.50 tonnes 
CO2e/tonne product. Thus, such products would not be entitled to an export rebate or 
be subject to an import charge. 

This module provides a means for the Regulator to estimate, based on public 
information, initial export rebates in the United States and import charges for GHG-
intensive products within the nitrogenous fertilizer manufacturing NAICS Code 325311 
if there were an upstream GHG tax that provided for such rebates and import charges. 
This module uses such information to indicate what such export rebates and import 
charges for key countries would be if there were an upstream GHG tax of $20 per 
tonne of CO2. This information would be useful to the Regulator in evaluating the 
information provided by exporters to indicate their requested export rebate. 

The major US participants in this sector are already obligated annually to determine 
and report to the US Environmental Protection Agency (EPA) their facility GHG 
emissions if they are over 25,000 tonnes per year. They will also know the amounts 
and types of covered products they manufacture, and, under the Framework in the 
United States, suppliers would be obligated to inform customers (and the Regulator) 
of the GGI values of GHG-intensive products that they sell. Therefore, US 
manufacturers have the information needed to determine the GGI values for GHG-
intensive products they create in specific facilities. The estimates in this module are 
based on publicly available information. More accurate and timely information to 
determine rebates and import charges could undoubtedly be obtained by the 
Regulator from either the industry association or firms (e.g., S&P Global) that have a 
business of obtaining and marketing information about the GHG aspects of various 
corporate actions.  

The overall usage of fuels to manufacture electricity in the relevant country should be 
used to determine the GHG/CO2e emissions from electricity use associated with the 
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production of the imported nitrogenous fertilizer products unless more specific, 
verifiable information is provided to the Regulator.4  

An important note: We emphasize that the estimates in this module are meant only to 
provide indicative, representative values for GGI of US nitrogenous fertilizer products. 
Some of the public data on which the calculations rely date back and probably are not 
representative of industry performance today. Actual values will depend on 
determination of the GGI for each specific product produced at a specific facility. 
Since companies, associations, and commercial firms that collect and market 
information about products’ energy and emissions profiles can provide more accurate 
information than was used here, the Regulator should seek such information when 
determining potential import charges or evaluating requests for export rebates. The 
estimates here do not account for all GHG-intensive chemicals or other raw materials 
that may contribute to the GGI. Subject to the administrative costs to evaluate all such 
inputs and be consistent for both export rebates and import charges, the Regulator 
should strive to accept all verifiable raw material inputs to the GGI for specific 
products. 

 
4 Such electricity information can be found in the International Energy Agency’s World Energy 
Balances 2020; https://www.iea.org/subscribe-to-data-services/world-energy-balances-
and-statistics.  

https://www.iea.org/subscribe-to-data-services/world-energy-balances-and-statistics
https://www.iea.org/subscribe-to-data-services/world-energy-balances-and-statistics
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2. Ammonia 

Ammonia (NH3) is produced by the Haber process, which combines nitrogen from air 
with hydrogen derived mainly from natural gas. Water and CO2 are byproducts of the 
process. Much of the CO2 produced in the conversion of natural gas to ammonia is 
used to make methanol or urea. The GGI determination below for ammonia assumes 
that the CO2 generated in the process is used to make methanol or urea. 

According to EPA, natural gas is the predominant raw material for ammonia in the 
United States.5 Natural gas use in a typical ammonia plant in the United States (in 
about 2010) using the steam reforming process ranges from between 19–21 
MBtu/short ton (ST) of ammonia as feedstock for the process; between 6.8–8.5 
MBtu/ST as fuel for the primary reformer where reactions occur; and 0.5–4.0 MBtu/ST 
to provide additional power for the process.6 These ranges total 26.6–33.6 MBtu/ST 
NH3. Assume 27.5 MBtu/ST NH3 is used for feedstock and energy. So, for ammonia, 
GGI is calculated as follows:  

 GGI = CO2e(TOT)/M(NH3);  
  = (27.5 MBtu/ST NH3) (1.1 ST NH3/tonne NH3) (0.0532 tonnes CO2e/MBtu) 
 GGI = 1.60 tonnes CO2e/tonne NH3. 

