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Introduction

In 1986, the Energy Information Administration (EIA) of the U.S. Department of Energy (DOE) implemented the 1985
Manufacturing Energy Consumption Survey (MECS). Forms EIA-846(F) and EIA-846(S) were used to collect data on
energy consumption, fuel-switching capability, and related matters from a probability sample of establishments,
designed to represent the manufacturing sector of the U.S. economy. The MECS is a statistical data collection system
designed to produce descriptive statistics related to energy use in the manufacturing industries. This report describes
the development of and the methodology for implementing the MECS system.

EIA conceived, designed, and developed the 1985 MEGS as a single survey. However, during the OMB clearance
process, fuel-switching questions were removed from the original MECS survey, and subsequently approved as a
separate data collection. The EIA-846(F) was mailed on July 14, 1986, to collect basic energy-consumption and
expenditures data, and the EIA-846(S) was mailed on November 28, 1986, to collect data on fuel-switching capability.
Form EIA-846(S) was mailed to a subset of respondents to Form EIA-846(F) and was preprinted, for reference, with
the fuel consumption data reported by the establishment on the EIA-846(F). Future MECS will be collected on a
single consolidated form.

The MECS system was developed at EIA, and the data collection was administered by the Industry Division of the
Bureau of the Census under an interagency agreement. Under the terms of the agreement, the Census Bureau
granted several EIA staff members the status of sworn Census employees, so that they could participate fully in all
aspects of the survey administration. The concept of a general-purpose energy-consumption data base for the manu-
facturing industries in the United States, the development and research of survey content and data issues, and the
design of the survey instrument were accomplished by EIA. The construction of a sampling frame, the actual
sampling process, survey administration, data processing, and disclosure analysis were performed by the Census
Bureau. Specifications for the frame, sample, and estimators were developed by EIA in conjunction with the Census
Bureau. Quality control, respondent support, and data editing were performed jointly, with final responsibility for data
quality resting with EIA.

The information obtained from the MECS will be used to construct a data base for the manufacturing sector
concerning iis acquisition, consumption, and disposition of energy, and its fuel-switching capability. The MECS
provides data needed for analyses in DOE, other Federal agencies, State governments, and the private sector. Most
important, it is the only data set on the energy consumption of the manufacturing sector that is both statistically
reliable and comprehensive.

From 1974 through 1981, the Census Bureau provided EIA with data on consumption of purchased fuels and electric
energy. Fuel stocks data were provided for 1978-1981. These data were available in "Fuels and Electric Energy
Consumed,” an EIA-funded supplement to the "Annual Survey of Manufactures” (ASM). This supplement provided
benchmarks for energy consumption in the manufacturing sector and was the principal source of energy data for
analysts and policymakers throughout the United States. The MECS system was designed to collect more
comprehensive energy data than were collected previously, while providing as much continuity as possible with the
previous ASM series.

This report describes the history of the development of the MECS system and the methodology used in implementing
the two MECS forms administered in 1986 to collect 1885 data. Both Forms EIA-846(F) and EIA-846(S) are parts of

the MECS survey system, resulting from the same development and consensus-building process. Therefore, MECS

development will be discussed as a unified whole and the two forms mentioned separately only when they are being

discussed specifically.

Development of the MECS system was authorized under the Federal Energy Administration Act of 1974, as amended
(FEAA, Public Law 93-275). Collection of 1985 data was justified by use of Section 13(b) of the FEAA, 15 U.S.C.
772(b). Future MECS are required under Title 3, Subtitie B, of Public Law 99-509.
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Purpose of the Survey

The MECS system is EIA's primary data collection activity conceming energy consumption and related data in the
manufacturing industries of the United States. Its primary purpose is to provide a comprehensive national baseline
statistical data set for energy consumption in these industries.

The core data collected by the MECS are purchases and expenditures by energy source, fuel use, nonfuel use of
energy sources, and short-term fuel-switching capability. These data are comparable to energy data collected by EIA
for other end-use sectors (residential, residential transportation, and commercial buildings) and are an important part
of ElA’s coordinated end-use consumption data base.

The MECS system provides essential input to E|A’s legislatively-mandated modeling and forecasting activities, and
provides data on other topics of interest to the DOE, including fuel switching, storage capacity of certain energy
sources, and onsite generation and cogeneration of electricity. The MECS system will also provide the means to
track changes in the consumption of purchased fuels, nonpurchased fuels, and fuel-like feedstocks, within specific
industries and geographic areas. These types of information are critical to understanding and describing energy
consumption and are in demand not only by government policy analysts but also by analysts in the private sector.
Such tracking capability provides critical input for the analysis of proposed energy policies, contingency planning for
emergencies, and, in general, contributes to an understanding of the factors influencing the demand for energy.
While the ability to track changes in energy consumption is a key consideration in energy analysis, of equal
importance is an understanding of why these changes take place. The MECS system, therefore, provides the means
to account for the influence of the physical and economic characteristics of the establishment on energy consumption.

MECS: Methodological Report 3
Energy Information Administration



Types of Data to be Collected by the MECS

The issues addressed on the MECS questionnaires were chosen by means of an iterative development process that
balanced the data requirements of potential users ot MECS data against the difficulties that manutacturers indicated
they would have in providing the data. This section of the report describes the issues addressed by the 1985 MECS.
The detailed process of identifying issues for inclusion in the MECS is described in Appendix A.

Data items on the questionnaires were collected separately tor each eligible energy source at an establishment (see
Glossary). The following data issues were addressed on the 1985 MECS questionnaires:

Quantities of energy sources purchased

Expenditures for quantities of energy sources purchased

Quantities used as fuels at the establishment

Quantities used for nonfuel purposes (feedstocks and raw material inputs) at the establishment
The short-term capability of the establishment to use alternate fuels

Onsite generation and sales of electricity

Quantities of renewable energy sources used as fuel

Quantities of fuels generated and used onsite

The storage capacity of major petroleum-based energy sources at the establishment.

Economic data were not collected by the 1985 MECS but were provided by the Census Bureau. This was made
possible by designing the MECS sample as a subsample of the ASM, allowing direct linkage of ASM economic data
and MECS energy data for analytical purposes.

The MECS is designed as a survey of manufacturing establishments, rather than of major energy-using processes or
pieces of equipment within establishments. Certain within-establishment characteristics, such as counts of major
energy-using equipment, counts of buildings by type of activity, use of complex feedstock streams, and fuel
consumption by detailed end use, were initially considered for collection. However, collecting data on these issues
would have resulted in a longer and more burdensome survey than was practical to implement. Therefore, data were
not collected on any within-establishment characteristics.

Two economic issues which were frequently mentioned by potential data users were not addressed by the 1985
MECS because they could not be defined precisely enough to provide meaningful data. Investment in energy
conservation was not included because it could not be clearly separated from other reasons for replacing or updating
equipment. Capacity utilization was not addressed at this point because a method could not be devised to define the
concept for many establishments meaningfully, especially those that manufacture multiple products.

Of the data issues that were included on the 1985 MECS, one item, nonfuel use of energy sources, was not collected
from petroleum refineries. These establishments already report detailed production data to EIA as part of the Monthly
Refinery Report, Form EIA-810 (See Appendix B). Instead of requesting refiners to report similar data on the MECS
form, EIA chose to construct nonfuel use data from the production data already in its possession. (See chapter on
Adjustments to the Sample for a detailed discussion.)
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The Manufacturing Sector and Its Relationship To the
Population Surveyed by the 1985 MECS

For purposes of both the ASM and the MECS, the manufacturing sector is a population of manufacturing
establishments. Technically, it includes all establishments operating predominantly in at least one of the Major
Industrial Groups 20 through 39 as defined by the 1972 edition of the Standard Industrial Classification (SIC) Manual
(see Glossary). Eligible establishments were physically located within the 50 States and the District of Columbia,
and, additionally, were operating as manufacturers at the end of 1984.

In 1985, EIA chose the Census Bureau to administer data collection activities for the MECS. One result of this
decision was the use of the ASM mail sample as the sampling frame for MECS. The mail sample is a probability
sample of about 56,000 manufacturing establishments that receive the ASM questionnaire. This sample represents
the approximately 225,000 establishments eligible for inclusion in the quinquennial Census of Manufactures. The
particular ASM mail sample used as the frame for drawing the MECS sample was based on the detailed 1982 Census
of Manufactures, updated through 1984 from Internal Revenue Service (IRS) lists of new manufacturing
establishments. This frame consisted of a list of all establishments in the 1984 ASM, minus establishments that
ceased manufacturing in 1984. It did not contain establishments that began operations in 1984 and continued to
operate in 1985, or establishments with too few employees to be eligible for inclusion in the mail sample. For most
industries, between 5 and 9 employees are required for inclusion in the mail sample, but in a few industries, the
requirement may be as high as 19 employees.

The mail sample provides much, but not all, of the data used to produce ASM statistics for the entire manufacturing
sector. The remainder is provided by the nonmail file, which contains all establishments not represented by the mail
sample. These establishments (generally, those with fewer than approximately five to nine employees), receive
neither ASM nor Census of Manufactures forms, but are represented by employment, payroll, and four-digit SIC data
taken from IRS and Social Security Administration (SSA) records. These three data items are used to impute the
contribution of establishments on the nonmail file to economic characteristics measured by the ASM mail
questionnaire. The combination of the weighted mail sample data and the contribution of the nonmail file represents
the entire manufacturing sector.

