
 
 

Greenhouse Gas Index for 
Products in 39 Industrial 
Sectors: Basic Organic 
Chemicals 
NAICS CODE 325199 

 
Brian P. Flannery and Jan W. Mares 
 
 

Working Paper 22-16 M13 
September 2022 



Resources for the Future   i 

Essentially all the chemicals for which GGIs are determined are assumed to use 
natural gas to generate the electricity and thermal energy required to manufacture 
such chemicals. 

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 325199 consists of ethylene dichloride, vinyl chloride, acrylonitrile, 
methanol, adipic acid, ethylene oxide, ethylene glycol, acetic acid, and many more 
products. During 2019, US exports of products under this code were $32.5 billion and 
imports were $34.66 billion. 1 The US total production of these products in 2018 was 
about $81.46 billion. 2 In this module, we determine greenhouse gas (GHG) indices 
(GGIs)—which track taxed GHG process emissions and the contribution of the carbon 
content of products derived from fossil resources along the supply and production 
chain in a manner analogous to that used in value-added taxes—for basic organic 
chemicals. When multiplied by the GHG tax, the result is the relevant export rebate or 
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.  

The major contributors to the GGIs of these products come from GHG-intensive 
products purchased in the supply chain (e.g., feedstocks, electricity, and commercial 
fuels). The range of GGIs for the eight products named above and included in this 
NAICS code spans from 2.16 tonnes CO2e/tonne methanol to 5.71 to 5.75 tonnes 
CO2e/tonne acrylonitrile where it is based on naphtha and CO2 emitted in producing 
ammonia raw material is captured, and even to a range of 10.3 to 37.5 tonnes 
CO2e/tonne adipic acid when accounting for nitrous oxide (N2O) emissions. 

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 if there were an upstream GHG tax that 
provided for such rebates and import charges. This module uses such information to 
indicate what the 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. 

There are two major steps involved in determining GGI values for basic organic 
chemicals. The first is to evaluate the total input of taxed sources of GHG emissions—
CO2e(TOT). For basic organic chemicals, determination of CO2e(TOT) is simplified 
because there are no fossil resources produced in the manufacturing process itself 
and, as defined in our Framework, 3 operations to produce basic organic chemicals 

 
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/


Greenhouse Gas Index for Products in 39 Industrial Sectors: Basic Organic Chemicals  2 

generate no GHG emissions from untaxed sources. Contributions to CO2e(TOT) 
therefore occur only from purchased GHG-intensive products, especially feedstocks, 
electricity, and fuels used to create thermal energy. The second step is to allocate this 
total to the entire slate of covered products created by the manufacturer. Since basic 
organic chemicals are derived from produced fossil resources, we propose that 
allocation of total emissions to these products should be based on the fraction of 
carbon by weight in each product—cf.  

Where the manufacturer produces more than one product in a given pathway, 
allocation by carbon content is based on first determining the average CO2e emissions 
per tonne of carbon, C, <CO2e/C>, 4 and then allocating GHG emissions, CO2e(TOT), to 
products based on cf. Under the Framework, manufacturers would know the 
information required to determine CO2e(TOT) because suppliers of purchased 
products would be required to communicate their GGI values to the manufacturer. As 
described in the introduction to the modules, <CO2e/C> = <CO2e(TOT)/M(C)> where 
M(C) is the mass of carbon in all covered products. The manufacturer will know the 
composition and amounts of covered products they produce. So, for each product in 
this sector the GGI is as follows:  

 GGI = <CO2e/C> cf. 

Note that in the event that the manufacturer produces only a single covered product, 
P, as is often the case for products in this module, the GGI = CO2e(TOT)/M(P), where 
M(P) is the weight of the covered product (tonnes P). Allocation only requires specific 
treatment on a product-by-product basis when the process used by the manufacturer 
creates more than one covered product. 

The major US producers of basic organic chemicals are already obligated annually to 
determine and report GHG emissions to the US Environmental Protection Agency 
(EPA) for any of their facilities that emit more than 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, manufacturers would have the information needed to determine the GGI 
values for GHG-intensive products that they create in specific facilities. 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 that have a 
business of obtaining and marketing information about the GHG aspects of various 
chemical products and corporate actions (e.g., S&P Global).  

For imported products, the overall average GHG emissions from fuels used to 
manufacture electricity in the relevant country should be used to determine the GHG 

 
4 See the discussion in the introduction concerning the use of angle brackets “< >”to denote an 
average over the entire operation, e.g., a facility or entire sector, in this case to produce basic 
organic chemicals. 
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(i.e., carbon dioxide equivalent: CO2e) emissions from electricity use associated with 
operations to produce basic organic chemicals products, unless they are able to 
provide more specific, verifiable information to the Regulator. Such electricity 
information is reported by the International Energy Agency. 5 Essentially all the 
chemicals for which GGIs are determined are assumed to use natural gas to generate 
the electricity and thermal energy required to manufacture such chemicals. 

