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2014 Manufacturing Energy and Carbon Footprints: 
Definitions and Assumptions 

The U.S. Department of Energy Advanced Manufacturing Office Manufacturing Energy and Carbon 
Footprints map energy flow and carbon emissions in the U.S. manufacturing sector, from energy supply to end 
use. The footprints show where energy is used and lost—and the associated greenhouse gases (GHGs) that are 
emitted. Each footprint visualizes the flow of energy (in the form of fuel, electricity, or steam) to major end 
uses in manufacturing, including boilers, power generators, process heaters, process coolers, machine-driven 
equipment, facility heating, ventilation, and air conditioning (HVAC), and lighting. Footprints are available for 
15 manufacturing sectors that collectively represent 94% of all manufacturing primary energy consumption, as 
well as for U.S. manufacturing as a whole in 2014 (the most recent available data). 

Each footprint presents data at two levels of detail. The first page provides a high-level view of manufacturing 
sector primary energy supply and end use, while the second page shows details of how energy is distributed to 
onsite end uses. The analyses are based on manufacturing energy consumption data for 2014 from the U.S. 
Energy Information Administration’s (EIA’s) Manufacturing Energy Consumption Survey (MECS)1, along 
with referenced energy loss and emission factors, and input from industry and subject matter experts. 

This publication documents the key terms and assumptions that are used in the footprints:  

• Key terms associated with the energy footprint analysis are defined in alphabetical order on pages 1-4. 
• Assumptions associated with the energy footprint analysis are detailed on pages 4 – 11.  
• Key terms and assumptions associated with the GHG footprint analysis are detailed on pages 12 – 13.  
• References are provided on page 14 – 18. 

Energy Footprint Analysis Key Term Definitions  
Combined heat and power (CHP)/cogeneration – The production of electrical energy and another form of 
useful energy (such as heat or steam) through the sequential use of energy.  

Conventional boiler – A boiler vessel that consumes fuels or electricity as the primary energy source to 
produce heat that generates steam or hot water. Boiler losses represent energy lost due to boiler inefficiency.  

Electricity export – Sales and transfers offsite of electricity to utilities and to other entities including 
consumers (e.g., other commercial entities), generators of electricity (e.g., independent power purchasers), and 
electricity suppliers (e.g., brokers and marketers). Because electricity export is already taken into account in 
the footprint analysis in the offsite electricity generation (net) figure, this value is not directly connected to the 
energy flow diagram. It is provided instead for informative purposes. 

Electro-chemical – The direct process end use in which electricity is used to cause a chemical transformation 
(e.g., reduction of alumina to aluminum and oxygen).  

                                                        
1 https://www.eia.gov/consumption/manufacturing/  

https://www.energy.gov/eere/amo/manufacturing-energy-and-carbon-footprints-2014-mecs
https://www.energy.gov/eere/amo/manufacturing-energy-and-carbon-footprints-2014-mecs
https://www.eia.gov/consumption/manufacturing/
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Energy for all purposes – The total first use of energy including offsite generation and transmission 
losses. Includes primary energy use for heat and power plus net energy produced offsite or onsite and 
consumed for nonfuel purposes, including feedstock use (except for the petroleum refining sector2). This value 
eliminates potential double-counting of feedstock and fuel use from data in MECS Tables 2.2 and 3.2. 

Facility HVAC – The direct nonprocess end use that includes energy used to provide heating, ventilation, and 
air conditioning for building envelopes within the industrial plant boundary.  

Facility lighting – The direct nonprocess end use that includes energy used in equipment that illuminates 
buildings and other areas within the industrial plant boundary. 

Industrial plant boundary – Includes all plant facilities and processes (industrial processes, support facilities, 
and generation facilities) at a single location where mechanical or chemical transformations of materials or 
substances into new products are performed. This boundary is also termed onsite. 

Machine drive – The direct process end use in which thermal or electric energy is converted into mechanical 
energy and is used to power motor-driven systems, such as compressors, fans, pumps, and materials handling 
and processing equipment. Motors are found in almost every process in manufacturing. Therefore, when 
motors are found in equipment that is wholly contained in another end use (such as a compressor in process 
cooling and refrigeration), the energy is classified in that end use rather than in machine drive.  

Machine drive losses – Machine drive losses includes two components:  

1) Shaft losses include energy lost in the conversion of thermal or electric energy into kinetic or 
mechanical energy. Shaft losses are estimated from electric motor, turbine, and engine efficiencies. 

2) System losses include energy lost in specific machine driven system applications including fans, 
pumps, compressed air, materials handling, materials processing, and other systems. The distribution 
of these six loss categories is unique within each industry sector. 

Nonprocess energy – Energy used for purposes other than industry-specific processes, as reported in EIA 
MECS Table 5.2 to include facility HVAC, facility lighting, other facility support (e.g., cooking, water 
heating, and office equipment), onsite transportation, and other nonprocess use. 

Offsite electricity generation (net) – The sum of purchased electricity and electricity transfers into the plant 
boundary (including electricity generated onsite from noncombustion renewable resources to align with MECS 
Table 5.2 values), less quantities sold and transferred out. This value does not include onsite generation from 
combustible fuels or onsite cogeneration which are all accounted for by the “other electricity generation” and 
“CHP/cogeneration” values. 

Offsite electricity generation and transmission losses – The energy losses incurred during the generation 
and transmission of electricity to the plant boundary. The efficiency of utility power generation and 
transmission is assumed to be 34.1%, a representative average value for the U.S. grid in 2014 (see Table 1 for 
sources).  

Offsite energy – Energy that is originally sourced or generated outside the plant boundary (offsite), including 
energy produced onsite from feedstocks or nonenergy inputs that is consumed as a fuel within the plant 
boundary. Includes offsite fuel, offsite steam generation, and offsite electricity generation. 

Offsite fuel – The sum of purchased fuel, fuel transferred into the plant boundary, and byproduct fuel (from 
externally sourced feedstocks or nonenergy inputs) produced and consumed onsite.  

                                                        
2 EIA’s MECS data for the petroleum refining sector includes only fuel energy (including byproduct fuels such as still gas) and 
excludes nonfuel energy use; EIA uses other data collection instruments to obtain nonfuel (feedstock) data for petroleum 
refineries. This avoids double-counting of input energy sources associated with refinery products and their ultimate end 
consumption (e.g., transportation fuel, heating oil, etc.). 



2014 MANUFACTURING ENERGY AND CARBON FOOTPRINTS: DEFINITIONS AND ASSUMPTIONS 

3 

Offsite steam generation (net) – The sum of steam transfers and purchased steam from the local utility or 
other sources, less quantities sold and transferred out.  

Offsite steam generation and transmission losses – The energy losses incurred during the generation and 
transport of steam to the plant boundary. 