In addition to representing small establishments, the nonmail file is used to represent new manufacturing
establishments as identified from IRS records. The largest of these new establishments are transferred to the mail
sample for the next ASM data collection, but single-establishment companies with fewer than 35 employees are
retained in the nonmail file even if they are eligible for inclusion in the mail sample. This subset of new
establishments, therefore, is not represented by the mail sampie until the next Census of Manufactures, when all
establishments are reviewed and the mail sample is recreated from the updated population.

Because of the relatively small effect of the nonmail establishments, the MECS sample covers only that part of the
manufacturing sector represented by the ASM mail sample (which is used as the MECS frame). This population
accounts for well over 90 percent of the manufacturing employment and payroll, and presumably accounts for the
large majority of energy use by the manufacturing sector. Data from the nonmail file can be used to calculate rough
surrogate measures of the proportion of the entire manufacturing sector, or a specific part of the manufacturing sector,
that is not represented by the MECS.



Undercoverage measures were calculated as the ditference between a simple inflation estimate of fuel consumption
for the MECS population, and an employment-adjusted MECS estimate of fuel consumption for the more inclusive
population. Undercoverage in SIC category s was estimated as:

Fhs | Mits - Mhs Mis
Mis—Fhs = Fhs ———— = Fhs
Mhs Mhs Mhs

Us =

where Fps = Total fuel consumption for establishments in SIC s of the mail file, as estimated from the MECS sample;
Mhs = Total employment from the mail file, in SIC s;
Mis = Total employment from the mail and nonmail file, in SIC s; and
Mis = Total employment from the nonmail file, in SIC s.

Relative undercoverage of estimates of fuel consumption is defined as the absolute undercoverage divided by the

corresponding MECS sample estimate of fuel consumption. Relative undercoverage in SIC s was estimated as:

1 1 Mis Mis
U(rel)s Us = Fhs = ' (2
Fhs Fhs Mhs Mhs

the ratio of employment in the nonmail file to employment represented by the MECS sample.

Similarly, the relative undercoverage for consumption over all industries was estimated as the sum of the individual
industry values divided by total consumption:

1 39 1 39 Mis
Uel)= — 2, Us= - Y Fhs . (3)
39 s=20 39 8=20 Mhs
E Fhs E Fhs
s=20 s=20

All of these measures of undercoverage are based on the assumption that within each industry group, the ratio of
energy consumption to employment is the same for establishments represented by the MECS sample as for
establishments on the nonmail list. This assumption is speculative and cannot be directly tested because energy
data are not collected from nonmail establishments.

Therefore, these measures should only be used as rough approximations of the level of undercoverage of energy use
in the MECS. However, data from the mail establishments do show a relatively high correlation between
employment and consumption.

8 MECS: Methodological Report
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Table 1 lists, by industry, the Relative Standard Errors (RSE) of estimates of total fuel consumption calculated from
the sample, and estimates of relative undercoverage. RSE'’s are estimates, expressed as percentages, of the
degree of uncertainty associated with estimates derived from the sample. They, therefore, estimate uncertainty
resulting from sampling, and not uncertainty resulting from other sources of error, such as imperfections in the frame
or errors in reporting. Estimates based on the MECS sample are based on large enough sample sizes that the
distribution of the MECS estimator can be assumed to be approximately normal, by appeal to the Central Limit
Theorem. Therefore, for approximately two-thirds of the possible MECS samples that could be selected from the mail
list used as the ASM frame (that is, all possible MECS subsamples from all possible ASM samples), the percent
difference between the MECS sample estimate of a characteristic and the value of that characteristic over all possible
samples will be less than one RSE.

The relative undercoverage measures given in Formulas (2) and (3) measure approximately how completely the
MECS sample represents the manufacturing sector. Again, the applicability of these measures to consumption is
directly related to the assumption that coverage of employment approximates coverage of fuel consumption within
major industries and industry groups. The undercoverage measures presented in Table 1 give some idea of the effect
of using a noncomprehensive frame on estimates derived from the sample.

Comparing the two measures of variablity gives some sense of how the directional effect of undercoverage compares
with the amount of random uncertainty in MECS fuel consumption estimates caused by sampling error. For example,
total British thermal unit (Btu) consumption in all industries nationwide in 1985 was associated with an RSE of 2
percent and a relative undercoverage of 3 percent (see Table 1). A relative undercoverage of 3 percent suggests
that the MECS sample represents approximately 97 percent of the energy consumption in the manufacturing sector.

These comparisons pertain only to total fuel consumption for the categories listed in Table 1. They should not be
extrapolated to detailed geographic or industry classifications, or to estimates for individual fuels.

Table 1 indicates that an estimated 3 percent of the fuel consumption in the entire manufacturing sector was not
covered by the MECS sample. In addition, relative undercoverage was 5 percent or less for all 10 of the 4-digit
industries, and 12 of the 20 Major 2-digit Industry Groups, used as sampling categories in the MECS. Estimated
undercoverage in five of the eight remaining Major Industry Groups was approximately 6 to 7 percent of the total fuel
consumed in those SIC's.

MECS: Methodological Report 9
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Table 1. A Comparison of MECS Sample RSE’s for Fuel Consumption Estimates with Estimates of Relative

Undercoverage
Relative
SIC Major Industry Groups and RSE Undercoverage
Code Selected Industries (Percent) (Percent)
20 Food and Kindred Products..........cc.cooovmiieniiceceeninnnrn e 5 4
21 Tobacco Manufactures ..............ccoovvii s 6 1
22 Textile Mill Products ........ccoocceeviiie st s 3 2
23 Apparel and Other Textile Products ...........cccccoconviinnniiinnenn, 8 6
24 Lumber and Wood Products ...........cccceeiiiiiici e 1 12
25 Fumniture and Fixtures ..........c..cccoveriiiiininncr e 7 6
26 Paper and Allied Products ..........cccccocciviieriinnnnne e seeeeeees 3 3
2621 Paper Mills ..o 3 1
2631 Paperboard Mills ...........ccocorimiiiiicc e 7 1
27 Printing and Publishing ... 6 10
28 Chemicals and Allied Products ...........ccceeviveiinennieecennenienne 2 3
2819 Industrial Inorganic Chemicals, NeC™ .........cccvveeeciviieeniniincnens 9 2
2821 Plastics Materials and ReSinNS ........c.cccooeevee e iiec e, 8 1
2869 Industrial Organic Chemicals, nec™ .............cocoeveierviivvnceenen. 3 1
2873 Nitrogenous Fertilizers ...........c.cccccnnennie et 3 2
29 Petroleum and Coal Products ...........ccccovercvrenenvnenneesnenensennne 3 1
291 Petroleum Refining .......cccccoviriiiiici e 3 1
30 Rubber and Misc. Plastics Products...........c.cccccnvieeiiinnconnnnnne 3 7
31 Leather and Leather Products ........c..cccccvmeriinniiccciniiccccnen. 12 3
32 Stone, Clay and Glass Products ............ccccoveiniiieccniinnennnn 3 6
3241 Cement, HydrauliC .............ooooieiiiiiiiiiice e 5 1
33 Primary Metal InduStries ...........ccooveiicnnen et 4 2
3312 Blast Furnaces and Steel Mills .............cccooiiiiieinininncniininens 5 1
3334 Primary AIUMINUM ..o erer e s caecesine s 8 1
34 Fabricated Metal Products ..........cccc oo, 4 5
35 Machinery, Except Electrical ..............ccccovnciniinnin e 4 6
36 Electric and Electronic Equipment..............ccccooiiciiieniiiennninen 3 3
37 Transportation EQUIPMENt ... 2 2
38 Instruments and Related Products .............cccconviiiveivininninns 6 4
39 Miscellaneous Manufacturing Industries .............c...cccveiiiienne 8 10
- Total U.S. sttt s s 2 3

*nec: not elswhere classified.
Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use
Division, Form EIA-846(F), 1985 Manufacturing Energy Consumption Survey.
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The MECS sample in the three remaining Major Industry Groups (SIC’s 24, 27, and 39) had higher levels of relative
undercoverage (10 to 12 percent). The lesser coverage of the MECS sample in these SIC’s reflects the domination,
and frequent turnover, of small establishments in these industry groups.

The data in Table 1 suggest that the data user needs to be aware ot undercoverage when interpreting MECS data.
Estimates of RSE's are typically avallable for sample surveys and their use and interpretation is familiar to most data
users. Estimates of undercoverage, however, are often not available because they require knowledge of true values
of characteristics of the population being sampled. The values presented in Table 1 do not capture all of the
nonsampling error present in the MECS sample, but they do provide approximate indicators of how completely the
MECS represents energy consumption in the entire manufacturing sector and industrial categories within it.

In summary, consumption estimates from the MECS sample closely represent the entire manufacturing sector in most,
though not all, cases. A useful working definition of the manufacturing sector that is closely represented by the MECS
can be defined, however. The manufacturing sector, as represented by the entire MECS sample, consists of
establishments that:

1) are physically located within the 50 States and the District of Columbia;

2) were In business at the end of 1984,

3) were assigned to one of the manufacturing industries (SIC Major Industry Groups 20 through 39)
for purposes of administering the mail portion of the 1985 ASM.

