United States Industrial Sector Energy End Use Analysis

Arman Shehabi, William R. Morrow, Eric Masanet

This work was supported by the Advanced Manufacturing Office of the Energy Efficiency and Renewable
Energy Program through the U.S. Department of Energy under Contract No. DE-AC02-05CH11231.



Disclaimer
This document was prepared as an account of work sponsored by the United States Government.

While this document is believed to contain correct information, neither the United States
Government nor any agency thereof, nor The Regents of the University of California, nor any of
their employees, makes any warranty, express or implied, or assumes any legal responsibility for
the accuracy, completeness, or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights. Reference herein
to any specific commercial product, process, or service by its trade name, trademark,
manufacturer, or otherwise, does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any agency thereof, or The
Regents of the University of California. The views and opinions of authors expressed herein do
not necessarily state or reflect those of the United States Government or any agency thereof, or

The Regents of the University of California.



Abstract
The United States Department of Energy’s (DOE) Energy Information Administration (EIA)

conducts the Manufacturing Energy Consumption Survey (MECS) to provide detailed data on
energy consumption in the manufacturing sector. The survey is a sample of approximately
15,000 manufacturing establishments selected from the Economic Census - Manufacturing
Sector. MECS provides statistics on the consumption of energy by end uses (e.g., boilers,
process, electric drives, etc.) disaggregated by North American Industry Classification System
(NAICS) categories. The manufacturing sector (NAICS Sector 31-33) consists of all
manufacturing establishments in the 50 States and the District of Columbia. According to the
NAICS, the manufacturing sector comprises establishments engaged in the mechanical, physical,
or chemical transformation of materials, substances, or components into new products. The
establishments are physical facilities such as plants, factories, or mills. For many of the sectors in
the MECS datasets, information is missing because the reported energy use is less than 0.5 units
or BTUs, or is withheld to avoid disclosing data for individual establishments, or is withheld
because the standard error is greater than 50%. We infer what the missing information likely are
using several approximations techniques. First, much of the missing data can be easily
calculated by adding or subtracting other values reported by MECS. If this is not possible (e.g.
two data are missing), we look at historic MECS reports to help identify the breakdown of
energy use in the past and assume it remained the same for the current MECS. Lastly, if historic
data is also missing, we assume that 3 digit NAICS classifications predict energy use in their 4,
5, or 6 digit NAICS sub-classifications, or vice versa. Along with addressing data gaps, end use
energy is disaggregated beyond the specified MECS allocations using additional industry-
specific energy consumption data. The result is a completed table of energy end use by sector

with mechanical drives broken down by pumps, fans, compressed air, and drives.



Introduction

In 2012, the United States industrial sector consumed 23.4 quadrillion BTUs of energy,
representing approximately one-third of all U.S. delivered energy use (EIA, 2012). The U.S.
Department of Energy’s (DOE) Energy Information Administration (EIA) conducts the
Manufacturing Energy Consumption Survey (MECS) to provide detailed data on energy
consumption in the manufacturing sector. The survey is typically updated every four years and
MECS 2006 is the most recent data available to date. MECS 2006 consists of reported energy
use information from 15,500 sample establishments, which are used to represent 97-98% of the
manufacturing payroll. Insight into relative energy use among different industries and how
energy use is consumed within each of these industries provides opportunities to conduct
analyses that can identify the potential impacts that would result various energy efficiency
measures. This information can be used to target policy initiatives towards components within

the U.S. industrial sector that will yield the greatest impacts on energy savings.

The utilization of MECS 2006 is partially limited owing to portions of data in the public version
being withheld, either to protect the anonymity of a specific establishment or because the
specific survey results generate a Relative Standard Error greater than 50%. Additionally,
energy use estimates documented in the surveys that are less than 0.5 in corresponding physical
units of BTU are withheld from the results. These withheld values create non-quantitative values
throughout the MECS datasets, which limit the ability of this data to be incorporated into multi-

decisional analysis tools.

This report presents an augmented form of the 2006 MECS datasets that provides estimates for
any withheld data by evaluating trends in previous versions of MECS and disaggregates energy
use beyond the specified MECS end-uses including additional industry-specific energy
consumption data. Results present a more thorough understanding of energy use allocations
throughout the U.S. industrial sector and provide and all-quantitative form of the data that can be

more easily incorporated into other analysis tools.