Onsite electricity generation losses – The energy losses incurred during the onsite generation of electricity. 
This term includes losses from electricity cogeneration and other onsite electricity generation. 

Onsite energy use – Energy inputs used for heat and power (including electricity generation) within the 
manufacturing plant boundary for the sector. This includes both direct (process and nonprocess end uses) and 
indirect (steam and electricity generation) uses of fuels, steam, and electricity within the manufacturing plant 
boundary. Losses that occur in generating and transporting steam and electricity to the plant boundary are not 
included. Onsite energy use also does not include energy consumed for nonfuel purposes, such as energy 
feedstocks supplied to the plant that are converted to a manufactured product and not used for heat, power, or 
electricity generation. Energy used for nonfuel purposes are quantified separately for each manufacturing 
sector in EIA MECS Table 2.2; though caution should be exercised when combining nonfuel energy with 
onsite energy use values due to potential double-counting issues. 

Onsite generation – The generation of steam or electricity within the plant boundaries using fuel or electricity. 
Onsite generation includes three categories: “conventional boilers” (to produce steam), “CHP/cogeneration” 
(to produce steam and electricity), and “other electricity generation” (defined below). 

Onsite steam distribution losses – The energy losses incurred during the distribution of steam within the 
plant boundaries.  

Onsite steam generation losses – The energy losses incurred during the generation of steam within plant 
boundaries. This term includes steam cogeneration and conventional boiler steam generation losses. 

Onsite transportation – The direct nonprocess end use that includes energy used in vehicles and 
transportation equipment that primarily consume energy within the boundaries of the establishment. 

Other electricity generation – Consists of onsite electricity obtained from generators running on combustible 
energy sources including natural gas, fuel oils, and coal. Amounts of electricity generated onsite from 
renewable sources other than biomass (e.g., solar, wind, hydropower, and geothermal) are noted on the 
footprints, however this output is excluded from “other electricity generation” values and instead is 
incorporated within the offsite electricity generation (net) to align with MECS Table 5.2 values. 

Other facility support – The direct nonprocess end use that includes energy used in diverse applications that 
are normally associated with office or building operations such as cooking, operation of office equipment, and 
the operation of elevators. 

Other nonprocess – The direct nonprocess end use that includes energy used for nonprocess uses other than 
the defined nonprocess energy categories. 

Other process – The direct process end use that includes energy used for other direct process uses not falling 
under a specified process end use category. 

Primary energy use – The total consumption associated with energy inputs used for heat and power 
(including electricity generation) within the manufacturing plant boundary for the sector. It is the sum of onsite 
energy use and offsite steam and electricity losses (see “offsite electricity generation and transmission losses”, 
defined above). Primary energy use does not include energy consumed for nonfuel purposes, such as energy 
feedstocks supplied to the plant that are converted to a manufactured product and not used for heat, power, or 
electricity generation. Energy used for nonfuel purposes are separately quantified for each manufacturing 
sector in EIA MECS Table 2.2; though caution should be exercised when combining with primary energy use 
values due to potential double-counting issues. 
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Process cooling and refrigeration – The direct process end use in which energy is used to lower the 
temperature of substances involved in the manufacturing process. Examples include freezing processed meats 
for later sale in the food industry and lowering the temperature of chemical feedstocks below ambient 
temperature for use in reactions in the chemical industry.  

Process energy – Energy used in industry-specific processes, such as chemical reactors, steel furnaces, glass 
melters, casting, concentrators, distillation columns, etc. Categories of process energy (as reported in MECS 
Table 5.2) include process heating (e.g., kilns, ovens, furnaces, strip heaters), process cooling and refrigeration, 
machine drive (e.g., motors, pumps associated with process equipment), electro-chemical processes (e.g., 
reduction process), and other direct process uses. 

Process heating – The direct process end use in which energy is used to raise or maintain the temperature of 
substances involved in the manufacturing process. Examples include the use of heat to melt scrap in electric-
arc furnaces to make steel, to separate components of crude oil in petroleum refining, to dry paint in 
automobile manufacturing, or to process food for packaging.  

Process heating losses – Process heating losses include both system losses (radiation, convection, insulation, 
and cooling losses) and exhaust losses (stack, vent losses, etc.). Process heating energy losses are estimated by 
sector (see Table 4); an industry peer review group was formed to guide this estimation approach. 

2014 Energy Footprint Analysis Assumptions  
Table 1. Manufacturing Energy Footprint Loss Assumptionsa

  

Energy System Type Energy System Description Percent Energy Lost Sources 

Energy Generation, Transmission, and Distribution Losses 

Offsite Generation 

Offsite (grid) electricity 
generation and transmission   

65.9%b [1], [2] 

Offsite steam generation  20% [3], [4] 
Offsite steam transmission   10% [4], [5] 

Onsite Generation 

Onsite steam generation 
(conventional boiler)  

15% to 25%  
(varies, sector dependent) 

[6], [7], See Table 2 

Onsite CHP/cogeneration 
18% to 29%  
(varies, sector dependent) 

[8], [7], [9], See Table 3 

Onsite steam distribution 20% [10], [11] 

Onsite Direct End Use (Process and Nonprocess) Losses 

Process Energy 

Process heating  
18% to 69%  
(varies, sector dependent) 

See Table 4 

Process cooling and 
refrigeration 

34%c [12], [13], Estimation 

Electro-chemical 

Chemicals 35% [14] 
Alumina and aluminum 
60.4%  

[15] 

All manufacturing and other 
sectors 48%  

Average 

Other processes 
e.g., computer-controlled 
equipment, process tools 

Electric 5% 

Estimationd Fuel 70% 

Steam 40% 
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Machine drive  
i.e., shaft energy 

Electric 5.7% to 7.7%  
(varies, sector dependent) 

[16], [17], [18], [19], 
[20], [21], [22] 

Fuel 63% [23], [24] 
Steam 60% [25], [26], [27]  

Machine driven systems 

Pumps 39%e 
[21], [28], [29], [30], 
[31], [32] 

Fans 39%e [21], [31], [32], [33]  

Compressed air 84%e 
[21], [31], [32], [33], 
[34]  

Materials handling 10% [35], [36] 
Materials processing  
(e.g., grinders) 80% 

Estimationf 

Other systems 50% 
Average of identified 
machine driven systems 

Nonprocess Energy 

Facility HVAC  34%g [12] 

Facility lighting 
70% to 72%  
(varies, sector dependent) 

[37], [38], See  
Table 5 

Other facility support  
Electric 10% Estimationh  
Fuel 35% [39], Estimationh 

Onsite transportation 
38% to 71%  
(varies, sector dependent) 