An important note: We emphasize that the estimates in this module are meant to 
provide only indicative, representative values for the GGI of basic organic chemical 
products in the United States and some other nations. Some of the public data that 
these calculations rely on 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 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 
GHG-intensive chemicals or other raw materials that may have been used by the 
manufacturer. 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. 

 
5 See: International Energy Agency. 2021. World Energy Balances; https://www.iea.org/data-
and-statistics/data-products?filter=balances%2Fstatistics.  

https://www.iea.org/data-and-statistics/data-products?filter=balances%2Fstatistics
https://www.iea.org/data-and-statistics/data-products?filter=balances%2Fstatistics
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2. Ethylene Dichloride (EDC) 

Ethylene dichloride (EDC) is generally produced from ethylene, either by direct 
chlorination or by oxychlorination (or, more generally, by a combination of the 
processes). Oxychlorination of ethylene involves hydrogen chloride (HCl), oxygen (O2), 
and ethylene—with EDC as the product. 

Since the cracking of EDC to produce vinyl chloride (or vinyl chloride monomer, i.e., 
VCM) also produces HCl, that HCl can be and is used to make EDC by the 
oxychlorination process. Most VCM plants utilize both the direct chlorination and 
oxychlorination processes to manufacture the EDC raw material for EDC. A further 
reason for such combination is that the direct chlorination and oxychlorination 
processes are highly exothermic, whereas EDC cracking is endothermic—which means 
that heat from the chlorination processes can be used in the EDC cracking process. 

One molecule of ethylene plus two molecules of HCl can become one molecule of EDC, 
whereas the conversion of EDC to VCM creates one molecule of VCM and one of HCl. 
Direct chlorination of one molecule of ethylene gives one molecule of EDC. Thus, if 
equal amounts of ethylene are converted by direct chlorination and by oxychlorination 
into EDC and the EDC is then converted into VCM, the HCl recovered in the VCM 
process will be sufficient for the direct chlorination of ethylene to make its share of 
the EDC. 

A 2017 study by Boulamanti and Moya Rivera provides information about operations in 
the European Union. 6 Based on their findings for conversion efficiency, we assume 
yields on ethylene for direct chlorination are 95 percent and 98 percent on chlorine. 
Thus, Tables 79 and 80 in that report indicate the following raw material and energy 
consumptions to make EDC. 

• Direct chlorination to EDC:  
• 0.3 tonnes ethylene per tonne EDC 
• 0.73 tonnes chlorine per tonne EDC 

• Oxychlorination to EDC: 
• 0.29 tonnes ethylene per tonne EDC 
• 0.73 tonnes chlorine per tonne EDC 
• 0.16 tonnes oxygen per tonne EDC 

Here we use results from our other modules that show that ethylene has a GGI of 4.10 
tonnes CO2e/tonne ethylene (see the module on petrochemicals), based on an average 
of ethylene from ethane and naphtha; that chlorine has a GGI of 1.38 tonnes 

 
6 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 (Luxembourg): Publications Office of the European Union. JRC105767. 
https://publications.jrc.ec.europa.eu/repository/handle/JRC105767  

https://publications.jrc.ec.europa.eu/repository/handle/JRC105767
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CO2e/tonne chlorine (see the module on basic inorganic chemicals) based on an 
average of the diaphragm and membrane methods of production and natural gas as 
the fuel; and that 95 percent O2 has a GGI of 0.142 tonnes CO2e/tonne O2 (see the 
module on industrial gases), based on average of coal- and natural gas–based 
cryogenic processes. 

The GGI for EDC made by the direct chlorination process and using data from Table 
80 in the Boulamanti and Moya Rivera report (see footnote 6) is based on 
contributions from: (0.3 tonnes ethylene/tonne EDC) (4.10 tonnes CO2e/tonne 
ethylene), (0.73 tonnes chlorine/tonne EDC) (1.38 tonnes CO2e/tonne chlorine), 83.4 
kWh/tonne EDC, and 5.3 GJ/tonne EDC.  

• Electricity: (83.4 kWh/tonne EDC) (0.42 tonnes CO2e/1,000 kWh) = 0.035 
tonnes CO2e/tonne EDC 

• Thermal energy: (5.3 GJ/tonne EDC) (0.947 MBtu/GJ) (0.0532 tonnes 
CO2e/MBtu) = 0.267 tonnes CO2e/tonne EDC 

So, the GGI for EDC produced by the direct chlorination process is as follows: 

 GGI =  CO2e (TOT)/tonne EDC;  
  =  (4.10 tonnes CO2e/tonne ethylene) (0.3 tonnes ethylene/tonne EDC)  
   + (0.73 tonnes chlorine/tonne EDC) ( 1.38 tonnes CO2e/tonne chlorine)  
   + 0.035 tonnes CO2e/tonne EDC + 0.267 tonnes CO2e/tonne EDC 
 GGI =  2.54 tonne CO2e/tonne EDC. 