If the manufacturer does not capture the CO2 produced in making ammonia, that 
would cause the GGI for ammonia to be larger. According to EPA, the conversion 
process for steam reforming of methane to hydrogen and CO2, and ultimately to NH3, 
indicates that 0.88 moles of CO2 are required to make two moles of NH3.7 This means 
that (0.88) (44 tonnes CO2)/(34 tonnes NH3) = 1.14 tonnes CO2/tonnes NH3 are 
emitted. Thus, if the CO2 from manufacturing ammonia is not captured, GGI will be as 
follows:  

  GGI = (1.60 + 1.14) tonnes CO2e/tonne NH3 = 2.74 tonnes CO2e/tonne NH3. 
 

 

 
5 See: Kermeli, A., et al. 2017. Energy Efficiency and Cost Saving Opportunities for Ammonia 
and Nitrogenous Fertilizer Production: An ENERGY STAR Guide for Energy and Plant 
Managers. Washington, DC: US Environmental Protection Agency. 430-R-17002. 
6 See: Table 9 in Kermeli, A., et al. 2017. Energy Efficiency and Cost Saving Opportunities for 
Ammonia and Nitrogenous Fertilizer Production: An ENERGY STAR Guide for Energy and Plant 
Managers. Washington, DC: US Environmental Protection Agency. 430-R-17002. 
7 See: Page 3 of US EPA, Office of Air and Radiation. 2009. Technical Support Document for the 
Ammonia Production Sector: Proposed Rule for Mandatory Reporting of Greenhouse Gases. 
https://www.epa.gov/sites/default/files/2015-02/documents/ti_g-tsd_ammonia_epa_1-22-
09.pdf  

https://www.epa.gov/sites/default/files/2015-02/documents/ti_g-tsd_ammonia_epa_1-22-09.pdf
https://www.epa.gov/sites/default/files/2015-02/documents/ti_g-tsd_ammonia_epa_1-22-09.pdf
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2.1. Export Rebates 

If there were an upstream GHG tax of $20 per tonne of CO2, the export rebate for 
ammonia that captured its CO2 emissions would be $32.00/tonne NH3, whereas the 
rebate for ammonia would be $54.80/tonne NH3 if the CO2 emissions in its 
manufacture were not captured. 

2.2. Import Charges 

In 2019, about 90 percent of US imports of ammonia were from Canada and Trinidad 
and Tobago. Both produce their ammonia from natural gas. Both also produce 
methanol and urea, which can use the CO2 produced in making ammonia from natural 
gas. They can be assumed initially to have the same efficiencies and GGIs as their US 
counterparts.  

Exporters of ammonia to the US need to report to the Regulator whether they use 
natural gas or another raw material in their ammonia manufacture and whether they 
capture and use essentially all CO2 produced in their manufacture of ammonia—in 
such case, their import charge should be based on the GGI for US production of 
ammonia with similar capture. Where essentially all CO2 is not captured and used, the 
import charge for ammonia should be based on the US GGI for ammonia where the 
CO2 is not captured (i.e., 2.74 tonnes CO2e/tonne NH3). If the imported ammonia is 
made from a raw material other than natural gas, the Regulator shall determine the 
import charge based on the raw material used. 

The charge for imports of ammonia from those two countries, if the GHG tax were $20 
per tonne of CO2, would be $32.00 per tonne NH3 if the CO2 is essentially all captured 
and used; it would be $54.80/tonne NH3 if the CO2 is not all captured and used. The 
import charges for all other countries exporting ammonia made from natural gas to 
the United States would be based on whether essentially all CO2 created in the 
manufacture of the ammonia is captured. The Regulator shall determine the import 
charge for any ammonia not derived from natural gas as a raw material. 
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3. Nitric Acid 

Nitric acid (HNO3) is made by oxidizing ammonia with the oxygen in air to make nitric 
oxide and nitrogen dioxide in the first step. The nitrogen dioxide is then absorbed in 
water, which thus forms nitric acid.  