[40], [41], See Table 6 

Other nonprocess 
e.g., cleaning equipment, 
maintenance tools 

Electric 33% 
Estimationi Fuel 35% 

Steam 30% 
Notes: 
a The values in this table are used to generate order-of-magnitude energy loss estimates. In practice, these energy 
generation, process, and nonprocess losses are highly dependent on specific operating equipment and conditions and 
vary greatly within and across manufacturing sectors. 
b This analysis adjusted the EIA-calculated value for offsite electricity generation and transmission (grid) losses to 
eliminate double-counting of generation losses from offsite-derived steam from CHP plants. Industrial sector electrical 
system energy losses in 2014 are quantified by EIA in Table 2.4 of the EIA Monthly Energy Review (MER) 2017 [2] (equal 
to 6,834 trillion British thermal units [TBtu]). Using these losses and electricity retail sales to the industrial sector (equal 
to 3,404 TBtu), percentage losses are calculated to be 66.8%. However, footnote j in Table 2.4 of the EIA MER 2017 
makes it clear that “Total losses are calculated as the primary energy consumed by the electric power sector minus the 
energy content of electricity retail sales. Total losses are allocated to the end-use sectors in proportion to each sector’s 
share of total electricity retail sales.” Furthermore, in reviewing Table 2.6 of the EIA MER 2017, which details primary 
energy consumption for the electric power sector, it is noted that “data are for fuels consumed to produce electricity and 
useful thermal output” and that “the electric power sector comprises electricity-only and combined-heat-and-power (CHP) 
plants within the NAICS 22 category whose primary business is to sell electricity, or electricity and heat, to the public.” 
Thus, energy for any offsite derived steam from certain CHP facilities is inherently already included in the electricity loss 
data (meaning that without adjustment, any generation losses for this CHP-derived steam would double-count losses). 
The double-counting of these losses is eliminated by relying on data from EIA MER 2017 Table 2.4, 7.3b, 7.4b, 7.4c [2] 
and EIA Annual Energy Review (AER) 2011 Table 8.3b [1]. As a result, generation and transmission losses are adjusted 
from 66.8% to 65.9%. 
c An autonomous energy efficiency improvement factor is being used to consider process cooling system energy 
efficiency improvements in the years since the release of the 2010 Manufacturing Energy Footprints. Losses in 2010 are 
35% according to [13], while losses in each subsequent year are diminished to 99% of preceding year. 
d Loss assumptions for electric, fuel, and steam other process energy were estimated after an extensive literature search 
and discussions with EIA staff and manufacturing process experts. EIA/MECS does not define specific other process end 
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uses, so representative examples of other processes were first identified by examining the sectors with the largest 
consumption of other process energy in the MECS data; loss factors associated with these examples were then 
estimated. 
e Leveraging available data, loss assumptions for pumps, fans and compressed air motor systems were adjusted to 
consider the adoption of new high efficiency systems and variable frequency drives, along with typical system 
degradation losses since 2010. The prior loss assumptions for pumps, fans, and compressed air motor systems used in 
the 2010 Footprints were, respectively, 40%, 40%, and 84.5%. 
f The loss assumption for materials processing was estimated after an extensive literature search and discussions with 
EIA staff and manufacturing sector experts. Representative examples of materials processing end uses were first 
identified and loss factors associated with these examples were then estimated. 
g An autonomous energy efficiency improvement factor is being used to consider HVAC system energy efficiency 
improvements in the years since the release of the 2010 Manufacturing Energy Footprints. Losses in 2010 are 35% 
according to [12], while losses in each subsequent year are diminished to 99% of preceding year. 
h Loss assumptions for electric and fuel other facility support energy were estimated after an extensive literature search 
and discussions with EIA staff and manufacturing sector experts. EIA/MECS does not define specific other facility support 
end uses, so representative examples of other facility support end uses were first identified by examining the sectors 
with the largest consumption of other facility support energy in the MECS data; loss factors associated with these 
examples were then estimated. 
i Loss assumptions for fuel and steam nonprocess energy were estimated after an extensive literature search and 
discussions with EIA staff and manufacturing sector experts. EIA/MECS does not define specific other nonprocess end 
uses, so representative examples of other nonprocesses were first identified by examining the sectors with the largest 
consumption of other nonprocess energy in the MECS data; loss factors associated with these examples were then 
estimated. Because electricity is a minor energy source for nonprocesses, the loss factor is assumed as the average of 
fuel and steam. 
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Table 2. Conventional Boiler Efficiency by Sector 

Sector Conventional Boiler Efficiency 

Alumina and Aluminum  81% 

Cement 79% 

Chemicals 82% 

Computers, Electronics, and Electrical Equipment 80% 

Fabricated Metals 85% 

Food and Beverage 77% 

Forest Products 75% 

Foundries 78% 

Glass and Glass Products 79% 

Iron and Steel 80% 

Machinery 84% 

Petroleum Refining 80% 

Plastics and Rubber Products 83% 

Textiles 81% 

Transportation Equipment 81% 

All Manufacturing (weighted average) 79% 

Approach/Sources: In practice, the efficiency of a fuel-consuming boiler can be as low as 55-60%, or as high as 
90%. Electric boilers can have efficiencies approaching 100%. The age of the boiler, boiler size, maintenance 
practices, and fuel type are all important considerations when determining efficiency. Sector specific boiler 
efficiencies are not readily available through literature search. As a result, an analysis was conducted in 2013 
to estimate boiler efficiencies by fuel type for the footprint sectors. The breakdown of conventional boiler fuel 
use by sector is provided by 2014 EIA MECS and is adjusted to be consistent with the overall footprint 
methodology. Boiler efficiency is known to vary by fuel type (along with other variables such as thermal recovery 
and combustion control, which are not detailed here). Two sources were consulted in determining boiler fuel 
type efficiency: 1) Energy Information Administration, 2014 Model Documentation Report: Industrial Demand 
Module of the National Energy Modeling System [7] – determined to be representative of small to medium 
sized plants, and 2) field data collected by industrial efficiency consultant Greg Harrell, Ph.D., P.E., Energy 
Management Services – determined to be representative of larger plants. Through consultation with Bob 
Bessette/President, Council of Industrial Boiler Operators and Thomas Wenning/Program Manager, Oak Ridge 
National Laboratory, an approximation of small to medium versus large facilities was determined in estimating 
boiler efficiency by sector. For the small portion of boiler input energy that is electrical (2% of boiler fuel for All 
Manufacturing in 2014) an efficiency of 98% is assumed [6]. The results of this approach are shown in the 
table above.  
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Table 3. CHP/Cogeneration Efficiency by Sector 

Sector 
CHP/Cogeneration 

Efficiency 
Cement 78% 
Chemicals 72% 
Food and Beverage 80% 
Forest Products 72% 
Iron and Steel 78% 
Petroleum Refining 71% 
Textiles 82% 
Transportation Equipment 77% 
All Manufacturing (weighted average) 72% 
All Manufacturing   
used for the following sectors where there is insufficient data: 

73% 
Alumina and Aluminum; Computers, Electronics, and Electrical Equipment; Fabricated 
Metals; Foundries; Glass and Glass Products; Machinery; Plastics and Rubber Products. 