 
The GGI for EDC made by the oxychlorination process and using data from Table 80 
in the Boulamanti and Moya Rivera report (see footnote 6) is based on contributions 
from: (0.29 tonnes ethylene/tonne EDC) (4.10 tonnes CO2e/tonne ethylene); (0.73 
tonne chlorine/tonne EDC) (1.38 tonnes CO2e/tonne chlorine); (0.16 tonnes O2/tonne 
EDC) (0.142 tonnes CO2e/tonne O2); 83.4 kWh/tonne EDC; and 5.3 GJ/tonne EDC. 
Since these two processes are used jointly, the electricity and thermal energy are 
assumed to be the average for the two processes. 

• Electricity: (83.4 kWh/tonne EDC) (0.42 tonne CO2e/1,000 kWh = 0.035 
tonnes CO2e/tonne EDC 

• Thermal energy: (5.3 GJ/tonne EDC) (0.947 MBtu/GJ) (0.0532 tonnes 
CO2e/MBtu) = 0.267 tonnes CO2e/tonne EDC 
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So, the GGI for EDC produced by the oxychlorination process is as follows:  

 GGI = CO2e(TOT)/tonne EDC;  
  = (4.10 tonnes CO2e/tonne ethylene) (0.29 tonnes ethylene/tonne EDC)  
   + (0.73 tonnes chlorine/tonne EDC) (1.38 tonnes CO2e/tonne chlorine)  
   + (0.16 tonnes O2/tonne EDC) (0.142 tonnes CO2e/tonne O2)  
   + 0.035 tonnes CO2e/tonne EDC + 0.267 tonnes CO2e/tonne EDC 
 GGI = 2.52 tonnes CO2e/tonne EDC. 

2.1. Export Rebates 

If there were an upstream GHG tax of $20 per tonne of CO2, the export rebate for 
EDC—while assuming an averaging of GGIs for ethylene and chlorine from their 
sources—would be as follows: 

Table 1. Export rebate for EDC 

EDC from Different Processes GGI Export Rebate 
 tonnes CO2e/tonne EDC ($/tonne EDC) 

Direct chlorination  2.54 50.80 

Oxychlorination 2.52 50.40 

 

2.2. Import Charges 

Since the data used to estimate the GGIs for EDC in the United States were derived 
from processes in Europe, the Regulator should use that same data for all imports of 
EDC until the importer provides regulators with company- and country-specific data. 
Pending that, if there were an upstream GHG tax of $20 per tonne, the import charges 
for EDC—while assuming an averaging of GGIs for ethylene and chlorine from its 
sources—would be as follows. 

Table 2. Import charges for EDC 

EDC from Different Processes GGI Import Charge 
 tonnes CO2e/tonne EDC ($/tonne EDC) 

Direct chlorination  2.54 50.80 

Oxychlorination 2.52 50.40 
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3. Vinyl Chloride (VCM) 

VCM (i.e., vinyl chloride monomer, as in the above section) is generally produced from 
EDC by removing a molecule of hydrochloric acid. This molecule is frequently used in 
chlorinating ethylene at the same facility to make more EDC, which can be converted 
to VCM.  

According to Boulamanti and Moya Rivera (Tables 79 and 80; see footnote 6), 1.6 
tonnes of EDC are required to make 1 tonne of VCM using natural gas to generate 
electricity, 194.4 kWh/tonne VCM, and thermal energy, 3.6 GJ/tonne VCM, and to 
create steam, 0.5 GJ/tonne VCM. Thus, the GGI of VCM is based on contributions 
from: (1.6 tonnes EDC/ tonne VCM)(2.52 or 2.54 tonnes CO2e/tonne EDC), electricity, 
and fuel for thermal energy and steam. 

• Electricity: (194.4 kWh/tonne VCM) (0.42 tonnes CO2e/1,000 kWh) = 0.082 
tonnes CO2e/tonne VCM 

• Thermal energy: [(3.6 + 0.5) GJ/tonne VCM] (0.947 MBtu/GJ) (0.0532 tonnes 
CO2e/MBtu) = 0.21 tonnes CO2e/tonne VCM 

Using an average GGI for EDC of 2.53 tone CO2e/tonne chlorine the GGI for VCM is 
determined as follows:  

 GGI = CO2e(TOT)/tonne VCM; 
  = (1.6 tonnes EDC/tonne VCM) (2.53 tonnes CO2e/tonne EDC) 
   + (0.082 + 0.21) tonnes CO2e/tonne VCM  
 GGI = 4.34 tonnes CO2e/tonne VCM. 

3.1. Export Rebates 

If there were an upstream GHG tax of $20 per tonne of CO2, the export rebate for VCM 
(assuming an averaging of GGIs for EDC, ethylene, and chlorine from their sources) 
would be ($20/tonne CO2) (4.34 tonnes CO2e/tonne VCM) = $86.80 per tonne VCM. 

