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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 322110 consists of various pulp products. During 2019, US exports of pulp 
were $5.86 billion while imports were $3.37 billion. 1 The US total production of such 
pulp in 2018 was about $6.8 billion.2 In this module, we determine greenhouse gas 
indices (GGIs)—which track taxed GHG process emissions and the contribution of the 
carbon content of products derived from fossil resources along the supply chain in a 
manner analogous to that used for value-added-taxes—for such pulp products. Under 
the Framework we’ve proposed, the rebates and import charges would be based on an 
upstream US GHG tax and the GGIs for the imported and exported products.3  

When its GGI is multiplied by the GHG tax, the result is the relevant export rebate or 
import charge for the product. A minimum GGI of 0.50 tonnes CO2e/tonne product is 
required for an export rebate or the imposition of an import charge. We refer to 
products that meet this threshold as GHG-intensive products. 

There are two major steps involved in determining GGI values for these products. The 
first is to evaluate the total input of taxed sources of GHG emissions—CO2e(TOT). 
The second is to allocate this total to the entire slate of covered products created by 
the manufacturer. For this sector we describe processes that make the single covered 
product, pulp (denoted as P). So, the GGI is determined as follows: 

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

The major contributors to the GGI of pulp are the energy sources required to grind the 
raw material, heat it, and run the machines that screen and dry the pulp. We consider 
energy for electricity and thermal energy derived from natural gas or coal, and thermal 
energy derived from renewable black liquor or other fuels. Using the assumptions in 
this analysis, for pulp manufactured based on electricity and thermal energy derived 
from natural gas and additional thermal energy from black liquor, the GGI is 0.365 
tonnes CO2e/tonne pulp. For the same case, if electricity is derived from coal rather 
than natural gas the GGI would be 0.483 tonnes CO2e/tonne pulp, and, if the energy 
produced from black liquor is replaced with thermal energy from coal, the GGI would 
be 2.13 tonnes CO2e/tonne pulp. Extensive information exists about various types of 

 
1 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. 
2 See: https://usatrade.census.gov/data/Perspective60/View/dispview.aspx. 
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://data.census.gov/cedsci/table?q=AM1831BASIC&tid=ASMAREA2017.AM1831BASIC01
https://data.census.gov/cedsci/table?q=AM1831BASIC&tid=ASMAREA2017.AM1831BASIC01
https://usatrade.census.gov/data/Perspective60/View/dispview.aspx
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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pulp made in varying ways—and thus likely there will be significant amounts of 
exported and imported pulp products with GGIs of at least 0.50 tonne CO2e/tonne 
product.  

Although several estimates of the GGI for pulp products are less than 0.50 tonnes 
CO2e/tonne pulp (and thus such a product would not receive an export rebate), there 
is a certainty that within this NAICS code a significant number of pulp products from 
various manufacturers will have GGIs greater than 0.50 tonnes CO2e/tonne pulp and 
therefore be entitled to a rebate. Similarly, there will be imported pulp products for 
which the GGIs are equal to or exceed 0.50 tonnes CO2e/tonne pulp and should 
therefore incur an import charge. 

This module provides a means for the Regulator in the United States to estimate, 
based on public information, initial US export rebates and import charges for GHG-
intensive pulp products if there were an upstream GHG tax. This information would be 
useful to the Regulator in evaluating the information provided by exporters to indicate 
their requested export rebate. 

There would be no export rebates or import charges for the waste and scrap of paper 
or paperboard included in the subject NAICS codes and included in Harmonized Tariff 
Schedule (HTS) Code 4707 because of the impossibility of determining its GGI. In 
separate modules, we cover paper and paperboard products.  

Pulp is made in a manufacturing facility that converts wood chips or other wood fiber 
into a thick fiberboard that can be shipped to a paper mill for further processing. Pulp 
can be manufactured using mechanical, semi-chemical, or fully chemical methods (i.e., 
kraft and sulfite processes). The finished product may be bleached, semi-bleached, or 
non-bleached, depending on customer requirements.  