Approach/Sources: Sector-specific CHP output components and efficiencies were estimated by adjusting reported data from 
two separate EIA surveys. For each individual sector and all manufacturing, total CHP fuel consumption and electricity 
generated in 2014 are provided in [8] by fuel and prime mover. For steam turbine CHP systems (which consume a majority of 
the CHP input fuel in manufacturing), the values from [8] were used for electricity production and steam output was 
determined by using the electricity output and the boiler efficiencies by fuel type estimated for the analysis described in 
Table 2. For other CHP systems, efficiency estimates were derived from estimates provided in [9]. In both cases, steam 
efficiency was adjusted to account for actual electric output reported in [8] and used to determine steam generated and 
overall efficiency. While the All Manufacturing CHP efficiency average value determined through this analysis based on [8] is 
used for sectors where there is insufficient data, a weighted average using the efficiencies estimated and the actual MECS-
based CHP energy input and electricity output was determined for the All Manufacturing CHP efficiency in order to balance 
the footprint. Other sources: [7] 
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Table 4. Process Heating Loss Assumptions by Sector 

Sector 
Percent of Process 

Heating Energy Lost 
Chemicals; Plastics and Rubber Products 23% 
Food and Beverage; Textiles 55% 
Forest Products 69% 
Petroleum Refining 18% 
Iron and Steel; Alumina and Aluminum; Foundries 45% 
Glass and Glass Products 55% 
Cement 44% 
All Manufacturing Average 
also used for the following sectors where there is insufficient data: 

34% 
Computers, Electronics, and Electrical Equipment; Fabricated Metals; Machinery; 
Transportation Equipment  

Approach/Sources: A Manufacturing Process Heating Energy Loss Working Group was formed in January 2012 to estimate energy 
losses from key process heating equipment for seven energy-intensive manufacturing sectors. Process heating energy loss, as 
defined in the energy footprint, is not a value that is readily available through literature search. As a result, the working group was 
formed to contribute to this important piece of the footprint analysis effort. Interviews with manufacturers, available plant 
assessment results, and relevant industrial studies were all considered in estimating process heating energy loss by 
manufacturing sector, shown in this table. More details regarding methodology are available in Appendix F of the Manufacturing 
Energy Use and Loss and Greenhouse Gas Emissions Analysis (October 2012), available for download here: 
https://energy.gov/eere/amo/downloads/us-manufacturing-energy-use-and-greenhouse-gas-emissions-analysis.Values for the 
2014 footprints differ marginally from the 2006 and 2010 footprints due to updated MECS 2014 consumption data and slight 
modifications to the energy consumption allocations to process heating end uses in certain sectors. 

Additional references used to update 2014 estimates: [42], [43], [44], [45], [46]. [47], [48], [49], [50], [51], [52], [53], [54], [55], 
[56], [57], [58], [59], [60], [61], [62], [63], [64] 

 
Table 5. Facility Lighting Loss Assumptions by Sector 

Sector 
Percent of Facility Lighting 

Energy Lost 
Alumina and Aluminum; Cement; Computers, Electronics, and Electrical Equipment; 
Food and Beverage; Forest Products; Foundries; Glass and Glass Products; Iron and 
Steel; Machinery; Petroleum Refining; Textiles 

70% 

Chemicals 72% 
Fabricated Metals; Plastics and Rubber Products; Transportation Equipment 71% 
All Manufacturing  70% 
Approach/Sources: Efficiency was determined in each individual manufacturing sector by considering the mix of lighting 
sources (with associated efficacies) in each sector, as detailed in [37]. Efficiency is calculated by dividing the sector-specific 
efficacy by the maximum practical lighting efficacy for the most efficient lighting technology in use today. LED lighting, with 
maximum practical lighting efficacy estimated to be equal to 300 lumens/watt according to [38], is used to calculate 
efficiency. 

 

 

  

https://energy.gov/eere/amo/downloads/us-manufacturing-energy-use-and-greenhouse-gas-emissions-analysis
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Table 6. Onsite Transportation Loss Assumptions by Sector 

Sector 
Percent of Facility Onsite 

Transportation Energy Lost 

Alumina and Aluminum 66% 
Cement; Fabricated Metals; Forest Products; Iron and Steel; Petroleum Refining 58% 
Chemicals 50% 
Computers, Electronics, and Electrical Equipment* N/A 
Food and Beverage 45% 
Foundries 59% 
Glass and Glass Products* N/A 
Machinery 38% 
Approach/Sources: Efficiency was determined in each individual manufacturing sector by considering the mix of fuels 
from MECS 2014 data used for onsite transportation (with associated efficiencies). Diesel fuel losses are assumed to be 
58% based on [40]. Hydrocarbon gas liquids (HGL, lifting), HGL (propulsion), natural gas, and electric (forklift) losses are 
assumed to be, respectively, 72%, 70%, 72%, and 5% based on [41]. 
* No onsite transportation energy consumption was reported by MECS in these sectors. 
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Table 7. Steam Distribution to End Uses by Sector 

