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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 NAICS Code 325180 consists of chlorine, hydrogen chloride, caustic soda, carbon 
black, soda ash, silicon carbide, titanium dioxide, phosphoric acid, and many others. 
During 2019, US exports of these products were about $14.5 billion and imports were 
about $11 billion. 1 Total US production was about $32 billion.2 Under the Framework 
we’ve proposed, export 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 The GGIs for the various products range from 0.305 tonnes CO2e/tonne 
soda ash to 1.25 tonnes CO2e/tonne chlorine to 8.26 tonnes CO2e/tonne carbon black, 
with some products having GGIs less than the minimum threshold (0.50 tonnes 
CO2e/tonne product) to be eligible for rebates or subject to import charges. 

In this module, we determine GGIs—which track taxed sources of GHG emissions from 
operations of the manufacturer and those along the supply chain to produce GHG-
intensive products purchased from suppliers in a manner analogous to that used in 
value-added taxes—for products in this NAICS code. As described in the Framework 
report, the GGI provides the basis to determine border tax adjustments (i.e., BTAs: 
export rebates and import charges). When the GGI is multiplied by the GHG tax, the 
result is the relevant export rebate and import charge. 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. 

Production of basic inorganic chemicals is energy intensive, relying on GHG-intensive 
products purchased in their supply chain. These include electricity for power, 
electrolysis and to produce steam; thermal energy from natural gas; and petroleum 
products as feedstocks and sources of thermal energy.  

As described in the introduction to the modules, 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 entire slate of covered products created by the manufacturer. For this sector, we 
describe processes that each make a single covered product (P) or bundle of products 
in a fixed ratio. Determination of GGIs for these products is based on allocating the 

 
1 See: https://usatrade.census.gov/data/Perspective60/View/dispview.aspx. 
2 See: https://data.census.gov/cedsci/table?q=AM1831BASIC&tid=ASMAREA2017. 
AM1831BASIC01 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://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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total taxed sources of CO2e emissions required to produce the total amount of product 
based on weight: 

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

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 the 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. For a given firm, an average GGI 
for each product will be evaluated based on production of each such product from all 
its domestic facilities as the basis to request a rebate. That information will provide 
the Regulator with the basis for confirming the GGI and determining the export rebate 
or import charge. 

This module provides a means for the Regulator to estimate, based on public 
information, initial export rebates for US exporters and import charges for imports to 
the United States of GHG-intensive products assuming an upstream GHG tax that 
provides for such rebates and import charges.  

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 average GHG emissions from fuels used to manufacture electricity in the relevant 
country should be used to determine the CO2 emissions from electricity use 
associated with production of the inorganic chemical products unless and until more 
specific, verifiable information for the nation as a whole or for electricity use by 
individual firms is provided to the Regulator. Such national average electricity 
information can be found in reports from the International Energy Agency (IEA).4 

An important note: We emphasize that the estimates in this module are meant only to 
provide indicative, representative values for the GGIs of US inorganic chemical 
products. Some of the public data on which the calculations rely probably are not 
representative of industry performance today. Actual values will depend on 

 
4 See: IEA’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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determination of the GGI for each specific product created at a specific facility. Since 
companies, associations, and commercial firms that collect and market information 
about the energy and emissions profiles of various product scan 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 of specific facilities. 
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2. Chlorine, Hydrogen, and Sodium 
Hydroxide 

Electrolysis of a chloride salt solution (brine) is the predominant technique to produce 
chlorine and sodium hydroxide (caustic soda). In 2019, the US value of chlorine and 
caustic soda production was about $12 billion. The 2018 exports were about $1.8 billion 
of caustic soda and $20 million of chlorine while the imports were about $254 million 
of caustic soda and $35 million of chlorine (see footnotes 1 and 2).  