One of the co-products of ammonia oxidation is nitrous oxide (N2O), a gas with a 
global warming potential about 300 times that of CO2. Various control technologies 
exist to virtually eliminate N2O emissions from nitric acid plants, and the European 
Union has required substantial reduction of such emissions.  

Unless the GHG tax law includes N2O as a taxable chemical, and its ultimate emissions 
are material, its emissions would be disregarded. Thus, the estimated GGI for nitric 
acid developed hereafter will not reflect N2O emissions in the manufacture of nitric 
acid. 

The GGI for nitric acid includes the GGI for the ammonia raw material: 1.60 tonnes 
CO2e/tonne NH3. Because the conversion of ammonia to nitric acid is highly 
exothermic, generating more energy than consumed, the GGI for nitric acid is based 
solely on the ammonia input. Three moles of ammonia are required to produce two 
moles of nitric acid. Thus, 51 tonnes of ammonia are required to produce 126 tonnes of 
nitric acid or 0.404 tonnes ammonia/tonne nitric acid. If the CO2 produced in the 
manufacture of ammonia is captured, the GGI is calculated as follows: 

 GGI = CO2e(TOT)/M(HNO3);  
   = (0.404 tonnes NH3/tonne HNO3) (1.60 tonnes CO2e/tonne NH3) 
 GGI = 0.646 tonnes CO2e/tonne HNO3.   

If the CO2 produced in the manufacture of ammonia used to make nitric acid is not 
captured, the GGI for that ammonia will be larger: 

  GGI = (0.404 tonnes NH3/tonne HNO3) (2.74 tonnes CO2e/tonne NH3) 
 GGI = 1.11 tonnes CO2e/tonne HNO3.    

In order to decide the relevant GGI and export rebate, the Regulator will need to 
determine from the exporter whether or not the CO2 produced in the manufacture of 
the ammonia used to make the nitric acid was captured.  

3.1. Export Rebates 

If there were an upstream GHG tax of $20 per tonne of CO2, the rebate for nitric acid 
would be $12.92/tonne HNO3 if the producer of the ammonia captured the CO2; the 
rebate for nitric acid would be $22.20/tonne HNO3 if the ammonia producer did not 
capture and utilize the CO2. 
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3.2. Import Charges 

In 2019, the major exporters of nitric acid to the United States were Canada, Japan, 
South Korea, and the Czech Republic.  

Canada and the Czech Republic can be assumed to use domestic natural gas to 
manufacture their ammonia, the main raw material for nitric acid. Thus, they can be 
assumed to have the same GGI for nitric acid as for that produced in the United 
States—0.646 tonnes CO2e/tonne HNO3. If there were no capture of CO2 in connection 
with the ammonia used, their GGI for nitric acid would be 1.11 tonnes CO2e/tonne. 

In contrast, Japan and South Korea do not have ready access to domestic natural gas 
and are using a more carbonaceous raw material than natural gas to make some of 
their ammonia and/or are importing their ammonia. Japan does use liquefied natural 
gas (LNG) and oil coke to make ammonia. Thus, their initial GGI for nitric acid will be 
higher than that of the United States. The National Energy Technology Laboratory 
compared the energy required for steam methane reforming (the process used by 
ammonia manufacturers using natural gas) to that required for coal gasification or 
partial oxidation of heavy oil.8 Coal gasification energy use was about 4 times larger 
than that for methane reforming and use from partial oxidation of heavy oil was about 
2.4 times larger. Until further information is available, one should assume that Japan 
and South Korea use LNG and partial oxidation of heavy oil to manufacture hydrogen 
for the purpose of making ammonia and nitric acid and that the GGI for such nitric 
acid was 2.0 times larger than the GGI for nitric acid based on ammonia based on 
methane reforming. Thus, the GGI for nitric acid imported from Japan or South Korea 
would be as follows if the CO2 from production of ammonia is captured: 

 GGI = (2.0) (0.646 tonnes CO2/tonne /tonne HNO3) = 1.29 tonnes 
CO2e/tonne HNO3. 