MECS: Methodological Report 1"
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Creating Measures of Size For Establishments In the
MECS Frame

In order to select a sample of establishments for the MECS, a probability structure was needed to relate the eventual
MECS sample to the population of manufacturing establishments it was intended to represent. Certain constraints
were inherent in the structure, because the MECS sample was planned as a subset of an ASM sample which had
already been selected according to its own probability structure. However, the ASM survey also provided a benefit
to the development of the MECS probability structure. The economic and energy-related data collected for the ASM
sample provided valuable information to control the assignment of probabilities for the MECS so as to maximize the
precision of MECS estimates.

The manufacturing establishment population is highly skewed with respect to energy use; that is, a relatively small
proportion of the population accounts for a large proportion of total consumption. In such situations, a sample based
on probabilities of selection that are proportional to the characteristic of interest can estimate population
characteristics much more precisely than a sample of the same size selected randomly. The ASM survey collected
several items of information which could potentially have been used to derive MECS probabilities: economic
measures such as total employment, value of product shipments, and value added by manufacture, as well as
energy-related measures such as total cost of fuels, quantities of purchased elecfricity, and for some large
establishments that had been in ASM surveys in previous years, consumption of fuels for years as recent as 1981.

The first step in deriving selection probabilities was to attach a measure of size to each establishment in the ASM
sample. These measures of size would be used as surrogates of the relative amounts of energy consumption
among establishments. Eventual probabilities of selection for the MECS were to be derived directly from the relative
size indicators. Because informal studies of ASM data showed that energy cost was more highly correlated with
consumption than was any economic measure, a decision was made to derive measures of size based on
energy-related data rather than economic data.

The measure of size that was derived was an estimate of 1984 consumption of purchased fuels and electric energy.
There were two distinct methods for computing the estimate. For establishments in the MECS frame that had also
been in the 1981 ASM sample, the size measure was given by

Cayj
TBly = —— Faij + (3.412 x 10°%) « Eagj
Ca4j
where
Essj= Megawatthours (Mwh) of purchased electricity for establishment j as reported on the 1984 ASM

Fg1j= Total consumption of purchased fuels for establishment j in millions of British thermal units (mmBtu),
as reported on the 1981 ASM

Cs4j = Total cost of purchased fuels for establishment j as reported on the 1984 ASM

834,- = An estimate of the 1984 cost of Fg1 for establishment j, computed as a sum of fuel-specific costs
at the establishment. Each fuel cost was derived by multiplying the reported consumption of the
fuel in 1981 by its 1981 price as determined from the reported consumption and expenditure data,
and then multiplying the result by a national-level inflation index for that fuel covering the
period 1981-1984. The inflation indexes were computed from the Producer Price Index (PPI) series

3.412x10% = The standard conversion factor of 3.412 mmBtu/Mwh of electricity consumption.

MECS: Methodological Report 13
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For establishments that were not in the 1981 sample, total 1981 consumption was not available and the estimated
1984 cost of that consumption could not be calculated. For those establishments the 1981 fuel-specific consumption
and expenditures at the establishment level were replaced with comparable totals for the 4-digit SIC category into
which the establishment was classified. Thus, the formula for the measure of size became

Ca4j 6
Fsg1 + (3.412x 10°) . Esy4j

TBtu; =
A
Css4

A
where Fss1 and Css4 were the totals for the 4-digit SIC code associated with establishment |,

TBtu was, at best, a rough approximation to the actual consumption of purchased fuels and electric energy at the
establishment during 1984, because of changes in product mix at the establishment between 1981 and 1984 and
local differentials in fuel price inflation from the average measure available from the PPl series. However, this rough
surrogate was considered to be a superior predictor of consumption, and, thus, a better measure of size, than any
function of economic variables that could be devised.

14 MECS: Methodological Report
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MECS Sample Design

The MECS sample was designed through a two-part process to produce the highest quality data achievable. First,
preliminary estimates of expected sampling error and desired sampling error were used to develop an estimate of
total sample size, thereby allowing estimation of resource requirements. Second, existing ASM data were used to
allocate the sample to the different industries of interest. Overall, this process took into account survey objectives,
characteristics of the manufacturing sector, characteristics of the properties to be estimated, and operational
constraints caused by finite available resources.

The distribution of manufacturing establishments with respect to characteristics of interest (for example, fuel
consumption, feedstock consumption) was of primary importance to the MECS sample design. Many economic
characteristics, such as employment, value of shipments, and energy consumption, are concentrated heavily among
large establishments, even though small establishments are numerically dominant. In addition, these economic
characteristics are generally correlated with one another, so that a sample design efficient for one of them should be
reasonably efficient for all of them.

These characteristics are also distributed unequally among industries, as well as between size groups. This is
especially true of energy consumption. In 1981, for example, of more than 400 industries (represented by 4-digit SIC
codes), which comprise the manufacturing sector, 10 accounted for over 50 percent of the total consumption of
electricity and purchased fuels.’

For the reasons discussed above, sample allocation was concentrated in the largest energy-consuming industries
and the most energy-consumptive establishments. From a sampling perspective, this means that the MECS sample
design would result in the highest quality estimates of characteristics of interest by emphasizing large establishments,
both with respect to sample allocation among strata, and probability of selection proportional to size within strata.

The primary classification variable used for both sampling and for analyzing MECS data is SIC category. The most
important groupings in the manufacturing sector for analysis purposes are the 20 Major Industry Groups (2-digit
SIC’s) and the 10 most energy-consumptive industries (4-digit SIC’s) shown in Table 2. Within these groups, the
target RSE's for estimates of Btu consumed, for total consumption, and by individual energy source, were:

¢ Two percent for energy intensive SIC’s in which the MECS was expected to collect substantial information on
feedstock use, consumption ot byproduct fuels, electricity cogeneration, or short-term fuel switching (SIC’s 20,
22, 26, 28, 2911, 30, 33, 35, 36, and 37)

* Five percent for the remaining 2-digit SIC’s and the 9 remaining energy intensive 4-digit SIC's

* Ten percent for four major energy sources (electricity, natural gas, coal, and residual fuel oil), in any of the 30
SIC categories that contribute more than 1 percent to the total consumption of that energy source in the
manufacturing sector.

Information from two energy consumption surveys previously conducted by EIA indicated that a sample size of
approximately 12,000 manufacturing establishments, sampled with probability proportional to 1984 energy use, would
be sufficient to achieve the specified target RSE’s. This estimate of total sample size was used for preparing
estimates of resource requirements for conducting the survey. After the Census Bureau was chosen to administer
the 1985 MECS, more detailed analyses of sample allocation and expected precision were performed. These
analyses provided EIA with the optimum allocation of sampling effort among industries and with establishment size
(as measured by estimated energy consumption).

1U.S. Department of Commerce, Bureau of the Census, 1982 Census of Manufactures Fuels and Electric Energy Consumed: Part 1,

Industry Groups and Industries Pub. MC81-S-4 (Part 1), Washington, DC: U.S. Government Printing Office, June 1983.
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There was also a structural limitation to achievable RSE's for the 10 four-digit SIC’s sampled. The MECS sample,
for these SIC's, contained all establishments in the ASM sample (which was used as the MECS frame). Therefore,
the sample size in these categories could not be increased, even if optimal sample allocation required it. The only
4-digit category that looked as if it might fall short of RSE targets because of this limitation was SIC 3241, the
hydraulic cement industry.

Sample allocation, and prediction of the RSE’s that would result from a particular allocation, were developed from a
trial sample selection performed by the Census Bureau. This trial consisted of selecting a subsample of specified
size from the 1981 ASM using the MECS sample selection procedure. The sample was used to estimate the
consumption items, their variances, and their RSE’s. The sample was designed to yield approximately 10,000
establishments, corresponding to a sample mail-out of 12,000 forms and a 17 percent nonresponse rate from all
sources. RSE’s from this sample are shown in the column labeled "Trial” in Table 2.

RSE's achieved from the MECS for its consumption measure equivalent to use of purchased fuels and electric energy
were fairly well in line with target values. Of the 20 two-digit industry groups, 14 had RSE’s below, at, or within 1
percent of the target values. Of the six remaining SIC's, four (SIC’s 23, 24, 25 and 31) were relatively minor energy
consumers. The other two, SIC 20 and SIC 35, had relatively low RSE's (4 percent each), but their targets were very
low. Some minor adjustment of sample size in future cycles of the MECS may be considered based on these data.
Of the 10 4-digit industries, only two substantially missed their targets: SIC 2819 and SIC 3334. Interestingly, the
industry of ariginal concem, SIC 3241, met its target. Because all ASM sample establishments in the 4-digit
industries were also in the MECS, no sampling adjustments are possible here.

One identifiable potential source of differences between RSE targets and error levels actually achieved is the random
error contribution caused by nonresponse, especially among establishments selected for the MECS with certainty.
This component is reflected in MECS variance estimates and can have a significant effect on total error. The effect
would be especially noticeable in SIC’s with few establishments, or SIC’s with only a few large establishments among
many smaller ones. Further discussion of this issue can be found in the chapter on MECS Estimators.

