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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 

NAICS Code 325120 consists of oxygen, hydrogen, fluorine, nitrogen, carbon dioxide, 
acetylene, and other gases. During 2019, exports of products under this code were 
$539 million and imports were $260 million.1 The US total production of these 
products in 2018 was about $9.8 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 industrial gas products. A minimum GGI of 0.50 tonnes CO2e/tonne product 
is required for a product to receive an export rebate or be assessed 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.  

The major contributors to the GGI of these products come from the GGIs of products 
purchased from suppliers including, in some cases, hydrocarbon feedstocks from 
which they are made, as well as from electricity or other energy sources required for 
the separations and reactions. The range of GGIs for five products is from 0.08 tonnes 
of CO2e/tonne 95 percent O2 to 9.89 tonnes CO2e/tonne H2.  

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 within the industrial gas manufacturing 
NAICS code—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 and in determining or confirming charges for covered imports.  

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 

 
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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the entire slate of covered products created by the manufacturer. For this sector, we 
describe processes that each make a single covered product (P). Determination of the 
GGIs for these products is based on allocating the 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 industrial gas (tonnes of P); 
 GGI = CO2e(TOT)/M(P) (tonnes CO2e/tonne P). 

The major producers of many gases and chemicals are already obligated annually to 
determine and report their facility GHG emissions to the US Environmental Protection 
Agency (EPA), 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. More accurate 
and timely information to determine rebates and import charges could undoubtedly be 
obtained by the Regulator from either the domestic industry or firms (such as S&P 
Global, which has a business of obtaining and marketing information about the GHG 
aspects of various corporate actions).  

For imported products, the overall usage of fuels to manufacture electricity in the 
relevant country should be used to determine the CO2e emissions from electricity use 
associated with the production of the imported industrial gases unless more specific, 
verifiable information is provided to the Regulator. Such national average electricity 
information can be found in the International Energy Agency’s (IEA’s) World Energy 
Balances report.4 

An important note: We emphasize that the estimates in this module are meant to 
provide only indicative, representative values for the GGI of US industrial gases. Some 
of the public data that the calculations rely on probably are not representative of 
industry performance today. Actual values will depend on the determination of a 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 products 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 chemicals or other raw materials that may have incurred the 
GHG tax directly or indirectly. 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. 

 
4 See: 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. Oxygen 

Oxygen is made by several processes. However as noted below, the main process 
(cryogenic processing) does not result in a GGI for oxygen that exceeds the 0.50 
tonnes CO2e/tonne O2 necessary for it to receive an export rebate or an import charge. 
The alternative process, pressure swing absorption (PSA), has a GGI that exceeds 
0.50 tonnes CO2e/tonne O2 if coal is used to manufacture the electricity used. 
Otherwise, this process does not lead to a GGI over 0.50 tonnes CO2e/tonne O2.  

Oxygen can be used at a low pressure (e.g., 5 atmospheres) or a much higher 
pressure. Large quantities are used at 95 percent purity and low pressures for 
steelmaking and other applications, whereas some uses require 99 percent purity and 
much higher pressures or liquefaction (such as for rocket fuel or metal treating and 
cutting). According to a 2018 report, cryogenic oxygen facilities making oxygen at 95 
percent purity use 175 to 225 kWh/tonne O2 and the pressure swing absorption 
process uses 525 kWh/tonne O2.5 Higher purity and/or much higher-pressure oxygen 
would require larger amounts of electricity.     

So, for the cryogenic process with electricity produced from coal, the GGI for O2 would 
be as follows: 

 GGI = CO2e(TOT)/tonne O2; 
  = (200 kWh/tonne O2) (1.0 tonne CO2e/1,000 kWh)  
 GGI = 0.20 tonnes CO2e/tonne O2. 

For the cryogenic process with electricity produced from natural gas, the GGI for O2 
would be as follows: 

 GGI = CO2e(TOT)/tonne O2; 
  = (200 kWh/tonne O2) (0.42 tonne CO2e/1,000 kWh)  
 GGI = 0.084 tonnes CO2e/tonne O2. 