There are three electrolysis technologies for producing chlorine and caustic soda: 
membrane, mercury, and diaphragm. The products of the electrolysis are proportional 
in a fixed ratio: 1.127 tonnes NaOH, 1 tonne Cl, and 0.028 tonnes H—and a total of 2.155 
tonnes of products. This product combination is called an electrochemical unit (ECU). 
The mercury process provides a very small portion of US production, and its 
contribution has decreased due to mercury pollution issues. The other two 
technologies are the primary sources of chlorine, with the membrane process 
increasing and now providing about 66 percent of Europe’s capacity in 2010 according 
to a report from Euro Chlor.5 That report provided the following information on 
electricity use (kWh per tonne of ECU) by process: 

Table 1. Electricity use by process (kWh per tonne ECU) 

 Membrane  Diaphragm Mercury 

Electricity for electrolysis and power 2,790 2,970 3,560 

Electricity for steam (@250 kWh/tonne steam)  180 610 0 

Total 2,970 3,580 3,560 

 
For this set of three products of electrolysis, we allocate emissions CO2e(TOT) to all 
products equally by weight based on the average emissions per tonne for their 
combined weight.  

For the membrane process, the contribution to the GGI with electricity based on 
natural gas is as follows: 

 GGI(ECU) = CO2e(TOT)/M(ECU); 
  =  (2,970 kWh/tonne ECU) (0.42 tonnes CO2e/MWh) 
 GGI(ECU) = 1.25 tonnes CO2e/tonne ECU. 

 
5 See: Euro Chlor. 2010. The European Chlor-Alkali Industry: An Electricity Intensive Sector 
Exposed to Carbon Leakage. Brussels. https://www.eurochlor.org/wp-
content/uploads/2019/04/3-2-the_european_chlor-alkali_industry_-
_an_electricity_intensive_sector_exposed_to_carbon_leakage.pdf   

https://www.eurochlor.org/wp-content/uploads/2019/04/3-2-the_european_chlor-alkali_industry_-_an_electricity_intensive_sector_exposed_to_carbon_leakage.pdf
https://www.eurochlor.org/wp-content/uploads/2019/04/3-2-the_european_chlor-alkali_industry_-_an_electricity_intensive_sector_exposed_to_carbon_leakage.pdf
https://www.eurochlor.org/wp-content/uploads/2019/04/3-2-the_european_chlor-alkali_industry_-_an_electricity_intensive_sector_exposed_to_carbon_leakage.pdf
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The GGIs for all products, NaOH, Cl, and H, are identical: GGI = 1.25 tonnes CO2e/tonne 
product. 

For the diaphragm process, the contribution to the GGI with electricity based on 
natural gas is as follows: 

 GGI(ECU) = CO2e(TOT)/M(ECU); 
  =  (3,580 kWh/tonne ECU) (0.42 tonnes CO2e/MWh) 
 GGI(ECU) = 1.503 tonnes CO2e/tonne ECU. 

The GGIs for all products, NaOH, Cl, and H, are identical: GGI = 1.503 tonnes 
CO2e/tonne product. 

For the mercury process, the contribution to the GGI with electricity based on natural 
gas is as follows: 

 GGI(ECU) = CO2e(TOT)/M(ECU); 
  =  (3,560 kWh/tonne ECU) (0.42 tonnes CO2e/MWh) 
 GGI(ECU) = 1.495 tonnes CO2e/tonne ECU. 

The GGIs for all products, NaOH, Cl, and H, are identical: GGI = 1.495 tonnes 
CO2e/tonne product. 

Note that we also estimated the GGI value of hydrogen in the industrial gases module. 
There H2 is produced by steam reforming of methane resulting in a GGI value of 9.89 
tonnes CO2e/tonne H2. Because hydrogen purchased in the supply chain is far more 
likely to have been produced by steam reforming, that is the GGI value we use to 
represent purchased hydrogen in other modules. 

2.1. Export Rebates  

If there were an upstream GHG tax of $20 per tonne of CO2, the rebates for chlorine 
and caustic soda depending on the process used and assuming the electricity was 
from natural gas would be as follows: 

Table 2. Chlorine and caustic soda export rebates 

Cell Type Energy Source GGI Rebate 
 electricity and steam tonnes CO2e/tonne $/tonne 

Membrane natural gas 1.250 25.00 

Diaphragm natural gas 1.503 30.06 

Mercury natural gas 1.495 29.90 
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2.2. Import Charges 