Allocation of the sample among the 30 sampling and estimation groups was done proportional to their estimated
popuiation variance of total 1984 consumption of purchased fuels and electricity (TBtu). The methods for estimating
TBtu are described in detail in the chapter on Creating Measures of Size for Establishments in the MECS Frame.
This information was incorporated into the sample design by sampling with probability of selection proportional to the
energy-related measure of size of the establishment. As mentioned previously in the chapter on Creating Measures
of Size for Establishments in the MECS Frame, such a sampling method results in better allocation of the sample
within sampling groups than a random sampling approach, because the sample emphasizes more
energy-consumptive establishments.

In summary, the following are the major characteristics of the MECS sample design:

* Available resources resulted in a desired sample size of approximately 12,000 manufacturing establishments.
This relatively small sample, approximately 5 percent of the total number of establishments in the target
population, accounted for about 80 percent of the total estimated fuel consumption in the manufacturing sector.

* The sample was allocated among 30 industry-based sampling groups, proportional, as far as possible, to the
estimated population variance of fuel consumption in each group.

* Within sampling groups, each establishment was assigned a probability of selection into the MECS sample such
that the overall probability of selection from the manufacturing sector was proportional to its estimated 1984
consumption of purchased fuels and electricity.

® Each establishment in the manufacturing sector was eligible for inclusion in the MECS sample, conditional upon
its selection into the 1984 ASM sample used as the MECS sampling frame.
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Table 2. Precision Targets for MECS, RSE’s Obtained from a Trial Sample, and RSE'’s Actually Achieved by the
MECS Sample, for Measures of Purchased Fuel and Electric Energy Consumption

Relative Standard Errors

(Percent)
SIC Major Industry Groups and
Code Selected Industries Targets Trial  Achieved
20 Food and Kindred Products...........ccoocceveineiiniinn i 2 2 4
21 Tobacco ManUfACIUreS .........ccccvviiiicecieieee e e e e 5 5 6
22 Textile Mill ProductsS.........ccovevii it rereeee e 2 2 3
23 Apparel and Other Textile
ProductS........oo it 5 5 8
24 Lumber and Wood ProductS...........cccccvirrieenicinienrecrennienin e 5 5 10
25 Fumniture and Fixtures .........cccccviiiiiceviniie e e 5 5 7
26 Paper and Allied Products ..........cccoovniiniiniinncncininiince e 2 NA 3
2621 Paper Mills ..........ccocvviii i e 5 1 3
2631 Paperboard Mills ..........c.ccceeiniiii e 5 1 6
27 Printing and Publishing...........c.ccooiriiiiii e 5 5 6
28 Chemicals and Allied Products............ccceceieeeininvinncnnreennnnes 2 NA 2
2819 Industrial Inorganic Chemicals,
1= U 1 9
2821 Plastics Materials and ReSiNS .........ccccoceccvemiiriiiicvcncrne e 2 4
2869 Industrial Organic Chemicals,
DBC oottt ee e e e ettt a e e e e earaean 5 1 3
2873 Nitrogenous Fertilizers ...............cccovviini s 5 3 3
29 Petroleum and Coal Products ...........cccceveeciieiniiccnceerene e ccnanens 5 NA 4
2911 Petroleum Refining...........cccovviiriiiii e 2 1 4
30 Rubber and Misc. Plastics
ProductS......... o 2 2 3
31 Leather and Leather Products.........cccccceevvvicviien e 5 6 12
32 Stone, Clay and Glass Products .............ccccveceeeieenveccnnnnnneannnes 5 NA 3
3241 Cement, HydrauliC.............covuviieei it sccce e 5 9 5
33 Primary Metal INdUSEHES.........c.cccvcvirie v 2 NA 3
3312 Blast Fumaces and Steel Mills............ccccccvereciiincccceneniicein s 5 1 4
3334 Primary AUMINUM ..........ccoooiiieiiiinrec e eesesre e s e snes 5 4 8
34 Fabricated Metal Products ..........cccccccciveieeericiiiceens e 5 3 4
35 Machinery, Except Electrical ............cccocoivviiniiniinees 2 3 4
36 Electric and Electronic Equipment..........cocciiiiiiiiinnnn, 2 2 3
37 Transportation Equipment ............ccoo s 2 1 2
38 Instruments and Related Products ..............coceeeicerereninnnccineeens 5 5 5
39 Miscellaneous Manutacturing
INAUSTIIIES. ...ttt e 5 5 6

*nec: not elsewhere classified.
NA= Not available.

Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use Division, Form
EIA-846(F), 1985 Manufacturing Energy Consumption Survey.
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The Sampling Method

The sampling method used for MECS was a two-stage process. The first stage of sampling was the ASM sample
chosen by the Census Bureau and used by EIA as the MECS frame. The second stage of sampling was the MECS
sample chosen from the ASM sample. The same sampling methodology was used to choose the ASM sample and
MECS subsampile.

Because the ASM sample is a probability sample, each establishment in the MECS frame has an associated
probability of selection from the population of manufacturing establishments of interest to the MECS. These
probabilities can be used in conjunction with ASM data to produce estimates of characteristics of the original
population. This in turn allows a subsample (in this case the MECS sample) to be selected from the ASM that
maintains a known relationship to the original population. Total consumption of purchased fuels and electricity (TBtu)
was the data item derived from ASM values, that when combined with the probability of selection into the ASM, was
used to create probabilities of selection for the MECS.

Theoretically, the most precise estimates of energy consumption from the 1985 MECS sample could be achieved if
establishments were chosen for the MECS sample with overall probabilities of selection proportional to their actual
consumption of fuels and electricity in 1985. The data to be measured are not available, but much of the advantage
of sampling proportional to actual consumption can still be realized by utilizing an available variable that is highly
correlated with consumption. For MECS, the chosen variable was the estimate of total 1984 consumption (TBtu).
The actual method of calculating TBtu was described in the chapter on Creating Measures of Size for Establishments
in the MECS Frame.

As explained in the previous chapter, to control the amount of sampling variability in consumption estimates for
individual industries and industry groups, sampling for MECS was carried out separately within each of the 30
categories shown in Table 2. If the MECS had been a single-stage sample from the manufacturing population, the
overall probability of selection for establishment j in SIC group s would have been:

(TBtu)sj
nsj = ms'

Ns
Y. (TBtu)sk
k=1

where ms is the desired MECS sample size in group s, Ns is the corresponding population size, and (TBtu)sj is the
size measure as previously defined, for establishment j in SIC s.

However, because (TBtu)sj is only available for establishments in the MECS frame (ASM sample), TTsj must be
estimated as:
(TBtu)s;
Psj= ms . )

n's
>, (1/Qsk) * (TBtu)sk
k=1

where n's Is the number of establishments in the ASM sample in SIC group s, and Qsk Is the probability of selection of
ASM sample establishment k in SIC s from the establishment population. The denominator of Ps;j is the weighted
estimate of total Btu in SIC s of the population, based on the ASM sample.
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Of course, the MECS sample was subselected from the ASM sample rather than being chosen directly from the
population, so that ASM probabilities of selection had to be taken into account. Ps;j, the desired overall probability of
selection for the MECS, can be thought of as the product of two probabilities, so that the previous expression can be
written

(TBtu)sj
Psj=Qsj + Rsj=ms ;
n's
Y. (1/Qsk) (TBtu)sk
k=1

where Rsgj is the conditional probability of selecting establishment j into the MECS sample given that it has already
been selected into the ASM. .

The desired sampling probabiities for subselection into the MECS sample from the ASM mail sample are, therefore:

(TBtu)sj
st = (1/05}) ‘m

=
w

(1/Qsk) (TBtu)sk
k

1]
-

The process for determining MECS probabilities of selection is iterative. At each stage, if any Rsj is greater than or
equal to 1, that establishment is assigned a MECS probability of subselection of 1. The MECS probability of
subselection (Rs;j) Is then recalculated for the remaining establishments after removing the total weighted TBtu of the
certainty cases from the denominator of the probability formula. Any additional cases with new Rgj of at least 1.0 are
set aside as MECS certainties. The process is repeated until all cases are classified as certainties for MECS, or
have Rsj's less than 1. The final probabilities of subselection for MECS are either 1.0 or

1 TBtu)ei
Rsj = + (Ms-m'ys) * (TBtu)gj ,
O. N's-M'1s
s k21 (TBtu)sk/Qsk

where m’1s is the number of establishments in SIC group s with a MECS subselection probability of 1. The only
exception to this method of assigning probabilities was for establishments that would receive overall probabilities of
selection (Qsj . Rs;j) less than 0.002. Their MECS probabilities of subselection were adjusted to keep their overall
probability of selection at 0.002. This restriction controlled the range of weights for cases that were eventually
selected for the MECS, and thus was a control on sampling error.