For the PSA process with electricity produced from coal, the GGI for O2 would be as 
follows: 

 GGI = CO2e(TOT)/tonne O2; 
  = (525 kWh/tonne O2) (1.00 tonne CO2e/1,000 kWh)  
 GGI = 0.525 tonnes CO2e/tonne O2. 

 
5 See: Gas Technology Institute. 2018. Emerging and Existing Oxygen Production Technology 
Scan and Evaluation. GTI Project Number 22164. Des Plaines, Illinois. 
https://www.cosia.ca/sites/default/files/attachments/22164-
%20Oxygen%20Generation%20Technologies%20Review%20-%20Rev0.pdf  

https://www.cosia.ca/sites/default/files/attachments/22164-%20Oxygen%20Generation%20Technologies%20Review%20-%20Rev0.pdf
https://www.cosia.ca/sites/default/files/attachments/22164-%20Oxygen%20Generation%20Technologies%20Review%20-%20Rev0.pdf
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For the PSA process with electricity produced from natural gas, the GGI for O2 would 
be as follows: 

 GGI = CO2e(TOT)/tonne O2; 
  = (525 kWh/tonne O2) (0.42 tonne CO2e/1,000 kWh)  
 GGI = 0.22 tonnes CO2e/tonne O2. 

A 1980 study by Argonne National Laboratory indicates that the energy to separate 
oxygen to a 99.5 percent purity level is 278 kWh/ST O2, and to both separate and 
liquify such oxygen is 800 kWh/ST O2.6  

So, to liquify and separate O2 to 99.5 percent purity using electricity produced from 
coal, the GGI for O2 would be as follows: 

 GGI = CO2e(TOT)/tonne O2; 
  = (1.1 ST/1 MT)(800 kWh/ST O2) (1.0 tonne CO2e/1,000 kWh) 
 GGI = 0.88 tonnes CO2e/tonne O2. 

To liquify and separate O2 to 99.5 percent purity using electricity produced from 
natural gas, the GGI for O2 would be as follows: 

 GGI = CO2e(TOT)/tonne O2; 
  = (1.1 ST/1 MT) (800 kWh/ST O2) (0.42 tonne CO2e/1,000 kWh) 
 GGI = 0.37 tonnes CO2e/tonne O2. 

2.1. Export Rebates 

Exports of oxygen of 95 percent purity and low pressure would not be entitled to an 
export rebate unless it was made by the PSA process and the electricity was based on 
coal. In such case, if there were an upstream GHG tax of $20 per tonne of CO2, the 
export rebate per tonne would be $10.50.  

Exports of liquified 99.5 percent purity liquified oxygen would be entitled to an export 
rebate if the electricity used in its production was derived from coal, but not if it was 
derived from natural gas. If there were an upstream GHG tax of $20 per tonne of CO2, 
the liquified oxygen derived from coal-based electricity would be entitled to a rebate 
of $17.60 per tonne. 

2.2. Import Charges 

Imports of oxygen of 95 percent purity and low pressure would not be assessed an 
import charge unless it was made by the PSA process using coal-based electricity. In 

 
6 See: Table 17 on page 49 of Shen, S., and A. Wolsky. 1980. Energy and Materials Flows in the 
Production of Liquid and Gaseous Oxygen. Argonne National Laboratory. 
https://www.osti.gov/biblio/6574363    

https://www.osti.gov/biblio/6574363
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such case, if there were an upstream GHG tax of $20 per tonne of CO2, the export 
rebate would be $10.50. Until the exporter to the United States provides verifiable 
information about the GGI of its exported oxygen product, including the energy source 
of the electricity used, the Regulator should assume that such GGI is 0.525 tonnes 
CO2/tonne O2 for 95 percent purity, low-pressure oxygen. 

Imports of liquified oxygen of 99.5 percent purity warrant an import charge if the 
electricity used in its production was derived from coal but not if it was derived from 
natural gas. The import charge for such oxygen derived from coal-based electricity, if 
there were an upstream GHG tax of $20 per tonne of CO2, would be $17.60. This 
should be used as the initial import charge until the importer provides verifiable 
information to the Regulator regarding the GGI and the energy used in the required 
electricity. 
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3. Hydrogen 

The principle means of manufacturing hydrogen is by steam reforming of methane. A 
2017 Joint Research Center (JRC) report provides information about inputs to 
hydrogen production for various processes.7 The inputs for the steam reforming 
natural gas process are 2.67 tonnes gas/tonne H2; 25 GJ/tonne H2 for process heat; 
0.68 GJ/tonne H2 for electricity; and a net of 3.56 tonnes steam /tonne H2.  