3.2. Import Charges 

Until the Regulator has country- and/or company-specific data, the import charge for 
VCM (if there were an upstream GHG tax of $20 per tonne of CO2 would be 
($20/tonne CO2) (4.34 tonnes CO2e/tonne VCM) = $86.80 per tonne VCM. 
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4. Acrylonitrile 

Acrylonitrile is predominantly made by the exothermic ammoxidation of propylene 
using an excess of ammonia and oxygen with a propylene efficiency of 98 percent.  

Table 59 in the 2017 Boulamanti and Moya Rivera report (see footnote 6), provides 
emissions factors for the process of producing acrylonitrile and indicates that 1.09 
tonnes propylene and 0.5 tonnes of ammonia are required to produce one tonne of 
acrylonitrile. The net electricity consumption to manufacture acrylonitrile is 277.8 
kWh/tonne. 

GGIs for propylene and ammonia are reported in the modules on petrochemicals and 
nitrogenous fertilizers. The GGIs for propylene are 4.40 tonnes CO2e/tonne propylene 
(if based on propane) and 4.43 tonnes CO2e/tonne propylene (if based on naphtha). 
The GGI for ammonia (NH3) is 1.60 tonnes CO2e/tonne NH3 (if the CO2 generated in its 
manufacture is captured and used) and 2.74 tonnes CO2e/tonne NH3 (if the CO2 is not 
captured and used). 

• The electricity contribution to the GGI is (277.8 kWh/tonne acrylonitrile) (0.42 
tonnes CO2e/1,000 kWh) = 0.117 tonnes CO2e/tonne acrylonitrile. 

The GGIs for acrylonitrile manufactured by various pathways are determined as 
follows. CO2e(TOT) per tonne acrylonitrile is (1.09 tonnes propylene/tonne 
acrylonitrile) (4.40 or 4.43) tonnes CO2e/tonne propylene + (0.50 tonnes NH3/tonne 
acrylonitrile) (1.60 or 2.74) tonnes CO2e/tonne NH3 + 0.117 tonnes CO2e/tonne 
acrylonitrile. Thus, the GGI for the lowest emissions pathway is as follows: 

 GGI = CO2e(TOT)/tonne acrylonitrile;  
  = (1.09 tonnes propylene/tonne acrylonitrile) (4.40 tonnes CO2e/tonne propylene)  
   + (0.50 tonnes NH3/tonne acrylonitrile) (1.60 tonnes CO2e/tonne NH3)  
   + 0.117 tonnes CO2e/tonne acrylonitrile 
  = 5.71 tonnes CO2e/tonne acrylonitrile.  

The following table lists GGIs depending on raw material for propylene and whether 
CO2 is captured in manufacturing ammonia.  
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Table 3. GGI by raw material and CO2 capture 

Material GGI Material GGI GGI 
 (tonnes CO2e/tonne propylene)  (tonnes CO2e/tonne NH3) (tonnes CO2e/tonne 

acrylonitrile) 

Propylene 4.40 based on propane NH3 1.60 based on CO2 captured 5.71 

Propylene 4.43 based on naphtha NH3 1.60 based on CO2 captured 5.75 

Propylene 4.40 based on propane NH3 2.74 if CO2 not captured 6.29 

Propylene 4.43 based on naphtha NH3 2.74 if CO2 not captured 6.32 

 

4.1. Export Rebates 

If there were an upstream GHG tax of $20 per tonne of CO2, the export rebate for 
acrylonitrile produced in pathways based on propylene derived propane or naphtha, 
and NH3 with or without CO2 capture would be as follows. 

Table 4. Export rebate  

Raw Materials GGI Export 
Rebate 

Propylene source NH3 and CO2 treatment (tonnes CO2e/tonne product) ($/tonne) 

Propane NH3, CO2 captured 5.71 114.20 

Naphtha NH3, CO2 captured 5.75 115.00 

Propane NH3, CO2 not captured 6.29 125.80 

Naphtha NH3, CO2 not captured 6.32 126.40 

 

4.2. Import Charges 

Until the Regulator has country- and/or company-specific data, the import charges for 
acrylonitrile (if there were an upstream GHG tax of $20 per tonne of CO2) would be as 
follows. 
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Table 5. Import charges 

Raw Materials GGI Import 
Charge 

Propylene source NH3 and CO2 treatment (tonnes CO2e/tonne product) ($/tonne) 

Propane NH3, CO2 captured 5.71 114.20 

Naphtha NH3, CO2 captured 5.75 115.00 

Propane NH3, CO2 not captured 6.29 125.80 

Naphtha NH3, CO2 not captured 6.32 126.40 
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5. Methanol  