The CO2 that would be generated from partial oxidation of heavy oil to manufacture 
the ammonia would be greater on a unit-of-ammonia basis than that from reforming 
natural gas. However, to simplify the import charge determination, the amount of CO2 
not captured should be considered to have been generated from natural gas. That 
means the GGI for nitric acid based on ammonia based on coal gasification or partial 
oxidation of heavy oil should be increased by 0.467 tonnes CO2/tonne HNO3. In this 
case, the GGI would be as follows: 

  GGI = (0.467 + 1.29) tonnes CO2e/tonne HNO3 = 1.76 tonnes  
   CO2e/tonne HNO3. 

If there were an upstream GHG tax of $20 per tonne of CO2, the import charge for 
nitric acid imported from Canada or the Czech Republic would be $12.92 per tonne, 

 
8 See: Technologies for Hydrogen Production; https://netl.doe.gov/research/coal/energy-
systems/gasification/gasifipedia/technologies-hydrogen.  

https://netl.doe.gov/research/coal/energy-systems/gasification/gasifipedia/technologies-hydrogen
https://netl.doe.gov/research/coal/energy-systems/gasification/gasifipedia/technologies-hydrogen
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assuming the CO2 is captured; their import charge would be $22.20 per tonne 
assuming that the CO2 produced in making ammonia is not captured. If there were an 
upstream GHG tax of $20 per tonne of CO2, the import charge for nitric acid imported 
from Japan or South Korea would be $25.80 if the CO2 produced in making the 
ammonia is captured; their import charge would be $35.20 if the CO2 produced in 
making the ammonia is not captured. 

Import charges for nitric acid from other countries would be determined by the raw 
material used to manufacture the underlying ammonia and whether or not the CO2 
generated was captured. The import charges provided above can be used to 
determine such other import charges. 
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4. Ammonium Nitrate 

Ammonium nitrate (NH4NO3) is made by reacting ammonia and nitric acid, with much 
of the resulting product being concentrated and made into solid products. This is a 
very exothermic process. According to the 2017 EPA study on energy efficiency (see 
page 119 in reference cited in footnote 5), the heat produced is used to generate 
steam. According to a study by the US Department of Energy, the average net energy 
use by plants to make ammonium nitrate in 2010 was 341 Btu per pound—which, 
based on using natural gas for the energy, is 0.04 tonne CO2e/tonne ammonium 
nitrate.9  

About 0.213 tonnes of ammonia and 0.788 tonnes of nitric acid were required to make 
a tonne of ammonium nitrate in 2010.10 Previous sections estimated the GGIs for 
ammonia (1.60 tonnes CO2e/tonne NH3) and nitric acid (0.646 tonnes CO2e/tonne 
HNO3). So, for ammonium nitrate, if the CO2 produced in manufacturing ammonia is 
captured, the GGI will be as follows: 

GGI =     CO2e(TOT)/M(NH4NO3);  
 =     (0.04 tonnes CO2e/tonne NH4NO3)  
      + (0.213 tonnes NH3/tonne NH4NO3) (1.60 tonnes CO2e/tonne NH3)  
      + (0.788 tonnes HNO3/tonne NH4NO3) (0.646 tonnes CO2e/tonne HNO3) 

GGI =     0.89 tonnes CO2e/tonne NH4NO3. 

If the CO2 produced in manufacturing ammonia is not captured, then the GGI for 
ammonia would be 2.74 tonnes CO2e/tonne NH3 and for nitric acid would be 1.11 tonnes 
CO2e/tonne HNO3. So, in this case for ammonium nitrate, the GGI is as follows: 

GGI =     CO2e(TOT)/M(NH4NO3);  
 =     (0.04 tonnes CO2e/tonne NH4NO3)  
      + (0.213 tonnes NH3/tonne NH4NO3) (2.74 tonnes CO2e/tonne NH3)  
      + (0.788 tonnes HNO3/tonne NH4NO3) (1.11 tonnes CO2e/tonne HNO3) 

GGI =     1.50 tonnes CO2e/tonne NH4NO3. 

