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Executive Summary

The state of data on industrial energy use has co-evolved over several decades with the demands
of industrial energy analysis. The most recent development—analysis in support of
decarbonizing the industrial sector—has changed the characteristics of industrial data that are
useful for analysts and model developers. Although data and its collection processes may be cast
from a conventional viewpoint as objective and free from the influence of social dynamics, this
provides an incomplete picture of not only the processes by which information is generated, but
also the limitations and opportunities of data to be useful for analysis.

The foundational industry energy dataset (FIED) is a result of the confluence of trends in open
data and the demand for higher resolution industrial energy analysis. The general approach to
compiling the FIED involves accessing, filtering, and formatting data published by federal
organizations on the internet for public use. Unlike most industrial energy datasets, which are
published by the U.S. Energy Information Administration (EIA), the FIED relies on core datasets
from the U.S. Environmental Protection Agency (EPA). Whereas data collection by the EIA has
been opposed by industry out of concern for potential regulation, data collection by the EPA is
expressly for regulating industry.

The FIED addresses several of the areas of growing disconnect between the demands of
industrial energy analysis and the state of industrial energy data by providing unit-level
characterization—including estimates of energy use, greenhouse gas (GHG) emissions, and
design capacities—for facilities that are identified by latitude and longitude. This enables local-
level analysis of existing combustion equipment, as well as regional comparisons with traditional
industrial energy data estimates. The report summarizes the general logic behind compiling the
FIED. The FIED itself and the Python code used to generate it are available from the Open
Energy Data Initiative (https://doi.org/10.25984/2437657) and GitHub
(https://github.com/NREL/foundational-industry-energy-data/), respectively.

Industrial energy data in the United States has been shaped by several decades of competing
efforts to collect and withhold information about how industries use energy. After gaining
momentum in the 1970s during the energy crises and the formation of the U.S. Department of
Energy (DOE), efforts to systematically collect and publish detailed industrial energy data were
dramatically scaled back in the early 1980s due to changing priorities and resistance from
industry. The data products that emerged from these contentions not only offer less detail than
the industrial datasets from the late 1970s, but are also far less detailed than what is being
demanded by decarbonization analysis.

In addition to a continuation of prior attempts to overcome the limitations of conventional
sources of industrial energy data, the FIED is also intended to be a building block for analysis
and modeling of the U.S. industrial sector. For these reasons, the FIED should be considered part
of an ongoing process of improving the understanding of industrial energy use. Despite best
current efforts to provide a comprehensive facility- and unit-level dataset on industrial energy
use, notable gaps remain, including data on electricity purchases and production/output. Lessons
learned from other industrial energy datasets indicate that a robust constituency is needed to
promote use of the FIED (potentially for industrial decarbonization analysis at the local level), as
well as to refine and expand its underlying methods.
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1 Introduction

Analysis and data collection are mutually dependent processes. The types of data collected and
the methods of collection are determined by the scope of the analysis. In a similar way, the scope
of the analysis may incorporate the actual or perceived data characteristics of quality and
availability. Analysis and data collection are not only dependent processes, but they are also
historically contingent and shaped by the dynamic interests of policymakers and analysts.

Energy data are invariably used in energy policy analysis. Although this relationship may be
framed as “independent and impartial information” that can “promote sound policymaking”
(U.S. Energy Information Administration 2024a), an alternative view sees data as “socially
produced and opaque” (Lave, Nost, and Goldstein 2022) and that political judgements are
“implicit in the choice of what to measure, how to measure it, how often to measure, and how to
present and interpret the results” (Alonso and Starr 1987). From this perspective, to cast data
collection as a completely objective endeavor, free from the influence of social dynamics,
provides an incomplete picture of the processes by which information is generated, as well as the
limitations and opportunities of data to be useful for analysis. In actuality, “data is the hybrid
offspring of technology and social practice” (Lave, Nost, and Goldstein 2022).

Calls for open data, or data that is free for anyone “to access, use, modify, and share it—subject,
at most, to measures that preserve provenance and openness” (Open Knowledge Foundation
n.d.), have been made in order to improve the quality of science; make collaboration between
scientists and policymakers more effective; increase productivity through collaboration; and
more transparently support public debate about the energy system (Pfenninger et al. 2017). For
the U.S. government’s open data initiative, Data.gov, open data can “inform decisions by the
public and policymakers, drive innovation and economic activity, achieve agency missions, and
strengthen the foundation of an open and transparent government” (U.S. General Services
Administration 2024).

In the same way researchers have pursued higher-resolution data to better analyze renewable
energy generation (e.g., Buster et al. 2024), analysis in support of decarbonizing the industrial
sector has changed the types of industrial data that are useful for analysts and model developers.
For example, the prospect of electrifying industrial processes with variable renewable electricity
generation introduces the importance of having data at a much higher geographic and temporal
resolution to enable analysis of grid interactions. Likewise, knowing process temperatures, in
addition to having greater geographic and temporal resolution, is significant for evaluating the
potential use of solar thermal technologies (Schoeneberger et al. 2020).

This report introduces and describes the foundational industry energy dataset (FIED), which was
created in response to the demands for not only open data, but also for decarbonization analysis
and policymaking. As we describe shortly, the openness of traditional sources of industrial
energy data is constrained by its data collection procedures. These collection procedures also
constrain the level of spatial, temporal, and operational resolution for analysis. These constraints
have created a growing disconnect between the traditional sources of industrial energy data and
what is demanded by decarbonizing the industrial sector. This disconnect either does not exist or
is less significant for other areas of energy analysis, most notably for the electricity sector.

1
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The FIED provides a blueprint for how to overcome many of the existing limitations for greater
openness and increased resolution of traditional sources of industrial energy data. By not simply
viewing data through a technical lens and instead treating data as the result of social practices,
we expand the goals of developing the FIED beyond identifying these limitations and their
potential solutions. Equally importantly, we also wanted to understand why these limitations
exist in the first place.

What has been missing in much of the previous work on industrial energy data is analyzing the
social, economic, and political context in which those data came into being. The state of
information on industrial energy use in the United States has co-evolved with the demands of
industrial energy analysis over several decades. For instance, we can trace our current collection
of industrial energy data back even before the creation of the U.S. Energy Information
Administration (EIA) and the U.S. Department of Energy (DOE) to the early 1970s, when the
first oil crisis, subsequent changes in the natural gas and electricity markets, and new
environmental and energy regulations were among the catalysts that drove the federal
government to collect and study data on energy use of energy-intensive industries (Isser and
Limaye 1982).

The collection of energy information is shaped not only by legislation and the organizations
responsible for collection and dissemination, but also by the actors who may or may not be
subject to providing information. Data openness and overall transparency are in direct conflict
with private industry claims of proprietary information and the protection of trade secrets.
Schnaiberg (1977) discusses claims like these as part of larger social and economic control over
research on the impacts of technologies. Morin (1989) describes how the environments of
different centralized statistical agencies are shaped by the level of conflict (e.g., the newness of
an agency or a survey; the importance of the larger political and policy environment; and a
change in information demands) and the heterogeneity of network actors.

The remainder of Section 1 provides a brief history of industrial energy data, then describes the
resolution gap(s) and summarizes current perceptions of industrial energy data. Section 2 details
how the FIED is constructed and provides various descriptions of its characterization of
industrial energy use, including unit-level descriptions and comparisons to existing data sources.
Additional details on the logic underlying various aspects of the FIED are provided in the
Appendices. Section 3 concludes the report and identifies several paths of future activities to
improve and socialize the FIED.

1.1 A Brief History of Industrial Energy Data

While it may be attractive to ascribe the lack of detail in publicly available industrial energy data
to technical characteristics of the sector (e.g., heterogeneity of industrial processes and
equipment), or the proprietary nature of data collected from industrial firms, the issue is much
more complex. A deep discussion of how we got here for industrial energy data is introduced by
this report, although it is not the primary focus. It is important to establish that industrial energy
data collection processes have a history, and this history has involved contested processes that
have shaped what types of data are permissible to collect and to publish.

The EIA was established with DOE in 1977, with staff from the Federal Energy Administration,
the Bureau of Mines, and the Federal Power Commission (U.S. Energy Information
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Administration 1980). Along with personnel, the EIA came into existence with files, collection
instruments, and statistical reports from these predecessor organizations. As Lincoln E. Moses,
the first EIA Administrator, put it in an annual report to Congress, "[n]ew data collections of
considerable interest and importance have been started, but the historical files, that is to say, the
earlier years of many EIA's data series still bear, as they must always, the stamp of their
origins [emphasis added]" (U.S. Energy Information Administration 1980).

Before detailing the existing sources of industrial energy data and how they are collected in
Section 2.1, it is instructive to briefly review the origins of industrial energy data and the efforts
over the decades to improve industrial energy data. We frame our short discussion in terms of
two historical periods. The first ran on an initial period of interest and development of the first
national estimates of industrial energy use. Until recently, this period has represented the high-
water mark of momentum to increase not only the coverage of industrial energy estimates, but
also the level of detail of industrial energy data. This period ran roughly from 1973 until the
beginning of 1981, with the most substantial activities occurring in the second half of the period.
However, the many examples of datasets and analyses developed in the period of rapid
expansion became ad hoc contributions that were never updated. This expansion was followed
immediately by a period of contraction, when EIA and DOE budgets were reduced
dramatically,! and stabilization with the first Manufacturing Energy Consumption Survey
(MECS) published in 1986. Around 2013, efforts to use non-EIA data to estimate facility-level
energy use became established.

I DOE’s solar thermal energy program drove many of the efforts in the late 1970s to improve the characterization of
industrial energy use. Beginning in Fiscal Year 1981, the Solar Energy Research Institute’s mission and activities
were redirected from demonstration and commercialization activities to high-risk R&D activities to align with the
new administration's priorities. This redirection came with a 25% reduction in staff and a nearly a 53% reduction in
budget from the previous fiscal year (U.S. General Accounting Office 1983).
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Major Fuel Burning Installation Survey conducted
by the Federal Energy Administration

Energy Consumption Data Base published

EIA created with DOE .
Facility energy
Series of data collection efforts funded systematically
by DOE solar thermal program estimated from
Industrial GHGRP data
Permission for EIA industrial Geospa.tial
survey withdrawn by the Office Analysis Tool for
of Management and Budget Energy Evaluation
developed
First MECS
published

1975 1977 1979 1981 1986 2013 2016
Beginnings and Contraction and Emergence of
proliferation stabilization alternative datasets

Figure 1. Timeline of significant events in the history of U.S. industrial energy data discussed in
this report

1.1.1 Industrial Energy Data: Beginnings and Proliferation (1975-1981)

Development of industrial energy datasets and related analyses? proliferated in the mid to late
1970s (see reviews by Krawiec et al. 1981; Isser and Limaye 1982). These projects tended to be
funded by DOE and its precursor agencies, as well as private companies. The Energy
Consumption Data Base® was the first comprehensive compilation of industrial energy data, as
well as data from other end use sectors. The overall result was the culmination of a series of
projects that began in 1975 with the Federal Energy Administration, included the Energy

2 The DOE Office of Science's Office of Scientific and Technical Information database (U.S. Department of Energy
2024) contains the abstracts and reference information of many of these reports. However, not all these records
include the full-text documents.