Sector 

Steam End Use 

Process 
Heating 

Machine 
Drive 

Process 
Cooling and 
Refrigeration 

Other Process 
Uses 

Facility 
HVAC 

Other 
Nonprocess 

Uses 

Alumina and Aluminum 31% 13% 0% 27% 21% 7% 

Cement 45% 6% 1% 16% 27% 6% 

Chemicals 67% 10% 3% 8% 9% 4% 

Computers, Electronics, and 
Electrical Equipment 

16% 0% 1% 7% 73% 4% 

Fabricated Metals 35% 1% 1% 16% 46% 2% 

Food and Beverage 69% 4% 5% 8% 10% 3% 

Forest Products 70% 9% 2% 5% 9% 4% 

Foundries 13% 15% 0% 9% 60% 3% 

Glass and Glass Products 5% 5% 0% 22% 63% 5% 

Iron and Steel 46% 7% 0% 8% 38% 1% 

Machinery 24% 29% 1% 7% 37% 1% 

Petroleum Refining 66% 16% 2% 10% 4% 2% 

Plastics and Rubber 
Products 

71% 1% 0% 7% 18% 3% 

Textiles 63% 2% 2% 10% 21% 2% 

Transportation Equipment 27% 2% 7% 9% 53% 2% 

All Manufacturing 66% 10% 3% 8% 10% 3% 

Approach/Sources: A Manufacturing Steam End Use Working Group was formed in 2011 to estimate the allocation of 
steam to process and nonprocess end uses across 15 manufacturing sectors. Comparative steam use by sector for the 
process and nonprocess end uses defined in the footprint is not a value that is readily available through literature search. 
As a result, the working group was formed to contribute to this important piece of the footprint analysis effort. The results 
from the working group were applied to determine steam allocation for the 2010 and 2014 footprints. The end use of 
steam for 15 manufacturing sectors was considered. The working group issued an industry survey to solicit industry 
expertise, and results from the survey were referenced in determining the final steam allocations by sector. Results from 
the peer review are shown in this table. Methodology details are available in Appendix E of the Manufacturing Energy Use 
and Loss and Emissions Analysis (October 2012), available for download here: 
https://energy.gov/eere/amo/downloads/us-manufacturing-energy-use-and-greenhouse-gas-emissions-analysis.  

 

https://energy.gov/eere/amo/downloads/us-manufacturing-energy-use-and-greenhouse-gas-emissions-analysis
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2014 Carbon Footprint Analysis Definitions and 
Assumptions 
Carbon dioxide equivalent (CO2e) – A measure used to compare the emissions of various greenhouse gases, 
such as CH4 and N2O, based upon their global warming potential (GWP).3 The functionally equivalent amount 
or concentration of CO2 serves as the reference. CO2e is derived by multiplying the mass of the gas by its 
associated GWP, with units commonly expressed as million metric tons of carbon dioxide equivalent (MMT 
CO2e) [65]. 

Greenhouse gas (GHG) combustion emissions – For this analysis, the emissions considered from the fuel 
use of energy include carbon dioxide (CO2), methane (CH4), and nitrous oxide (N2O), as these are the 
greenhouse gases released during the combustion of fuel. As shown in Table 8, the emission factors used were 
sourced primarily from the Environmental Protection Agency’s (EPA) Mandatory Greenhouse Gas Reporting 
Rule and the EPA’s Inventory of U.S. Greenhouse Gas Emissions and Sinks [66, 67]. Over 99% of the 
combustion emissions are CO2. While CH4 and N2O contribute only a small amount to total emissions, they 
were included in this analysis to best adhere to the EPA reporting rule.  

Offsite GHG combustion emissions – The emissions released by the fuel use of energy (i.e., combustion) 
outside an industrial facility, but associated with energy later consumed by the facility. For example, a power 
plant generates electricity by burning coal as fuel. An industrial facility then purchases this electricity and 
consumes it at its facility. The offsite emissions associated with this electricity use are those that were released 
during the combustion of coal at the power plant while generating that electricity. Similarly, emissions are 
released during the generation of steam offsite. 

Onsite GHG combustion emissions – The emissions released by the fuel use of energy (i.e., combustion) 
within the industrial plant boundary. This fuel is used “indirectly,” to generate steam and electricity for later 
use, and “directly,” to power processes and supporting equipment. In the footprint diagram, the emissions from 
indirect end uses, namely onsite steam and power generation, are not distributed to the direct end uses of that 
energy. For example, process heating onsite emissions do not include the emissions released during onsite 
generation of steam used for process heating.  

Emissions from the combustion of blast furnace gas, coke, and coke oven gas are considered process emissions 
and are thus not included in this analysis, in accordance with EPA and Intergovernmental Panel on Climate 
Change (IPCC) guidelines. Also excluded are CO2 emissions from biomass use. 

Total GHG combustion emissions – The sum of both offsite and onsite GHG combustion emissions. 

  

                                                        
3 GWP is a measure of how much a given mass of greenhouse gas is estimated to contribute to global warming. For 
this analysis, a 100-year time interval is used, with GWPs sourced from the Fourth Assessment Report from the 
Intergovernmental Panel on Climate Change (IPCC) [70]. The GWP-weighted emissions in the EPA’s Inventory are 
presented in terms of CO2e emissions with units of teragrams (Tg) of carbon dioxide equivalent (Tg CO2e) [66]. 
Specifically, the GWPs used for CO2, CH4, and N2O are 1, 25, and 298 Tg CO2e respectively [70]. 
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 Table 8. Fuel Combustion Emission Factors (kg CO2e per million British thermal units (MMBtu)) 

Fuel Typea CO2 CH4 N2O Total GHG Source 

Agricultural Byproducts 118.17b 0.80 1.25 2.05 [67] 
Coal (Industrial Sector) 94.67 0.28 0.48 95.43 [66, 67] 

Distillate Fuel Oil No. 2 73.96 0.075 0.18 74.22 [66, 67] 
Electricity Generation (offsite)c 157 0.39 0.67 158.06 [68]  
Kerosene 75.20 0.075 0.18 75.46 [67] 
LPG (energy use) 61.71 0.075 0.18 61.97 [66, 67] 
Natural Gas (pipeline weighted average) 53.06 0.025 0.030 53.12 [67] 
Petroleum Coke 102.41 0.075 0.18 102.67 [67] 
Pulping Liquor/Black Liquor 94.40b 0.048 0.13 0.18 [67] 

Residual Fuel Oil No. 6 75.10 0.075 0.18 75.36 [67] 
Steam Generation (offsite)c 73.70 0.035 0.0414 73.78 [67, 69] 
Still Gas 66.72 0.075 0.18 66.98 [67] 
Waste Oils, Tars, and Waste Materials 74.54 0.075 0.18 74.80 [67] 
Wood and Wood Residuals 93.80b 0.18 1.07 1.25 [67] 

a Emissions from the combustion of blast furnace gas and coke oven gas are considered to be process emissions 
because the source of the carbon contained in these gases stems from coking coal and metallurgical coke that is 
already accounted for in non-combustion emissions. Emissions from the combustion of coke are also considered a 
process emission as well. Therefore, in accordance with EPA GHG inventory and IPCC guidelines, emissions from 
consumption of coal coke (i.e., identified as "coke and breeze" in EIA MECS data tables), blast furnace gas, and coke 
oven gas are not included this analysis. 
b Only CH4 and N2O emissions are considered from biomass fuels; CO2 emissions from biomass fuel combustion (also 
known as biogenic CO2) are not included in the total GHG emission factor because the uptake of CO2 during biomass 
growth results in zero net emissions over time. 
c Factors adjusted to reflect losses in transmission. 

  



2014 MANUFACTURING ENERGY AND CARBON FOOTPRINTS: DEFINITIONS AND ASSUMPTIONS 

14 

References 
 

[1]  U.S. Energy Information Administration, "Annual Energy Review 2011," 2012. [Online]. Available: 
www.eia.gov/totalenergy/data/annual/pdf/aer.pdf. 