Nitrous oxide is produced along with the nitric acid used to make ammonium nitrate. 
Unless the GHG tax includes nitrous oxide as a taxable chemical, its emissions can be 
disregarded. Thus, the estimated GGI for nitric acid does not reflect emissions of 

 
9 See: Appendix A1a: Master Chemicals Tables, in Bandwidth Study on Energy Use and 
Potential Energy Saving Opportunities in US Chemical Manufacturing (2015); 
https://www.energy.gov/sites/default/files/2015/08/f26/chemical_bandwidth_report.pdf.  
10 See: Burrup Nitrates Pty Ltd. 2010. Public Environmental Review on Technical Ammonium 
Nitrate Production Facility. 
https://www.epa.wa.gov.au/sites/default/files/PER_documentation/A1764_R1379_Burrup%
20Nitrates%20PER.pdf  

https://www.energy.gov/sites/default/files/2015/08/f26/chemical_bandwidth_report.pdf
https://www.epa.wa.gov.au/sites/default/files/PER_documentation/A1764_R1379_Burrup%20Nitrates%20PER.pdf
https://www.epa.wa.gov.au/sites/default/files/PER_documentation/A1764_R1379_Burrup%20Nitrates%20PER.pdf
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nitrous oxide in the manufacture of nitric acid and the producers of nitric acid raw 
material need not be asked about their nitrous oxide emissions. 

4.1. Export Rebates 

If there were an upstream GHG tax of $20 per tonne of CO2, the export rebate for 
ammonium nitrate per tonne would be $17.80 if the CO2 produced in manufacturing 
ammonia is captured, and $30.00 if the CO2 produced in manufacturing ammonia is 
not captured. 

4.2. Import Charges 

The major exporters of ammonium nitrate to the United States are Canada and Russia, 
which represent over 90 percent of US imports. Because of their significant natural 
gas resources, both Canada and Russia should be assumed to use natural gas to make 
the ammonia needed to make ammonium nitrate. Thus, they should have the same 
GGIs for ammonium nitrate as the United States if they capture the CO2 produced in 
manufacturing the ammonia. Similarly, if the exporting producers do not capture the 
CO2 in their (or their supplier’s) manufacture of ammonia, they should have larger 
GGIs as would be the case in the United States.  

If there were an upstream GHG tax of $20 per tonne of CO2, the import charge for 
ammonium nitrate per tonne would be $17.80 if the CO2 produced in manufacturing 
ammonia is captured, and $30.00 if the CO2 produced in manufacturing ammonia is 
not captured. 
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5. Urea 

Ammonia and CO2 react to form ammonium carbamate, which is then dehydrated to 
urea CO(NH2)2. The energy to support the reactions and dehydration are determined 
and added to the GGIs for ammonia and CO2 to determine the GGI for urea. 

Urea production using ammonia requires 0.568 tonnes ammonia/tonne urea and 
consumes energy in the form of steam and electric power, with average consumption 
levels of 0.8 tonnes steam/tonne urea, and 58 kWh/tonne urea.11 For reference, based 
on natural gas, 0.8 tonnes steam/tonne urea is the same as 0.12 tonnes CO2e/tonne 
urea12 (assuming that water is heated from 30 degrees C to steam which is further 
heated to 200 degrees C), while 58 kWh is the same as 0.024 tonnes CO2e/tonne urea. 
Thus, where CO2 generated in ammonia production is captured, the GGI for urea will 
be as follows: 

 GGI = CO2e(TOT)/M[CO(NH2)2]; 
  = (0.568 tonne NH3/tonne urea) (1.60 tonnes CO2e/tonne NH3) 
   + (0.35 + 0.058) tonnes CO2e/tonne urea 
 GGI = 1.32 tonnes CO2e/tonne urea. 

If the CO2 from ammonia production is not captured, the GGI for ammonia would be 
2.74 tonne CO2e/tonne NH3. So, in this case for urea, the GGI will be as follows: 

 GGI = (0.568 tonne NH3/tonne urea) (2.74 tonnes CO2e/tonne NH3) 
   + (0.12 + 0.024) tonnes CO2/tonne urea 
 GGI = 1.70 tonnes CO2e/tonne urea. 
 