3 Like other forms of data, the energy data that underlie energy models are rooted in institutional and technological
histories that have shaped their development and use. For example, the Energy Consumption Data Base of the mid-
1970s can be linked to the 2022 Industrial Demand Module of the EIA’s National Energy Modeling System.
National Energy Modeling System documentation identifies the Consolidated Impacts Modeling System (CIMS) as
a source of technology data for the aluminum, iron and steel, glass, pulp and paper, and cement and lime industries
(U.S. Energy Information Administration 2022a). CIMS originally referred to the Canadian Integrated Modeling
System, which was developed at Simon Frasier University in the mid-2000s using modules from the Industrial
Sector Technology Use Model (Bataille 2005). The Industrial Sector Technology Use Model came to Simon Frasier
University in the mid-1980s (Jaccard and Roop 1990) from Pacific Northwest National Laboratory, who had
developed a personal computer version (Roop and Kaplan 1984) from the original mainframe program first
developed in the late 1970s by Energy and Environmental Analysis for DOE (Bohn and Herod 1978). The Industrial
Sector Technology Use Model's underlying data were based on the Energy Consumption Data Base (Isser and
Limaye 1982).
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Research and Development Administration, and concluded with DOE (Isser and Limaye 1982).
The Energy Consumption Data Base was developed not as a survey, but as a compilation of
existing sources from federal agencies (e.g., Census of Manufacturers and the Annual Survey of
Manufacturers), as well as industry trade associations (Isser and Limaye 1982).

It is notable that the Energy Consumption Data Base estimated energy for non-manufacturing
sectors (i.e., agriculture and mining; the EIA does not currently have end-use surveys for these
sectors, although some energy use data is collected by the U.S. Department of Agriculture and
the Census Bureau), as well as the manufacturing, but also included end uses (referred to as
"functional uses") for all three sectors separately. These end uses included direct heating
applications for at least three temperature ranges, as well as process steam, for the manufacturing
and mining sectors (Isser and Limaye 1982). Many additional resources were used to estimate
disaggregated energy by end use (e.g., Energy and Environmental Analysis 1978; Energy and
Environmental Analysis, Inc 1977; Energy and Environmental Analysis, Inc. 1977a; 1977b), in
part because of the aggregated nature of data obtained from the Bureau of the Census and other
federal sources.

Likely due to a combination of policy interests at the time, which included fuel switching and
energy conservation measures, and the limitations of existing industrial energy datasets from
federal agencies (i.e., lack of operational and geographic detail and disclosure restrictions), much
of the initial work to develop industrial energy datasets was focused on developing more detailed
estimates of industrial energy use, particularly at the end use and unit process level. Several
notable examples of these detailed studies include Drexel studies (e.g., Brown et al. 1976; 1977).

One of the first large-scale efforts to specifically collect industrial energy data directly from
facilities was the Major Fuel Burning Installation Survey, conducted in 1975 by the Federal
Energy Administration. The survey was sent to facilities with combustion equipment larger than
99 MMBtu/hour and was motivated by the Energy Supply and Environmental Coordination Act,
under which the Federal Energy Administration was authorized to force these facilities to switch
from burning oil or natural gas to burning coal (Energy and Environmental Analysis, Inc. 1979).

During this time, several solar research organizations recognized the growing research activity
related to industrial energy use and proposed a coordinated effort to manage data collection
(Green 1979). This effort also described many limitations and challenges to data collection at the
time that we still face today. For instance, in order to evaluate a new industrial technology, it is
helpful to have process data on the operational schedule, process temperature, and peak electric
demand, as well as information on company investment criteria, local regulations, and
management perceptions of new technology. Green (1979) also discussed how data collection
activities should be centralized and coordinated to avoid duplicative efforts and overburdening
industrial respondents, as well as the limitations of government surveys that must be approved by
the Office of Management and Budget.

The result was the Industrial Energy Data Collection, a voluntary effort among the organizations
that were involved with industrial energy research. At the time of the report, there were 30
members of the Industrial Energy Data Collection who were tracking contacts at 39 industrial
trade associations and 150 individual industrial facilities. The Industrial Energy Data Collection
proposed a comprehensive set of data collection fields that not only provided details on how
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major processes were operated (e.g., data fields for supply and return process temperatures,
scheduled and unscheduled downtime, and equipment rated capacities), but also economic
factors (e.g., discount rate, payback period, age of plant, rural or urban location, and value of
shipments) and institutional factors (e.g., perspectives on fuel costs, preferred incentives,
existence of an energy management program, and persons responsible for energy-related
investments) (Green 1979).

1.1.2 Contraction and Stabilization (1981-2015)

The ambition and momentum that had been building in the late 1970s crashed headlong into the
priorities of a new executive administration and coordinated resistance from individual industrial
corporations (notably General Motors), as well as industrial trade organizations (Morin 1989).
The beginning of this period reflects an overall shift in federal statistical policy, driven by the
Office of Management and Budget, that involved: (1) reducing the Information Collection
Budget; (2) increasing the number of agencies and their forms that must comply with the Office
of Management and Budget regulations; and (3) reducing the scope of federal information
collection overall (Morin 1989).

Authority to collect data can be granted, rescinded, or otherwise changed, as was the case of the
EIA’s Manufacturing Industries Energy Consumption Study and Survey of Large Combustors
(U.S. Energy Information Administration 1983).* The survey, which began in 1980, also
represents a turning point in industrial energy data collection. The survey was scoped with input
from many other federal agencies (e.g., the U.S. Environmental Protection Agency [EPA]; the
Department of Commerce Bureau of the Census and Bureau of Economic Analysis; the
Department of Labor's Bureau of Labor Statistics; the General Accounting Office; and the Office
of Technology Assessment of the U.S. Congress). However, the survey continued into a new
presidential administration and in 1981, the Office of Management and Budget, led by a new
director, withdrew permission for the survey, stopping it before it was completed (U.S. Energy
Information Administration 1982).

During this period, the EIA was also forced to discontinue funding the Annual Survey of
Manufacturers, which was, and still is, conducted by the Census Bureau. From 1978 to 1981, the
EIA used the Annual Survey of Manufacturers to collect industrial energy consumption data.
This time, the change was brought about from budget cuts: between the 1981 and 1984 fiscal
years, EIA’s budget and staff were reduced by 38% and 41%, respectively (U.S. General
Accounting Office 1984).

4 More recent events related to attempts to collect data from cryptocurrency mining facilities demonstrate how
opposition from industry groups continues to play a role in the social processes of energy data collection. The Office
of Management and Budget approved at the beginning of 2024 an EIA survey to collect data from bitcoin miners
under the emergency approval provisions of the Paperwork Reduction Act (U.S. Energy Information Administration
2024b). By the end of February, a federal judge in Texas issued a temporary restraining order against DOE (Texas
Blockchain Council v. Department of Energy 2024) based on a lawsuit filed against DOE and the EIA by the Texas
Blockchain Council, a nonprofit industry association based in Texas, and Riot Platforms, whose Rockdale facility
has been pegged as the most electricity-intensive Bitcoin mining facility in the United States (Dance et al. 2023). On
March 7, 2024, the EIA withdrew the information collection notice, discontinuing the intended survey (U.S. Energy
Information Administration 2024c).
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The Manufacturing Industries Energy Consumption Study and Survey of Large Combustors is
also important because the experiences gained by individual companies, industrial trade groups,
and other industry associations in opposing the survey enabled them to become better
coordinated in their responses to future data collection requests. This, in turn, enabled them to
shape the MECS survey (Morin 1989). As early as 1984, the EIA began planning a new
industrial energy consumption survey that would be conducted in 1986 (U.S. General
Accounting Office 1984). At this point, the EIA had conducted the Residential Energy
Consumption Survey annually from 1978 through 1982 and the Nonresidential Buildings Energy
Consumption Survey (later to become the Commercial Buildings Energy Consumption Survey)
in 1979 and 1983 (U.S. General Accounting Office 1984).

The first year of MECS data collection was 1985, following a pilot survey conducted in 1984.
Although it was not clear during the planning stage if the EIA or Census Bureau would conduct
the actual survey, Census was ultimately chosen because of the benefits of consistency and use
of the Annual Survey of Manufacturers sample frame, as well as the strict confidentiality
protection provided under Title 13 USC § 9 (U.S. General Accounting Office 1984). Industries
were concerned that data collection would lead to new regulations by the EIA; the confidentiality
protection, however, limited the use of facility-level data to agents of the Census Bureau (Morin
1989). Stanford University’s Energy Modeling Forum (1987) later had the following to say
regarding the relationship between industry and MECS:

Nearly all industrial users and industrial trade associations have opposed the MECS
survey and would certainly oppose any expansion of that survey...The cost of
preparation, the proprietary nature of energy data, and the lack of offsetting benefits to
the companies involved are the key reasons for industrial opposition. (p. xiii — ix)

1.1.3 Emergence of Alternative Datasets (2013—Present)

Since 2013,° interest and activities related to industrial energy data collection and reporting have
focused on using non-EIA data to characterize facility-level energy use. The Industrial
Geospatial Analysis Tool for Energy Evaluation estimates facility energy use based on data
collected through the Industrial Assessment Center program (U.S. Department of Energy 2024a),
proprietary industrial dataset, and MECS (Alkadi et al. 2013; Hale et al. 2018). Other efforts
have been the result of increasing focus on collecting data on GHG emissions from industrial
facilities and decarbonizing industrial process heat (e.g., McMillan et al. 2016; McMillan and
Ruth 2019).

1.2 The Industrial Energy Resolution Gap(s)

Although energy analysis interests have evolved over time, apart from MECS, the EIA has by
and large collected energy data from a supply perspective through fuel-based surveys. In 1992,
the Committee on the National Energy Modeling System advised DOE and the EIA that a
significant effort was needed to expand information collection, especially related to the use of
energy (National Research Council 1992). The Committee explicitly called out the need for
disaggregated data on the current stock of technologies, as well as data that characterized

5 A report detailing an Industrial Large Energy Users Database was published in 2006 (McKane et al. 2006), but this
appears to be an ad hoc effort that was not subsequently used for analysis, or updated after its original publication.
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existing and new energy-using technologies. The Committee also distinguished data
requirements of renewable energy technologies, including the need for more site- and
technology-specific representations. Nearly 30 years later, the 2021 Infrastructure Investment
and Jobs Act (commonly known as the Bipartisan Infrastructure Law) laid out improvements to
industrial energy data. The Bipartisan Infrastructure Law directed the EIA Administrator to
expand the scope and increase the frequency of its end-use surveys, as well as use new methods
and tools to collect more comprehensive data (Infrastructure Investment and Jobs Act, 42 U.S.C.
§ 18773 2021).

The Bipartisan Infrastructure Law directions to the EIA (e.g., collecting information on demand
response, disaggregating process heat demand by temperature, and expanding data resolution
overall) reflect the disconnect between the demands of analysis for industrial decarbonization
and the current state of industrial energy data collection and publication. These demands have
been growing for some time, as evidenced by previous calls to expand data collection on the use
of energy. The disconnect between the current state of industrial energy data and the demands of
decarbonization analysis can be characterized by three categories®:

1. Spatial: facility location at the sub-state level, either at the county- or ZIP-code level, or
locating with latitude and longitude

2. Temporal: sub annual level, such as hourly electricity load data, that captures the
variation in energy use and production

3. Operational: characterizing industrial processes and associated equipment, including
material and energy inputs and outputs (i.e., production), process temperature, equipment
vintage, and equipment lifetime.