The GGI for natural gas, as determined in the module on crude petroleum and natural 
gas extractions, is 3.05 tonnes CO2e/tonne natural gas. 

Assume a pound of steam requires heating water and subsequent steam from 60 
degrees F to about 280 degrees F and requires 1,100 Btu of heat. So, producing a 
tonne of steam requires (1,100 Btu) (2,200 lbs steam/tonne steam) = 2.42 MBtu/tonne 
steam. This, in turn, means the GHG emissions to produce steam production for 
hydrogen would be (3.56 tonnes steam/tonne H2) (2.42MBtu/tonne steam) (0.0532 
tonnes CO2e/MBtu) = 0.458 tonnes CO2e/tonne H2. 

The contributions to CO2e(TOT) from steam reforming natural gas for hydrogen are as 
follows: 

• Natural gas as feedstock: (2.67 tonnes gas/tonne H2) (3.05 tonnes CO2e/tonne 
gas) = 8.14 tonnes CO2e/tonne H2. 

• Electricity derived from natural gas: (0.68 GJ/tonne H2) (0.9478 MBtu/GJ) 
(0.0532 tonnes CO2e/MBtu) = 0.034 tonnes CO2e/tonne H2. 

• Process heat plus steam: energy from natural gas is (25 GJ/tonne H2) (0.9478 
MBtu/GJ) + (3.56 tonnes steam/tonne H2) (2.42 MBtu/tonne steam) = (23.695 
+ 8.615) MBtu/tonne H2. CO2e from natural gas is (32.31 MBtu/tonne H2) 
(0.0532 tonne CO2e/MBtu) = 1.72 tonnes CO2e/tonne H2. 

So, for steam reforming of natural gas to produce hydrogen, the GGI or H2 would be as 
follows: 

 GGI = CO2e(TOT)/tonne H2; 
  = (8.14 + 0.034 + 1.72) tonnes CO2e/tonne H2 
 GGI = 9.89 tonnes CO2e/tonne H2. 

For comparison, Table 41 of the same JRC report lists CO2 emissions for different 
hydrogen production processes and indicates emissions factors for steam reforming 

 
7 See: Table 40 in Section 5.4.2 of Boulamanti, A., and J.A. Moya. 2017. Energy Efficiency and 
GHG Emissions: Prospective Scenarios for the Chemical and Petrochemical Industry. EUR 
28471 EN. doi:10.2760/20486. 
https://publications.jrc.ec.europa.eu/repository/handle/JRC105767  

https://publications.jrc.ec.europa.eu/repository/handle/JRC105767
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of natural gas and/or methane as 8.89 tonnes CO2/tonne H2 and 7.33 tonnes 
CO2/tonne H2, respectively. 

Note that we also determine estimates for the GGI of H2 in the module on basic 
inorganic chemicals. In that case, small amounts of H2 are produced as a by-product 
during electrolysis of a chloride salt solution (brine) to produce chlorine and sodium 
hydroxide (caustic soda). Depending on the process used, the GGI values for H2 range 
from 1.25 to 1.50 tonnes CO2e/tonne H2. However, H2 purchased in the supply chain is 
far more likely to come from H2 produced by steam reforming of methane as described 
in this module, so that is the value we use in other modules where H2 is purchased in 
the supply chain. 

3.1. Export Rebates 

Exports of hydrogen would be entitled to an export rebate if the electricity used in its 
production was derived from natural gas. If there were an upstream GHG tax of $20 
per tonne of CO2, the hydrogen derived from steam reforming of natural gas with a 
GGI value 9.89 tonnes CO2e/tonne H2 would be entitled to a rebate of $197.80 per 
tonne. 