The major 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 
that 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.  

The estimates in this module are based on publicly available information. Additional 
information to determine rebates and import charges could undoubtedly be obtained 
by the Regulator from either the domestic industry, its association, or data marketing 
firms such as Fisher International and Fastmarkets RISI.  
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An important note: We emphasize that the estimates in this module are meant only to 
provide indicative, representative values for the GGIs of US pulp products. Some of 
the public data on which the calculations rely date back years and probably are not 
representative of industry performance today. Actual values will depend on 
determination of the GGI for each specific product produced at a specific facility. 
Since companies, associations, and commercial firms that collect and market 
information about 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. Note that the estimates here do not account for all GHG-intensive 
chemicals or other raw materials that may contribute to the GGI. Subject to the 
administrative costs to evaluate all such inputs and be consistent for both export 
rebates and import charges, the Regulator should strive to accept all verifiable raw 
material inputs to GGIs for specific products. 
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2. Background 

The US HTS has six pulp groupings with about 20 products that each have 10-digit 
HTS numbers listed under NAICS Code 322110. We know it is not accurate to assume 
that all pulp products have identical process emissions and energy usage. However, 
because of the lack of public information about energy usage to make various pulp 
products, we are providing one estimate of the GGI for pulp products.  

Firms that determine and report the amount of CO2 emissions from the production of 
their pulp 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.  

Firms that currently do not measure the amounts of CO2 emissions from their pulp 
production or do not have the necessary information regarding their electricity usage 
can seek rebates by providing to the Regulator information about what category their 
pulp is in, the types of energy used, and their electricity usage and its energy sources. 
Beginning in the second year after the initial rebates are available, such producers 
must measure and provide data on CO2 emissions from production to the Regulator in 
order to obtain a rebate.  

The party seeking a rebate or an import charge for its pulp product will be required to 
provide to the Regulator the type of energy source used to manufacture a unit of the 
pulp product as well as the amount and energy source of the electricity used to 
manufacture a unit of the pulp product. The International Energy Agency (IEA) 
publishes information on the production of energy and the fuels used to do so on a 
country-by-country basis. Some producers of pulp will also be subject to the upstream 
GHG tax because process emissions of CO2 result from the decomposition of sodium 
carbonate in the pulp process. Under the Framework, these GHG process emissions 
are subject to the tax, so they contribute to CO2e(TOT) and, thus, to the GGI for such 
pulp. We do not have information about the amounts of sodium carbonate used in 
pulp. 

According to 2019 Census reports, the largest exporters of pulp to the United States 
in 2019 were Canada and Brazil (with a total of $3.3 billion)—compared to total 
imports of $3.4 billion.4 

 
4 See: Exports and Imports by NAICS Commodities; 
https://usatrade.census.gov/data/Perspective60/View/dispview.aspx.  

https://usatrade.census.gov/data/Perspective60/View/dispview.aspx
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3. Pulp 

Pulp is made by breaking down the fibrous parts of plants (primarily trees) and refers 
to the main ingredient in the papermaking process. The most common source of fiber 
for papermaking is pulp made from trees (wood fiber). Pulp is made from breaking 
down either wood chips or paper recovered for recycling. In general, there are two 
main methods of producing wood pulp depending on the type of paper and the 
characteristics needed for the final paper product. One method uses chemical 
processes and one uses mechanical grinding. Chemical pulp is obtained by digestion 
or cooking of wood with various chemical solutions. The principal chemical process 
used is sulfate (kraft). Other chemical pulping processes are sulfite and soda. 
Mechanical pulp is any wood pulp manufactured wholly or in part by a mechanical 
process, including stone-ground wood and chip mechanical pulp.  

