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EERC DISCLAIMER 
 

LEGAL NOTICE This research report was prepared by the Energy & Environmental 
Research Center (EERC), an agency of the University of North Dakota, as an account of work 
sponsored by the U.S. Department of Energy (DOE). Because of the research nature of the work 
performed, neither the EERC nor any of its employees makes any warranty, express or implied, 
or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of 
any information, apparatus, product, or process disclosed or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, process, or 
service by trade name, trademark, manufacturer, or otherwise does not necessarily constitute or 
imply its endorsement or recommendation by the EERC. 
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DOE DISCLAIMER 
 

This report was prepared as an account of work sponsored by an agency of the United 
States Government. Neither the United States Government, nor any agency thereof, nor any of 
their employees, makes any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, 
product, or process disclosed, or represents that its use would not infringe privately owned rights. 
Reference herein to any specific commercial product, process, or service by trade name, 
trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the United 
States Government or any agency thereof. 
 
 
NDIC DISCLAIMER 
 

This report was prepared by the Energy & Environmental Research Center (EERC) 
pursuant to an agreement partially funded by the Industrial Commission of North Dakota, and 
neither the EERC nor any of its subcontractors nor the North Dakota Industrial Commission nor 
any person acting on behalf of either: 
 

(A) Makes any warranty or representation, express or implied, with respect to the 
accuracy, completeness, or usefulness of the information contained in this report or 
that the use of any information, apparatus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

 



 

(B) Assumes any liabilities with respect to the use of, or for damages resulting from the 
use of, any information, apparatus, method, or process disclosed in this report. 

 
Reference herein to any specific commercial product, process, or service by trade name, 

trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the North Dakota Industrial Commission. The views and 
opinions of authors expressed herein do not necessarily state or reflect those of the North Dakota 
Industrial Commission. 
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NOMENCLATURE AND ABBREVIATIONS 
 
 
Btu British thermal unit 
CH4 methane 
CO2 carbon dioxide 
CO2eq CO2-equivalent 
DOE U.S. Department of Energy 
DSS Decision Support System 
EPA U.S. Environmental Protection Agency 
gal gallon 
HFC-23 fluoroform 
lb pounds mass 
NATCARB National Carbon Sequestration Database and Geographic Information System 
N2O nitrous oxide 
NOx nitrogen oxides 
PCOR Plains CO2 Reduction 
PFC-116 hexafluoroethane 
PFC-14 tetrafluoromethane 
SO2 sulfur dioxide 
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 The U.S. Environmental Protection Agency (EPA) Air Markets Program Data online 
emission search engine (U.S. Environmental Protection Agency, 2013a) provides CO2, 
SO2, and NOx emission data for electric utilities and larger industrial heat/power plants. 
The PCOR Partnership database was updated using facility data from 2012. This search 
engine can be accessed at http://ampd.epa.gov/ampd/QueryToolie.html. 

 
 EPA’s Greenhouse Gas Reporting Program Data for Calendar Year 2011 (U.S. 

Environmental Protection Agency, 2013b). The searchable site contains CO2, N2O, 
CH4, PFC-14, PFC-116, and HFC-23 emission data reported from large facilities in nine 
industry groups: power plants, landfills, metal manufacturing, mineral production, 
petroleum refineries, pulp and paper manufacturing, chemical manufacturing, 
government and commercial facilities, and other industrial facilities. The Greenhouse 
Gas Reporting Program Data can be accessed at http://ghgdata.epa.gov/ghgp/main.do. 

 
 The emission data obtained from the EPA Greenhouse Gas Reporting Program are 
relatively easily incorporated into the PCOR Partnership data set with the exception of the 
ethanol plants. The PCOR Partnership tracks combustion- and process-related CO2 emissions 
separately for potential carbon utilization purposes. The EPA site breaks down the emissions as 
either combustion-related or biogenic CO2, which is CO2 that is formed by combustion of a 
biomass source. Because the EPA Web site only includes values for CO2 formed during 
combustion, a methodology was developed to estimate the CO2 formed during the fermentation 
step of ethanol production. This methodology is based on one developed by the DOE Regional 
Carbon Sequestration Partnerships Capture and Transportation Working Group (U.S. 
Department of Energy Regional Carbon Sequestration Partnerships Capture and Transportation 
Working Group, 2008). Knowing that 1 gal of ethanol requires 39,000 Btu of energy and 
produces 6.6 lb of CO2 during the fermentation step, the fermentation CO2 was estimated from 
the combustion-related CO2 values using the following three-step approach.  
 