There is possibly no greater juxtaposition to the resolution of industrial energy data than
electricity generation data. This juxtaposition is a result of differences in data collection and
dissemination processes, which can be captured using several indicators. First, surveys of
electricity generation have allocated to them a disproportionate amount of time, represented in
terms of respondent burden hours,” compared to the surveys of industrial energy use. The
industrial sector accounts for 24% of total primary energy,® yet only 5% of EIA’s Office of
Management and Budget-approved information collection activities’ total burden hours (34,565

¢ Although these data features have emerged in the context of decarbonization analysis, they are by no means new
interests. For example, Isser and Layme’s (1982) review of industrial energy databases for electric utilities was
motivated by new process technologies, industrial heat pumps, and load management systems. Electric utilities saw
then the need for data on type and size of loads; technological changes and their effects on loads; process demand
profiles; and firm ability and willingness to adopt new technologies.

7 Burden hours represent the time required to generate, maintain, or provide information for a collection. The
Paperwork Reduction Acts of 1980 and 1995 give the Office of Management and Budget authority over federal
agency information collection (U.S. Office of Personnel Management 2011). Burden hours are available from
https://www.reginfo.gov/public/do/PRAMain.

8 Based on 2023 data for the industrial sector from the Monthly Energy Review (U.S. Energy Information
Administration 2024e). With purchased electricity and electricity losses included, the industrial sector accounted for
33% of U.S. primary energy. The manufacturing sector accounts for the majority of primary energy used by industry
(agriculture, construction, mining, and manufacturing).
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of 611,194 hours as of June 20, 2024) was devoted MECS. Electricity generation, or 34% of total
primary energy, was the focus of 33% (202,322 hours) of EIA’s information collection through
various electric power and renewable electricity surveys. The three power plant operations
surveys alone (EIA-923, EIA-923 [Monthly], and EIA-923 [Supplemental]) accounted for 16%
(100,302) of EIA’s total Office of Management and Budget -approved burden hours.

The second set of indicators of the juxtaposition of industrial energy data and electricity
generation are in terms of how frequently data are collected and published, and the resolution of
data. While MECS currently provides quadrennial estimates of annual manufacturing energy use,
the Hourly Electric Grid Monitor (U.S. Energy Information Administration 2024) provides
hourly operating data of the high-voltage bulk electric power grid across the 64 balancing
authorities of the contiguous United States. Additionally, unlike electricity generation, which is
subject to facility and even unit-level reporting that includes data on generation, revenues, and
fuel purchases (i.e., the EIA-860, EIA-861, and EIA-923 surveys), results of MECS cannot be
released publicly at a level of detail that would identify an institution, organization, or business,
as specified by Title 13 U.S.C. § 9 (U.S. Energy Information Administration 2020). This
disclosure law sets a limit of data openness not only for MECS, but for all information collected
by the Census Bureau. The implications for MECS data resolution are not even the withholding
of facility-level detail; energy estimates are reported at no higher geographic resolution than
census region (i.e., Northeast, South, Midwest, and West)® and energy use is reported at the 6-
digit North American Industrial Classification System (NAICS) code level for only 46 of the 360
NAICS codes!°.

1.3 Expert Perceptions of Current Industrial Energy Data

Engaging with experts in the industrial energy systems field was part of the FIED development
process. Four experts from DOE, EPA, EIA, and academia participated in a special session on
developing datasets for industrial modeling that was held at the American Center for Life Cycle
Assessment Conference in November 2022. The session consisted of short presentations by
panelists, followed by a panel discussion related to data gaps, data quality, and relationships
between federal databases.

Common themes on the types of demands and limitations for industrial energy data emerged
from the session. These themes were largely consistent with our framing of the features of
industrial energy data demanded by decarbonization analysis. The experts in the session

% The 1994 MECS is an anomaly in that its sample size was expanded by 40% compared to the 1991 MECS, which
enabled EIA to provide results at the 9-unit census division level (U.S. Energy Information Administration 1997).
Note that this was also the last time that MECS was conducted as a triennial survey and not on its current
quadrennial schedule. That said, the Energy Policy Act of 1992 had specified that MECS was to be conducted “at
least once every two years” (Energy Policy Act of 1992, Pub L. No. 102-486 § 171, 106 Stat. 2864). Later, the
Consolidated Appropriations Act of 2014 changed MECS to “once every four years” (Consolidated Appropriations
Act 0f 2014, Pub L. No. 113-76 § 315, 218 Stat. 177).

10 Although these 46 industries are undoubtedly responsible for the majority of manufacturing energy use (MECS
methodology states that the most-energy intensive industries are represented at the 5- and 6-digit NAICS [U.S.
Energy Information Administration 2020]), the argument for comprehensive coverage of the manufacturing sector is
one of increased operational resolution, as well as data openness.
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emphasized that data to support decarbonization roadmaps and decarbonization modeling should
be technology-rich, including granular process detail, technology readiness level values over
time, and cost accounting. For example, modeling new technology adoption requires a focus on
their integration with existing processes at a systems-level. Additionally, while technology
readiness level values are often included in technology characterizations, there is a gap in
understanding and analysis on what it takes for technologies to achieve higher technology
readiness levels. Similarly, it was noted that many industrial modeling efforts stress the precision
of baseline data, whereas there should be increased efforts in quantifying the implications of
technology transformations. Obtaining best estimates of emerging technology cost data and
future cost projections is especially important for modeling these transformations and identifying
the cost factors that will speed the transition.

The second common theme of the session centered around limitations of federal, publicly
available databases and the lack of connectivity between them. Multiple federal agencies (EPA,
EIA, Bureau of Economic Analysis, Census Bureau) report data that are used by industrial
energy modelers, but the coverage of industrial data in each database varies according to
reporting requirements and is updated in different years, making it difficult to calibrate results
among models that use the data. While some public databases report industrial facility-level data
for a portion of facilities, other databases aggregate surveyed data into relevant categories. No
public database of every industrial facility exists, but the Census Bureau provides economic
micro-data on the production and energy use of industrial products at the facility-level that can
be through an application process (U.S. Census Bureau 2024a). Furthermore, because databases
are maintained under different agencies and are designed to report data specific to the agency’s
purpose (e.g., emissions of air pollutants, energy consumption, gross output by industry), there is
a lack of connectivity between them. This issue adds a significant amount of extra analysis and
uncertainty for modelers using data from multiple databases in tandem. The issue also reveals a
need to create a standardized industrial facility dataset that links data from existing sources.

The frequency of reporting and publication was highlighted as a specific limitation of existing
industrial energy data. For example, MECS data is released every 4 years, and in the year it is
released (most recently published in 2021), the data refers to a calendar year several years prior
(most recent data is for the year 2018). National Emissions Inventory (NEI) data is released
every 3 years (with the most recent data published in 2023 and referring to the year 2020). The
different timelines for reporting not only make reconciling data difficult, but the long timespans
between releases due to processing do not allow for timely analyses. It was noted that frequent
releases of more current data would allow for better trending of new technology adoption. In
fact, EIA is already planning to conduct supplemental surveys in between main survey years to
monitor key trends and inform future questions that could be added to surveys. The additional
questions could target the level of growth in emerging technologies, such as hydrogen generation
and use and renewable energy purchases.
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2 FIED

2.1 FIED Data Sources and Compilation

The FIED is a continuation of previous efforts to overcome limitations of existing publicly
available sources of industrial energy data by developing facility- and county-level estimates
(Wachs et al. 2022; McMillan and Ruth 2019; McMillan 2019; McMillan and Narwade 2018;
McMillan et al. 2016). The FIED also builds on the approach used to create an inventory of
industrial boilers in the United States (Schoeneberger et al. 2022) and to develop a
decarbonization analysis framework for industrial process heat (Schoeneberger 2023).

Unlike other efforts to assemble facility-level industrial energy data (e.g., Modak et al. 2015), the
FIED relies exclusively on publicly available data. The FIED is available for download from the
Open Energy Data Initiative (https://doi.org/10.25984/2437657); the Python code used to
assemble the FIED is available in a public GitHub repository
(https://github.com/NREL/foundational-industry-energy-data/). At this time, the FIED is a
historical dataset for 2017 and does not include projections of energy use, or cost or performance
of technologies

The majority of the unit-level estimates of energy use presented by the FIED exist not because
they were explicitly collected as energy data, but were instead collected in the NEI as part of
regulatory requirements for reporting air emissions from fuel combustion and other processes.
Information about the fuel used and the unit type, along with conversion factors in the form of
emissions factors (e.g., kilogram CO: equivalents [kg CO2e] emitted per megajoule [MJ], or
natural gas combusted kg sulfur dioxides [SOx] emitted per MJ diesel fuel combusted), have
made it possible to systematically estimate energy use at the unit level. The use of these
alternative data sources in lieu of traditional sources of energy data highlights how legislation
and other social factors shape information collection.

In addition to a continuation of prior attempts to overcome the limitations of conventional
sources of industrial energy data, the FIED is intended to be a building block (Pfenninger 2024)
for analysis and modeling of the U.S. industrial sector. For these reasons, FIED should be
considered part of an ongoing process, and not a final outcome, of improving the understanding
of industrial energy use. We have attempted to clearly document the underlying data sources,
code, and basic logic of developing energy data on the levels of individual units within
individual facilities.

The general approach to compiling the FIED involves accessing, filtering, and formatting data
published by federal organizations for public use (see Appendix B for an overview of the
compilation process). The FIED relies on three core datasets from the EPA, as summarized in
Table 1: the Facility Registry Service (FRS), the Greenhouse Gas Reporting Program (GHGRP),
and NEI. The FRS was created as a way of integrating various federal and state environmental
regulations for air, water, and waste into a single record (U.S. Environmental Protection Agency
2011). Each entity reporting to the EPA is assigned an FRS identification that can be cross-
referenced to other EPA program databases, including those for compliance history and
enforcement actions (i.e., U.S. Environmental Protection Agency 2024a). The GHGRP refers to
EPA’s Mandatory Greenhouse Gas Reporting (40 C.F.R § 98) from facilities with direct GHG
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emissions that exceed 25,000 metric tonnes per year, or certain production processes that emit
GHGs (e.g., lime and cement production, aluminum production), as well as suppliers of fossil
fuels and GHGs (e.g., carbon dioxide, sulfur hexafluoride). The NEI is the EPA’s triennial
compilation of air emissions data on criteria pollutants, criteria precursors, and hazardous air
pollutants provided by state, local, and Tribal agencies for point, nonpoint, on-road, and nonroad
sources.

Table 1. Core Datasets Used To Compile the FIED

Name Publisher Purpose Use in FIED

FRS EPA Integrate facility Facility location, facility name,
environmental regulations  facility NAICS
reporting into a single

record

GHGRP EPA Report GHG emissions Unit characterization,
for direct emitters of at derivation of energy use,
least 25,000 MTCO2e reported GHG emissions
annually

NEI EPA Compile air emissions Unit characterization,
(i.e., criteria pollutants, derivation of energy use,
criteria precursors, and derivation of GHG emissions

hazardous air pollutants)
reported to state, local,
and Tribal agencies

Of the three core datasets used to compile the FIED, the FRS provides the most comprehensive
coverage of industrial facilities in terms of location and industrial classification. The FRS has
also benefitted from efforts to map facility locations and standardize data fields. Other EPA
databases, such as the GHGRP and NEI, contain industrial site information but only within the
bounds of their emissions reporting. However, they each contain useful facility, process, and unit
information, as described below. The appendices provide more detailed information on how the
FIED develops energy and throughput estimates from the NEI, as well as the GHGRP.