There are several ways to process wood chips into pulp. In chemical pulping, the chips 
are cooked using a chemical process—in what is essentially a pressure cooker, known 
as a digester. The wood fiber is separated into cellulose fibers, lignin (the wood glue 
that holds the tree together), and other substances such as sugars. The pulp is 
washed to clean it and separate it from other substances such as lignin. After this, it is 
screened for further cleaning. Mechanical pulping differs from chemical pulping in that 
pulp is created through the grinding of wood chips instead of cooking them. Many 
pulp mills generate their own energy (steam and electricity) by using combined heat 
and power technology fueled by the black liquor created in the pulping process—as 
well as other biomass not used in the manufacture of products, such as bark, treetops, 
and limbs.  

To establish the GGI for NAICS Code 322110 (pulp products), we use the total fuel 
consumption (in Btu) in 2018 reported in the US Energy Information Administration’s 
Manufacturing Energy Consumption Survey (MECS).5 We also use the total amount of 
market pulp produced in the United States in 2018, which was 7.81 million tonnes.6 The 
MECS data in physical units for pulp mills are as follows: 292 trillion Btu total—
comprised of the following: 

• 1,593 million kWh from electricity,  
• 39 billion cubic feet from natural gas, and 
• 242 million MBtu from “other,” which is indicated to be primarily from black 

liquor.  

 
5 See: data Table 1.1, 2018 Manufacturing Energy Consumption Survey Consumption Results; 
https://www.eia.gov/consumption/manufacturing/.  
6 See: page A-38 of the 2018–2023 survey on pulp and paper capacities by the Food and 
Agriculture Organization (FAO) of the United Nations; 
https://www.fao.org/3/cb1212t/CB1212T.pdf.  

https://www.eia.gov/consumption/manufacturing/
https://www.fao.org/3/cb1212t/CB1212T.pdf
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Since black liquor is derived from the wood waste in pulp and papermaking and is not 
a fossil fuel, our assumption is that it would not be subject to the assumed GHG tax. 
Whereas the electricity energy source—as well as the oil, natural gas, and coal 
inputs—are assumed to be subject to the GHG tax. Some pulp and paper facilities do 
not use black liquor and rely on energy from various fossil-based sources. Thus, their 
GGIs will be higher than the average estimated here for pulp. Similarly, it is possible 
that some pulp and paper operations have sufficient black liquor and processing 
facilities that they do not need to purchase any electricity or other fossil energy. In 
such case, the GGI for their products will have a contribution, if any, only from CO2 
emitted from sodium carbonate use or the use of other raw materials that have GGIs 
under this Framework. 

If one assumes that the fuel used for electricity is natural gas, the contribution to the 
GGI for pulp from electricity derived from natural gas is as follows: 

• (1,593 million kWh electricity/7.81 million tonnes of pulp) (0.42 tonnes 
CO2e/1,000 kWh) = 0.086 tonnes CO2e/tonne pulp. 

If one assumes that the fuel used for electricity is coal, the contribution to the GGI for 
pulp from electricity derived from coal is as follows: 

• (1,593 million kWh electricity/7.81 million tonnes of pulp) (1 tonne CO2e/1,000 
kWh) = 0.204 tonnes CO2e/tonne pulp. 

The contribution to the GGI for pulp from the use of natural gas for thermal energy is 
as follows: 

• (39 million kscf gas/7.81 million tonnes pulp) (1.05 MBtu/1,000 cf gas) (0.0532 
tonnes CO2e/MBtu gas) = 0.279 tonnes CO2e/tonne pulp. 

This next section evaluates the GGI for pulp (based on the results above) for various 
combinations of inputs for electricity and thermal energy that contribute to 
CO2e(TOT)—and excluding potential contributions such as biomass and black liquor, 
as renewable resources, because such sources are assumed not to be subject to the 
GHG tax. In this case, the GGI is determined as follows: 

 GGI = CO2e(TOT)/M(P) tonnes CO2e/tonne pulp. 