 The first step consists of determining the amount of combustion-related CO2 resulting from 
the production of 1 gal of ethanol for each of the specific fuel(s) used by the ethanol plant. The 
fuels and CO2 produced by each is provided on the searchable EPA Web site for each CO2 
source. Fuel CO2 emission factors for a variety of fuels can be obtained online from the EPA 
(U.S. Environmental Protection Agency, 2013c).  
 

 ቀ ଷଽ,଴଴଴	஻௧௨

௚௔௟	௘௧௛௔௡௢௟
ቁ 	ൈ ቀி௨௘௟	஼ைమ	ா௠௜௦௦௜௢௡	ி௔௖௧௢௥

ଵ଴ల	஻௧௨
ቁ 	ൌ 	 ௟௕	௖௢௠௕௨௦௧௜௢௡	஼ைమ

௚௔௟	௘௧௛௔௡௢௟
 [Eq. 1] 

 
 During the second step, the resulting quantity of CO2 produced per gal of ethanol during 
combustion is then ratioed against the amount of CO2 produced during the fermentation step 
(i.e., 6.6 lb), resulting in a multiplier that can be used to estimate the fermentation CO2 when the 
combustion CO2 is known. 
 

 ቆ
ల.ల	೗್	೑೐ೝ೘೐೙೟ೌ೟೔೚೙	಴ೀమ

೒ೌ೗	೐೟೓ೌ೙೚೗
೗್	೎೚೘್ೠೞ೟೔೚೙	಴ೀమ

೒ೌ೗	೐೟೓ೌ೙೚೗

ቇ 	ൌ  [Eq. 2] ݊݋݅ݏݏ݅݉݁	ଶܱܥ	݊݋݅ݐݏݑܾ݉݋ܿ	ݎ݋݂	ݎ݈݁݅݌݅ݐ݈ݑ݉
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 Finally, the tons of CO2 produced by the combustion of each fuel are multiplied by each 
fuel’s multiplier value and summed to arrive at the CO2 produced during fermentation. The total 
CO2 for the stationary point source would then be the sum of the combustion CO2 (from the EPA 
Web site) and the fermentation CO2 (estimated using this methodology). The following example 
illustrates this approach to estimating fermentation CO2 for a source burning subbituminous coal 
and natural gas. For natural gas: 
 

 ቀଷଽ,଴଴଴	஻௧௨
௚௔௟

ቁ 	ൈ 	ଵଵ଻.଴଼	௟௕	஼ைమ
ଵ଴ల	஻௧௨

	ൌ  ଶ [Eq. 3]ܱܥ	ܾ݈	4.566

 

 
଺.଺	௟௕	஼ைమ
ସ.ହ଺଺	௟௕	஼ைమ

	ൌ 1.45 [Eq. 4] 

 
For subbituminous coal:  
 

 ቀଷଽ,଴଴଴	஻௧௨
௚௔௟

ቁ 	ൈ 	ଶଵଶ.଻	௟௕	஼ைమ
ଵ଴ల	஻௧௨

	ൌ  ଶ [Eq. 5]ܱܥ	ܾ݈	8.295

 

 
଺.଺	௟௕	஼ைమ
଼.ଶଽହ	௟௕	஼ைమ

	ൌ 0.796 ൎ 0.8 [Eq. 6]  

 
 If the CO2 produced during natural gas combustion totals 100,000 short tons CO2 and the 
CO2 produced during subbituminous coal combustion totals 200,000 short tons CO2, then the 
CO2 produced during fermentation would total: 
 
 ሺ100,000	ݏ݊݋ݐ	 ൈ 1.45ሻ ൅ ሺ200,000	ݏ݊݋ݐ	 ൈ 	0.8ሻ ൌ ሺ145,000 ൅ 160,000ሻ	ݏ݊݋ݐ ൌ	
 [Eq. 7] ݏ݊݋ݐ	305,000 
 
 The total CO2 emission for the source would be 100,000 + 200,000 + 305,000 = 605,000 
tons. 
 
 This approach is probably reasonably accurate as long as the source does not emit 
combustion CO2 that is related to another process (such as cogeneration) at the facility. 
Obviously, if the CO2 is partly produced by another process, the portion that is not ethanol-
related would inflate the estimated fermentation CO2 quantity. 
 
 The EPA searchable database presents a second challenge in that it is difficult to determine 
the total CO2 emissions as opposed to the total CO2-equivalent (CO2eq) emissions for some of 
the source types. One example of this is sugar-processing facilities with their inherent lime 
production. This is not true for all source types. 
 