Exporters of chlorine and caustic soda to the United States need to report to the 
Regulator the process they use and whether they use natural gas or another raw 
material in their product manufacture and the energy source(s) for the electricity they 
used in such manufacture. Initially, the Regulator shall determine the import charge 
based on the assumption that the imported chlorine and caustic soda were made 
using the US diaphragm GGI and electricity based on the average national emissions 
in the exporting country as reported by the IEA (see footnote 4)—until such time as 
the Regulator were provided verifiable product GGI data for all facilities in the 
exporting country of the exporter to the United States.  
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3. Carbon Black 

This section provides estimates of what would be initial export rebates or import 
charges for two carbon black (CB) products included in NAICS Code 325180. Product 
shipments of carbon black products in 2018 were about $2.5 billion. Exports of carbon 
black and other forms of carbon in 2018 were about $370 million while imports were 
about $280 million (see footnotes 1 and 2). The US Harmonized Tariff Schedule (HTS) 
has two products with 10-digit HTS numbers listed under HTS 2803.00.00 for carbon 
black. The key contributors to the GGI for carbon black are the oil feedstock and the 
thermal energy from natural gas for converting the oil to carbon black.  

The vast majority of carbon black is manufactured from a heavy aromatic petroleum 
oil in a furnace. It is introduced into a hot gas stream, achieved by burning natural gas, 
where it vaporizes and then pyrolyzes in the vapor phase to form very small carbon 
particles. According to US Census trade statistics, the largest exporters of carbon 
black to the United States in 2021 were Canada, Mexico, Russia, and Japan.6 Here we 
estimate import charges for the four countries and then provide a procedure to 
estimate such charges for the remaining countries exporting to the United States. 

A 2017 report from the European Commission’s Joint Research Centre indicated that 
that energy consumption for furnace black from electricity was 500 kWh/tonne, and 
that an average of 425 cubic meters of natural gas was required to produce 1.76 
tonnes of carbon black.7 EPA has indicated that 35 to 65 percent of the furnace oil raw 
material is converted to carbon black depending on the feed composition and grade of 
carbon black produced.8 For our analysis, we assume the conversion is 50 percent and 
that the carbon fraction of the furnace oil is 90 percent, which is the same as residual 
fuel oil.  

This section evaluates the contribution to the GGI of carbon black from the feedstock, 
with an assumed GGI of 3.79 tonnes CO2e/tonne carbon black based on residual fuel 
oil (see the module on petroleum refinery products) and sources of electricity and 
thermal energy based on natural gas: 

• The contribution from the petroleum feedstock (again, see the module on 
petroleum refinery products) is assumed to be (3.79 tonnes CO2e/tonne 
petroleum oil) (2 tonnes petroleum oil/tonne CB) = 7.58 tonnes CO2e/tonne 
CB. 

 
6  https://usatrade.census.gov/data/Perspective60/View/dispview.aspxC 
7 See: Table 64 in Boulamanti, A., and J.A. Rivera. 2017. Energy Efficiency and GHG Emissions: 
Prospective Scenarios for the Chemical and Petrochemical Industry. Science for Policy report. 
European Commission Joint Research Centre; https://setis.ec.europa.eu/energy-efficiency-
and-ghg-emissions-prospective-scenarios-chemical-and-petrochemical-industry_en.   
8 See: https://www.epa.gov/sites/default/files/2020-10/documents/c06s01.pdf. 

https://usatrade.census.gov/data/Perspective60/View/dispview.aspxC
https://setis.ec.europa.eu/energy-efficiency-and-ghg-emissions-prospective-scenarios-chemical-and-petrochemical-industry_en
https://setis.ec.europa.eu/energy-efficiency-and-ghg-emissions-prospective-scenarios-chemical-and-petrochemical-industry_en
https://www.epa.gov/sites/default/files/2020-10/documents/c06s01.pdf
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• The contribution to the GGI from electricity is as follows: 
(500 kWh electricity/tonne CB) (0.42 tonnes CO2e/1,000 kWh) = 0.21 tonnes 
CO2e/tonne CB. 

• The contribution to the GGI from natural gas for thermal energy is as follows: 
(425 cubic meters nat. gas/1.75 tonnes CB) (35.3 cubic feet/cubic meter) 
(1.037 MBtu/1,000 cubic feet) (0.0532 tonnes CO2e/MBtu) = 0.46 tonnes 
CO2e/tonne CB. 