In the sampling method used for MECS, each manufacturing establishment was sampled independently of the
selection or nonselection of every other establishment. This was accomplished by generating a random number
between 0 and 1 for each establishment, and comparing it to Rsj. If Rsj was as large or larger than the random
number, the establishment was taken into the MECS sample. If, however, Rsj was less than the random number the
establishment was excluded from the sample. Because each establishment is selected into or rejected from the
MECS sample independently of all other establishments in the MECS frame, this sampling method does not result in
a fixed sample size. The expected value of the actual sample size equals the desired sample size, however (see
Appendix E). In the 1985 MECS, for example, the expected sample size was 11,972 establishments, but the actual
sample size was 12,065 establishments.
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The processes just described to subselect MECS sample establishments are analogous to the processes used to
select the ASM sample. Further information on this methodology can be found in the summary methodological report
for the Anuual Survey of Manufactures.?

2U.S. Department of Commerce, Bureau of the Census, The Annual Survey of Manufactures: A Report on Methodology. Technical Paper

No. 24, Washington, D.C.: U.S. Government Printing Office, February 1971.
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Design of the EIA-846(F) and EIA-846(S) Forms

The 1985 MECS was collected on two forms administered sequentially: the EIA-846(F), which collected all MECS
data except fuel switching, and the EIA-846(S), which collected fuel-switching data. In the future, MECS wili be
simplified by consolidating all questions on a single form. To facilitate understanding of the 1985 MECS forms and
their relationship to future MECS forms, the forms design process is described below in detail.

The process of designing the forms for the 1985 MECS began with the identification of data issues as described in
Appendix A, and then proceeded in an iterative process both within EIA, and between EIA, the Office of Management
and Budget (OMB) and manufacturers. By the middie of 1984, the issues that would be addressed by the MECS
system had been identified, and preliminary design work was begun on what was then a single MECS questionnaire.
Subsequent evolution of the design of the questionnaire addressed the optimum way to present data issues, and the
depth to which issues should be explored, but the basic issues themselves remained essentially unchanged. This
evolution occurred as a result of:

¢ discussions within EIA

* continued input of manufacturers via Federal Register Notice responses and public hearing testimony
* discussions with manufacturing representatives and site visits to specific manufacturing establishments
¢ apilot study.

These sources of information gave EIA an improved understanding of the level of detail of data that manufacturers
could reasonably be expected to provide while still supplying EIA with enough detail to make the resulting data
meaningful. The two principal results of these internal discussions of manufacturers’ comments were that:

* The section on short-term fuel switching was not initially approved by OMB, but was later approved as a separate
form after the passage of Public Law 99-509 (Title 3, Subtitle B).

* Anaccounting approach for collecting basic consumption data at the establishment was dropped. The accounting
approach (reporting sources of input and output of energy sources, and obtaining consumption by a series of
additions and subtractions) was intended to clarify energy flows and allow EIlA to determine the components that
represent energy use. In the end, basic consumption data were collected directly with no questions about
conversion of energy sources within the establishment or shipments of energy sources.

The major versions of the MECS questionnaires also are reproduced in Appendix C. Included are the questionnaire
commented on at the public hearings in May 1985, the Pilot Study version of the questionnaire (Form EIA-846), the
form submitted to OMB for final approval, and the questionnaires administered as part of the full-scale survey (Forms
EIA-846(F) and EIA-846(S)).

The torms design process can be divided into five stages. These are:
1) Initial development of the basic questionnaire (mid-1984 through the public hearing on May 20, 1985).
2) Simplification and reemphasis of fuel switching to address only oil-related switching and deleting of the

accounting approach to estimating consumption. (May 20, 1985, public hearing through the OMB
clearance process for the pilot study in October 1985).
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3) Administration of a pilot version of the MECS questionnaire (Form EIA-846) to a purposive sample of 100
manufacturing establishments. The purpose of the pilot study was to evaluate the effectiveness of the
proposed MECS questionnaire for collecting energy consumption data from manufacturers in a clear,
easily understood manner. (December 1985 through February 1986).

4) Clearance of the final simplified Form EIA-846(F), without the section on fuel switching and with the
provision that refinery data on feedstocks would be obtained from EIA records rather than from the
Form EIA-846(F). (This form was approved June 5, 1986, and mailed on July 14, 1986.)

5) Clearance of a redesigned fuel-switching section as Form EIA-846(S), after Congress mandated the
inclusion of fuel switching in the MECS system. (This form was approved November 4, 1986, and
mailed on November 28, 1986.)

The following descriptions trace the development of each of the three basic sections of the MECS data collection,
which are:

* consumption measures and related data for combustible energy sources
* detailed data on inputs and uses of noncombustible energy sources such as electricity and steam
¢ data on short-term fuel-switching capability based on actual consumption.

Basic consumption and related data concerning combustible energy sources would have been collected on Sections |
and {1 of the form commented on at the public hearing (see Appendix C). An accounting approach was used on this
form to arrive at fuel consumption, but had already been abandoned as a means of unduplicating total (fuel plus
feedstock) consumption within an establishment and between establishments.

Additional items appearing on this form are questions concerning the average Btu content of coal consumed,
beginning and end-of-year inventories, transfers of energy sources into and out of the establishment, offsite use of
energy, and total quantity used as boiler fuel. Of these, inventories, transfers, and use offsite were included as part of
the accounting approach to determining fuel use; average Btu content of coal, and fuel used in boilers were included
as free-standing items.

Dropping the accounting framework also led to dropping the items on transfers. Inventories, Btu content, and
consumption of boiler fuel were determined to be too burdensome to collect for an initial MECS survey. In addition,
the questions concerning energy sources extracted onsite and produced onsite from other energy sources were
combined into a single question ascertaining total quantity produced onsite. These changes rendered the section
ascertaining reportable energy sources (Section 1 of the public hearing version of the questionnaire) unnecessary, so
that section was deleted from subsequent versions of the questionnaire. Section |, from this point forward, refers to
the portion of the questionnaire designed to collect consumption-related data for combustible energy sources.

The results of the pilot study showed that this version of Section | was easily understood by representatives of
manufacturing establishments. Therefore, the only basic change made to Section | between the pilot version of the
questionnaire and Form EIA-846(F) was to request petroleum refineries to enter their identification number for an
already-existing EIA survey (the EIA-810, Monthly Refinery Report, see Appendix F for an example of the form).
Refiners were not to enter their feedstock data on the EI1A-846(F), since they would be determined from EIA-810 data
already in the possession of EIA.

The section addressing the acquisition and use of noncombustible energy sources, especially electricity and steam,
remained almost unchanged between the May 20, 1985, version of the questionnaire and the EIA-846(F) that was
actually administered in July 1986. The only changes made were to combine all types of renewable sources for the
questions requesting quantities of electricity and steam generated onsite. This part of the questionnaire was labeled
Section Il on the public hearing version of the questionnaire, and Section Il on all subsequent versions.
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The fuel-switching section appears to change the most through time, but the version eventually administered as the
Form EIA-846(S) is basically a simplified version of the one discussed at the May 20, 1985, public hearing. After the
public hearing, the concept of fuel switching that was to be used in the MECS was redefined to include only detailed
potential switching out of oil and total potential switching into oil {see Section i of the pilot questionnaire and of the
questionnaire submitted to OMB). The version of fuel switching in the OMB submission (Section IIl) was the one
rejected by OMB as part of the proposed Form EIA-846(F). When the necessity of collecting fuel-switching data was
revived by Congressional mandate in October 1986, this version of Section Ill could not be redesigned as a
free-standing questionnaire.

A free-standing version of Section Il (fuel switching) had to be designed in such a way that fuel consumption data
from the E1A-846(F) could be preprinted on it to provide a reference for the respondents to fuel switching. The
resulting Form EIA-846(S) collected data for switching away from five major energy sources. The redesigned form
did allow EIA to collect more detailed data on fuel switching than would have been collected on the form originally
submitted to OMB (compare Section Il of the version submitted to OMB with Form EIA-846(S)).
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Survey Administration and Quality Control

To guarantee the confidentiality of data provided by the respondents to MECS, EIA contracted with the Bureau of the
Census to provide the frame and sample, and to administer the data-collection and data-processing phases of the
survey. Section 9 of Title 13, U.S. Code provides legal guarantees of confidentiality for data provided to the Census
Bureau by survey respondents. All MECS data are retained at the Bureau of the Census, and ElA receives only
aggregate statistics that have undergone disclosure analysis.

Design of specifications for data processing, and the data processing operations themselves, were done at the
Census Bureau headquarters in Washington, DC. The packaging and mailing of the forms, receipt of the forms,
initial quality control, and data entry were done at the Census Bureau's field office in Jeffersonville, Indiana.

Choosing the Census Bureau to administer the 1985 MECS has several advantages in addition to assuring
confidentiality to survey respondents. The most important of these are:

* The 1985 MECS sample could be taken as a subsample of the Census Bureau’s Annual Survey of Manufactures
(ASM). Respondent burden and survey duplication could, therefore, be reduced by matching establishment-level
economic data available from the 1985 ASM to energy data from the 1985 MECS, instead of requesting them
again as part of the MECS.

* The Census Bureau's frame of manufacturing establishments could be used as the frame for MECS, thus, saving
considerable frame development costs that would have essentially duplicated the ongoing efforts of the Census
Bureau.

* The Census Bureau's history in working with the manufacturing industries meant that many existing
administrative tasks such as survey mailout, forms receipt, data eniry, and computer editing could be
accomplished by adopting pre-existing procedures.