Table 2 provides an additional summary of the datasets used to construct the FIED, as well as a
comparison with existing conventional sources of industrial energy data. The Quarterly Survey
of Plant Capacity Utilization also appears in the table based on its use in the FIED for estimating
average weekly operating hours.
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Table 2. Comparison of FIED Underlying Data and Conventional Sources of Historical Industry Energy Data for the United States

Source Data FIED Traditional
FRS GHGRP NEI Quarterly Survey  MECS State Energy Annual Survey Economic
of Plant Capacity Data System of Census
Utilization (SEDS) Manufacturers?
Owner EPA EPA EPA Census Bureau EIA EIA Census Bureau Census Bureau
Primary Data Identify facilities, Report GHG Estimate air Provide statistics Report Report energy Provide key Describe the
Purpose sites, or places emissions for emissions on the rates of manufacturing supply, intercensal structure and
subject to direct emitters capacity energy consumption, measures of functioning of
environmental of at least utilization consumption and prices manufacturing the U.S.
regulations or of 25,000 related activity, economy
environmental MTCO.e information products, and
interest annually location
Reporting N/a Annual Triennial Quarterly Quadrennial Annual Annual Quinquennial
Frequency
Industry Up to 6-digit 6-digit NAICS Up to 6-digit Up to 6-digit Up to 6-digit Aggregated Up to 6-digit Up to 6-digit
Resolution NAICS (11, 21, (11, 21, 23, NAICS (11, 21,23, NAICS (31-33) NAICS (31-33) industry NAICS (31-33)>  NAICS (11, 21,
23, 31-33) 31-33) 31-33) 23, 31-33)
Temporal N/a Annual Annual Weekly, quarterly ~ Annual Annual Annual Annual
Resolution
Geographic Latitude, longitude  Latitude, Latitude, longitude National Census region State County® County®
Resolution longitude
Technology Facility Unit Unit N/a Energy end use N/a N/a N/a
Resolution (e.g., machine
drive,
conventional
boilers)
Data N/a 40C.F.R.§2, N/a 13U.S.C.§9 13U.S.C.§9 10C.FR§ 13U.S.C.§9 13US.C.§9
Disclosure subpart B¢ 1004.11 and
Rules 18U.S.C. §
1905
Office of N/a 66.7 N/a® 8.3 6.9" N/al 3.7 1.3
Management
and Budget
Burden
Hours in
2017 (annual
hours per
response)®
13
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a2 The Annual Survey of Manufacturers has been integrated with and replaced by the Annual Integrated Economic Surveys. Data collection for the full-scale
implementation of Annual Integrated Economic Surveys is beginning in calendar year 2024.

b Data may be withheld at more disaggregated NAICS codes to avoid disclosure.
¢Data may be withheld at the county level to avoid disclosure.
4 Determination of Confidential Business Information has been made by Subpart and data element (U.S. Environmental Protection Agency 2018).

¢ Burden hours represent the time required to generate, maintain, or provide information for a collection. The Paperwork Reduction Acts of 1980 and 1995 give the
Office of Management and Budget authority over federal agency information collection. Federal agencies must publish 60-day Notices in the Federal Register of
estimates of public burden hours for information collection (U.S. Office of Personnel Management 2011).

fRepresents calculation using 2016 GHGRP information (U.S. Environmental Protection Agency 2015). No information collection requests were found in the
Federal Register for the 2017 or 2018 GHGRP.

9 The NEI is based on information reported to the Emissions Inventory System (EIS) by state, local, and Tribal air agencies and not emissions information collected
directly by the EPA (U.S. Environmental Protection Agency 2024b).

h Burden hours reported for 2018 MECS (U.S. Energy Information Administration 2017).

' SEDS is a compilation of EIA surveys conducted by individual fuel.
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In addition to the steps for acquiring and formatting the FIED’s underlying data, a portion of this
source data is used to derive estimates of unit-level energy use and throughput. The FIED
expands previous efforts to use publicly available EPA datasets to fill gaps in industrial energy
data for the United States. These include the estimation of facility-level combustion energy
demand (McMillan et al. 2016; McMillan and Ruth 2019; McMillan et al. 2021) and county-
level industrial energy demand (McMillan and Narwade 2018). The FIED adds to these efforts
by refining existing methods and expanding their scope by characterizing individual units within
facilities.

The overall logic for deriving energy and throughput (e.g., metric tonnes of material processed)
estimates in the FIED is that air emissions and consumption of fuels are symmetric. In other
words, as shown in Figure 2, the emission factors (EFs) that are used by GHGRP and NEI
reporters to convert fuel consumption into emissions can be used in reverse, to convert emissions
to fuel consumption and throughput (see Appendix E for details on the handling of disparate NEI
EFs). How well this theory applies in practice depends on the unit or process producing
emissions, whether a custom conversion factor is used, and the extent of supporting data
reported. McMillan and Ruth (2019) estimated the uncertainty in energy estimates derived from
GHGRP emissions associated with variations in reported higher heating value and carbon
content. They found uncertainties for energy estimates as high as +£39% for the combustion of
wood and wood residuals and as low as +5 for the combustion of bituminous coal. At least in
terms of the GHGRP, this logic has been shown to result in relatively similar energy estimates as
conventional sources of industrial energy data estimates, such as MECS (Wachs et al. 2022).

Conversion factor Annual I} Conversion factor _
(mass pollutant per mass of ! (physical unit fuel Derived

hysical unit fuel; pollutant ) annual fuel
phy e per mass.p'ollutant, consumed by
fuel and specific to unit type
unit type pollutant, fuel, and

Record of
annual fuel
consumed

by unit specific to
type pollutant, fuel, and
unit type) unit type)

Data reported to NEI and GHGRP Assumed from data
reported to NEI and GHGRP

Figure 2. Generalized logic underlying FIED’s energy and throughput estimates derived from
reported emissions data

The NEI, in conjunction with the GHGRP and other data sources, has been used to characterize
the industrial boiler population by their industrial subsector, county, heat capacity, and fuel type
(Schoeneberger et al. 2022), as well as to estimate local air quality benefits from industrial
decarbonization technologies (Jordan et al. 2024). The NEI is a compilation of state, local, and
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Tribal air emissions inventories. These inventories may have varying levels of uncertainty based
on the pollutant and its source (Miller et al. 2006).

Deriving energy and throughput estimates from the NEI is complicated by the ways that
information on emissions factors, unit types, and fuel types is reported. In terms of emissions
factors, there are 23 different calculation methods for reporting emissions, and these range in
data collection rigor and unit specificity from continuous emissions monitoring to engineering
judgement. With far fewer pollutants, a well-defined reporting tier system, and a single-point
source of data collection, the GHGRP data provide a much more straightforward approach for
estimating energy use than the NEI, as shown in Appendix D, Appendix F, and Appendix G. The
method for deriving energy estimates from GHGRP-reported emissions has also benefitted from
several years of accumulated knowledge about the data.

When we applied the equivalent approach to derive energy estimates from NEI data, we had
expected that the different pollutants reported in the NEI would yield roughly an equivalent
amount of energy for a given combustion unit. However, this was often not the case, as indicated
by two example units shown in Table 3. In the first example, the amount of natural gas derived
for SP Fiber Technologies Southeast LLC’s combined cycle turbine ranges from 7.4587E+5
MMBtu to 9.382E+10. This facility also reports to the GHGRP; the derived amount of natural
gas using that approach is 8.375E+5 MMBtu.

The range of derived energy is even larger for the second example in Table 3. Although the
estimates using carbon monoxide and sulfur dioxide emissions are relatively close, equal to
approximately 1.25E+8 gallons of distillate oil, the volatile organic compounds EF results in an
estimate of only 117 gallons. Note that these emissions were calculated using engineering
judgement and that the Anchor Oxford Plant is not a GHGRP reporter.

We developed various approaches to identify and adjust emissions factors that appeared to be
incorrect or resulted in unreasonable energy estimates, as described in Appendix E. Additionally,
the FIED reports energy and throughput estimates derived from NEI data as a range of values
(minimum, median, and third quartile) in order to demonstrate the uncertainty that may be
reflected in the estimates.
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Table 3. Sample 2017 NEI Records Demonstrating the Inconsistencies That Can Result From

Estimating Energy Use From Reported EFs of Different Pollutants

Site Name Unit Type Fuel Pollutant Reported Calculation Reported Back-
Type Total Method EF Calculated
Emissions Fuel
(tons) Amount
Carbon 30.58 EPA EF (no 0.08 Ibs / 7 645E+5
monoxide Control MMBtu MMBtu
. Efficiency used)
?:cl;l_ber Combined Nitrogen 137.24 State /Local/  0.3681bs/ 7 4587E+5
Tech- S Natural  OXides Tribal (SIL/T)  MMBtu MMBtu
9 (boiler/[gas  gas EF (no Control
Southeast turbine) Efficiency used)
LLC Sulfur 7459 EPA EF (no 1.59E-4Ibs  9.382E+10
dioxide Control / MMBtu MMBtu
Efficiency used)
Carbon 3.24 Engineering 5.00E-5Ibs  1.296E+8
monoxide judgment /1,000 gal gallons
Nitrogen 1.63 Engineering 2.00E-5Ibs 1.63E+8
oxides judgment /1,000 gal  gallons
Anchor . ) I
Oxford Direct-fired ~ Distillate  Sulfur 0.25 Engineering 4.00E-6Ibs 1.25E+8
Plant dryer oil dioxide judgment /1,000 gal  gallons
Volatile 0.02 Engineering 0.341bs/ 117 gallons
organic judgment 1,000 gal
compounds

2.2 FIED data fields

The FIED is built on a structure of data fields, as shown in Figure 3. At the highest level, the site
information encompasses locational detail of industrial facilities at varying degrees, from latitude
and longitude to census region. This situates geographical information of industrial facilities in a
single comprehensive dataset. Site data can also be cross-referenced to other relevant
geographical data, such as renewable resources, land availability, and environmental justice

arcas.
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Site

Latitude, longitude, county name, county FIPS,
state name, state FIPS, ZIP code, Census GEOID,
HUCS code, EPA region

Facility
Facility name, address, EPA FRS ID, EPA
EIS ID, EPA GHGRP ID, NAICS code,
average weekly operating hours by quarter

Unit
Unit name, unit description, EIS unit
ID, EIS process ID, source
classification code (SCC), unit design
capacity, energy carrier, derived
energy use, derived throughput (where
applicable), GHG emissions

Figure 3. Nested structure of FIED data fields.

A complete list and description of data fields is provided in Appendix A.