3.2. Import Charges 

Similarly, if there were an upstream GHG tax of $20 per tonne of CO2, the import 
charge per tonne of such hydrogen would be $197.80. This should be used as the 
initial import charge until the importer provides verifiable information to the Regulator 
regarding the GGI and the energy used in the required electricity. 
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4. Fluorine 

Fluorine (F2) is used to manufacture various chemicals, including uranium 
hexafluoride—which, in turn, is used to make fuel for nuclear power plants. Fluorine is 
manufactured electrochemically from a salt melt consisting of a mixture of fluoride 
and hydrofluoric acid. We were unable to discover public information on the energy 
usage to manufacture fluorine. However, an estimate of the electricity used to 
produce fluorine is available, indicating that 14 to 17 kWh/kg F2 are required to 
produce fluorine.8 Considering only the electric power required to manufacture 
fluorine, its GGI would be as follows:  

 GGI = CO2e(TOT)/tonne F2; 
  = (15,500 kWh/tonne F2) (0.42 tonnes CO2e/1,000 kWh) 
 GGI = 6.51 tonnes CO2e/tonne H2. 

4.1. Export Rebates 

Exports of fluorine would be entitled to an export rebate. If the electricity used in its 
production was derived from natural gas and there were an upstream GHG tax of $20 
per tonne of CO2, the fluorine would be entitled to a rebate of at least $130.20 per 
tonne, until the exporter provided the Regulator with information about the sources 
and GGIs for its electricity, other energy use, and raw materials. 

4.2. Import Charges 

Similarly, imports of fluorine warrant an import charge. If the electricity used in its 
production was derived from natural gas and if there were an upstream GHG tax of 
$20 per tonne of CO2, the import charge for such fluorine would be at least $130.20 
per tonne, until the Regulator obtained information about the sources and GGIs for its 
electricity, other energy use, and raw materials. 

 
8 See: https://www.lookchem.com/Chempedia/Chemical-Technology/Inorganic-Chemical-
Technology/2986.html.  

https://www.lookchem.com/Chempedia/Chemical-Technology/Inorganic-Chemical-Technology/2986.html
https://www.lookchem.com/Chempedia/Chemical-Technology/Inorganic-Chemical-Technology/2986.html
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5. Nitrogen 

Nitrogen is produced by separation from liquified air. The most important applications 
of nitrogen depend on the element's inertness. For example, it is used as a blanketing 
atmosphere in metallurgical processes where the presence of oxygen would be 
harmful. The purging of tanks, pipes, and other kinds of containers with nitrogen can 
also prevent the possibility of fires. Nitrogen is also used in the production of 
electronic components. Nitrogen is often used as a protective agent during the 
processing of foods so that decay (oxidation) does not occur. Another critical use of 
nitrogen is in the production of ammonia by the Haber process (named after its 
inventor, German chemist Fritz Haber).  

About a third of all nitrogen produced is used in its liquid form. For example, liquid 
nitrogen is used for quick-freezing foods and for preserving foods in transit. Materials 
can also be processed at the very low temperatures of liquid nitrogen in ways that 
they cannot be when handled at room temperature.  

The 1980 study by Argonne National Laboratory (see footnote 6) indicates that the 
energy to separate nitrogen to a 99.5 percent purity level is 60 kWh/tonne N2, and to 
both separate and liquify such nitrogen is 640 kWh/tonne N2.9  

So, for liquid nitrogen produced using coal as the fuel for electricity, the GGI would be 
as follows: 

 GGI = CO2e(TOT)/tonne N2; 
  = (640 kWh/0.995 tonnes N2) (1.00 tonne CO2e/1,000 kWh) 

 GGI = 0.64 tonnes CO2e/tonne N2. 

For liquid nitrogen produced using natural gas as the fuel for electricity, the GGI would 
be as follows: 

 GGI = CO2e(TOT)/tonne N2; 
  = (640 kWh/0.995 tonnes N2) (0.42 tonnes CO2e/1,000 kWh) 
 GGI = 0.27 tonnes CO2e/tonne N2. 

Since the GGI is less than the threshold, 0.50 tonnes CO2e/tonne N2 nitrogen, liquid 
nitrogen using natural gas for electricity would not be entitled to an export rebate or 
subject to an import charge. 