Sworn Census Employee status was granted to the four EIA personnel responsible for the technical design work on
the MECS. These personnel were subject to the same background checks as all other Census employees and are
subject to the same laws and penalties regarding disclosure of confidential Census data. For purposes of the 1985
MECS, they were, in actuality, unpaid Census employees. The role of these Sworn Census Employees was twofold:
to advise on the development and implementation of the procedures used to administer the survey and construct a
cleaned data set for analysis, and to provide the main line of respondent support and quality control in cases where
the respondent appeared to have difficulty completing the forms. The Census Bureau determined that these roles
were appropriate for Sworn Census Employees and were critical to the success of the survey.

Much of the data quality control work performed on the 1985 MECS for both Forms EIA-846(F) and EIA-846(S), was
done in Jeffersonville by Sworn Census Employees in conjunction with the staff of the Data Preparation Division at
the Census Bureau. The approach taken was to emphasize communication with respondents and quality control,
while the forms were still in the possession of the respondents, or as soon as possible after the forms were received
in Jeftersonville.

The quality control strategy was implemented in two ways. First, a telephone number was printed on the forms so
that respondents could call with technical questions concerning the completion of the questionnaires. Telephone
lines were staffed by the same Sworn Census Employees that had designed the MECS system and forms. Second,
all forms were screened for completeness and quality by Census personnel in Jeffersonville as soon as possible after
receipt. Difficult cases, or cases in which forms did not pass this basic screening were referred to Sworn Census
Employees for resolution. The Swom Census Employees travelled to Jeffersonville to review these cases, often
resolving them within a few weeks of their receipt. This approach had two positive effects:
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* |t established the MECS as a viable, closely-monitored survey in the minds of respondents. Several respondents
who were recontacted expressed strong positive impressions of the level of technical support EIA provided as
part of conducting the MECS.

* |t enabled EIA to act as a resource to the Census Bureau staff in Jeffersonville. The 1985 MECS was a new
survey and was administered on a very tight time schedule. The presence of EIA Sworn Census Employees in
Jeffersonville enabled the staff there to resolve potential administrative difficulties with the survey rapidly.
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Editing of the Data

Data editing, as discussed in this chapter, consists of all data retrieval and verification procedures implemented after
MECS questionnaires were received by the Census Bureau. It does not include technical support offered as a result
of respondent inquiries. The editing procedures apply to Forms EIA-846(F) and EIA-846(S).

The flow of forms and data are illustrated in Figure 1. Checks for data quality, and verification and retrieval of data,
were performed at four points in this process (labeled 1 through 4 in Figure 1).

1) MECS forms and correspondence were examined upon arrival at the Census Bureau. Correspondence
without accompanying forms, requests for time extensions, and forms packages retumed by the
Postmaster as undeliverable, were separated from returned questionnaires for separate handling. Valid
returned questionnaires were forwarded directly to check-in on the status control file. Postmaster retums
were researched and remailed if appropriate. The status control file was updated using information from
correspondence not checked in. Questionnaires returned blank the first time were marked and
remailed at this stage. Questionnaires received blank a second time were not remailed.

2) All checked-in forms were examined for completeness, legibility and a few major logical consistencies by
clerical staff at the Census Bureau. Any forms that failed this screening process were set aside for review
by industry specialists and the Sworn Census Employees, as discussed in the previous chapter.
Acceptable forms were forwarded directly to data entry.

3) All forms that were incomplete or, in some way, failed screening, were examined by industry specialists
and Sworn Census Employees. These analysts attempted to collect missing data and verify unusual data
by telephone contact with the individual who completed the questionnaire. In cases where it was
deemed appropriate, decisions were made to remail forms to respondents or to declare establishments
ineligible for the MECS because they went out of business or ceased manufacturing before the beginning
of 1985. Once completed and verified, these forms were forwarded to data entry.

4) After a MECS data file had been created, all records on it were tested against a series of edits for
consistency. These edits included both checks against corresponding data items from other parts of the
MECS questionnaires and the 1985 ASM, and checks for outliers in the distributions of individual
variables. Records with failed edits were output and data items were reviewed by industry specialists and
Sworn Census Employees.

The overall strategy behind this organization of edits was to automate, as much as possible, the processes for
handling the most basic problem cases and cases with inconsistencies not readily apparent. Most of the available
effort was then concentrated on screening and review by industry specialists and EIA Sworn Census Employees.

The screening process was revised as questionnaires came in containing unexpected anomalies. The computerized
edits, on the other hand, followed strict guidelines developed prior to the start of the editing process. These guidelines
are reprinted in Appendix D. The forms that were reviewed by analysts were those with difficulties that could not be
resolved using strict protocols. Such cases were dealt with individually.
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Figure 1. Flowchart of the Data Editing Process for the 1985 MECS
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Adjustments to the Sample

Two types of adjustments were performed on the MECS sample records before they could be used to produce energy
consumption-related statistics.

¢ Theinverse probabilities of selection were adjusted to account for nonrespondent establishments, establishments
deleted from the MECS frame by oversight, and establishments that ceased manufacturing during 1985. This
adjustment was applied to all establishments that responded to the EIA-846(F).

¢ Energy consumption for nonfuel purposes was constructed for petroleum refineries, using existing data available
from Form EIA-810 (Monthly Refinery Report).

Adjustment of Form EIA-846(F)

Before the data submitted by MECS respondents could be used to produce estimates of characteristics of the
manufacturing sector, the basic MECS probabilities of selection (Psj = Qsj * Rsj) of these establishments had to be
adjusted to account for nonresponse; establishments that began operations in 1884; and establishments that went
out of business or out of scope during 1985. An adjustment factor, Asc, was computed for each of 90 adjustment
cells, defined by the 30 SIC sampling categories crossed with three size classes, as defined below. The product of
the adjustment factors and the inverse of the basic probabilities of selection are the adjusted MECS inflation weights,
which are used to produce estimates of various population characteristics and the standard error associated with
each estimate. Thus, the adjusted weight for generating all MECS estimates is:

Wsej = Asc * (1/Pscj)
for establishment j in SIC s and size class ¢. The adjusted weights (Ws¢j) can be interpreted as meaning that each
respondent establishment j represents itself and similar unsampled establishments, as well as similar

nonrespondent establishments in the manufacturing sector.

The MECS estimator for the national total of characteristic Y can, therefore, be expressed as:

A M'ser M'ser
Y= 3 Y Ac Y (Ps)oys= 2 Y X Wseysq
s ¢ j=1 s ¢ j=1
where ysg = the reported value of Y for establishment j in SIC s and size class c;

m'ser = number of MECS respondents in SIC s and size class ¢;
c = size-class subscript, with three possible classes:
1) certainty establishments (Pscj = 1.0);
2) large noncertainty establishments (0.2 < Ps¢j < 1.0);
3) small noncertainty establishments (Ps¢j <0.2).

Wscj = the adjusted inflation weight for establishment j in SIC s and size class c.
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The following characteristics of the ASM sample used as the MECS frame are pertinent in understanding why and
how the adjustment factors were utilized:

¢ Each year, all establishments in the ASM sample identified as having been sold to multiestablishment companies
are tracked by the Census Bureau. They are kept in the ASM sample if they are still active and operate in the
manufacturing sector. Establishments that were sold, but do not meet these criteria, are automatically dropped
from the ASM sample.

* New employer identification numbers (EIN’s), supplied to the Census Bureau by the IRS along with employment
and payroll data, are used to add a "birth cohort™ to the mall file each year. All establishments in this cohort that
have at least 35 employees are contacted by the Census Bureau to ascertain if they were given a new EIN
because of a change in ownership. Establishments that represent new operations are added to the ASM sample
with certainty.

* The "birth cohort” in a given year is not accounted for in the ASM sample until the following data collection year.
Thus, 1985 births were first represented on the 1986 ASM, which was mailed at the beginning of 1987.

The coverage of the 1985 MECS sample duplicates the coverage of the 1985 ASM mail sample, with the following
exceptions:

1) Establishments in the 1984 "birth cohort” that were included in the 1985 ASM mail sample were
inadvertently omitted from the version of the ASM sample used as the MECS frame. This group is
accounted for in the MECS by being represented in the weight adjustment.

2) Establishments that ceased operations during 1985 were not mailed MECS forms if their status was
determined prior to the mailout of the MECS forms. Establishments in the MECS sample that were not so
identified were mailed Form EIA-846(F), and either responded with part-year data for 1985 or were
nonrespondents to the survey.