At the next level, facility information contains descriptions of the specific facility, including its
name, NAICS code and description, ID codes linking it to relevant EPA databases (e.g.,
Emissions Inventory System [EIS] facility, unit, and process IDs for air emissions data),
employment size, and high-level operational data such as capacity, production, and hours of
operation. This level is meant to classify a facility according to industry and size, which is useful
for analyses that target specific industries or industry-wide technology adoption.

Within a facility, there are major processes that can be represented by the main material inputs
and outputs and total energy per material output. For example, in an ammonia production
facility, major processes could include syngas production and ammonia synthesis. Within each
major process, there can be multiple unit operations, such as reformers, reactors, heaters, and
coolers. Unit operations information contains the equipment type or unit description, energy
input, energy carrier, capacity, efficiency, vintage, and costs. Unit operation data has been
historically lacking due to much of it being inherently non-public proprietary operational data.
However, it is necessary for accurate assessments of technologies, energy usage, and emissions
accounting.

Unit type is a reported data element in the NEI, but the classification of unit types varies broadly.
This is primarily due to the way the NEI is constructed, which relies on integrating data from the
numerous state, local, and Tribal agencies across the country. In some state agencies, unit type is
not collected at all, whereas in others, the same physical unit may be referred to as a boiler or an
incinerator (U.S. Environmental Protection Agency 2021). In terms of fuel type, the NEI does
not explicitly include a fuel type data element, but fuel information can be extracted from other
data elements, including unit description and process description.
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Conversely, the GHGRP provides standardized unit types and fuel types. This does not,
however, ensure that identifying the type of unit and type of fuel is straightforward. As described
in Section 2.3.2, there are several instances in which a reporter can indicate that a unit is an
“other combustion source.” Reporters can also input custom fuel types as “blends” or “other.”

2.3 FIED Summary

2.3.1 Facility Identification

A facility'! appears in the in the FIED if it has been assigned an FRS Registry ID by the EPA
and if it has been categorized with an industrial NAICS code, including non-manufacturing
sectors (i.e., NAICS 11, 21, and 23) and manufacturing sectors (i.e., NAICS 31-33). As has been
highlighted previously in the context of industrial energy use, NAICS is an economic
classification system that delineates groups based on their primary production activities and
processes (Wachs et al. 2022). Some facilities produce multiple types of products or use more
than one type of production process. In these cases, the NAICS code is assigned based on the
final activity or the activity that represents the highest portion of facility costs. In terms of the
FRS, a facility may be categorized using different NAICS codes by different regulatory
programs, as well as by the facilities themselves; the FIED has incorporated any additional
NAICS codes along with the primary NAICS code used to represent a facility.

The U.S. Census Bureau’s County Business Patterns (CBP) is an annual data product that
provides economic information on establishments'? with paid employees (U.S. Census Bureau
2023a). The number of establishments reported in CBP data serves as a useful comparison for
the coverage of facilities in the FRS data. Because the Census Bureau provides subnational
economic data by industry each year, CBP estimates can be considered a comprehensive source
of the current state of industrial facilities. Based on the CBP, there were 4,222,569 industrial
establishments, of which 2,862,558 were construction (NAICS 23), 1,163,741 were
manufacturing (NAICS 31 — 33), 102,916 were mining (NAICS 21), and 93,444 were
agriculture, forestry, fishing and hunting (NAICS 11) (U.S. Census Bureau 2024b).

For the whole industrial sector, there are fewer facilities reported in FRS data compared to the
assumed total count, as reported in CBP data. However, in the manufacturing sector specifically,
the facilities listed in the FRS are very close in count to establishments in the CBP. Given that
most industrial energy use occurs in manufacturing, this supports using FRS facility data as the
basis for site information.

As shown in Figure 4, there is a close match between the number of manufacturing facilities in
the FIED and manufacturing establishments in the CBP. In the cases of agriculture and mining,

! For the EPA, a facility could be defined as “a place where regulatory activities of interest to the agency occur or
have occurred in the past” (Ross & Associates Environmental Consulting 2000).

12 According to the Census Bureau, “[a]n establishment is a single physical location at which business is conducted
or services or industrial operations are performed. It is not necessarily identical with a company or enterprise, which
may consist of one or more establishments. When two or more activities are carried on at a single location under a
single ownership, all activities generally are grouped together as a single establishment. The entire establishment is
classified on the basis of its major activity and all data are included in that classification” (U.S. Census Bureau
2023Db).
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however, the FIED includes a much larger count. This is explained in part for agriculture by the
fact that the CBP does not include NAICS codes associated with crop production or animal
husbandry. For mining, it could be the case that, unlike the FIED, the CBP may group together
individual drilling rigs that fall under NAICS 2111. The CBP, conversely, provides a larger
count for construction than the FIED. This could be because many construction operations are
not subject to the types of environmental regulations that would result in them being assigned an
FRS ID. We also note that both sources may assign a different NAICS code to a facility, which
may also affect the comparison of facility counts.
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Figure 4. Comparison of cumulative facility counts between the FIED (number of unique Registry
IDs) and Census County Business Patterns (number of establishments) by industrial sector for
2017

2.3.2 Unit Characterization

This first version of the FIED contains 644,881 rows of data points that represent 502,165 unique
registry IDs. The 644,881 rows of data points contains 165,298 values for standardized unit
types. This means that the fraction of data points missing for standardized unit type is about 0.74.
Similar descriptions for other data fields are shown in Table 4.

Because the FRS includes environmental regulations that are less directly related to energy use
than others (e.g., National Pollution Discharge Elimination System permitting for water
discharges and Toxic Release Inventory reporting), it is understandable that many facilities
would not have unit or even facility-level unit information associated with them. Additionally,
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given the relatively small number of industrial facilities that report to the GHGRP we would
expect that large portion of the data points in the FIED are missing GHGRP-derived energy
estimates. Table 4 shows that the fraction of data points missing GHGRP-derived energy
estimates is in fact 0.98.

Table 4. Summary Description of FIED Data Field Coverage

Registry | Standardized | Standardized | Design Energy Energy
ID Unit Type Fuel Type Capacity (NEI- (GHGRP-
Derived) Derived)

Number of Data

. 644,881° | 165,298 62,492 48,388 46,227 12,939
Points
Number of
Missing Data 0 479,583 582,389 596,493 508,654 | 631,942
Points
L 0.74 0.90 0.92 0.93 0.98

Points Missing

aOf these, 502,165 are unique registry IDs.

Overall, however, facilities that do report to the GHGRP are much more likely to report
information on, at minimum, the type of unit than facilities appearing in the NEI. Figure 5 shows
that in the FIED, nearly 60% of the facilities reporting under the GHGRP include unit-level data
(see Appendix F for the unit characterization process); however, this number is only about 25%
for facilities reporting under the NEI (see Appendix C for detail on the unit characterization
process).
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Figure 5. Comparison of the percentage of GHGRP- and NEI-reporting facilities with unit
characterization (i.e., an obtainable named unit type)

The differences in unit characterization between the NEI and GHGRP are associated with the
scope and purpose of each dataset. As described previously, the NEI represents a compilation of
air emissions reporting from states and other sub-national entities. We assume it is likely that
states do not share the same reporting requirements for data fields that may be of secondary
importance to emissions data themselves, such as information on unit type. Conversely, GHGRP
data are reported by emitters directly to the EPA. The NEI also includes a higher proportion of
non-manufacturing facilities, in addition to covering much smaller facilities and many more
facilities, than the GHGRP.

Figure 6 shows the breakdown of NEI-reporting facilities with and without unit-level
characterization across the manufacturing and non-manufacturing sectors of industry. Nearly
20,000 of the approximately 51,000 manufacturing facilities have named unit types. Named unit
types are much less common in the non-manufacturing industries.
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Figure 6. Comparison of the number of NEIl-reporting facilities with and without unit
characterization (i.e., an obtainable named unit type)

As shown in Figure 7, for GHGRP reporters, more than half of the manufacturing facilities
report a unit type. One of the complications of identifying unit type in GHGRP data is the option
for reporters to simplify unit-level reporting by aggregating either units that each have a
maximum rated heat input capacity of equal to or less than 250 million British thermal units
(MMBtu) per hour; units whose emissions are monitored from a common stack or duct; units
that combust the same type of liquid or gaseous fuel and share a supply pipe; or small units that
share a supply pipe with larger units, such as boilers and combustion turbines (40 C.F.R. §
98.36(c)). This can not only affect the usefulness of the description of the unit type (e.g., a unit
name of CP-1 identified as an other combustion source), but also the reported design capacity
(e.g., a unit whose design capacity represents an aggregation of units).
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Figure 7. Comparison of the number of GHGRP-reporting facilities with and without unit
characterization (i.e., an obtainable named unit type)

As shown in Figure 8 through Figure 10, the FIED assigns units to one of 19 standard unit types.
The “other combustion” type captures units that were identified as combustion units, but did not
necessarily fall neatly into another category (e.g., roasters, units described as both furnaces and
heaters). The “other” type captures units whose type was not possible to characterize as
combustion units based on available data sources, as well as units that were identified as non-
combustion (e.g., hammermills, crushers, mixers, and conveyers) and had sufficient data to
estimate mass throughput. This category of unit type contains the largest number of named units
in the FIED and also represents a significant portion of the unit design capacity and estimated
energy use. Boilers also represent a significant number of units, design capacity, and estimated
energy use.
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Figure 10. Estimated energy use (in MJ) by standardized unit type

One of the strengths of the FIED is its combined geographic resolution of facilities and unit-level
characterization of units within facilities. Because of their associated latitude and longitude
coordinates, it is possible to use the FIED to conduct analysis at the community level. The
following series of figures identifies the locations, as well as relative estimated capacity and
energy use, of several different unit types to indicate their distribution across the United States. It
may be the case that not enough information was provided to estimate both the capacity and
energy use for a given unit. As a result, the figures may show a location that has an estimated
capacity, but not an estimated energy use, or vice versa. The following figures provide examples
of the geographic distribution of unit capacity and unit energy use for furnaces and kilns.

Furnaces are a significant source of industrial energy use. The standardized unit type includes
chemical recovery furnaces used in papermills, cracking furnaces used for ethylene production,
as well as various furnaces used for producing and forming metals. As Figure 11 shows, these
units are concentrated in the states around the Great Lakes and states in the Southeast.
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Figure 11. Location and relative size of identified furnace units by estimated capacity (a) and
estimated energy use (b)

The standardized unit type category of kilns includes cement kilns, lime kilns in manufacturing
and mining industries, and sawmill kilns. Figure 12 shows the distribution of kiln capacities and
estimated energy use, which includes slightly more units in the Western states than furnaces. The
map for unit capacity (Figure 12(a)) shows more units than the map for energy estimates (Figure
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12(b)). Deriving energy estimates is only possible when the unit type and fuel type can be
identified in the raw NEI data. In the case of kilns, it was possible to obtain unit capacity data for
more units than it was possible to derive energy estimates.
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Figure 12. Location and relative size of identified kiln units by estimated capacity (a) and
estimated energy use (b)
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2.3.3 Energy Estimates

Comparing energy estimates from the FIED (see Appendix D, Appendix F, and Appendix G for
details on the derivation of energy estimates) to traditional sources of industrial energy estimates
is complicated by the mismatched geographic and operational resolution. The lower resolution of
traditional data sources—especially in terms of geographic resolution—is related to the
disclosure policies associated with their data collection procedures. Likewise, the FIED’s higher
geographic and operational resolution is the result of unit-level reporting specified by the EPA’s
reporting requirements. These EPA data collection procedures are not protected by the same
disclosure requirements as energy estimates developed by the EIA from surveys of industrial
energy users and their energy suppliers.