 

 
9 See: Table 17 on page 49 of Shen, S., and A. Wolsky. 1980. Energy and Materials Flows in the 
Production of Liquid and Gaseous Oxygen. Argonne National Laboratory. 
https://www.osti.gov/biblio/6574363     

https://www.osti.gov/biblio/6574363
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5.1. Export Rebates 

If the GHG tax were $20 per tonne of CO2, liquified nitrogen produced using coal for 
electricity would be entitled to a rebate of $12.80 per tonne N2. Neither liquified 
nitrogen made from methane-based power nor nitrogen at atmospheric pressure 
regardless of the source of energy for electricity used to make it would be entitled to 
an export rebate because their GGIs are less than threshold, 0.50 tonnes CO2e/tonne 
product, required to be qualified for an export rebate or subject to an import charge. 

5.2. Import Charges 

If liquified nitrogen that was manufactured using electricity based on coal were 
imported into the United States, there should be an import charge. If the GHG tax 
were $20 per tonne of CO2, the charge per tonne of liquified nitrogen would be $12.80 
per tonne. 
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6. Carbon Dioxide 

In this section we do not regard natural gas (with a GGI 3.05 tonnes CO2e/tonne) as 
feedstock, since we assume it was accounted for as a source of thermal energy in the 
manufacture of other products or electricity. Hence, in a sense, the CO2 in the flue gas 
is regarded as waste or scrap available for other use, and is assumed to have a GGI of 
0 (see the discussion of scrap in Section 4.3 of the Framework).  

Combustion converts nearly all of the carbon in natural gas into CO2 and other 
byproducts, including water vapor emitted as flue gas. CO2 can be separated from the 
exhaust gases. A 2014 publication by Zhang et al. indicates that the energy required to 
separate CO2 from flue gas ranges from 2.08 GJ/tonne CO2 to 35 GJ/tonne CO2 with a 
typical energy usage of 4.71 GJ/tonne CO2.10 A 2020 publication by Machida et al. 
indicates that 3 to 4 GJ/tonne CO2 are required by the amine process to separate the 
CO2 from the combustion gas.11 Jackson and Brodal (2018) indicate that the 
compression of CO2 to the critical pressure for pipeline transport requires 90 to 120 
kWh/tonne CO2.12 

We refer to the separated and compressed CO2 as the product SC(CO2). Given the 
contributions to CO2e(TOT) for separation and compression when natural gas is the 
source of energy, the GGI for SC(CO2) is as follows:  

 GGI = CO2e(TOT)/tonne SC(CO2); 
  = [4.71 GJ/tonne SC(CO2)] (0.9478 MBtu/GJ) (0.0532 tonnes CO2e/MBtu)  
   + [105 kWh/tonne SC(CO2)] (0.42 tonnes CO2e/1,000 kWh) 
  = (0.237 + 0.044) tonnes SC(CO2)/tonne SC(CO2) 
 GGI = 0.28 tonnes CO2e/tonne SC(CO2) based on natural gas. 

Given the contributions to CO2e(TOT) for separation and compression when coal is 
the source of energy, the GGI for SC(CO2) is as follows:  

 GGI = CO2e(TOT)/tonne CO2; 
  = [4.71 GJ/tonne SC(CO2)] (0.9478 MBtu/GJ) (0.0935 tonnes CO2e/MBtu)  
   + [105 kWh/tonne SC(CO2)] (1.0 tonne CO2e/1,000 kWh) 
  = (0.417 + 0.105) tonnes CO2e/tonne  SC(CO2) 

 
10 See: Zhang, Y. et al. 2014. “Energy Consumption Analysis for CO2 Separation from Gas 
Mixtures with Liquid Absorbents.” Energy Procedia 61. 
https://www.sciencedirect.com/science/article/pii/S1876610214033098 
11 See: Machida, H. et al. 2020. “Energy-Saving CO2 Capture by H2 Gas Stripping for Integrating 
CO2 Separation and Conversion Processes.” ACS Sustainable Chemistry and Engineering 8(23). 
https://pubs.acs.org/doi/10.1021/acssuschemeng.0c02459  
12 See: Jackson, S., and E. Brodal. 2018. “A Comparison of the Energy Consumption for CO2 
Compression Process Alternatives.” IOP Conference Series: Earth and Environmental Science 
167. https://iopscience.iop.org/article/10.1088/1755-1315/167/1/012031  

https://pubs.acs.org/doi/10.1021/acssuschemeng.0c02459
https://iopscience.iop.org/article/10.1088/1755-1315/167/1/012031
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 GGI = 0.52 tonnes CO2e/tonne SC(CO2) based on coal. 