[2]  U.S. Energy Information Administration, "Monthly Energy Review," 26 October 2017. [Online]. 
Available: https://www.eia.gov/totalenergy/data/monthly/. [Accessed 15 November 2017]. 

[3]  U.S. Environmental Protection Agency, "ENERGY STAR Performance Ratings Methodology for 
Incorporating Source Energy Use," 2007. [Online]. Available: http://northeastgeo.com/wp-
content/uploads/2017/10/EPA-Site_Source-Energy-Study-Dec2007-.pdf. 

[4]  U.S. Department of Energy Office of Policy and International Affairs, "Technical Guidelines Voluntary 
Reporting of Greenhouse Gases (1605(b)) Program," 2007. [Online]. Available: 
http://www.aftresearch.org/ecosystems/materials/docs/January2007_1605b%20GHG%20TechnicalGui
delines.pdf. 

[5]  US EPA Office of Air Quality Planning and Standards, "Response to Public Comments on Rule 
Amendments Proposed May 3, 2011 (73 FR 33642)," 2011. [Online]. Available: 
https://www3.epa.gov/ttn/atw/utility/epa-hq-oar-2911-0044-draft-5819-1.pdf. 

[6]  U.S. Department of Energy, "Furnaces and Boilers," 2017. [Online]. Available: 
https://energy.gov/energysaver/furnaces-and-boilers. 

[7]  U.S. Energy Information Administration, "Model Documentation Report: Industrial Demand Module of 
the National Energy Modeling System," 2014. [Online]. Available: 
https://www.eia.gov/outlooks/aeo/nems/documentation/industrial/pdf/m064(2014).pdf. 

[8]  U.S. Energy Information Administration, "Electricity: Form EIA-923 Detailed Data," 2017. [Online]. 
Available: https://www.eia.gov/electricity/data/eia923/. 

[9]  U.S. Environmental Protection Agency Combined Heat and Power Partnership, "Catalog of CHP 
Technologies," 2017. [Online]. Available: https://www.epa.gov/chp/catalog-chp-technologies. 

[10]  Swagelok Energy Advisors, Inc., "Steam System Thermal Cycle Efficiency — Part One Document No. 
33," 2011. [Online]. Available: www.swagelok.com/Chicago/Services/Energy-
Services/~/media/Distributor%20Media/C-G/Chicago/Services/ES%20-
%20Thermal%20Cycle%20Efficiency_BP_33.ashx. 

[11]  Kamen Industrial Technologies, "Practical Perspectives on Optimizing Steam System Efficiency," 
2013. [Online]. Available: 
https://ec.kamandirect.com/content/downloads/homepage/kaman_steam_whitepaper.pdf. 

[12]  A. Bell, HVAC Equations, Data, and Rules of Thumb, 3rd Edition, McGraw Hill, 2015.  

[13]  Sustainability Victoria, "Energy Efficiency Best Practice Guide Industrial Refrigeration," 2009. 
[Online]. Available: 
http://www.sustainability.vic.gov.au/~/media/resources/documents/services%20and%20advice/busines
s/srsb%20em/resources%20and%20tools/srsb%20em%20best%20practice%20guide%20refrigeration%
202009.pdf. 

[14]  A. Ludna, "Chlor-Alkali Industries: Caustic soda, Chlorine, Soda Ash," 2011. [Online]. Available: 
http://teacher.buet.ac.bd/lubna/coursecontent/Caustic%20soda%20ChE%20308.pdf. 



2014 MANUFACTURING ENERGY AND CARBON FOOTPRINTS: DEFINITIONS AND ASSUMPTIONS 

15 

[15]  U.S. Department of Energy, Advanced Manufacturing Office, "Bandwidth Study on Energy Use and 
Potential Energy Saving Opportunities in U.S. Aluminum Manufacturing," 2017. [Online]. Available: 
https://energy.gov/eere/amo/downloads/bandwidth-study-us-aluminum-manufacturing. 

[16]  Actel Corporation, "Motor Efficiency Depends Upon Power Factor," 2009. [Online]. Available: 
http://www.actel.com/documents/Motor_PowerFactor_WP.pdf. 

[17]  U.S. Department of Energy, Advanced Manufacturing Office, "Estimating Motor Efficiency in the 
Field," 2012. [Online]. Available: 
https://energy.gov/sites/prod/files/2014/04/f15/estimate_motor_efficiency_motor_systemts2.pdf. 

[18]  R. Golini, M. Lowe and G. Gereffi, "U.S. Adoption of High-Efficiency Motors and Drives: Lessons 
Learned," 2010. [Online]. Available: https://gvcc.duke.edu/cggclisting/u-s-adoption-of-high-efficiency-
motors-and-drives-lessons-learned/. 

[19]  U.S. Department of Energy, Advanced Manufacturing Office, "Buying an Energy-Efficient Electric 
Motor," 1996. [Online]. Available: https://energy.gov/sites/prod/files/2014/04/f15/mc-0382.pdf. 

[20]  U.S. Department of Energy, Advanced Manufacturing Office, "Determining Electric Motor Load and 
Efficiency," 1997. [Online]. Available: https://energy.gov/eere/amo/downloads/determining-electric-
motor-load-and-efficiency. 

[21]  Xenergy, Inc. for U.S. Department of Energy and Oak Ridge National Laboratory, "United States 
Industrial Electric Motor Systems Market Opportunities Assessment," 2002. [Online]. Available: 
https://energy.gov/eere/amo/downloads/united-states-industrial-electric-motor-systems-market-
opportunities-assessment. 

[22]  U.S. Department of Energy, Advanced Manufacturing Office, "Improving Motor and Drive System 
Performance: A Sourcebook for Industry," February 2014. [Online]. Available: 
https://www.energy.gov/sites/prod/files/2014/04/f15/amo_motors_sourcebook_web.pdf. 

[23]  U.S. Environmental Protection Agency, "Catalog of CHP technologies Section 3. Technology 
Characterization: Combustion Turbines," 2015. [Online]. Available: 
https://www.epa.gov/sites/production/files/2015-
07/documents/catalog_of_chp_technologies_section_3._technology_characterization_-
_combustion_turbines.pdf. 

[24]  J.-C. Han, S. Dutta and S. Ekkad, Gas Turbine Heat Transfer and Cooling Technology, Second Edition, 
2012.  

[25]  U.S. Department of Energy, Advanced Manufacturing Office, "Consider Installing High-Pressure 
Boilers with Backpressure Turbine-Generators," 2012. [Online]. Available: 
https://energy.gov/eere/amo/downloads/consider-installing-high-pressure-boilers-backpressure-turbine-
generators. 