On an industrial scale, methanol is predominantly produced from natural gas by 
reforming the gas with steam and then converting and distilling the resulting 
synthesized gas mixture to create pure methanol. Table 42 in Boulamanti and Moya 
Rivera (see footnote 6) provides emissions factors and feedstock consumption for 
methanol processes. The contribution to CO2e(TOT) from thermal energy for 
conventional steam reforming of natural gas results in 0.67 tonnes CO2e/tonne 
methanol if no primary reforming is used and 0.497 tonnes CO2e/tonne methanol if 
primary reforming is used. This average is 0.584 tonnes CO2e/tonne methanol. This 
energy would be derived from some of the natural gas used in the reforming process. 
An additional contribution to CO2e(TOT) comes from conversion of natural gas to 
methanol. At 100 percent conversion, 1 tonne of methanol requires 0.5 tonnes of 
natural gas. From the module on crude petroleum and natural gas, the GGI of natural 
gas is 3.05 tonnes CO2e/tonne natural gas. We assume that the conversion rate is 97 
percent. So, the contribution would be 1.572 tonnes CO2e/tonne methanol. 

Thus, the GGI of methanol is as follows:  

 GGI = CO2e(TOT)/tonne methanol; 
  = (0.584 + 1.572) tonnes CO2e/tonne methanol)  
 GGI = 2.16 tonnes CO2e/tonne methanol. 

5.1. Export Rebates 

If there were an upstream GHG tax of $20 per tonne of CO2, the export rebate for 
methanol—assuming an averaging of GGIs for methanol made either by primary 
reforming or without primary reforming—would be $43.20 per tonne methanol. 

5.2. Import Charges 

Until the Regulator has country- and/or company-specific data, the import charge for 
methanol (if there is an upstream GHG tax of $20 per tonne CO2) would be $43.20 per 
tonne methanol. 
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6. Adipic Acid (AA) 

According to the American Chemical Society, the world’s most common 
manufacturing process for adipic acid (AA) is the nitric acid (HNO3) oxidation of a 
cyclohexanol–cyclohexanone mixture called ketone alcohol (KA) oil. 7 Almost all AA is 
used as a co-monomer with hexamethylenediamine to produce nylon 6-6. It is also 
used to manufacture other polymers such as polyurethanes. 

Table 45 in Boulamanti and Moya Rivera (see footnote 6) provides information about 
raw materials and energy consumptions for AA production. For the cyclohexane KA 
oxidation process, they report consumption of electricity of 389 kWh/tonne AA; of 
thermal energy of 1.2 GJ/tonne AA; of steam of 25.7 GJ/tonne AA; as well as 
consumption of 0.74 tonnes cyclohexane/tonne AA and 0.83 tonnes nitric acid/tonne 
AA.  

Manufacturing AA also results in emissions of N2O, which has a global warming 
potential that is 310 times that of CO2. Boulamanti and Moya Rivera (see footnote 6) 
indicate that N2O emissions are 290 kg/tonne AA. The report indicates that industry 
has sought to lower such emissions, and EPA’s GHG Reporting Program requires 
producers of AA with 25,000 or more tonnes of CO2e to report those emissions. 
Boulamanti and Moya Rivera indicate that their analysis assumed emissions were 60 
percent lower than the emissions estimated over 10 years earlier by EPA and the 
Intergovernmental Panel on Climate Change. 

Cyclohexanol and cyclohexanone are made from cyclohexane which is made from 
benzene and hydrogen. We assume 79 tons of benzene and 6.1 tons of hydrogen are 
required to make 85.1 tonnes of cyclohexane. The average GGI for benzene produced 
from pyrolysis gasoline and from reformate is 4.02 tonnes CO2e/tonne benzene (as 
reported in our module on petrochemicals), and the GGI for hydrogen is 9.89 tonnes 
CO2e/tonne H2 (as provided in our module on industrial gases). The reaction is 
exothermic, so no additional energy use is assumed for this reaction. Thus, the GGI for 
cyclohexane would be [(79 tonnes benzene) (4.02 tonnes CO2e/tonne benzene) + (6.1 
tonnes hydrogen) (9.89 tonne CO2e/tonne hydrogen)]/[85.1 tonnes cyclohexane] = 
4.44 tonnes CO2e/tonne cyclohexane. For the cyclohexane KA oxidation process, 
electricity, thermal energy, and direct process emissions are as follows.  

