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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 325212 consists of about 30 products, including styrene-butadiene 
rubber, butadiene rubber, butyl rubber, isoprene, halo-isobutene-isoprene rubber, 
acrylonitrile-butadiene rubber, and ethylene-propylene diene rubber products. During 
2019, exports of products under this code were $2.2 billion and imports were $1.5 
billion.1 The US total production of these products in 2018 was about $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 synthetic rubber. 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.  

As described in the introduction to the modules, GGIs for products in this sector are 
determined by allocating total taxed sources of GHG emissions CO2e(TOT) to the 
total slate of covered products based on the carbon content (cf) by weight of each 
product and the average carbon content of all products—<CO2e/C> = 
CO2e(TOT)/M(C), where M(C) is the total carbon by weight in all covered products. 
So, the 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 
production process used by the manufacturer creates more than one covered product. 

The major contributors to the GGI of these products are the GGIs of their raw 
materials (e.g., butadiene, ethylene, propylene, styrene, and others that we cover in the 
module on petrochemicals). The GGI for acrylonitrile is covered in the module on basic 
organic chemicals. The types of electricity used to make these products must also be 
considered in determining these GGIs. The GGIs for seven products included in this 

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

https://usatrade.census.gov/data/Perspective60/View/dispview.aspx
https://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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NAICS code range from 4.86 tonnes CO2e/tonne EPDM (ethylene propylene 
nonconjugated diene rubber) to 6.12 tonnes CO2e/tonne polybutadiene rubber. 

US firms that determine and report the amount of CO2 emissions from the production 
of their synthetic rubber products will be required to provide to the Regulator that 
information as well as information on the fuel sources and amounts of electricity and 
thermal energy used to manufacture their products, the weight of their products from 
their various facilities, and the GGIs of their products. That information will provide the 
Regulator with the basis for confirming the GGI and determining the export rebate.  

This module provides a means for a Regulator to estimate, based on public 
information, initial export rebates for US exporters and import charges for imports to 
the US of GHG-intensive products if there were an upstream GHG tax of $20 per 
tonne of CO2 that provided for such rebates and import charges. This information 
would be useful to the Regulator in evaluating the information provided by exporters 
to indicate their requested export rebate. 

The major US participants in this sector are already obligated annually to determine 
and report to the US Environmental Protection Agency (EPA) their facility GHG 
emissions if they are over 25,000 tonnes per year. They will also know the amounts 
and types of covered products they manufacture, and, under the Framework in the 
United States, suppliers would be obligated to inform customers (and the Regulator) 
of the GGI values of 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. 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.  

Fuels used for transportation of products are not considered in any of the modules 
because of the enormous administrative difficulty of determining and verifying such 
usage, especially for particular products (see Section 4.4 in the Framework report for 
more on this). 

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

An important note: We emphasize that the estimates in this module are meant only 
to provide indicative, representative values for the GGIs of synthetic rubber products. 
Actual values will depend on the determination of the GGI for each specific product 
produced at a specific facility. Some of the public data on which the calculations rely 
date back and probably are not representative of industry performance today. Since 
companies, associations, and commercial firms that collect and market information 
about the energy and emissions profiles of a product 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 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 for the GGI for specific 
products.  

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

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

Styrene-butadiene rubber (SBR) is produced by a reaction of styrene and butadiene. 
According to a 1980 report produced for the US Department of Energy (DOE), 75 
percent of such rubber is derived from butadiene with the balance from styrene.5 The 
report indicates that about 5,000 Btus from steam per pound were required for the 
polymerization process. In our module on petrochemicals, we estimate the GGIs for 
butadiene and styrene to be 4.59 tonnes CO2e/tonne butadiene based on naphtha and 
6.07 tonnes CO2e/tonne styrene. 

So, the GGI for SBR is determined as follows: 

 GGI = CO2e(TOT)/tonne SBR;  
  =  (5,000 Btu/lb SBR) (2,205 lbs/tonne) (0.0532 tonne 

CO2e/MBtu gas)  
   + (0.75 tonnes butadiene/tonne SBR) (4.59 tonnes CO2e/tonne butadiene)  
   + (0.25 tonnes styrene/tonne SBR) (6.07 tonnes CO2e/tonne styrene)  
  = (0.587 + 3.44 + 1.52) tonnes CO2e/tonne SBR 
 GGI =  5.55 tonnes CO2e/tonne SBR. 

2.1. Export Rebates 

If there is an upstream GHG tax of $20 per tonne of CO2, the export rebate for SBR 
with a GGI of 5.55 tonne CO2e/tonne SBR would be $111.00 per tonne. 

2.2. Import Charges 

If there is an upstream GHG tax of $20 per tonne of CO2, the import charge for SBR 
with a GGI of 5.55 tonne CO2e/tonne SBR would be $111.00, until the importer provides 
the Regulator with verifiable information about the GGI of the imported SBR. 