 
 
 
 

 
11 See: Boulamanti, A., and J. Moya Rivera. 2017. Energy Efficiency and GHG Emissions: 
Prospective Scenarios for the Chemical and Petrochemical Industry. EUR 28471 EN. 
Luxembourg: Publications Office of the European Union. JRC105767. 
https://publications.jrc.ec.europa.eu/repository/handle/JRC105767  
12 See following  to convert tonnes steam/tonne urea to tonnes CO2 e/tonne urea: 
https://www.usgs.gov/special-topics/water-science-school/science/specific-heat-
capacity-and-
water#:~:text=One%20of%20water's%20most%20significant,of%20copper%201%C2%B0C;  
http://www.kentchemistry.com/links/Energy/HeatVaporization.htm#:~:text=For%20water
%20at%20its%20normal,be%20absorbed%20by%20the%20water; and  
https://www.toppr.com/ask/question/what-is-the-specific-heat-capacity-of-ice-water-
and-steam/  

https://publications.jrc.ec.europa.eu/repository/handle/JRC105767
https://www.usgs.gov/special-topics/water-science-school/science/specific-heat-capacity-and-water#:%7E:text=One%20of%20water's%20most%20significant,of%20copper%201%C2%B0C
https://www.usgs.gov/special-topics/water-science-school/science/specific-heat-capacity-and-water#:%7E:text=One%20of%20water's%20most%20significant,of%20copper%201%C2%B0C
https://www.usgs.gov/special-topics/water-science-school/science/specific-heat-capacity-and-water#:%7E:text=One%20of%20water's%20most%20significant,of%20copper%201%C2%B0C
http://www.kentchemistry.com/links/Energy/HeatVaporization.htm#:%7E:text=For%20water%20at%20its%20normal,be%20absorbed%20by%20the%20water
http://www.kentchemistry.com/links/Energy/HeatVaporization.htm#:%7E:text=For%20water%20at%20its%20normal,be%20absorbed%20by%20the%20water
https://www.toppr.com/ask/question/what-is-the-specific-heat-capacity-of-ice-water-and-steam/
https://www.toppr.com/ask/question/what-is-the-specific-heat-capacity-of-ice-water-and-steam/
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5.1. Export Rebates 

A GHG tax of $20 per tonne of CO2 would result in an export rebate of $26.40 per 
tonne of urea, assuming the CO2 produced in manufacturing the ammonia is captured 
for further use; if such CO2 is not captured, the rebate would be $34.00 per tonne of 
urea. 

5.2. Import Charges 

Imports of urea to the United States come predominantly from Qatar, Canada, Russia, 
and Saudi Arabia. All can be assumed to base their ammonia production on natural 
gas. However, some exporters may not be capturing all of the CO2 generated in their 
manufacture of ammonia and/or their suppliers may not be capturing all the CO2 from 
manufacturing ammonia. 

For those manufacturers that capture (or whose suppliers capture) the CO2 produced 
in making their ammonia raw material, their GGI for urea can be assumed to be 1.32 
tonnes CO2e/tonne urea. For those manufacturers that do not capture (or whose 
suppliers do not capture) the CO2 produced in making their ammonia raw material, 
their GGI for urea can be assumed to be 1.70 tonnes CO2e/tonne urea.  