The threshold GGI for a product to be entitled to a rebate or subject to an import 
charge is 0.50 tonnes CO2e/tonne product. Consequently, it will be important to 
understand the circumstances of specific manufacturers to determine whether 
SC(CO2) would be eligible for an export rebate or subject to an import charge. 

6.1. Export Rebates 

From the above estimates, SC(CO2) produced using natural gas for energy would not 
be entitled to an export rebate. If the GHG tax were $20 per tonne of CO2, SC(CO2) 
produced using coal for energy as in the example above would be entitled to a rebate 
of $10.40 per tonne.  

6.2. Import Charges 

Similarly, if the GHG tax were $20 per tonne of CO2, SC(CO2) produced using coal for 
energy as in the example above would be subject to an import charge of $10.40 per 
tonne. Imported SC(CO2) produced using natural gas for energy would not be subject 
to an import charge. 
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7. Acetylene 

The most common use of acetylene (C2H2) is as a raw material for the production of 
various organic chemicals, including 1,4-butanediol, which is widely used in the 
preparation of polyurethane and polyester plastics. The second most common use is 
as the fuel component in oxy-acetylene welding and metal cutting. Some commercially 
useful acetylene compounds include acetylene black (used in certain dry-cell 
batteries) and acetylenic alcohols (used in the synthesis of vitamins). Most acetylene 
comes from natural gas (66 percent) and from petroleum processing (15 percent). 
Most acetylene from these two sources is used on or near the site where it was 
produced to make other organic chemicals. The remaining 19 percent comes from 
calcium carbide. Some of the acetylene from this source was used to make organic 
chemicals, and the rest was used by regional industrial gas producers to fill 
pressurized cylinders for local welding and metal cutting customers.  

The net chemical reaction to convert methane in natural gas into acetylene and 
hydrogen can be expressed as 2 CH4 → C2H2 + 3 H2, where GGI = 3.05 tonnes 
CO2e/tonne natural gas (see the module on crude petroleum and natural gas 
extractions for that GGI determination). Pässler et al. (2011) provide information about 
the feed and energy consumption for acetylene based on natural gas.13 One tonne of 
methane becomes 0.8125 tonnes of acetylene at 100 percent conversion; we assume a 
90 percent conversion. One tonne of acetylene required 91 GJ of energy consisting of 
20.4 GJ of oxygen, 12.0 GJ of fuel gas, 12.0 GJ of residue oil, 34.9 GJ of electric energy, 
and 11.7 GJ of steam.  

So, for production from natural gas, the GGI of acetylene would be as follows: 

 GGI = CO2e(TOT)/tonne C2H2; 
  = [(1/0.90) tonnes CH4/0.8125 tonnes C2H2] (3.05 tonnes CO2e/tonne CH4)  
   + (91 GJ/tonne C2H2) (0.9478 MBtu/GJ) (0.0532 tonnes CO2e/MBtu) 
  = (4.17 + 4.59) tonnes CO2e/tonne C2H2 
 GGI = 8.76 tonnes CO2e/tonne C2H2. 

Assuming that there are no imports or exports of acetylene, we provide no estimate of 
potential export rebates or import charges. 

 
13 See: Table 6 in Pässler et al. 2011. “Acetylene.” Ullmann's Encyclopedia of Industrial 
Chemistry. https://onlinelibrary.wiley.com/doi/10.1002/14356007.a01_097.pub4  

https://onlinelibrary.wiley.com/doi/10.1002/14356007.a01_097.pub4
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8. Other Industrial Gases 

8.1. Export Rebates 

There are many other products within NAICS Code 325120 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 the six products with GGIs exceeding 0.50 tonnes CO2e/tonne product. Such 
average GGI is 4.53 tonnes CO2e/tonne product. 
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