So, for carbon black, the GGI is determined as follows: 

 GGI = CO2e(TOT)/M(carbon black); 
  =  (7.58 + 0.21 + 0.46) tonnes CO2e/tonne carbon black 
 GGI = 8.25 tonnes CO2e/tonne carbon black. 

Unless and until manufacturers provide the Regulator with the information to 
establish the GGIs for their varieties of carbon black that are not made by the furnace 
process, the above GGI should be used to determine rebates for such different 
varieties. 

3.1. Export Rebates  

If there were an upstream GHG tax of $20 per tonne of CO2, the export rebate per 
tonne of carbon black would be $165.00. 

3.2. Import Charges   

Since most of world’s production of carbon black occurs by the furnace process, which 
requires use of a refined petroleum oil and natural gas, the GGIs developed for the 
United States should initially be used to establish import charges for carbon black. If 
an exporter to the United States of carbon black is using a different process or one 
that has a lower GGI than that developed for the United States, it may provide 
verifiable information of that situation to the Regulator. Then the Regulator will be 
able to adjust the import charge for the country and product based on verifiable 
information.  

Thus, if there were an upstream GHG tax of $20 per tonne of CO2, the initial import 
charge, as calculated above, for carbon black imported from Canada, Mexico, Russia, 
and Japan would be $165.20 per tonne until the company-specific data is provided. 
The same charge would apply to all other carbon black imports until such time as the 
exporter provided verifiable data that its exported carbon black was made by a 
different process and had a different GGI. 
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4. Soda Ash 

Soda ash (sodium carbonate, Na2CO3) is a raw material utilized in many industries, 
including glass manufacturing, pulp and paper mills, and soap manufacturing. 
Production of soda ash in 2018 was about 12 million tonnes, with a value of about $150 
per tonne for total sales of about $1.8 billion. In 2018, imports were $5 million and 
exports were $1.5 billion (see footnotes 1 and 2). According to the 2006 
Intergovernmental Panel on Climate Change Guidelines for National Greenhouse Gas 
Inventories, 0.138 tonnes of CO2 are produced from the calcination of trona to make 
soda ash.9 EPA’s 2009 Technical Support Document for the Soda Ash Manufacturing 
Sector indicates the following fuel requirement per short ton (ST) of soda ash: coal, 
108 pounds; distillate fuel oil, 0.067 gallons; residual fuel oil, 0.185 gallons; and natural 
gas, 798 cubic feet.10 A separate estimate of the amount of electricity used for 
grinding trona and other purposes has not been found. 

The contributions of these inputs to CO2e(TOT) per tonne of soda ash are as follows: 

• Coal: (20.1 MBtu/ST coal) (108 lb coal/ST soda ash) (1 ST coal/2,000 lb coal) 
(1.1 ST soda ash/1 tonne soda ash) (0.0935 tonnes CO2e/MBtu coal) = 0.11 
tonne CO2e/tonne soda ash.   

• Distillate and residual fuel oil: We assume 0.146 MBtu per gallon fuel oil. (0.25 
gallons fuel oil/ST soda ash) (0.146 MBtu/gallon fuel oil) (1.1 ST/1 tonne) 
(0.0733 tonnes CO2e/MBtu) = 0.0029 tonnes CO2e/tone soda ash.  

• Natural Gas (798 scf/ST soda ash) (1.015 tonnes gas/50 kscf) (1.1 ST/tonne) = 
0.0178 tonnes gas/tonne soda ash. From the oil and natural gas module, GGI 
(gas) = 3.05 tonnes CO2e/tonne gas, so the natural gas contributes 0.054 
tonnes CO2e/tonne soda ash. 

So, the GGI for soda ash is as follows:  

 GGI = CO2e(TOT)/tonne soda ash; 
  = (0.138 + 0.11 + 0.0029 + 0.054) tonnes CO2e/tonne soda ash  
 GGI = 0.305 tonnes CO2e/tonne soda ash. 

Since the GGI for soda ash is less than 0.50 tonne CO2e/ton soda ash, it would not be 
entitled to an export rebate or assessed an import charge. 