As we discussed in Section 1, MECS is conducted by the Census Bureau and subject to
disclosure rules that prohibit the release of data that could identify a single establishment.
Consequently, MECS results published by the EIA are highly geographically aggregated. Results
are often published at the census region by NAICS code, although some results may only be
published at the national level by NAICS code (e.g., energy consumption disaggregated by end
use). As previously discussed for the expansion of MECS 1994 to census regions, this
geographic resolution is a function of the number of survey respondents, which is in part a
function of survey funding, and is not fixed.

However, it should be noted that, although MECS and SEDS collect data on energy use instead
of emissions from energy use, these energy estimates may not be substantially closer to the
“true” amount of energy used by industrial facilities than EPA emissions reporting. In some
cases, the sources of energy estimates may rely on very similar methods and the same starting
data, with the only difference being a different type of conversion factor. For MECS,
respondents can use a default conversion factor to translate the mass or volume of fuel purchases
to an estimate of the amount of energy used, whereas the FIED energy estimates may rely on
default conversion factors used by GHGRP respondents to translate the mass or volume of fuel
purchases to energy and then to GHG emissions (i.e., Tier 1 emissions reporting for Subpart

C) 13

In both cases of this example, the underlying source of energy use is inferred from the annual
amount of fuel purchased (recorded in mass or volume units, not energy units) and not the direct
measurement of the amount of fuel used. Unlike the GHGRP, however, it is not possible to
determine using public data what portion of reported energy use was estimated using generic or
establishment specific conversion factors. This information is not published with MECS data, an
indication of a lack of transparency relative to the FIED.

To further indicate how close these two approaches to estimating energy use can be, the 2018
and proposed 2022 MECS survey forms recommended that respondents use the “more precise
conversion factors used for the Green House Gas (GHG) Reporting rule” in place of the generic
conversion factors where available (Bureau of the Census 2018; 2022). Respondents record how
much natural gas was purchased and delivered to their establishment, as well as how much was

13 Reporters of emissions from direct combustion (Subpart C) may also report using Tier 2, Tier 3, or Tier 4
methodologies. See U.S. Environmental Protection Agency (2017) for more information.
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consumed as a fuel and for any purpose other than a fuel (U.S. Census Bureau 2022). MECS
respondents can report their natural gas use in units of therms, cubic feet, or MMBtu. The survey
form provides generic factors by fuel to convert from mass or volume to energy units, but
cautions they should be used only in circumstances in which respondents do not know the
specific conversion factor of fuels used by their establishment.

In terms of geography, the FIED provides energy estimates that are geographically located by
latitude and longitude, allowing aggregation to any spatial grouping such as county or ZIP code.
Conversely, industrial energy estimates from the EIA are not published below the state level. In
order to provide an initial comparison energy estimates between the FIED and EIA sources, we
have aggregated FIED estimates to the census region and state level, as shown in Figure 13 and
Figure 14, respectively. These figures depict a simple ratio between the FIED and EIA estimates,
and because the FIED at this time primarily captures the use of combustion energy, the MECS
estimates exclude electricity use.

Figure 13 shows that the FIED estimates of combustion energy use in the West and Northeast
Census Region are about 2.3 and 2.1 times greater, respectively, than combustion energy
estimated by MECS for the same region. The relative values for the Midwest and South Census
Regions are much closer to MECS. Closer examination of the differences between the two
datasets has been left for future work. A reasonable first step would be to aggregate the
manufacturing NAICS codes in the FIED to match MECS and then compare the energy use by
fuel type for each census region.
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Figure 13. Relative comparison of manufacturing combustion energy estimated by FIED for 2017
and by MECS for 2018

Unit- and facility-level estimates for FIED have been aggregated by census region to match MECS geographic
resolution.

31

This report is available at no cost from the National Renewable Energy Laboratory at www.nrel.gov/publications.



The other EIA source of industrial energy data is SEDS. SEDS is a state-level compilation of
data collected by various fuel surveys carried out by the EIA. With the exception of MECS, the
EIA does not publish sub-national industry energy estimates by NAICS sector (i.e., NAICS 11
Agriculture, Forestry, Fishing and Hunting; NAICS 21 Mining, Quarrying, and Oil and Gas
Extraction; NAICS 23 Construction; and NAICS 31-33 Manufacturing). Instead, the EIA
aggregates these NAICS sectors as “industry” for SEDS. We note that industrial energy
consumption is primarily collected from energy producers (e.g., electric utilities, natural gas
processing plants) and not from industrial facilities themselves. !

Like MECS, we use a relative comparison between the FIED and SEDS, as shown in Figure 14.
FIED estimates are the largest relative to SEDS for Colorado and California, which are about 2.5
times the combustion energy estimates from SEDS. Overall, however, the FIED’s combustion
energy estimates tend to be less than estimates from SEDS. The FIED is lowest relative to SEDS
for several states in New England, including Vermont and New Hampshire. The FIED
combustion energy estimates for these states are about 85% less than SEDS.

Although the disparity between the FIED and SEDS may be large, it is difficult to examine the
reasons why, without more geographically and operationally disaggregated data from the EIA.
Even without more disaggregated data from EIA, given the lack apparent patterns of
discrepancies by state, it is not clear what aspects of the datasets might be responsible for the
differences shown in Figure 14.

14 Since 1990, the EIA-861Annual Electric Power Industry Report has been the source of industrial electricity use
(U.S. Energy Information Administration 2022b). Electric utilities, energy service providers, and distribution
companies are required to submit EIA-861 annually. EIA’s Annual Coal Report has been the source of coal
industrial consumption data since 2001 (U.S. Energy Information Administration 2022c). This report is based off
Form EIA-3, the Quarterly Survey of Industrial, Commercial & Institutional Coal Users and Form EIA-7A Annual
Survey of Coal Production and Preparation (U.S. Energy Information Administration 2024f). Facilities that consume
more than 1,000 short tons of coal are required to submit Form EIA-3 quarterly. SEDS industrial natural gas
consumption is the sum of natural gas delivered to the industrial sector, natural gas consumed as lease fuel, and
natural gas consumed as plant fuel (U.S. Energy Information Administration 2022d). Since 1997, the EIA’s Natural
Gas Annual has been the source of all three estimates. Form EIA-176 Annual Report of Natural and Supplemental
Gas Supply and Disposition is the primary source of data for the report. The respondents of Form EIA-176 are the
2,000 natural gas processing plant operators. For industrial wood and waste consumption, SEDS uses Form EIA-923
Power Plant Operations report for combined heat and power and electricity-only facilities. For other industrial
facilities, SEDS uses data from MECS and the Economic Census (U.S. Energy Information Administration 2022¢).
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Figure 14. Relative comparison of industrial combustion energy estimated by FIED and by SEDS
for 2017

Unit- and facility-level estimates for FIED have been aggregated by state to match SEDS geographic resolution.

2.3.4 Remaining Gaps

Despite best current efforts to provide a comprehensive facility- and unit-level dataset on
industrial energy use, several data gaps remain. For one, many units remain uncharacterized,
even after attempts to glean as much information as possible from data fields in the NEI and
GHGRP. This is particularly the case for facilities reporting only to the NEI. Additionally,
electricity end uses are underrepresented in FIED, similar to previous efforts to estimate energy
use from facility emissions data. Because emissions from purchased electricity occur off-site,
these are not included in the scope of emissions reporting requirements for the NEI and GHGRP.
It has been possible in certain limited circumstances to estimate electricity use based on
information provided by the NEI. Stolaroff et al. (2009) argued that the GHGRP should include
not only emissions from purchased electricity, but also the amount of electricity purchased in
energy units. The authors also recommended that the EPA require facilities in certain industries
to report emissions per unit output.

The FIED provides only very limited information on facility production. In certain
circumstances, it is possible to estimate throughput values by unit, but we continue to lack a
systematic way of estimating facility production. Without production estimates or another way of
estimating relative energy use, it is difficult to make inter-facility comparisons of energy
intensity.
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3 Conclusions

The FIED was created as a response to related demands for open data and more highly resolved
industrial energy data to support decarbonization analysis. The conventional sources of industrial
energy data that exist today have been shaped by histories that ultimately constrain the levels of
transparency and resolution available to analysts and the public at large. These histories reflect
the social processes that underpin the planning and implementation of data collection and
dissemination activities. These processes may be contested and reflect the tension between
private industry’s desired control over their operational data and societal desire to analyze the
impacts of technology. Additionally, the ability of an organization to collect information can be
revoked or otherwise changed by other actors that control budgets or have other forms of
authority. These processes are not unidirectional, however, and data collection efforts could
expand in their scope and detail if society places a greater emphasis on the need to analyze the
impacts of technology.

Industry concerns about potential regulation were part of historical processes that have limited
the level of detail available in data collected and reported by EIA today. Yet, the authority
granted to EPA to collect emissions data for its regulations has enabled the FIED and other
related efforts to estimate industrial energy use at much higher resolutions than EIA data.
Estimating energy use from emissions is not inconsistent with how a conventional industrial data
source, such as MECS, allows respondents to report their energy use. With far fewer pollutants, a
well-defined reporting tier system, and several years of revising the energy derivation
methodology, the GHGRP data provide a much more straightforward approach for estimating
energy use than the NEI, as shown in Appendix D, Appendix F, and Appendix G. We had
expected that the different pollutants reported in the NEI would yield roughly an equivalent
amount of energy for a given combustion unit. However, this was often not the case, indicating
potential errors in the mass of reported emissions, the emissions factors used, or a combination
of the two.

The challenges presented by NEI data also indicate potential paths to improve the FIED and
expand its use:

1. Increase coordination with state and local organizations. The organizations
responsible for providing NEI data may also be able to shed light on the discrepancies of
reported emissions and emissions factors and identify additional sources of information
that could be used to improve unit characterization.

2. Develop a FIED constituency. Recognizing data collection and dissemination as social
processes highlights the importance of actors, networks, institutions, and practices in
promoting or inhibiting the use of a dataset. Several of the early industrial energy datasets
were developed in parallel with new modeling capabilities. Molina (1990) introduced the
concept of sociotechnical constituencies to explain the “dynamic ensembles of technical
constituents (e.g., machines, instruments) and social constituents (e.g., institutions,
interest groups) which interact and shape each other in the course of the creation,
production and diffusion of specific technologies such as formal methods.” A FIED
constituency could be grown from coordinating the different groups involved with
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collecting underlying data and using the data through open source data platforms such as
Open Energy Data Initiative and GitHub.

3. Support local analysis. The strongest use cases for FIED involve local analysis of
facility- and unit-level energy use. The FIED’s geographic resolution allows it to be
easily paired with EJScreen (U.S. Environmental Protection Agency 2024c) and
corporate data, such as the Corporate Toxics Information Project (Political Economy
Research Institute 2024). By using the EPA FRS IDs as the unique facility identifiers,
FIED can also be used in conjunction with other emissions and waste inventories (e.g.,
Young et al. 2022).