To calculate Asc for each adjustment category, the size measure TBtu was calculated for each establishment in the
1984 "birth cohort”, whether or not it ceased operation in 1985. TBtu for these establishments was calculated by
exactly the same method as was used to calculate TBtu for establishments in the ASM sample used as the MECS
frame, but that were not in the ASM sample in 1981 (see chapter on Creating Measures of Size for Establishments
in the MECS Frame). The only difference was that cost of fuels and inflation adjustments were based on 1985 rather
than 1984 data, since that was the first available ASM data. TBtu for birth establishments in SIC s were, thus,
calculated as:

Cesj

TBlyj = Fss1 + (3.412 x 10°%)Ess;

Pa
Csss

The adjustment factors Asc were calculated using TBtu, rather than using weighted establishment counts, so that the
resulting adjusted weights would reflect the sample design strategy of allocating and sampling proportional to
estimated consumption of purchased fuels and electricity (TBtu). Calculating Asc based on weighted TBtu results in
adjusted weights, for noncertainty establishments, that remain proportional to TBtu. The formula for calculating Asc,
therefore, is:

M’sc - M'sed M'scb - Mschd M'scd
Y, (1/Pscj) TBtusej + Y, TBtusi+ v2 Y, (1/Pscj) * TBtuse
j=1 j=1 j=1

Asc =

scr
> (1/Pscj) « TBtuscj
j=1
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where m'sc = total MECS sample size, in SIC s, size class ¢;

m’'secd = NumMber of 1985 deaths (including 1984 births) that were MECS nonrespondents, in SIC s,
size class ¢;

N'seb = number of 1984 ASM births, in SIC s, size class ¢;
Nsebd= humber of 1985 ASM deaths that were also 1984 births, in SIC s, size class ¢;

The numerator of the formula for Asc represents the total estimated consumption of purchased fuels and electricity for
all establishments to be represented in published MECS estimates of energy consumption. Each of the three terms
represents part of this total.

1) The first term represents all establishments in the manufacturing sector that were in operation throughout
1984 and 1985, and establishments that ceased manufacturing in 1985 but filed a completed MECS form
for their part-year operations.

2) The second term accounts for all ASM establishments that began manufacturing in 1984 and continued
to manufacture throughout 1985. Since no sampling of births was conducted for either the ASM or the
MECS, the TBtu values in this term are unweighted.

3) The third term represents all establishments that ceased manufacturing in 1985 and also did not complete
a MECS questionnaire. This term is multiplied by one-half, under the assumption that, on the average,
these establishments manufactured for 6 months during 1985.

The denominator of the formula for Asc represents that part of the manufacturing sector accounted for by the data
reported by MECS respondents. The Ase, in effect, ratio-adjust weighted data from MECS respondents to estimated
totals for the part of the manufacturing sector initially targeted by the MECS frame and sample design. The weighted
TBtu measure serves as the control variable for the adjustment procedure.

The effect of adjusting MECS probabilities of selection (Pscj) In this way is to use the data for MECS respondents to
estimate for the part of the population represented by survey nonrespondents (including those that ceased operations
in 1985), and for establishments in the 1984 birth cohort that were not included in the MECS frame.

Adjustment factors varied considerably by SIC category and size class. For certainty establishments the 30 values of
Asc ranged from 1.00 to 1.25, with a median value of 1.045 and 5 values exceeding 1.10. Asc values for large
noncertainties ranged from 1.02 to 1.52, with a median value of 1.13 and 5 values exceeding 1.20. For the small
noncertainties, Asc ranged from 1.00 to 1.55, with a median value of 1.21 and 4 values exceeding 1.40.

MECS: Methodological Report 33
Energy Information Administration



Adjustment of Form EIA-846(S)

Fuel-switching data for the MECS system were collected on the supplemental EIA-846(S) questionnaire, administered
subsequent to Form EIA-846(F). An additional, subsequent data collection provided further "opportunity” for
response errors and data discrepancies that would not exist in a single, unified data collection. Four major issues
resulted from the design and implementation of Form EIA-846(S) that required data adjustments. These issues, and
the methods used to deal with them, can be summarized as follows:

1)

2)

4)

Of the sample establishments that submitted complete data on Form EIA-846(F), 433 listed electricity
as their only energy source consumed for heat and power. These establishments were generally small,
as and belonged to industry groups with low-intensity energy use. Thus, they would not be expected
to have the capability to substitute for their electricity use. Therefore, to reduce processing costs and
eliminate response burden for these establishments, they were excluded from the EIA-846(S) mailout.
All capabilities to switch from electricity to altemate fuels were imputed as O for these cases.

As mentioned in the Introduction, fuel and electric energy consumption from Form EIA-846(F) were
preprinted in the appropriate spaces of row one of Form EIA-846(S) as a reference for fuel-switching
respondents. To meet the November 26, 1986, mailout date for Form EIA-846(S), only those MECS
cases with acceptable consumption data available as of November 7 were included in the mailout.
Establishments that submitted Form EIA-846(F) after November 7, and all establishments that had
retumed Form EIA-846(F), but whose consumption data had not yet been cleared for use, were not
mailed Form EIA-846(S). These establishments contributed to MECS totals for energy consumption but
their fuel-switching capability is unknown. Therefore, all potential fuel-switching data items for these
cases were assigned to the category "not ascertained."

Some of the establishments that were mailed Form EIA-846(S) did not respond. These cases were also
handled by assigning "not ascertained" status to all potential fuel-switching data items.

Some establishments that responded to Form EIA-846(S) changed one or more of the preprinted
consumption numbers that had been transferred from Form EIA-846(F). Those cases were assigned to
Census Bureau analysts, who followed up as necessary to reconcile all differences.

An alternative to assigning "not ascertained" status in cases 2 and 3 would be to impute tuel-switching data, either by
filling in data items on individual records, or by applying weight adjustments to EIA-846(S) respondents. These
approaches were rejected because fuel switching is a complex issue, and many of the nonrespondents to the
EIA-846(S) comprised a special group of cases--late respondents to Form EIA-846(F). Both of these limitations
would have created additional suspicion about the already uncertain validity of imputed values.
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Data on Nonfuel Use of Energy Sources at Petroleum Refineries

Because petroleum refineries currently report extensive data on nonfuel uses of petroleum inputs (for example,
refining operations, process losses) to EIA, refineries were not required to report these data separately as nonfuel
uses of energy sources on the MECS. The item requesting quantites of energy sources used for nonfuel purposes
(Form EIA-846(F), ltem 8) was marked with an "R" by establishments that manufactured solely in SIC 2911
(petroleum refining). Establishments that entered an "R" in item 8 were then requested to enter, in ltem 10, the
identification number they use when reporting detailed accounting data to EIA on Form EIA-810 (Monthly Refinery
Report). Establishments that were primarily refineries, but had associated petrochemical plants, were requested to
enter data on nonfuel uses of energy sources in ltem 8 of MECS Form EIA-846(F) for the nonrefinery part of the plant
only. They were to report their EIA-810 identification number in Item 10 to allow EIA to compile the establishments’
energy source inputs to refining processes from monthly data already reported to EIA.

These special rules, which were designed to eliminate duplicative reporting and reduce burden, were confusing to
many refiners. In the end, the rules created more burden than they saved for these respondents. Some refiners
omitted data they were required to report, while others submitted data that were supposed to be suppressed by the
special rules. In addition, some of the unnecessary data was intemnally inconsistent with other data items on the
same form, or was incompatible with the data that would have been transferred from the EIA-810.

On reviewing the microdata for SIC 2911, the Census Bureau’s staff, in conjunction with EIA's Sworn Census
Employees, decided that they contained too many apparent errors to be used as a basis for report tabulations.
Therefore, at EIA’'s request the Bureau undertook a case-by-case followup effort in that industry to collect revised data
specifically for those items that were apparent errors. The followup effort was based on a clarified set of instructions
developed by EIA to address the major sources of confusion. When revised data were collected in the followup, the
original data item(s) on the MECS establishment file were replaced with the new data.

Even after the revised data were collected, difficulties remained while trying to merge them with the EIA-810 data to
produce nonfuel consumption for SIC 2911. Some MECS establishments classified in SIC 2911 couid not be
matched with an EIA-810 case. Also, shipments of energy sources from refineries had to be excluded from nonfuel
use at refineries, so that the consumption total would not duplicate energy use reported for other industries.
Unfortunately, EIA-810 shipments of energy source products from refineries included shipments to colocated
petrochemical plants. These plants were considered separate establishments for the EIA-810 system, but were
sometimes considered part of the same establishment for purposes of the ASM (and, thus, the MECS). When this
discrepancy in definition of the establishment occurred, consumption of products shipped to the petrochemical plant
should have counted as consumption at the establishment rather than being subtracted out, for purposes of the
MECS. There was no way to back out this class of shipments from the EIA-810 totals, and there was evidence that
the amount of energy involved was substantial.

Because of these difficulties, EIA decided to revise the definition of nonfuel use of energy sources specifically for SIC
2911. Instead of estimating nonfuel use of individual petroleum products at refineries, EIA substituted a single value
for the United States and each of the Census regions, equal to the Btu equivalent of all "nonenergy-source products”
shipped from refineries, as reported by the EIA-810 system. The product classes categorized as "non-
energy-source products” were those most likely to be considered raw materials rather than energy sources by the
entities receiving them. Six product classes were included: special naphthas (solvents); lubricating oils; asphait and
road oil; waxes; and two products classified under the heading of petrochemical feedstocks; naphtha < 400° F
end-point, and other oils > 400 'F end-point.

The rationale behind this revised definition was that the Btu content of shipments of energy sources from refineries
are accounted for by the end users that receive the products, and should not be associated with the refinery. The
products mentioned above, however, would not be identified as energy sources by the eventual end users. If their
energy content is to be accounted for anywhere, it has to be at the refinery. One advantage to this approach is that
the energy content of nonenergy-source products is appropriately associated with the refinery establishment, whether
the products are shipped to a petrochemical facility onsite, or are shipped offsite.
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One concem might be that certain petrochemical feedstock inputs would be reported as energy sources by chemical
plants. In this case, their Btu would be counted twice. Fortunately, inspection of MECS records for SIC 28 did not
reveal any significant reported inputs of these kinds of materials.