 
9 See: Chapter 3, p 3.52 in https://www.ipcc-
ggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_3_Ch3_Chemical_Industry.pdf.   
10 See: Page 5 in EPA’s “Proposed Rule for Mandatory Reporting of Greenhouse Gases” 
(January 22, 2009); https://www.epa.gov/sites/default/files/2015-
03/documents/subpartcc-tsd-sodaash.pdf. 

https://www.ipcc-ggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_3_Ch3_Chemical_Industry.pdf
https://www.ipcc-ggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_3_Ch3_Chemical_Industry.pdf
https://www.epa.gov/sites/default/files/2015-03/documents/subpartcc-tsd-sodaash.pdf
https://www.epa.gov/sites/default/files/2015-03/documents/subpartcc-tsd-sodaash.pdf
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5. Titanium Dioxide 

According to the US Geological Survey, this pigment was produced by four companies 
in 2021 and had a value of about $3.6 billion.11 Production was about 1.154 million tons 
in 2018. Exports in 2018 were about 528 million tonnes while imports were about 268 
million tonnes. Titanium dioxide is made by calcining petroleum coke with ilmenite 
and/or rutile concentrates. In EPA’s 2009 Technical Support Document for the 
Titanium Dioxide Production Sector, Table 2 indicates that the emissions of CO2 per 
tonne of titanium dioxide were 1.34 tonnes. Table 4 in the same Technical Support 
Document indicates that 1.809 million tonnes of CO2 were emitted from combustion.12 
Based on the production level in 2006, this would amount to 1.29 tonnes CO2/tonne 
titanium dioxide.  

 GGI = CO2e(TOT)/M(titanium dioxide); 
  =  (1.34 + 1.29) tonnes CO2e/tonne titanium dioxide 
 GGI = 2.63 tonnes CO2e/tonne titanium dioxide. 

Information about the use of electricity to manufacture titanium dioxide is not 
available; its use should be considered if it is significant. 

5.1. Export Rebates  

Thus, using the GGI of 2.63 tonne CO2e/tonne titanium dioxide, if there is an upstream 
GHG tax of $20 per tonne of CO2, the export rebate would be $52.60 per tonne 

5.2. Import Charges  

Since much of world’s production of titanium dioxide occurs by a process similar to 
that used in the United States, the GGI developed for the United States should initially 
be used to establish import charges for titanium dioxide. If an exporter to the United 
States of titanium dioxide is using a different process or one that has a lower GGI than 
that developed for the United States, it may provide verifiable information of that 
situation to the Regulator. Then the Regulator will be able to adjust the import charge 
for the country and product based on verifiable information. 

Thus, if there is an upstream GHG tax of $20 per tonne of CO2, the initial import 
charge, as calculated above, for titanium dioxide imported from leading exporters to 
the US in 2017 to 2020, namely, Canada, China, Germany, and Belgium (see footnote 
11) would be $52.60 per tonne until the company-specific data is provided. The same 
charge would apply to all other titanium dioxide imports until such time as the 

 
11 See: https://pubs.usgs.gov/periodicals/mcs2022/mcs2022-titanium.pdf 
12 See: https://19january2017snapshot.epa.gov/sites/production/files/2015-
07/documents/tsd_titanium_dioxide_epa_1-22-09.pdf. 

https://pubs.usgs.gov/periodicals/mcs2022/mcs2022-titanium.pdf
https://19january2017snapshot.epa.gov/sites/production/files/2015-07/documents/tsd_titanium_dioxide_epa_1-22-09.pdf
https://19january2017snapshot.epa.gov/sites/production/files/2015-07/documents/tsd_titanium_dioxide_epa_1-22-09.pdf
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exporter provided verifiable data that its exported titanium dioxide was made by a 
different process and had a different GGI. 
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6. Silicon Carbide 