4. Update to 2020 and 2014. The FIED could be updated for 2020 and 2014, based on the
NEI and GHGRP data for those years. This would enable additional analysis of trends in
energy use and emergence and retirement of units.
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Appendix A. FIED Data Fields

- Facility Identifiers
- registrylD
- dtype: float
- description: >
The identification number assigned by the EPA Facility Registry Service to
uniquely identify a facility site
- source: <a href="https://www.epa.gov/frs">EPA Facility Registry Service (FRS)</a>
- name
- dtype: object
- description:>
The public or commercial name of a facility site (i.e., the full name that commonly
appears on invoices, signs, or other business documents, or as assigned by the
state when the name is ambiguous).
- source: <a href="https://www.epa.gov/frs">EPA Facility Registry Service (FRS)</a>
- eisFacilitylD
- dtype: float
- description: first EPA Emissions Inventory System (EIS) ID associated with registrylD
- source: >
<a href="https://www.epa.gov/frs">EPA Facility Registry Service (FRS)</a> and
<a href="https://www.epa.gov/air-emissions-inventories/national-emissions-inventory-
nei">EPA National Emissions Inventory (NEI)</a>
- eisFacilityIDAdditional
- dtype: float
- description: first EPA Emissions Inventory System (EIS) ID associated with registrylD
- source: >
<a href="https://www.epa.gov/frs">EPA Facility Registry Service (FRS)</a> and
<a href="https://www.epa.gov/air-emissions-inventories/national-emissions-inventory-
nei">EPA National Emissions Inventory (NEI)</a>
- ghgrpID
- dtype: float
- description: first EPA Greenhouse Gas Reporting Program (GHGRP) ID associated with
registrylD
- source: <a href="https://www.epa.gov/frs">EPA Facility Registry Service (FRS)</a>
- ghgrpIDAdditional
- dtype: float
- description: additional Greenhouse Gas Reporting Program (GHGRP) IDs associated with
registrylD
- source: <a href="https://www.epa.gov/frs">EPA Facility Registry Service (FRS)</a>
- naicsCode
- dtype: float
- description: >
first North American Industrial Classification System (NAICS) codes
associated with registryID.
See <a href="https://www.census.gov/naics/"> documentation </a> for more information
on NAICS codes and their descriptions.
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- source: <a href="https://www.epa.gov/frs">EPA Facility Registry Service (FRS)</a>
- naicsCodeAdditional
- dtype: float
- description: >
additional North American Industrial Classification System (NAICS) codes
associated with registryID.
See <a href="https://www.census.gov/naics/"> documentation </a> for more information
on NAICS codes and their descriptions.
- source: <a href="https://www.epa.gov/frs">EPA Facility Registry Service (FRS)</a>
- siteTypeName
- dtype: object
- description: >
descriptive name for the type of site. EPA values are currently
'STATIONARY', 'POTENTIALLY CONTAMINATED SITE', 'FACILITY",
'PORTABLE', 'CONTAMINATED SITE',' BROWNFIELDS SITE', ' MOBILE',
'CONTAMINATION ADDRESSED', and 'WATER SYSTEM'.
- source: <a href="https://www.epa.gov/frs">EPA Facility Registry Service (FRS)</a>
- sensitivelnd
- dtype: float
- description: Indicates whether or not the associated data is enforcement sensitive.
- source: <a href="https://www.epa.gov/frs">EPA Facility Registry Service (FRS)</a>
- smallBusInd
- dtype: float
- description: >
Code indicating whether or not a business is requesting relief under EPA’s Small Business
Policy,
which applies to businesses having less than 100 employees.
- source: <a href="https://www.epa.gov/frs">EPA Facility Registry Service (FRS)</a>
- envJusticeCode
- dtype: float
- description: >
The code that identifies the type of environmental justice concern affecting the
facility or enforcement action.
- source: <a href="https://www.epa.gov/frs">EPA Facility Registry Service (FRS)</a>

- Unit Identifiers
- eisUnitID
- dtype: float
- description: >
unique Emissions Inventory System (EIS) identifier for unit associated with a emissions-
producing process.
More than one eisUnitID may be associated with a eisProcessID.
- source: <a href="https://www.epa.gov/air-emissions-inventories/national-emissions-
inventory-nei">EPA National Emissions Inventory (NEI)</a>
- unitName
- dtype: object
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- description: reported name of unit.
- source: >
<a href="https://www.epa.gov/frs">EPA Facility Registry Service (FRS)</a> or
<a href="https://www.epa.gov/ghgreporting"> EPA GHGRP.</a>
- unitType
- dtype: float
- description: >
Identified unit type. May be taken from a reported unit type, unit description, or other
data field.
- source: >
<a href="https://www.epa.gov/air-emissions-inventories/national-emissions-inventory-
nei">EPA National Emissions Inventory (NEI)</a>
<a href="https://www.epa.gov/ghgreporting"> EPA GHGRP. </a>
- unitTypeStd
- dtype: object
- description: >
standardized unit type. Current types are 'dryer’, 'other combustion', 'kiln', 'boiler', 'turbine’',
vpumpv,
'generator’, 'other' [non-combustion unit], 'heater', 'engine', 'furnace’, 'oven', 'incinerator’,
'flare’,
'thermal oxidizer', 'compressor’, 'distillation’, 'building heat', and 'stove'.
- source: <a href="https://www.epa.gov/air-emissions-inventories/national-emissions-
inventory-nei">EPA National Emissions Inventory (NEI)</a>
- unitDescription
- dtype: object
- description: description of the unit
- source: <a href="https://www.epa.gov/air-emissions-inventories/national-emissions-
inventory-nei">EPA National Emissions Inventory (NEI)</a>
- designCapacity
- dtype: float
- description: design capacity of the unit. Directly reported, or obtained from unit description
or other data fields.
- source: >
<a href="https://www.epa.gov/air-emissions-inventories/national-emissions-inventory-
nei">EPA National Emissions Inventory (NEI)</a> or
<a href="https://www.epa.gov/ghgreporting"> EPA GHGRP. </a>
- designCapacityUOM
- dtype: object
- description: >
unit of measurement (UOM) for design capaicty. Currently includes MW' [megawatts],
'"TON/DAY",
'E3LB/HR', 'LB/HR', "TON/HR', 'GAL', 'FT3/DAY", 'E3GAL/HR', ' DATAMIGR/,
'E3FT2/HR', 'TON/YR,
'E6FT2/YR', 'E3BDFT/YR', 'GAL/HR', 'LB/YR', 'GAL/DAY', 'E6BDFT/YR',
'GAL/YR', ' DATAMIGRATION!, 'FT3/MIN', 'GAL/MIN', 'FT2/HR', 'AMP-HR/HR,
'E3FT3/DAY’,
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'FT3SD/HR', 'FT2/YR', and 'BBL".
- source: <a href="https://www.epa.gov/air-emissions-inventories/national-emissions-
inventory-nei">EPA National Emissions Inventory (NEI)</a>

- Geographic Identifiers
- latitude
- dtype: float
- description: latutide associated with registrylD
- source: <a href="https://www.epa.gov/frs">EPA Facility Registry Service (FRS)</a>
- longitude
- dtype: float
- description: longitude associated with registrylD
- source: <a href="https://www.epa.gov/frs">EPA Facility Registry Service (FRS)</a>
- geolD
- dtype: float
- description: >
Census Geographic Identifier. Numeric codes that uniquely identify all administrative/legal
and
statistical geographic areas for which the Census Bureau tabulates data. See
<a href="https://www.census.gov/programs-surveys/geography/guidance/geo-
identifiers.html"> GEOID overview </a>
for more information.
- source: <a href="https://www.epa.gov/frs">EPA Facility Registry Service (FRS)</a>
- locationAddress
- dtype: object
- description: >
The address that describes the physical (geographic) location of the front door or
main entrance of a facility site, including
urban-style street address or rural address.
- source: <a href="https://www.epa.gov/frs">EPA Facility Registry Service (FRS)</a>
- postalCode
- dtype: float
- description: >
The combination of the five digit ZoneImprovement Plan (ZIP) code and the four
digit extension code (if available) that represents the geographic segment that is
a subunit of the ZIP Code, assigned by the U.S. Postal Service to a geographic
location, where the facility site is located.
- source: <a href="https://www.epa.gov/frs">EPA Facility Registry Service (FRS)</a>
- cityName
- dtype: object
- description: >
The name of the city, town, village or other locality, when identifiable, within whose
boundaries (the majority of) the facility site is located. This is not always the same as
the city used for USPS mail delivery.
- source: <a href="https://www.epa.gov/frs">EPA Facility Registry Service (FRS)</a>
- countyName
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- dtype: object
- description: county name of facility.
- source: <a href="https://www.epa.gov/frs">EPA Facility Registry Service (FRS)</a>
- stateCode
- dtype: object
- description: two-letter state abbreviation (e.g., "AL") of facility
- source: <a href="https://www.epa.gov/frs">EPA Facility Registry Service (FRS)</a>
- countyFIPS
- dtype: float
- description: >
The Federal Informationl Processing Standard (FIPS) code that represents the county or
county equivalent and the state or state equivalent of the United States.
- source: <a href="https://www.epa.gov/frs">EPA Facility Registry Service (FRS)</a>
- legislativeDistrictNumber
- dtype: object
- description: The number that represents a Legislative District within a state.
- source: <a href="https://www.epa.gov/frs">EPA Facility Registry Service (FRS)</a>
- epaRegionCode
- dtype: float
- description: EPA Region Code associated with registrylD
- source: <a href="https://www.epa.gov/frs">EPA Facility Registry Service (FRS)</a>
- hucCode8
- dtype: float
- description: >
Hydrolic Unit Code (HUC) from the USGS. Accoring to the USGS, hydrologic unitsare
classified
into four levels: regions, sub-regions, accounting units, and cataloging units.
Each unit is identified by a unique hydrologic unit code (HUC) consisting of two to
eight digits based on its classification.
- source: <a href="https://www.epa.gov/frs">EPA Facility Registry Service (FRS)</a>