 A final note about the use of the EPA database: the power plants are listed as producing 
CO2 from both “stationary combustion” and “electricity generation.” These values must be 
summed to produce the total CO2 emissions at such sites. 
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RESULTS 
 
 As of August 22, 2013, the updated PCOR Partnership database contains 895 sources that 
produce an estimated 563 million short tons of CO2 annually. This compares to the 2012 values 
of 1033 sources producing an estimated 620 million short tons of CO2 each year. The breakdown 
of the CO2 emissions by broad source category is presented in Table 1. 
 
 The PCOR Partnership does not include sources in the database having CO2 emission rates 
less than 15,000 short tons/yr. Many sources produced less CO2 during the past calendar year as 
a result of efficiency gains, changes in production, etc. During this update, 10 sources were 
removed from the database because they no longer produced the minimum amount of CO2 

required for inclusion in the PCOR Partnership database. 
 
 Occasionally, the name of a source is found to have changed in an emission data set. The 
PCOR Partnership database was modified to reflect the name changes of 131 sources since 
October 1, 2012. 
 
 Sources that no longer exist or that were found to be duplicate entries in the database were 
eliminated. There were a total of 26 such point sources in the PCOR Partnership database. 
 
 The PCOR Partnership database included many sources for which the most recent 
information was at least 10 years old. A concerted effort was made to verify their continued 
existence and update their CO2 emission rate. A few of the sources were found to have changed 
 
 
Table 1. Summary of CO2 Point Sources Found Within the PCOR Partnership Region as 
of August 22, 2013 

Category Count Total CO2 
% of 

Sources 
% of 

Emissions 
Agricultural and Agriculture-

Related Processing 66 8,717,441 7.4 1.5 
Electricity Generation 189 352,431,336 21.0 62.6 
Chemical and Fuel Production 38 18,143,773 4.2 3.2 
Ethanol Manufacture 126 49,312,385 14.1 8.8 
Cement/Clinker Production 21 17,035,393 2.3 3.0 
Industrial 47 10,471,068 5.3 1.9 
Small-Scale Heat and Power 34 3,900,955 3.8 0.7 
Manufacturing 44 3,586,897 4.9 0.6 
Petroleum- and Natural Gas-

Related 264 88,516,534 29.5 15.7 
Paper and Wood Products 46 9,520,368 5.1 1.7 
Waste Processing 20 1,173,562 2.2 0.2 
Total 895 562,809,712 100.0 100.0 
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Table 2. Changes Made to the PCOR Partnership CO2 Emission Database  
Between October 1, 2012, and July 31, 2013 

Explanation 
Number of Sources 

Affected 
Removed Because the Source Now Produces Less 

Than 15,000 short tons/yr 
10 

Source Name Was Found to Have Changed 131 
Sources That No Longer Exist 8 
Sources That Were Removed Because They Have Not 

Appeared in Any Data Sets in the Last 10 years 
138 

Location Changes  16 
Removed Duplicate Plants  18 
New Facilities Added to the Database 36 
Updated CO2 Emission Information on Existing 

Sources 
487 

 
 
 When available, the CO2eq emissions due to N2O and CH4 were incorporated into the 
PCOR Partnership database. This information was found for 801 of the 895 sources and is 
summarized in Table 3. Because of the higher intensity of the N2O and the CH4, 576 million 
short tons of CO2eq emissions were emitted by 89% of the sources in the PCOR Partnership 
region. 
 
 The process of moving this latest data set to the PCOR Partnership Decision Support 
System (DSS) is currently under way. When the process is complete, the updated emission data 
will be reflected in the online geographic information systems on the PCOR Partnership DSS and 
DOE’s national portal. 
 
 

Table 3. CO2eq Emissions for Stationary Sources in the PCOR Partnership Region for 2011 

Category Count Total CO2eq 
% of 

Sources 
% of 

Emissions 
Agricultural and Agriculture-Related 

Processing 66 9,763,921 8.2 1.7 
Electricity Generation 167 354,649,137 20.8 61.6 
Chemical and Fuel Production 34 19,503,984 4.2 3.4 
Ethanol Manufacture 118 54,085,149 14.7 8.6 
Cement/Clinker Production 21 17,076,571 2.6 3.0 
Industrial 47 10,972,221 5.9 1.9 
Small-Scale Heat and Power 32 3,944,734 4.0 0.7 
Manufacturing 43 3,622,182 5.4 0.6 
Petroleum- and Natural Gas-Related 209 93,843,091 26.1 16.3 
Paper and Wood Products 44 10,093,892 5.5 1.7 
Waste Processing 20 2,666,231 2.5 0.5 
Total 801 575,914,029 100.0 100.0 
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