[26]  U.S. Department of Energy, Advanced Manufacturing Office, "Consider Steam Turbine Drives for 
Rotating Equipment," 2012. [Online]. Available: https://energy.gov/eere/amo/downloads/consider-
steam-turbine-drives-rotating-equipment. 

[27]  U.S. Department of Energy, Advanced Manufacturing Office, "BestPractices Steam Specialist 
Qualification Training," 2017. [Online]. Available: https://energy.gov/eere/amo/steam-systems. 

[28]  U.S. Department of Energy, Advanced Manufacturing Office, "Test for Pumping System Efficiency," 
[Online]. Available: https://energy.gov/eere/amo/downloads/test-pumping-system-efficiency. 

[29]  U.S. Department of Energy, Advanced Manufacturing Office, "Improving Pumping System 
Performance: A Sourcebook for Industry," 2006. [Online]. Available: 



2014 MANUFACTURING ENERGY AND CARBON FOOTPRINTS: DEFINITIONS AND ASSUMPTIONS 

16 

https://energy.gov/eere/amo/downloads/improving-pumping-system-performance-sourcebook-industry-
second-edition. 

[30]  U.S. Department of Energy, "ISSUANCE 2015-12-31: Energy Conservation Program: Energy 
Conservation Standards for Pumps, Final Rule," 2015. [Online]. Available: 
https://energy.gov/eere/buildings/downloads/issuance-2015-12-31-energy-conservation-program-
energy-conservation. 

[31]  U.S. Department of Energy, "Energy Conservation Program: Energy Conservation Standards for 
Pumps; Proposed Rules," 2015. [Online]. Available: https://www.gpo.gov/fdsys/pkg/FR-2015-04-
02/pdf/2015-06947.pdf. 

[32]  A. De Almeida, F. Ferreira, P. Fonseca, B. Chretien, H. Falkner, J. Reichert, M. West, S. Nielsen and 
D. Both, "VSDs for Electric Motors Systems," 2000. [Online]. Available: 
http://67.207.149.58www.watergymex.org/Watergy%20Toolkit/resources/54_VSDs_Save_Energy.pdf. 

[33]  Lawrence Berkeley National Laboratory and Resource Dynamics Corporation for U.S. Department of 
Energy, "Improving Fan System Performance: A Sourcebook for Industry," 2003. [Online]. Available: 
www1.eere.energy.gov/manufacturing/tech_assistance/pdfs/fan_sourcebook.pdf. 

[34]  L. Love, E. Lanke and P. Alles, "Estimating the Impact (Energy, Emissions and Economics) of the U.S. 
Fluid Power Industry," 2012. [Online]. Available: 
http://info.ornl.gov/sites/publications/files/Pub28014.pdf. 

[35]  U.S. Department of Energy, Advanced Manufacturing Office, "Replace V-Belts with Notched or 
Synchronous Belt Drives," 2012. [Online]. Available: 
https://www.energy.gov/eere/amo/downloads/replace-v-belts-notched-or-synchronous-belt-drives. 

[36]  Carlisle Power Transmission Products, Inc., "Energy Loss and Efficiency of Power Transmission 
Belts," [Online]. Available: http://www.clark-
transmission.com/images/pdf/carlisle/energy_loss_and_belt_efficiency.pdf. 

[37]  U.S. Department of Energy, Building Technologies Office, "2015 U.S. Lighting Market 
Characterization," 2017. [Online]. Available: https://energy.gov/eere/ssl/2015-us-lighting-market-
characterization. 

[38]  L. Zyga, "White LEDs with super-high luminous efficacy could satisfy all general lighting needs," 
2010. [Online]. Available: https://phys.org/news/2010-08-white-super-high-luminous-efficacy.html. 

[39]  American Council for an Energy-Efficient Economy, "Replacing your Water Heater," 2012. [Online]. 
Available: https://smarterhouse.org/water-heating/replacing-your-water-heater. 

[40]  U.S. Department of Energy, Vehicle Technologies Office, "Combustion Engines 2016 Annual Report," 
2017. [Online]. Available: 
https://www.energy.gov/sites/prod/files/2017/08/f36/fy16_adv_comb_report_print.pdf. 

[41]  Energetics Incorporated for the Propane Education & Research Council, "Propane Reduces Greenhouse 
Gas Emissions: A Comparative Analysis," 2009. [Online]. Available: 
https://www.propanecouncil.org/uploadedFiles/REP_15964%20Propane%20Reduces%20GHG%20Em
issions%202009.pdf. 

[42]  U.S. Department of Energy, Advanced Manufacturing Office, "Bandwidth Study on Energy Use and 
Potential Energy Saving Opportunities in U.S. Iron and Steel Manufacturing," 2015. [Online]. 
Available: 
https://www.energy.gov/sites/prod/files/2015/08/f26/iron_and_steel_bandwidth_report_0.pdf. 



2014 MANUFACTURING ENERGY AND CARBON FOOTPRINTS: DEFINITIONS AND ASSUMPTIONS 

17 

[43]  U.S. Department of Energy, Advanced Manufacturing Office, "Bandwidth Study on Energy Use and 
Potential Energy Saving Opportunities in U.S. Petroleum Refining," 2015. [Online]. Available: 
https://www.energy.gov/sites/prod/files/2015/08/f26/petroleum_refining_bandwidth_report.pdf. 

[44]  U.S. Department of Energy, Advanced Manufacturing Office, "Bandwidth Study on Energy Use and 
Potential Energy Saving Opportunities in U.S. Pulp and Paper Manufacturing," 2015. [Online]. 
Available: https://www.energy.gov/sites/prod/files/2015/08/f26/pulp_and_paper_bandwidth_report.pdf. 

[45]  U.S. Department of Energy, Advanced Manufacturing Office, "Bandwidth Study on Energy Use and 
Potential Energy Savings Opportunities in U.S. Food and Beverage Manufacturing," 2017. [Online]. 
Available: 
https://www.energy.gov/sites/prod/files/2017/12/f46/Food_and_beverage_bandwidth_study_2017.pdf. 

[46]  E. Worrell, C. Galitsky, E. Masanet and W. Graus, "Energy Efficiency Improvement and Cost Saving 
Opportunities for the Glass Industry: An ENERGY STAR® Guide for Energy and Plant Managers," 
2008. [Online]. Available: https://www.energystar.gov/ia/business/industry/Glass-Guide.pdf. 

[47]  TASIO, "Waste Heat Recovery for Power Valorisation with Organic Rankine Cycle Technology in 
Energy Intensive Industries," 2016. [Online]. Available: http://www.tasio-h2020.eu/wp-
content/uploads/2018/02/D2.1-Energetic-flow-chart_Review1.pdf. 