• The average GGI for pulp with its electricity based on natural gas and with 
natural gas used for thermal energy would be as follows: 

 GGI = (0.086 + 0.279) tonnes CO2e/tonne pulp  
  = 0.365 tonnes CO2e/tonne pulp. 

• The average GGI for pulp with thermal energy from natural gas and electricity 
based on coal would be as follows: 
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 GGI = (0.279 + 0.204) tonnes CO2e/tonne pulp 
  = 0.483 tonnes CO2e/tonne pulp. 

Since such GGIs for pulp are less than the threshold of 0.50 tonnes CO2e/tonne 
product, they will not be entitled to a rebate and such pulp imports would not be 
subject to an import charge. 

If the contribution to thermal energy to produce pulp from the use of other fuels 
(those that do not contribute to the GGI, e.g., those that are based on black liquor) is 
derived instead from natural gas, this would add to the GGI of a firm’s pulp as follows:  

• (242 million MBtu “other”/7.81 million tonnes pulp) (0.0532 tonnes 
CO2e/MBtu) = 1.65 tonnes CO2e/tonne pulp. 

If this energy usage for pulp were added to the other energy usages, the total 
contributions to the GGI for pulp with thermal energy from natural gas, electricity 
based on coal, and “other” based on gas would be as follows: 

 GGI = (0.279 + 0.204 + 1.65) tonnes CO2e/tonne pulp  
  = 2.13 tonnes CO2e/tonne pulp.  

A 2006 study of the pulp and paper industry by Jacobs and the Institute of Paper 
Science and Technology at Georgia Institute of Technology (which was commissioned 
by the American Institute of Chemical Engineers) estimates usage of electricity, 
steam, and fuel for thermal energy for 12 pulp products.7 The study shows an order of 
magnitude range for estimated usages for such products.  

 
7 See: Figure 4.3 in Pulp and Paper Industry: Energy Bandwidth Study; 
https://www.energy.gov/sites/prod/files/2013/11/f4/doe_bandwidth.pdf.  

https://www.energy.gov/sites/prod/files/2013/11/f4/doe_bandwidth.pdf
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4. Export Rebates  

Under the Framework, only those types of pulp with GGIs equal to or in excess of 0.50 
tonnes CO2e/tonne pulp are eligible for an export rebate based on their individual GGI, 
as we note above. 
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5. Imports 

Also as noted above, the vast majority of pulp imported into the United States comes 
from Canada and Brazil. The Regulator would estimate for the exporting country the 
GGI to manufacture pulp products and the amount and weight of such products. So 
long as the estimated GGI satisfied the threshold for an import charge (at least 0.50 
tonnes CO2e/tonne pulp), the Regulator would also create an import charge rate (US$ 
per tonne of product) for imported products by applying the US GHG tax rate to their 
estimated GGIs. An import charge based on national average values would be used 
until such time as the importer to the United States or the US exporter provides 
company-specific and verifiable information to determine the relevant GGI. 

The overall usage of fuels to manufacture electricity in the relevant country should be 
used to determine the GGI associated with production of the imported pulp 
products—unless more specific, verifiable information for the nation as a whole or for 
electricity use by individual firms is provided to the Regulator.8  

Until country-specific information is available, the US Regulator should assume that 
the GGI for pulp imports from the various countries was the same as the GGI for the 
same pulp as that produced in the United States.  

 
8 Such information can be found in the IEA’s World Energy Balances 2020; 
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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6. Import Charges  

Various firms have information for purchase that could be used by the Regulator or 
other firms to estimate the GGIs for imports from foreign countries.  

Until the Regulator in the United States has better information to determine the GGI of 
imported products, it should use the GGI for pulp determined above for the United 
States of 2.13 tonnes CO2e/tonne pulp—assuming the electricity is derived from coal 
and natural gas is used instead of black liquor. This would result in an import charge 
of $42.60. 
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