• Electricity: (389 kWh/tonne) (0.42 tonnes CO2e/1,000 kWh) = 0.163 tonnes 
CO2e/tonne AA 

• Thermal energy from fuel and steam: (1.2 GJ + 25.7 GJ) (0.947 MBtu/GJ) 
(0.0532 tonnes CO2e/MBtu) = 1.52 tonnes CO2e/tonne AA  

 
7 See: https://www.acs.org/content/acs/en/molecule-of-the-week/archive/a/adipic-
acid.html; For GWP potential see https://unfccc.int/process/transparency-and-
reporting/greenhouse-gas-data/greenhouse-gas-data-unfccc/global-warming-potentials. 

https://www.acs.org/content/acs/en/molecule-of-the-week/archive/a/adipic-acid.html
https://www.acs.org/content/acs/en/molecule-of-the-week/archive/a/adipic-acid.html
https://unfccc.int/process/transparency-and-reporting/greenhouse-gas-data/greenhouse-gas-data-unfccc/global-warming-potentials
https://unfccc.int/process/transparency-and-reporting/greenhouse-gas-data/greenhouse-gas-data-unfccc/global-warming-potentials
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• Direct process emissions of N2O are equivalent to 32 tonnes CO2e/tonne AA 

Contributions to the CO2e(TOT) for AA made by the cyclohexane KA oxidation 
process (under the Framework, the N2O emissions are subject to the GHG tax) are as 
follows. The GGI for HNO3 is 0.646 tonnes CO2e/tonne HNO3 (as provided in our 
module on nitrogenous fertilizer), if the CO2 produced in the manufacture of ammonia 
is captured. Using emissions factors from Table 47 of Boulamanti and Moya Rivera 
(see footnote 6), the contributions to CO2e(TOT) for AA are (0.83 tonnes HNO3/tonne 
AA) (0.646 tonnes CO2e/tonne HNO3) + (0.74 tonnes cyclohexane/tonne AA) (4.44 
tonnes CO2e/tonne cyclohexane) + 0.163 tonnes CO2e/tonne AA + 1.52 tonnes 
CO2e/tonne AA + 32 tonnes CO2e/tonne AA). So, the GGI of AA is as follows:  

 GGI  = CO2e(TOT)/tonne AA;  
  = (0.83 tonnes HNO3/tonne AA) (0.646 tonne CO2e/tonne HNO3) 

+ (0.74 tonnes cyclohexane/tonne AA) (4.44 tonnes CO2e/tonne cyclohexane)  
+ (0.163 + 1.52 + 32) tonnes CO2e/tonne AA 

 GGI = 37.5 tonnes CO2e/tonne AA (based on cyclohexane).   

Note that, if the N2O is not considered, the GGI for AA would be only 5.52 tonnes 
CO2e/tonne AA. 

Emissions of N2O from US production of AA are reported to EPA. Statista estimates 
US production of 810,000 tonnes of AA in 2019 8. EPA’s GHG Reporting Program (from 
two US plants making AA in 2019 9 provides that they had CO2 emissions of 1.1 and 
0.76 million tonnes of CO2 and 5.48 and 0.95 million tonnes of CO2e emissions from 
CO2 and N2O, respectively). Using this data, one can estimate an average GGI for AA 
based on CO2 and N2O emissions. The contribution to CO2e(TOT) for US AA 
(excluding N2O) would be (1.1 + 0.76) million tonnes CO2e/0.81 million tonnes AA = 2.31 
tonne CO2e/tonne AA. The contribution to CO2e(TOT) from N2O is (5.48 + 0.95) million 
tonnes CO2e/0.81 million tonnes AA = 7.94 tonnes CO2e/tonne AA. So, 
CO2e(TOT)/tonne AA = (2.31 + 7.94) tonnes CO2e/tonne AA. 

Based on total sources of taxed emissions, including those from N2O, but without 
considering contributions from cyclohexane or nitric acid raw materials, in the United 
States, the GGI is as follows:  

 GGI = CO2e(TOT)/tonne AA; 
   (2.31 + 7.94) tonnes CO2e/tonne AA  
  = 10.3 tonnes CO2e/tonne AA.  

 
8 See: https://www.statista.com/statistics/974666/us-adipic-acid-production-volume/.  
9 See: EPA Facility Level GHG Emissions Data; https://ghgdata.epa.gov/ghgp/main.do. On 
this EPA facility level information on greenhouse gases tool click “filter sectors” to limit 
reporting of facilities only to adipic acid and select data year 2019, then Apply Search and List.  

https://www.statista.com/statistics/974666/us-adipic-acid-production-volume/
https://ghgdata.epa.gov/ghgp/main.do
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If, however, the contribution from N2O is not included, then GGI is as follows: 

 GGI = 2.31 tonnes CO2e/tonne AA (excluding N2O). 

These estimates do not account for the contribution to CO2e(TOT) from sources 
required to make cyclohexane and nitric acid, and are thus low. However, if the 
contribution from the GGI of cyclohexane (4.46 tonnes CO2e/tonne clyclohexane) is 
considered as well as the contribution from the GGI of nitric acid, then GGI is as 
follows: 

 GGI  = CO2e(TOT)/tonne AA;  
(0.83 tonnes HNO3/tonne AA) (0.646 tonnes CO2e/tonne HNO3)  
+ (0.74 tonnes cyclohexane) (4.44 tonnes CO2e/tonne cyclohexane)  
+ 2.31 tonnes CO2e/tonne AA (excluding N2O) 

  = (0.536 + 3.30 + 2.31) tonnes CO2e/tonne AA 
 GGI = 6.15 tonnes CO2e/tonne AA (excluding N2O). 