[48]  U.S. Department of Agriculture, "Commercial disappearance for dairy product categories (monthly and 
annual)," 2018. [Online]. Available: https://www.ers.usda.gov/data-products/dairy-data.aspx. 

[49]  U.S. Department of Agriculture, "Commercial disappearance of milk in all products (monthly and 
annual)," 2018. [Online]. Available: https://www.ers.usda.gov/data-products/dairy-data.aspx. 

[50]  U.S. Department of Agriculture, "Dairy Products 2014 Summary," 2015. [Online]. Available: 
http://usda.mannlib.cornell.edu/usda/nass/DairProdSu//2010s/2015/DairProdSu-04-29-2015.pdf. 

[51]  U.S. Department of Agriculture, "Fruit and Tree Nuts Yearbook Tables," 2016. [Online]. Available: 
http://www.ers.usda.gov/data-products/fruit-and-tree-nut-data/yearbook-tables/#All Yearbook tables. 

[52]  U.S. Department of Agriculture, "U.S. processing vegetables, mushrooms, and potatoes: supply 
utilization and price," 2018. [Online]. Available: https://www.ers.usda.gov/data-products/vegetables-
and-pulses-data/yearbook-tables/. 

[53]  U.S. Department of Agriculture, "Vegetables and Pulses Yearbook," 2017. [Online]. Available: 
http://www.ers.usda.gov/data-products/vegetables-and-pulses-data/yearbook-tables.aspx. 

[54]  U.S. Energy Information Administration, "Petroleum & Other Liquids: Downstream Charge Capacity 
of Operable Petroleum Refineries," 2017. [Online]. Available: 
https://www.eia.gov/dnav/pet/pet_pnp_capchg_dcu_nus_a.htm. 

[55]  U.S. Energy Information Administration, "Petroleum & Other Liquids: Production Capacity of 
Operable Petroleum Refineries," 2017. [Online]. Available: 
https://www.eia.gov/dnav/pet/pet_pnp_capprod_dcu_nus_a.htm. 

[56]  U.S. Energy Information Administration, "Petroleum & Other Liquids: Refinery Utilization and 
Capacity," 2018. [Online]. Available: https://www.eia.gov/dnav/pet/pet_pnp_unc_dcu_nus_a.htm. 

[57]  E. Worrell, M. Corsten and C. Galitsky, "Energy Efficiency Improvement and Cost Saving 
Opportunities for Petroleum Refineries: An ENERGY STAR® Guide for Energy and Plant Managers," 
2015. [Online]. Available: 
https://www.energystar.gov/sites/default/files/tools/ENERGY_STAR_Guide_Petroleum_Refineries_20
150330.pdf. 



2014 MANUFACTURING ENERGY AND CARBON FOOTPRINTS: DEFINITIONS AND ASSUMPTIONS 

18 

[58]  U.S. Census Bureau, "Fats and Oils: Oilseed Crushings - Summary 2010 and 2009," 2011. [Online]. 
Available: https://www.census.gov/manufacturing/cir/historical_data/m311j/index.html. 

[59]  U.S. Department of Agriculture, "Food Availability (Per Capita) Data System. Loss-Adjusted Food 
Availability-Fruit.," 2017. [Online]. Available: http://www.ers.usda.gov/data-products/food-
availability-per-capita-data-system/. 

[60]  U.S. Department of Agriculture, "Milk: Supply and utilization of all dairy products (Annual)," 2018. 
[Online]. Available: https://www.ers.usda.gov/data-products/dairy-data.aspx. 

[61]  U.S. Department of Agriculture, "Oil Crops Yearbook," 2017. [Online]. Available: 
http://www.ers.usda.gov/data-products/oil-crops-yearbook.aspx. 

[62]  U.S. Department of Energy, Advanced Manufacturing Office, "Bandwidth Study on Energy Use and 
Potential Energy Saving Opportunities in U.S. Chemical Manufacturing," 2015. [Online]. Available: 
https://www.energy.gov/sites/prod/files/2015/08/f26/chemical_bandwidth_report.pdf. 

[63]  K. J. Kramer, E. Masanet, T. Xu and E. Worrell, "Energy Efficiency Improvement and Cost Saving 
Opportunities for the Pulp and Paper Industry: An ENERGY STARGuide for Energy and Plant 
Managers," 2009. [Online]. Available: 
https://www.energystar.gov/ia/business/industry/downloads/Pulp_and_Paper_Energy_Guide.pdf. 

[64]  C. McMillan, R. Boardman, M. McKellar, P. Sabharwall, M. Ruth and S. Bragg-Sitton, "Generation 
and Use of Thermal Energy in the U.S. Industrial Sector and Opportunities to Reduce its Carbon 
Emissions," 2016. [Online]. Available: https://www.nrel.gov/docs/fy17osti/66763.pdf. 

[65]  U.S. Environmental Protection Agency, "Glossary of Climate Change Terms," 9 August 2016. 
[Online]. Available: https://19january2017snapshot.epa.gov/climatechange/glossary-climate-change-
terms_.html. [Accessed January 2018]. 

[66]  U.S. Environmental Protection Agency, "Inventory of U.S. Greenhouse Gas Emissions and Sinks: 
1990-2015," 2017. [Online]. Available: www.epa.gov/sites/production/files/2017-
02/documents/2017_complete_report.pdf. 

[67]  U.S. Environmental Protection Agency , "2013 Revisions to the Greenhouse Gas Reporting Rule and 
Proposed Confidentiality Determinations for New or Substantially Revised Data Elements, 40 CFR Part 
98," 2013. [Online]. Available: https://www.gpo.gov/fdsys/pkg/FR-2013-04-02/pdf/2013-06093.pdf. 

[68]  U.S. Environmental Protection Agency, "Emissions & Generation Resource Integrated Database 
(eGRID) Version 2," 27 February 2017. [Online]. Available: https://www.epa.gov/energy/emissions-
generation-resource-integrated-database-egrid. 

[69]  U.S. Environmental Protection Agency, "Emission Factors for Greenhouse Gas Inventories," November 
2015. [Online]. Available: https://www.epa.gov/sites/production/files/2016-09/documents/emission-
factors_nov_2015_v2.pdf. 

[70]  Intergovernmental Panel on Climate Change, "Climate Change 2007: The Physical Science Basis: 
Chapter 2," 2007. [Online]. Available: www.ipcc.ch/publications_and_data/ar4/wg1/en/ch2s2-10-
2.html. [Accessed 17 January 2018]. 

 

 


	2014 Manufacturing Energy and Carbon Footprints: Definitions and Assumptions
	Energy Footprint Analysis Key Term Definitions 
	2014 Energy Footprint Analysis Assumptions 
	2014 Carbon Footprint Analysis Definitions and Assumptions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