Silicon carbide is used as an abrasive, as well as a semiconductor and diamond 
simulant of gem quality. The simplest process to manufacture silicon carbide is to 
combine silica sand and carbon in a graphite electrode furnace at high temperature. 
Exports in 2006 were $29 million while imports were $121 million (predominantly from 
China, Norway, Japan, and Brazil; see footnote 1). On page 2 of EPA’s 2009 Technical 
Support Document for Silicon Carbide Production Sector, it indicates that 
approximately 35,000 tonnes valued at about $24.3 million were produced in 2006 
and had 100,000 tonnes of process-related CO2e emissions and on-site combustion 
emissions of 9,000 tonnes CO2e.13 We have found no estimate of electricity used to 
make silicon carbide. However, a gross guess as to such usage can be made by 
averaging the electricity use in primary aluminum furnaces and in copper 
pyrometallurgical treatment. These contributions to the GGI from electricity use are 
2.20 tonnes CO2e/tonne aluminum. For the pyrometallurgical process, the contribution 
is 0.378 or 0.90 tonnes CO2e/tonne copper, depending on whether natural gas or coal 
is used to make the electricity. For the electrowinned process, the contribution is 1.44 
or 3.43 tonnes CO2e/tonne copper depending on whether natural gas or coal is used to 
manufacture the electricity. If the GGIs for these metals use of electricity are averaged 
to estimate the electricity contribution to the silicon carbide GGI, the average is 1.90 
tonnes CO2e/tonne silicon carbide. 

 GGI = CO2e(TOT)/M(silicon carbide); 
  = 109,000 tonnes CO2e/35,000 tonnes silicon carbide  
   + 1.90 tonnes CO2e/tonne silicon carbide 
 GGI = (3.11 + 1.90) tonnes CO2e/tonne silicon carbide 
 GGI = 5.01 tonnes CO2e /tonne silicon carbide. 

6.1. Export Rebates 

Thus, using a GGI of 5.01 tonnes CO2e/tonne silicon carbide, if there is an upstream 
GHG tax of $20 per tonne of CO2, the export rebate per tonne of silicon carbide would 
be $100.20. 

6.2. Import Charges  

Since much of world’s production of silicon carbide occurs by a process similar to that 
in the United States, the GGI developed for the United States should initially be used 
to establish import charges for silicon carbide. If an exporter to the United States of 
silicon carbide is using a different process or one that has a lower GGI than that 
developed for the United States, it may provide verifiable information of that situation 

 
13 See: https://19january2017snapshot.epa.gov/sites/production/files/2015-
03/documents/subpartbb-tsd-siliconcarbide.pdf. 

https://en.wikipedia.org/wiki/Semiconductor
https://en.wikipedia.org/wiki/Diamond_simulant
https://en.wikipedia.org/wiki/Diamond_simulant
https://en.wikipedia.org/wiki/Silica
https://en.wikipedia.org/wiki/Sand
https://en.wikipedia.org/wiki/Carbon
https://19january2017snapshot.epa.gov/sites/production/files/2015-03/documents/subpartbb-tsd-siliconcarbide.pdf
https://19january2017snapshot.epa.gov/sites/production/files/2015-03/documents/subpartbb-tsd-siliconcarbide.pdf
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to the Regulator. Then the Regulator will be able to adjust the import charge for the 
country and product based on verifiable information.  

Thus, if there is an upstream GHG tax of $20 per tonne of CO2, the initial import 
charge, as calculated above, per tonne of silicon carbide imported from China, Norway, 
Japan, and Brazil would be $100.20 until the company-specific data is provided. The 
same charge would apply to all other silicon carbide imports until such time as the 
exporter provided verifiable data that its exported silicon carbide was made by a 
different process and had a different GGI. 
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7. Phosphoric Acid 

Phosphoric acid is produced by combining sulfuric acid and phosphate rock using a 
method known as “wet process production.” According to Statista 6.3 million tonnes of 
phosphoric acid were made in the United States in 2019.14 The exports of phosphoric 
acid in 2018 were $346 million, primarily to India, Canada, Mexico, and Brazil; the 
imports were about $149 million, primarily from Belgium, China, and Mexico (see 
footnote 1). 

Sulfuric acid is always a net producer of energy in its manufacture, thus its GGI could 
be assumed to be zero. However, a 1995 EPA publication indicates that about 4.05 
pounds of CO2 are emitted per tonne of sulfuric acid.15 This implies a GGI for sulfuric 
acid of 0.0018 tonnes CO2e/tonne sulfuric acid. Three moles of sulfuric acid are 
required to produce two moles of phosphoric acid. Because their molecular weights 
are identical, 1.5 tonnes of sulfuric acid are required per tonne of phosphoric acid.  