 
5 See: Figure 4.26 (p. 116) in Gaines, L.L., and S.Y. Shen 1980. “Energy and Materials Flows in the 
Production of Olefins and Their Derivatives”; https://www.osti.gov/servlets/purl/7013430. 

https://www.osti.gov/servlets/purl/7013430
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3. Polybutadiene 

Polybutadiene (PBR) is produced by a reaction of butadiene. According to the 1980 
DOE report referenced above (see footnote 5), about 1.05 tonne of butadiene is 
required to make 1 tonne of polybutadiene.6 The report indicates that about 8,250 
Btus from steam per pound and 2,858 Btus from electricity were required for the 
polymerization process. In our modules on petrochemicals, we estimate the GGI for 
butadiene to be 4.59 tonnes CO2e/tonnes butadiene based on naphtha.  

So, the GGI for PBR is determined as follows: 

 GGI =  CO2e(TOT)/tonne PBR;  
  = [(8,250 + 2,858) Btu/lb PBR] (2,205 lbs/tonne) (0.0532 tonnes CO2e/MBtu gas)  
   + (1.05 tonnes butadiene/tonne PBR) (4.59 tonnes CO2e/tonne butadiene)  
  = (1.30 + 4.82) tonnes CO2e/tonne SBR  
 GGI = 6.12 tonnes CO2e/tonne PBR. 

3.1. Export Rebates 

If there is an upstream GHG tax of $20 per tonne of CO2, and the GGI is 6.12 tonnes 
CO2e/tonne PBR, the export rebate for PBR would be $122.40 per tonne. 

3.2. Import Charges 

If there is an upstream GHG tax of $20 per tonne of CO2, and the GGI is 6.12 tonnes 
CO2e/tonne PBR, the import charge for PBR would be $122.40, until the importer 
provides the Regulator with verifiable information about the GGI of the imported PBR. 

 
6 See: Fig. 4.17 (p. 108) in Gaines and Shen (1980). 
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4. Butyl Rubber 

Butyl rubber (BR) is produced by  copolymerizing isobutylene with 1.5 percent to 4.5  
percent isoprene.7  Since we were unable to find public information on the energy 
usage to manufacture BR, we assume that the energy usage for polybutadiene 
reported above (i.e., 11,108 Btu per pound of PBR) is also applicable to BR. In our 
module on petrochemicals, we estimate the GGIs for butylenes and for isoprene. The 
GGI for butylenes (but not specifically isobutylene) is 4.47 tonnes CO2e/tonne 
butylenes, if derived from naphtha. The GGI for isoprene derived from naphtha is 4.63 
tonnes CO2e/tonne isoprene. 

So, the GGI for BR is determined as follows where we assume isoprene content is 2 
percent: 

 GGI = CO2e(TOT)/tonne BR;  
  = (11,108 Btu/lb PBR) (2,205 lbs/tonne) (0.0532 tonnes 

CO2e/MBtu gas)  
   + (0.98 tonnes isobutylene/tonne BR) (4.47 tonnes CO2e/tonne butylenes)  
   + (0.02 tonnes isoprene/tonne BR) (4.63 tonnes CO2e/tonne isoprene) 
  = (1.30 + 4.38 + 0.093) tonnes CO2e/tonne BR  
 GGI = 5.77 tonnes CO2e/tonne PBR. 

4.1. Export Rebates 

If there is an upstream GHG tax of $20 per tonne of CO2 and the GGI is 5.77 tonnes 
CO2e/tonne BR, the export rebate for BR would be $115.40 per tonne. 

4.2. Import Charges 

If there is an upstream GHG tax of $20 per tonne of CO2, and the GGI is 5.77 tonnes 
CO2e/tonne BR, the import charge for BR would be $115.40 per tonne until the 
importer provides the Regulator with verifiable information about the GGI of the 
imported BR. 

 
7 James G. Speight, 5.1 Butyl Rubber, Handbook of Industrial Hydrocarbon Processes (2013). 
https://www.sciencedirect.com/topics/engineering/butyl-rubber 

https://www.sciencedirect.com/topics/engineering/butyl-rubber
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5. Halo-Isobutene-Isoprene Rubber 

Halo-isobutene-isoprene rubber (HIIR) is produced by a reaction of isobutylene (98 
percent) and isoprene (2 percent) to form butyl rubber. Afterward, that reaction 
product is reacted with chlorine which reacts with the isoprene.8 Assume that 1 
percent of HIIR is chlorine. Since we were unable to find public information on the 
energy usage required to manufacture HIIR, we assume that it is a small increase over 
that to make PBR (i.e., 1,200 Btu per pound of HIIR). As noted above, the GGI for butyl 
rubber is estimated to be 5.77 tonnes CO2e/tonne BR and the GGI for isoprene is 4.63 
tonnes CO2e/tonne CO2, if it is derived from naphtha. The GGI for chlorine is provided 
in the module on basic inorganic chemicals and is made by three different processes 
(membrane, diaphragm, and mercury) and at least two different fuels for its electricity 
(natural gas and coal). The GGI for chlorine from the dominant membrane and 
diaphragm processes and based on natural gas is 0.64 tonnes CO2e/tonne Cl.  