If the GHG tax were $20 per tonne of CO2, the import charge would be $26.40 per 
tonne of urea, assuming the CO2 produced in manufacturing the ammonia is captured; 
if the CO2 is not captured, the charge would be $34.00 per tonne of urea. 
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6. Ammonium Sulfate 

The majority of ammonium sulfate (NH4)2SO4 is made as a byproduct in the 
manufacture of other products, although it is also made from the reaction of ammonia 
and sulfuric acid. That reaction is exothermic and appears to not require much 
additional energy. Also, the reactions to make sulfuric acid are exothermic. However, 
there are energy-consuming processes of separation and drying ammonium sulfate 
crystals after their creation in each of the processes that make ammonium sulfate. 
Thus, for purposes of determining the GGI and an export rebate for ammonium sulfate 
made from ammonia and sulfuric acid, the GGI input for ammonia is 1.60 tonnes 
CO2e/tonne NH3, and sulfuric acid is assumed to have a GGI of 0. For each tonne of 
ammonium sulfate, 0.27 tonnes of ammonia are needed. So, without accounting for 
energy sources required for separation and drying, and assuming that the CO2 
produced with the ammonia is captured, for ammonium sulfate, the GGI will be as 
follows: 

 GGI = CO2e(TOT)/M[(NH4)2SO4]; 
  = (0.27 tonne NH3/tonne [(NH4)2SO4] (1.60 tonnes CO2e/tonne [(NH4)2SO4] 
 GGI = 0.43 tonnes CO2e/tonne (NH4)2SO4. 

No data have been found to determine the contribution to GGI from separation and 
drying processes—although based on the GGIs of other products, such GGIs are quite 
probably great enough to cause the GGI for ammonium sulfate to satisfy the threshold 
(0.50 tonnes CO2e or higher) to qualify for export rebates and be subject to import 
charges. 

If the CO2 produced with the ammonia is not captured, the GGI for the ammonia would 
be larger. In this case, it would be as follows for ammonium sulfate: 

 GGI = CO2e(TOT)/M[(NH4)2SO4]; 
  = (0.27 tonne NH3/tonne [(NH4)2SO4] (2.74 tonnes CO2e/tonne [(NH4)2SO4] 
 GGI = 0.74 tonnes CO2e/tonne (NH4)2SO4. 

6.1. Export Rebates 

If there were an upstream GHG tax of $20 per tonne of CO2, the rebate for ammonium 
sulfate per tonne would be $14.80 if the CO2 produced in manufacturing ammonia is 
not captured. 

However, the GGI for ammonium sulfate manufactured from ammonia (where its 
derived CO2 is captured) is 0.43 tonnes CO2e/tonne ammonium sulfate. In this case, 
such product would not be entitled to an export rebate—unless the contribution to its 
GGI from separation and drying would cause it to become 0.50 tonnes CO2e/tonne 
ammonium sulfate or higher.  
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The US exporter of ammonium sulfate would be required to report to the Regulator 
the basis for its determination of GGI to substantiate that the product is eligible for 
such a rebate—in particular, whether or not the CO2 generated in manufacturing 
ammonia was captured.  

6.2. Import Charges 

The largest three exporters of ammonium sulfate to the United States are Canada, 
Belgium, and Russia. They are assumed to use natural gas in making the ammonia raw 
material.  

If there were an upstream GHG tax of $20 per tonne of CO2, the rebate for ammonium 
sulfate per tonne would be $14.80 if the CO2 produced in manufacturing ammonia is 
not captured. 

Because the GGI for ammonium sulfate made from the reaction of ammonia and 
sulfuric acid where the CO2 produced in manufacturing ammonia is captured is less 
than 0.50 tonnes CO2e/tonne ammonium sulfate, there will be no import charge for 
this product—unless the GGI for separation and drying can be determined and causes 
such GGI to be 0.50 tonnes CO2e/tonne ammonium sulfate or higher.  

Note that if other means of producing ammonium sulfate than reacting ammonia and 
sulfuric acid would have higher GGIs than are provided here, importers of such 
ammonium sulfate will have no incentive to volunteer the GGIs for their ammonium 
sulfate or capture of CO2 in connection with ammonia manufacture, although US 
exporters of such ammonium sulfate will be motivated to seek rebates. Under the 
Framework, US manufacturers would also have an opportunity to appeal GGI values 
assigned to imports, if they had information to substantiate that they were too low.  
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7. Sodium Nitrate 

Sodium nitrate (NaNO3) manufacture is a relatively small portion of the nitrogenous 
fertilizer sector and thus its GGI and potential export rebate and import charges are 
not being determined at this time.  
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