Estimation of a current GGI for AA will require additional data and evaluation. 

6.1. Export Rebates 

If there were an upstream GHG tax of $20 per tonne of CO2 that was applied to N2O 
and AA, exports of AA would be entitled to a rebate of ($20/tonne CO2) (10.3 tonnes 
CO2e/tonne of AA), or $206.00/tonne of AA. If the tax did not apply to N2O, the rebate 
would be on the order of ($20/tonne CO2) (6.15 tonnes CO2e/tonne AA) = 
$123.00/tonne of AA. 

6.2. Import Charges 

Until the Regulator has country- and/or company-specific data, the import charge for 
AA, if there were an upstream GHG tax of $20 per tonne that was also on N2O, would 
be ($20/tonne CO2) (10.3 tonnes CO2e/tonne of AA), or $206.00/tonne of AA. If the 
GHG tax did not apply to N2O, the import charge would be on the order of ($20/tonne 
CO2) (6.15 tonnes CO2e/tonne AA) = $123.00/tonne of AA.  
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7. Ethylene Oxide (EO) 

Ethylene oxide (EO) is produced by direct oxidation of ethylene using pure oxygen or 
air in an exothermic process with heat being recovered to produce steam for the 
process. Section 5.10 in Boulamanti and Moya Rivera (see footnote 6) provides 
information about EO and ethylene glycol. Tables 71 and 73 in that report indicate that 
for a selectivity of 80 percent ethylene, consumption would be 0.80 tonnes 
ethylene/tonne EO, and the oxygen consumption would be about 0.925 tonnes 
O2/tonne EO. The energy consumption (per their Table 73) would be 333.3 kWh/tonne 
EO and thermal energy of 3.1 GJ/tonne EO. 

GGIs for ethylene and oxygen are determined in separate modules (see the modules 
for petrochemicals and industrial gases, respectively). The GGI for ethylene derived 
from ethane is 3.76 tonnes CO2e/tonne ethylene and 4.43 tonnes CO2e/tonne ethylene 
derived from naphtha. For this analysis, we use the average of 4.10 tonnes CO2e/tonne 
ethylene. The GGI for oxygen is 0.20 tonnes CO2e/tonne O2 or 0.08 tonnes CO2e/tonne 
O2, depending on whether the electricity used in the cryogenic process is derived from 
coal or natural gas. For this analysis, we use the average of 0.14 tonnes CO2e/tonne O2. 

• Electricity: (333.3 kWh/tonne EO) (0.42 tonnes CO2e/1,000 kWh) = 0.140 
tonnes CO2e/tonne EO 

• Thermal energy: (3.1 GJ/tonne EO) (0.947 MBtu/GJ)(0.0532 tonnes 
CO2e/MBtu) = 0.156 tonnes CO2e/tonne EO 

So, the GGI is as follows: 

 GGI = CO2e(TOT)/tonne EO; 
  = (0.80 tonnes ethylene/tonne EO) (4.10 tonnes CO2e/tonne ethylene)   
   + ( 0.925 tonnes O2/tonne EO) (0.14 tonnes CO2e/tonne O2 )  
   + (0.140 + 0.156) tonnes CO2e/tonne EO 
  = (3.28 + 0.130 + 0.140 + 0.156) tonnes CO2e/tonne EO 
  =  3.71 tonnes CO2e/tonne EO. 

7.1. Exports and Imports 

Because of its reactivity, there is minimal US trade in EO and thus no need to 
determine an import charge or anticipate exports and rebates for them. However, we 
estimate the GGI for EO here because it is used to make many other basic organic 
chemical products, including ethylene glycol. 
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8. Ethylene Glycol (EG) 

The industrial process for ethylene glycol (EG) is hydrolysis of ethylene oxide (EO). 
This is an exothermic process, with the main product being monoethylene glycol (but 
diethylene glycol and triethylene glycol or heavier glycols are also formed). Section 
5.10 of Boulamanti and Moya Rivera (see footnote 6) provides information about 
ethylene glycol. Tables 72 and 73 in that report indicate that 0.789 tonnes EO are 
required per tonne of EG. From the previous section, 3.71 tonnes CO2e/tonne EO is the 
GGI of EO. The energy consumption (per their Table 73) would be 83.3 kWh/tonne EG; 
thermal energy of 1.1 GJ/tonne EG; and steam energy of 8 GJ/tonne EG. 