Methods

For many of the sectors in the MECS datasets, information is missing because the reported
energy use is less than 0.5 units or BT Us, or is withheld to avoid disclosing data for individual
establishments, or is withheld because the standard error is greater than 50%. We infer what the
missing information likely are using several approximations techniques. First, reported energy
use values less than 0.5 units or BTUs are assumed to be zero. Since MECS provides total
summed energy values even when one subcomponent energy values is absent, adding or
subtracting other values reported by MECS can then easily calculate much of the withheld data.
If this is not possible (e.g. two data are missing), we look at historic MECS reports to help
identify the breakdown of energy use in the past and assume that MECS 2006 has the same
energy use distribution ratio among end-use components within a specific national industry (a
six-digit NAICS code). When historic data is also missing for a specific national industry, we
assume that the distribution ratio of energy use within a three-digit NAICS subsector
classification predicts the corresponding distribution ratio of energy use for the more detailed
four-, five-, and six-digit NAICS classifications within that subsector, or vice versa. Along with
addressing data gaps, end use energy consumption designated for the Machine Drives category in
MECS is further separated into four motor categories (Pumps, Fans, Compressed Air, and Other
Drives) using industry-specific data on the distribution of motor system energy use (Xenergy,

1998).

Results

Tables 1-6 present fuel-specific energy use — electricity, natural gas, petroleum, coal, steam, and
biomass/byproducts, respectively — disaggregated by end-use for each of the NAICS categories
available from MECS 2006, MECS 2002, and MECS 1998 data.



Table 1: Electricity End Uses (in percentages)
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Table 2: Natural Gas End Use (in percentages)
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Table 3: Petroleum End Use (in percentages)
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Table 3: Petroleum End Use (in percentages)
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Table 4: Coal End Use (in percentages)
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Table 4: Coal End Use (in percentages)
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Table 4: Coal End Use (in percentages)
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Table 4: Coal End Use (in percentages)
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Table 4: Coal End Use (in percentages)
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Table 5: Steam End Use (in percentages)
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Table 5: Steam End Use (in percentages)
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Table 5: Steam End Use (in percentages)
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Table 5: Steam End Use (in percentages)
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Table 5: Steam End Use (in percentages)
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Table 5: Steam End Use (in percentages)
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Table 6: Byproducts and Biomass End Use (by percentages)
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Table 6: Byproducts and Biomass End Use (by percentages)
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Table 6: Byproducts and Biomass End Use (by percentages)
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Table 6: Byproducts and Biomass End Use (by percentages)
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Table 6: Byproducts and Biomass End Use (by percentages)
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Byproducts and Biomass End Use (by percentages)
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paiioday 10N dsn pul

3sM ssa%0.4d-Uop Jayio

UuUTjTaouus)

A31214309|3 [BUOIIUSAUO)

uonleuodsued| ausuQ

Hoddng Ayjoed Jay3o

3unysn Ayjoey

(8) DVAH Aujioey

$s920.4d-UoN [e3101-S3sn 323414

asM ssa20.d Jay10

$9552200.( |ediway)-041039|3

SOALIP SJI010N

Jle memeQEOU :SJOJON

suej :SI0]0|N

sdwnd :si1010|\

SALIQ BUIYde N

uoieasiiyay pue Suljoo) ssad0ld

8uneaH ssadoud

§5920.d |e10]-s9sn 1394ig

$S920.4 UOI1eIauUa80) J0/pue dHD

95 J49]10g |euoiluaAuO)

|[an4 J3|10g-Sas 12341pu|

NOILdIWNSNOD 13N4 1v101

336
337
339

43



References

[EIA] Energy Information Administration, US Department of Energy. 2012, Annual Energy
Outlook 2012 Early Release with Projections to 2035
http://www.eia.gov/forecasts/aeo/er/pdf/0383er(2012).pdf

Xenergy, Inc. (1998). United States Industrial Electric Motor Systems Market Opportunities
Assessment. U.S. Department of Energy's Office of Industrial Technology and Oak Ridge
National Laboratory. Massachusetts.

44