- Energy and Emissions Identifiers
- fuelType
- dtype: float
- description: >
fuel type that is directly reported, or is derived from SCC codes, unit or process descriptions,
or other data fields.
- source: >
<a href="https://www.epa.gov/air-emissions-inventories/national-emissions-inventory-
nei">EPA National Emissions Inventory (NEI)</a> or
<a href="https://www.epa.gov/ghgreporting"> EPA GHGRP.</a>
- fuelTypeStd
- dtype: object
- description: >
standardized fuel type. Current types are 'diesel’, 'naturalGas', 'resFuelOil' [residual fuel oil],
'biomass', 'lpgHGL', 'gasoline', 'other’, 'coal', 'coke’, 'jetA’
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- source: <a href="https://www.epa.gov/air-emissions-inventories/national-emissions-
inventory-nei">EPA National Emissions Inventory (NEI)</a>
- SCC
- dtype: float
- description: >
Source Classification Codes are a standardized hierarchical classification of the
different types of activities that generate air emissions. See additional information from
<a href="https://sor.epa.gov/sor_internet/registry/scc/SCC-IntroToSCCs_2021.pdf">this
documentation.</a>
- source: <a href="https://www.epa.gov/air-emissions-inventories/national-emissions-
inventory-nei">EPA National Emissions Inventory (NEI)</a>
- eisProcessID
- dtype: float
- description: Emissions Inventory System (EIS) identifier for a emissions-producing process.
- source: <a href="https://www.epa.gov/frs">EPA Facility Registry Service (FRS)</a>
- processDescription
- dtype: float
- description: description of an emissions-producing process (eisProcessID)
- source: <a href="https://www.epa.gov/frs">EPA Facility Registry Service (FRS)</a>
- energyMIJq0
- dtype: float
- description: minimum estimated energy use by unit in megajoules (MJ). Derived from
reported EPA NEI emissions.
- source: <a href="https://www.epa.gov/air-emissions-inventories/national-emissions-
inventory-nei">EPA National Emissions Inventory (NEI)</a>
- energyMJq2
- dtype: float
- description: median estimated energy use by unit in megajoules (MJ). Derived from reported
EPA NEI emissions.
- source: <a href="https://www.epa.gov/air-emissions-inventories/national-emissions-
inventory-nei">EPA National Emissions Inventory (NEI)</a>
- energyMJq3
- dtype: float
- description: third quartile estimated energy use by unit in megajoules (MJ). Derived from
reported EPA NEI emissions.
- source: <a href="https://www.epa.gov/air-emissions-inventories/national-emissions-
inventory-nei">EPA National Emissions Inventory (NEI)</a>
- throughputTonneQO
- dtype: float
- description: minimum estimated throughput by unit in metric tons. Derived from reported
EPA NEI emissions.
- source: <a href="https://www.epa.gov/air-emissions-inventories/national-emissions-
inventory-nei">EPA National Emissions Inventory (NEI)</a>
- throughputTonneQ2
- dtype: float
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- description: median estimated throughput by unit in metric tons. Derived from reported EPA
NEI emissions.
- source: <a href="https://www.epa.gov/air-emissions-inventories/national-emissions-
inventory-nei">EPA National Emissions Inventory (NEI)</a>
- throughputTonneQ3
- dtype: float
- description: third quartile estimated throughput by unit in metric tons. Derived from reported
EPA NEI emissions.
- source: <a href="https://www.epa.gov/air-emissions-inventories/national-emissions-
inventory-nei">EPA National Emissions Inventory (NEI)</a>
- ghgsTonneCO2eQ0
- dtype: float
- description: >
minimum greenhouse gas emissions by unit in metric tons CO2 equivalent (TonneCO2e),
calculated from either data reported by EPA NEI, derived from data reported by EPA NEI.
- source: <a href="https://www.epa.gov/air-emissions-inventories/national-emissions-
inventory-nei">EPA National Emissions Inventory (NEI)</a>
- ghgsTonneCO2eQ2
- dtype: float
- description: >
median greenhouse gas emissions by unit in metric tons CO2 equivalent (TonneCO2e),
calculated from either data reported by EPA NEI, derived from data reported by EPA NEI.
- source: <a href="https://www.epa.gov/air-emissions-inventories/national-emissions-
inventory-nei">EPA National Emissions Inventory (NEI)</a>
- ghgsTonneCO2eQ3
- dtype: float
- description: >
third quartile of greenhouse gas emissions by unit in metric tons CO2 equivalent
(TonneCO2e),
calculated from either data reported by EPA NEI, derived from data reported by EPA NEI.
- source: <a href="https://www.epa.gov/air-emissions-inventories/national-emissions-
inventory-nei">EPA National Emissions Inventory (NEI)</a>
- energyMJ
- dtype: float
- description: energy use by unit in MJ, either derived from reported EPA GHGRP emissions,
or taken directly from reported data.
- source: <a href="https://www.epa.gov/ghgreporting"> EPA GHGRP. </a>
- ghgsTonneCO2e
- dtype: float
- description: >
emissions of greenhouse gases (GHGs) in metric tons carbon dioxide
equivalents (TonneCO2e) reported by the EPA GHGRP.
- source: <a href="https://www.epa.gov/ghgreporting"> EPA GHGRP. </a>
- energyEstimateSource
- dtype: float
- description: Source of energy estimate. Value is either 'nei' or 'ghgrp'.
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- source: not applicable
- ghgsEstimateSource
- dtype: float
- description: Source of ghg emissions estimate. Value is either 'nei' or 'ghgrp'.
- source: not applicable

- Other Identifiers
- weeklyOpHoursLow_q1
- dtype: float
- description: >
lower bound of 95% confidence interval for average
weekly operating hours first quarter. Calculated using reported data.
- source: <a href="https://www.census.gov/programs-surveys/qpc.html"> Census QPC </a>
- weeklyOpHoursLow_q2
- dtype: float
- description: >
lower bound of 95% confidence interval for average
weekly operating hours second quarter. Calculated using reported data.
- source: <a href="https://www.census.gov/programs-surveys/qpc.html"> Census QPC </a>
- weeklyOpHoursLow g3
- dtype: float
- description: >
lower bound of 95% confidence interval for average
weekly operating hours thrid quarter. Calculated using reported data.
- source: <a href="https://www.census.gov/programs-surveys/qpc.html"> Census QPC </a>
- weeklyOpHoursLow g4
- dtype: float
- description: >
lower bound of 95% confidence interval for average weekly operating hours fourth quarter.
Calculated using reported data.
- source: <a href="https://www.census.gov/programs-surveys/qpc.html"> Census QPC </a>
- weeklyOpHours q1
- dtype: float
- description: reported average weekly operating hours first quarter.
- source: <a href="https://www.census.gov/programs-surveys/qpc.html"> Census QPC </a>
- weeklyOpHours_q2
- dtype: float
- description: reported average weekly operating hours second quarter
- source: <a href="https://www.census.gov/programs-surveys/qpc.html"> Census QPC </a>
- weeklyOpHours _q3
- dtype: float
- description: reported average weekly operating hours third quarter
- source: <a href="https://www.census.gov/programs-surveys/qpc.html"> Census QPC </a>
- weeklyOpHours g4
- dtype: float
- description: reported average weekly operating hours fourth quarter
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- source: <a href="https://www.census.gov/programs-surveys/qpc.html"> Census QPC </a>
- weeklyOpHoursHigh ql
- dtype: float
- description: >
upper bound of 95% confidence interval for average weekly operating hours first quarter.
Calculated using reported data.
- source: <a href="https://www.census.gov/programs-surveys/qpc.html"> Census QPC </a>
- weeklyOpHoursHigh q2
- dtype: float
- description: >
upper bound of 95% confidence interval for average weekly operating hours second
quarter.
Calculated using reported data.
- source: <a href="https://www.census.gov/programs-surveys/qpc.html"> Census QPC </a>
- weeklyOpHoursHigh q3
- dtype: float
- description: >
upper bound of 95% confidence interval for average
weekly operating hours third quarter. Calculated using reported data.
- source: <a href="https://www.census.gov/programs-surveys/qpc.html"> Census QPC </a>
- weeklyOpHoursHigh q4
- dtype: float
- description: >
upper bound of 95% confidence interval for average
weekly operating hours fourth quarter. Calculated using reported data.
- source: <a href="https://www.census.gov/programs-surveys/qpc.html"> Census QPC </a>
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Appendix B. FIED Compilation
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A
No - )
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Capacity Utilization
e weekly operating
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fill in missing
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Census block
1dentifier

\ 4

FRS geographic
identifiers

Figure B- 1. Summary flowchart for compiling the FIED
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Appendix C. NEIl Unit Characterization

Extract and standardize relevant
unit and fuel types from SCCs
Assign unit type and fuel type
»  based on SCC, unit name, or
Is design Yes unit description from NEI
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reported?
No Yes Is fuel type
defined?
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in unit description No
Search for fuel types in
process and unit
descriptions and SCC
A 4
.| Harmonize with GHGRP |

unit and fuel types

NEI data with harmonized unit
types, unit capacity, and fuel types

Figure C- 1. Summary flowchart for characterizing NEI units
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Appendix D. NEI Energy and Throughput Derivations

Filter NEI industrial units to only Match (1) NEI SCC to WebFire SCC and (2) NEI
pollutant types: PM, SOz, volatile »  emission to WebFire EF (If multiple WebFire EF for
organic compoundss, NOx, CO one NEI emission type, use the max)
A
Convert units: NET emissions to LB; NEI EF num. to Assign fuel type to each unit based on: (1) text search
LB; WebFire EF num. to LB; NEI EF den. to TON or €+  in NEI unit description and process description and
MJ l; WebFire EF den. to TON or MJ ' (2) SCC fuel types matched to SCC

Is the NEI EF calculation

Is th Yes method code equal to 4 Yes
E;t' e;};}) > (Stack test) and has an
n : emission comment that
contains an hourly rate?’
No
I No
S Vo |
Use WebFire [ ------------mmmmmmmmmooom oo oo -i See Appendix E E
Throughput [TON] = Energy [MJ] = NEI Throughput [TON] = Energy [MJ] = NEI
NEI emissions [LB] / emissions [LB] / NEI emissions [LB] / emissions [LB] / NEI EF
WebFire EF [LB/TON] WebFire EF [LB/MJ] NEI EF [LB/TON] [LB/MJ]

| | | |
v

If >1 throughput or energy input calculated per unit (multiple emission types per
unit), calculate the minimum, median, and upper quartile.

NEI- derived unit combustion

energy and throughput and
characterization

Notes:

IConvert units of fuel energy that are volumetric or mass-based to MJ based on fuel type.

?If units have an “emission comment” of text indicating an hourly emission rate (e.g., LB/HR) that matches the reported EF and
does not match reported EF units, NEI EFs are not used in this case.

Figure D- 1. Summary flowchart for deriving energy and throughput estimates from NEI data

55

This report is available at no cost from the National Renewable Energy Laboratory at www.nrel.gov/publications.



Appendix E. Addressing Disparate NEI EFs

v

Identify outlier EFs by pollutant,
SCC and fuel type based on 1.5*
interquartile range

v

Calculate median EF by
pollutant, SCC, and fuel
type

A
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A 4

Is ratio of NEI EF to No
WebFires median
EF <0.75?

Yes
A 4

Calculate energy estimates
based on WebFires median EF

Calculate energy estimates

A

based on NEI EF

Figure E- 1. Summary flowchart for addressing disparate NEI EFs
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Appendix F. GHGRP Energy Derivations and Unit

Characterization

GHGRP

emissions data

A 4 4 A 4
Subpart C energy Subpart D Subpart AA
derivation by reporting tier energy energy
(i.e., 1, 2, 3, or 4) and fuel derivation by derivation by
type fuel type fuel type

Is industrial facility
(i.e., NAICS code 11,
21,23, or 31-33)?

Exclude

Merge energy derivation
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Get unit capacity
and unit type

Is unit type
identified?

Search unit name
for unit type

A

A

with unit characterization

GHGRP-derived unit
combustion energy and
characterization

Harmonize unit
types

Figure F- 1. Summary flowchart for characterizing units and deriving energy estimates from

GHGRP data
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Appendix G.Blending NEl and GHGRP Energy
Derivations

NEI- derived unit GHGRP-derived
combustion energy unit combustion
and throughput and energy and

characterization characterization

v __ v v ' v
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A 4
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and unit data
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type, and unit ID

A
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unit GHGRP-derived energy use
to NEI unit(s) using NEI share

A

Figure G- 1. Summary flowchart for blending derived energy estimates from NEI and GHGRP data
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