According to EPA’s 2009 Technical Support Document for the Phosphoric Acid 
Production Sector, the US process emissions to make phosphoric acid were 1.17 million 
tonnes and emissions from combustion were 2.67 million tonnes.16 According to the 
European Fertilizer Manufacturers Association, a phosphoric acid plant requires 120–
180 kWh/tonne P2O5, and 122 tonnes of P2O5 are required to manufacture 164 tonnes of 
phosphoric acid.17 We assume the average electricity usage to be 160 kWh/tonne P2O5 
with electricity generated from natural gas. 

So, the contributions to CO2e(TOT) for phosphoric acid are as follows:  

• From sulfuric acid: (0.0018 tonnes CO2e/tonne sulfuric acid) (1.5 tonnes 
sulfuric acid/tonne phosphoric acid) = 0.0027 tonnes CO2e/tonne phosphoric 
acid; 

• From GHG process emissions: (1.17 + 2.67) million tonnes CO2e/10.7 million 
tonnes phosphoric acid = 0.359 tonnes CO2e/tonne phosphoric acid; 

• From electricity: 160 kWh/tonne P2O5) (122 tonnes P2O5/164 tonnes 
phosphoric acid) (0.42 tonnes CO2e/MWh) = 0.050 tonnes CO2e/tonne 
phosphoric acid. 

So, the GGI for phosphoric acid is as follows: 

 
14 See: https://www.statista.com/statistics/974636/us-phosphoric-acid-production-volume/  
15 See: Inorganic Chemical Industry, 8.10 Sulfuric Acid in Section 8.10.3.3; 
https://www3.epa.gov/ttnchie1/old/ap42/ch08/s10/final/c08s10_1995.pdf.   
16 See: https://www.epa.gov/sites/default/files/2015-03/documents/subpartz-tsd-
phosphoricacidproduction.pdf 
17 See: page 34, https://www.fertilizerseurope.com/wp-
content/uploads/2019/08/Booklet_4_final.pdf.  

https://www.statista.com/statistics/974636/us-phosphoric-acid-production-volume/
https://www3.epa.gov/ttnchie1/old/ap42/ch08/s10/final/c08s10_1995.pdf
https://www.epa.gov/sites/default/files/2015-03/documents/subpartz-tsd-phosphoricacidproduction.pdf
https://www.epa.gov/sites/default/files/2015-03/documents/subpartz-tsd-phosphoricacidproduction.pdf
https://www.fertilizerseurope.com/wp-content/uploads/2019/08/Booklet_4_final.pdf
https://www.fertilizerseurope.com/wp-content/uploads/2019/08/Booklet_4_final.pdf
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 GGI = CO2e(TOT)/M(phosphoric acid); 
  =  (0.0027 + 0.359 + 0.050) tonnes CO2e/tonne phosphoric acid 
 GGI  = 0.459 tonnes CO2e/tonne phosphoric acid. 

Since this value of GGI is less than the threshold of 0.50 tonnes CO2e/tonne product, 
phosphoric acid would not qualify for an export rebate or be subject to an import 
charge. However, the GGI value is close enough to the threshold that products from 
some manufacturers might qualify.  
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8. Other Basic Inorganic Products 

8.1. Export Rebates 

There are other products within this NAICS code that will have GGIs of 0.50 tonne 
CO2e/tonne product or more. US producers of such products will be able to provide 
the Regulator with verifiable information indicating the GGIs for their exported 
products and thereby be entitled to export rebates. 

Until such time as the exporter can provide such information to the Regulator, no 
rebate would be provided.  

8.2. Import Charges  

Until such time as the exporter to the United States and/or the US importer provide 
verifiable information to the Regulator of the GGI for the imported products, or the 
Regulator determines a GGI for such product, an initial import charge should be 
established. That initial GGI would be the arithmetic average of the GGIs provided 
above for those products with minimum GGIs of 0.50 tonne CO2e/tonne product. Such 
average GGI is 3.36 tonnes CO2e/tonne product. 
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