So, the GGI for HIIR is determined as follows: 

 GGI = CO2e(TOT)/tonne HIIIR;  
  = (1,200 Btu/lb HIIR) (2,205 lbs/tonne) (0.0532 tonnes CO2e/MBtu gas)  
   + (0.98 tonnes BR/tonne HIIR) (5.77 tonnes CO2e/tonne BR)  
   + (0.02 tonnes isoprene/tonne HIIR) (4.63 tonnes CO2e/tonne isoprene) 
   + (0.01 tonnes Cl/tonne HIIR) (0.64 tonnes CO2e/tonne Cl) 
  = (0.141 + 5.65 + 0.093 + 0.006) tonnes CO2e/tonne HIIR 
 GGI = 5.79 tonnes CO2e/tonne HIIR. 

5.1. Export Rebates 

If there is an upstream GHG tax of $20 per tonne of CO2, and the GGI is 5.79 tonnes 
CO2e/tonne HIIR, the export rebate for HIIR would be $114.80 per tonne. 

5.2. Import Charges 

If there is an upstream GHG tax of $20 per tonne of CO2, and the GGI is 5.79 tonnes 
CO2e/tonne HIIR, the import charge for HIIR would be $114.80 until the importer 
provides the Regulator with verifiable information about the GGI of the imported HIIR. 

 
8 https://www.britannica.com/topic/industrial-polymers-468698/Butyl-rubber-isobutylene-
isoprene-rubber-IIR; https://www.britannica.com/technology/nitrile-rubber  

https://www.britannica.com/topic/industrial-polymers-468698/Butyl-rubber-isobutylene-isoprene-rubber-IIR
https://www.britannica.com/topic/industrial-polymers-468698/Butyl-rubber-isobutylene-isoprene-rubber-IIR
https://www.britannica.com/technology/nitrile-rubber
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6. Acrylonitrile-Butadiene Rubber 

Acrylonitrile-butadiene rubber (ABR) is reported to have a range of 15 percent to 50 
percent (see footnote 8) acrylonitrile with the balance being butadiene. This analysis 
will assume that the acrylonitrile in ABR is 30 percent, and the balance is butadiene. 
Our module that estimates rebates for basic organic chemicals includes acrylonitrile 
and indicates that the GGI for acrylonitrile based on propylene from naphtha, where 
the CO2 generated in manufacture of ammonia raw material is captured, is 5.75 tonnes 
CO2e/tonne acrylonitrile. The module on petrochemicals indicates that the GGI for 
butadiene based on naphtha is 4.59 tonnes CO2e/tonne butadiene. Since we were 
unable to discover public information on the energy usage to manufacture ABR, we 
assume that the energy usage for SBR is also applicable to ABR. Assuming that ABR is 
based on 30 percent acrylonitrile based on propane and 70 percent butadiene and 
that the energy to create this rubber is the same as was used for SBR, the GGI for ABR 
is determined as follows: 

 GGI = CO2e(TOT)/tonne ABR;  
   = (5,000 Btu/lb ABR) (2,205 lbs/tonne) (0.0532 tonnes CO2e/MBtu gas) 

   + (0.30 tonne acrylonitrile/tonne ABR) (5.75 tonnes CO2e/tonne acrylonitrile)  
   + (0.70 tonne butadiene/tonne ABR) (4.59 tonnes CO2e/tonne butadiene)  
  = (0.587 + 1.725 + 3.213) tonnes CO2e/tonne ABR 
 GGI =  5.52 tonnes CO2e/tonne ABR. 

6.1. Export Rebates 

If there is an upstream GHG tax of $20 per tonne of CO2 and the GGI is 5.52 tonnes 
CO2e/tonne ABR, the export rebate for ABR would be $110.40 per tonne. 

6.2. Import Charges 

If there is an upstream GHG tax of $20 per tonne of CO2 and the GGI is 5.52 tonnes 
CO2e/tonne ABR, the import charges for ABR would be $110.40 per tonne until the 
importer provides the Regulator with verifiable information about the GGI of the 
imported ABR. 
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7. Isoprene Rubber 

Isoprene rubber (IR) is produced by a catalyzed reaction of isoprene9 Since we were 
unable to discover public information on the energy usage to manufacture IR, we 
assume that the energy usage for SBR (i.e., 5,000 Btu per pound of SBR) is also 
applicable to IR, and that process efficiency is 98 percent. As noted above, the GGI for 
isoprene derived from naphtha is 4.63 tonnes CO2e/tonne isoprene.  