• Electricity: (83.3 kWh/tonne EG) (0.42 tonnes CO2e/1,000 kWh) = 0.035 
tonnes CO2e/tonne EG 

• Thermal and steam energy: (9.1 GJ/tonne EG) (0.947 MBtu/GJ) (0.0532 
tonnes CO2e/MBtu) = 0.458 tonnes CO2e/tonne EG 

So, the GGI for EG (based on ethylene from the average of being based on ethane or 
naphtha) would be as follows: 

 GGI = CO2e(TOT)/tonne EG; 
  = (0.789 tonnes EO/tonne EG) (3.71 tonnes CO2e/tonne EO)  
   + (0.035 + 0.458) tonnes CO2e/tonne EG 
  = (2.927 + 0.035 + 0.458) tonnes CO2e/tonne EG 
  =  3.42 tonnes CO2e/tonne. EG 

8.1. Export Rebates 

If the ethylene is derived from an average of ethane and naphtha and if there were an 
upstream GHG tax of $20 per tonne CO2, the export rebate for EG would be 
$68.40/tonne EG. The exporter would be required to provide the GGI for its exported 
EG and the raw material source for its ethylene. 

8.2. Import Charges 

Until regulators have country-and/or company-specific data, the import charge for EG 
if there were an upstream GHG tax of $20 per tonne CO2, would be $68.40/tonne EG. 
Exporters to the United States or US importers would be required to provide verifiable 
information of the GGI for the EG and the raw material used for their ethylene raw 
material.  
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9. Acetic Acid 

Most commercial production of acetic acid is accomplished by reacting carbon 
monoxide with methanol. In revised final appendices, a 2010 report prepared for the 
American Chemistry Council indicates that 539 kgs of methanol as well as 353 kgs of 
natural gas products and 332 kgs of water are required to make 1 tonne of acetic 
acid. 10 Production of both acetic acid and its intermediate carbon monoxide also 
requires 60.4 kWh/tonne acetic acid and 4.87 MBtu/1,000 lbs acetic acid.  

Contributions to the GGI of acetic acid from electricity and thermal energy from gas 
are determined as follows: 

• (60.4 kWh/tonne acetic acid) (0.42 tonnes CO2e/1,000 kWh) = 0.025 tonnes 
CO2e/tonne acetic acid, 

• (4.87 MBtu/1,000 lbs acetic acid) (2,200 lbs acetic acid/tonne acetic acid) 
(0.0532 tonnes CO2e/MBtu) = 0.570 tonnes CO2e/tonne acetic acid. 

As determined above in this module for methanol and for natural gas in the module on 
crude petroleum and natural gas, their GGIs are 2.16 tonnes CO2e/tonne methanol and 
3.05 tonnes CO2e/tonne natural gas. So, including the contributions of electricity and 
thermal energy, as well as from methanol and natural gas as feedstocks, the GGI for 
acetic acid is determined as follows: 

GGI =    CO2e(TOT)/tonne acetic acid;  
 =    (0.539 tonnes methanol/tonne acetic acid) (2.16 tonnes CO2e/tonne methanol)  
     + (0.353 tonnes natural gas/tonne acetic acid) (3.05 tonnes CO2e/tonne natural gas) 
     + (0.025 + 0.570) tonnes CO2e/tonne acetic acid  

GGI =    2.84 tonne CO2e/tonne acetic acid. 

9.1. Export Rebates 

If there were an upstream GHG tax of $20 per tonne of CO2, the export rebate for 
acetic acid would be $56.80 per tonne acetic acid. 

 

 
10 See: Table F-3 in Franklin Associates. 2010. Cradle-To-Gate Life Cycle Inventory of Nine 
Plastic Resins and Four Polyurethane Precursors. Final report. Prepared for: The Plastics 
Division of the American Chemistry Council; https://www.americanchemistry.com/better-
policy-regulation/plastics/resources/cradle-to-gate-life-cycle-inventory-of-nine-plastic-
resins-and-four-polyurethane-precursors.   
 

https://www.americanchemistry.com/better-policy-regulation/plastics/resources/cradle-to-gate-life-cycle-inventory-of-nine-plastic-resins-and-four-polyurethane-precursors
https://www.americanchemistry.com/better-policy-regulation/plastics/resources/cradle-to-gate-life-cycle-inventory-of-nine-plastic-resins-and-four-polyurethane-precursors
https://www.americanchemistry.com/better-policy-regulation/plastics/resources/cradle-to-gate-life-cycle-inventory-of-nine-plastic-resins-and-four-polyurethane-precursors
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9.2. Import Charges 

Until the Regulator has country- and/or company-specific data, the import charge for 
acetic acid if there were an upstream GHG tax of $20 per tonne of CO2 would be 
$56.80 per tonne acetic acid. 
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10. Other Basic Organic Chemicals  

10.1. Export Rebates 

There are many other products within NAICS Code 325199 that will have GGIs of 0.50 
tonnes 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 the exporter can provide 
such information to the Regulator, no rebate would be provided.  

10.2. Import Charges 

Until 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 
eight products excluding adipic acid. That average GGI is 3.51 tonnes CO2e/tonne 
product. 
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