So, the GGI for IR is determined as follows: 

 GGI =  CO2e(TOT)/tonne IR;  
  = (5,000 Btu/lb IR) (2,205 lbs/tonne) (0.0532 tonne CO2e/MBtu gas)  
   + (1 tonne IR/0.98 tonnes isoprene) (4.63 tonnes CO2e/tonne isoprene)  
  = (0.587 + 4.724) tonnes CO2e/tonne IR 
 GGI = 5.31 tonnes CO2e/tonne IR. 

7.1. Export Rebates 

If there is an upstream GHG tax of $20 per tonne of CO2 and the GGI is 5.31 tonnes 
CO2e/tonne IR, the export rebate for IR would be $106.20 per tonne. 

7.2. Import Charges 

If there is an upstream GHG tax of $20 per tonne of CO2 and the GGI is 5.31 tonnes 
CO2e/tonne IR, the import charges for IR would be $106.20 per tonne, until the 
importer provides the Regulator with verifiable information about the GGI of the 
imported IR. 

 
9 https://www.britannica.com/science/isoprene-rubber 

https://www.britannica.com/science/isoprene-rubber
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8. Ethylene-Propylene Nonconjugated 
Diene Rubber 

Ethylene-propylene-nonconjugated diene rubber (EPDM) has ethylene content of 40–
80 percent,10 diene content of 3–9 percent,11 with the balance being propylene. For the 
purpose of this estimate, we assume that the ethylene content is 58 percent, the diene is 
5 percent, and the propylene is 37 percent; that the conversion efficiency is 97 percent; 
and that the diene is ethylidene norbornene (ENB). The ENB is made from butadiene 
and cyclopentadiene (CPD), which in turn are made from steam cracking naphtha or gas 
oil. Since we were unable to discover public information on the energy usage to 
manufacture cyclopentadiene, we assume that its energy will be similar to that required 
to manufacture isoprene by the steam cracking of naphtha or gas oil. Thus, its GGI will 
be the same as that for isoprene—4.63 tonnes CO2e/tonne isoprene derived from 
naphtha. Since we were unable to discover public information on the energy usage to 
manufacture ENB, we assume that its energy will be small and can be disregarded.  

So, the GGI for ENB is determined as follows: 

 GGI =  CO2e(TOT)/tonne ENB;  
  = (0.45 tonnes butadiene/tonne ENB) (4.59 tonne CO2e/tonne butadiene)  
   + (0.55 tonnes CPD/tonne ENB) (4.63 tonnes CO2e/tonne CPD) 
  = (2.066 + 2.547) tonnes CO2e/tonne ENB 
 GGI =  4.61 tonnes CO2e/tonne ENB. 

Since we were unable to discover public information on the energy usage to 
manufacture EPDM at the polymerization stage, we assume that it is 5,000 Btu/lb 
EPDM, similar to the energy used to make SBR. 

So, the GGI for EPDM is determined as follows: 

GGI =     CO2e(TOT)/tonne EPDM; 
 =     (0.58 tonnes ethylene/0.97 tonnes EPDM) (4.10 tonnes CO2e/tonne ethylene)  
      + (0.37 tonnes propylene/0.97 tonnes EPDM) (4.14 tonnes CO2e/tonne propylene)  
      + (0.05 tonnes ENB/0.97 tonnes EPDM) (4.61 tonnes CO2e/tonne ENB) 
      + (5,000 Btu/lb EPDM) (2,205 lbs/tonne) (0.0532 tonnes CO2e/MBtu gas) 
 =     (2.452 + 1.579 + 0.238 + 0.587) tonnes CO2e/tonne EPDM 

GGI            =     4.86 tonnes CO2e/tonne EPDM. 

 

 
10 https://www.rado-rubber.com/specialities/epdm/ 
11 https://polymerdatabase.com/Elastomers/EPDM.html 

https://www.rado-rubber.com/specialities/epdm/
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8.1. Export Rebates 

If there is an upstream GHG tax of $20 per tonne CO2, the export rebate for EPDM 
would be $97.20 per tonne. 

8.2. Import Charges 

If there is an upstream GHG tax of $20 per tonne CO2, the import charges for EPDM 
would be $97.20 per tonne until the importer provides the Regulator with verifiable 
information about the GGI of the imported EPDM. 
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9. Other Plastic Resins 

9.1. Export Rebates 

There are other products within NAICS Code 325212 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.  

9.2. Import Charges 

Until the exporter to the United States and/or the US importer provide verifiable 
information to the Regulator about 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 
seven products—5.67 tonnes CO2e/tonne product. 
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