The revised approach is not perfect. It does not account for refinery losses (waste, spillage, and industrial
accidents). Also, shipments of unfinished oils, which are treated as energy sources by this approach, may not be
classified as energy-source inputs by the receiving establishments. As long as these unfinished oils are shipped to
another refinery for final processing, their Btu value will eventually be counted correctly. Unfinished oils that are
shipped to nonrefinery establishments for final processing would be uncounted if the receiving establishment did not
classify them as energy sources. Fortunately, the vast majority of shipments of unfinished oils are to other refineries.
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MECS Estimators

All energy consumption, and energy-related statistics, produced from MECS data are calculated by combining data
collected from sampled establishments, with the adjusted sampling weights. These weights establish the
relationship between the respondent sample establishments and the manufacturing sector {(see chapters on Creating
Measures of Size for Establishments in the MECS Frame and on Adjustments to the Sample). Two types of
statistics are produced by MECS. One type is totals of characteristics (for example, total fuel oil consumption in the
hydraulic cement industry). The second type estimates ratios of characteristtics (for example, the amount of fuel
consumed per dollar of value added in the manufacturing sector). All of these estimates are accompanied by their
relative standard errors (RSE'’s), which provide a measure of the precision of the estimate. Derivations of these
estimators are presented in Appendix F. A discussion of special properties of MECS variance and covariance
estimators is presented in Appendix G.

The total value of any aggregate characteristic Y for the manufacturing sector is estimated as:

M'scr M'scr

/Y\ = 2 Z Asc 2 (1/Pscj) Yscj = Z Z z Wacj * Ysqj

j=1 c j=1

where Asc, M'ser, and Wsej are as defined in the preceding chapter. Estimates for subgroups of the manufacturing
sector (for example, by SIC or by Census region) are produced by summing over sample establishments within the
subgroup.

Ratio statistics are produced for MECS using a combined ratio estimator. The formula for this estimator, expressed
in terms of aggregate characteristics Y and X that form its numerator and denominator, is:

M'scr
Z Z 2 Wscj * Ys¢j
s ¢ j=1

M'scr
2 Z Z Wsej * Xsej
s [+ ] =1

Estimates of ratios are based only on data from the MECS sample establishments, whether the data were collected
on the MECS or on the ASM questionnaire. ASM data can be combined with MECS data because the ASM sample
was used as the MECS frame, and because the MECS sample is a probability sample with respect to both the ASM
frame and the ASM sample. Published ASM estimates of economic statistics are not used to produce these ratio
estimates, because the ASM represents the entire manufacturing sector, whereas MECS does not represent the very
small establishments in the manufacturing sector. The effect of this difference is discussed in detail in the chapter .
on the Manufacturing Sector and Its Relationship to the Population Surveyed by the 1985 MECS. Thus, a statistic X,
calculated by dividing a MECS statistic Y by the MECS-based ratio Y/X will not exactly equal the corresponding
ASM-based statistic.

For each MECS estimate of a total or a ratio, an estimate of precision can be produced. The relative standard error
(RSE) is the form used in all MECS publications. The RSE of an estimate is defined as the ratio of the standard
error of the estimate (the square root of its variance) to the estimate itself. In algebraic form

N
A Variance(Y)
RSE(Y) = ,

%
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A
for any total or ratio estimator Y. The variance formula for estimates of totals, for the sampling method used in MECS
is:

M'se (1- Psc])
Variance(Y) sz(v) =Yy Z (ysc)®

s ¢ =1 P“scj

under the assumption that all sampled establishments responded to the survey. This formula is discussed in detail in
Appendix F.

This same formula, however, is commonly used for samples containing some nonresponse by replacing the
unadjusted probabilities of selection with probabilities of selection that have been adjusted for nonresponse. The
variance formula then becomes:

mscr (1 - (Psci/Asc))
Z Z Z YSCJ * > o
¢ j=1 P scj/A%se

which, when written in terms of adjusted sampling weights, reduces to:

ser 1 1
-2 2 Z(ysco-Asc-[ - ] ~[1———————
c j=1 P sCj Asc (1/Psc])

= X X 2 (yso)® - Wosq + (1- (1Wsd))

M'ser Wsej - 1
- 2 2 (yse)™ * Wisqj
s c j=1 Wscj
M'ser

Including nonresponse adjustments (Asc) in the variance formula increases the estimates of variance Iin two ways,
over what they would have been with no nonresponse:

® A component of unit nonresponse that can be considered random under the assumptions of the weight adjustment
procedure,;
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* A component of variance contributed by certainty establishments (which do not contribute to sampling variance
if nonresponse is zero), that results from inflating 1/Pscj by Asc.

The corresponding variance estimator used for ratios is:

A A M'scr A
PR =(1X2 X 2 X (ysj- Rexsq)® * Wsgj * (Wsj-1) ,

s ¢ j=1
A AN
where R = (Y/X)

A
This estimator provides a suitable approximation of the actual sample variance based on the assumption that X is a
sufficiently precise estimate of X. Classical statistics suggests that "sufficiently precise” corresponds to a relative
standard error of 10 percent or smaller.?

For purposes of analytic presentation, data users may create ratio statistics from published MECS aggregates. By,
far the most common such ratio is the propgrtion, a ratio for which the parameter X, estimated by the denominator X,
"encompasses’ parameter Y, estimated by Y. That is, each member of the establishment population that contributes
to the total for Y also contributes to the total for X, and xsqj 2 yscj for all establishments. It can be shown that, specific
to the MECS sample design and estimation methodology, a useful upper bound for the variance of a proportion ratic

A
A Y
R=-—3X
X
is
A 1 2 A 2 A
[RSE (R = — [s¢ (1-2R) + SQ(RZ)]
X2

Justification for this expression is found in Appendix H.

3W.G. Cochran, Sampling Techniques, Third Edition. (John Wiley & Sons, New York, NY, 1977), p. 153.
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Appendix A

Identification of Issues

The data issues addressed in the MECS questionnaire were identified by a two-stage process. First, data needs
were clarified based on discussions within EIA, other agencies of the Federal Government, and other potential data
users. The resulting list of issues was then pared down after extensive discussion within EIA, based on knowledge
of industry capabilities and concerns. Knowledge was acquired via EIA site visits to manufacturing establishments
and from written and oral comments received from manufacturers and their trade associations. This process resulted
in a MECS system that collects a variety of energy consumption measures of importance to a broad cross-section of
data users without placing undue response burden on manutacturers.

The following specific approaches, listed roughly in chronological order of their occurrence, were used to obtain
information:

On February 27, 1984, EIA published a Federal Register Notice (49 FR 7188) inviting public comments on the
development of a MECS. Ninety responses were received of which 40 were from data providers (27
manufacturers and 13 manufacturers’ trade associations) and 50 were from potential data users (7 DOE, 13
other Federal government, 14 State government, and 16 nongovernmental data users).

During 1984, a total of 55 interviews or correspondence (34 representing 9 entities within DOE, and 21
representing 9 outside agencies) identified data needs within DOE and other Federal agencies.

During 1984, a total of 50 interviews or correspondence (17 representing 7 States, 14 representing 9 universities,
19 representing other private users of the data) identified the data needs of State energy officials and private
users of data.

Between June and November 1984, EIA staff members conducted a series of site visits at 20 manufacturing
establishments throughout the United States. The visits were made to gain a better understanding of the ways
in which manufacturers use energy in their facilities, and to find out the types of data that they could provide with
relatively little difficulty.

On March 21, 1985, EIA published a notice in the Federal Register (50 FR 11486) that invited public comment
on the proposed Form EIA-846. The notice also announced that public hearings on proposed Form EIA-846
would be held in Denver, Colorado, and Washington, DC. The Washington, DC hearing was heid on May 20,
1985. The Denver hearing was canceled for lack of response. Sixty-five responses were received of which 54
were from data providers (36 manufacturers and 18 manufacturers’ trade associations) and 11 were from potential
data users (one DOE, five other Federal government, two State government, and three nongovernment). Of
these, six manufacturers and three trade associations testified at the public hearing in Washington, DC.

Between October 18, 1985, and January 1986, EIA tested a pilot version of a consolidated MECS questionnaire
on a nonrandom sample of 100 manufacturing establishments chosen from Dun & Bradstreet's "Dun’s Market
Identifiers” filte. The sample was chosen to represent industries where complex situations regarding energy use
were thought to occur. Each respondent in the pilot study was interviewed to evaluate the questionnaire.
Respondents were not required to report actual energy consumption data on this form, but were given the option
of reporting disguised data.

During the last half of 1985 and the first half of 1986, OMB provided potential respondents with the opportunity
to comment on the proposed MECS as part of the approval process for the MECS.
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Potential data users supported instituting a MECS, and, in most cases, were specific about their data needs. The
justifications for these needs were stated quite specifically in responses of the Department of Defense (DOD), the
Department of Commerce (DOC), the State governments, and among the fuel and energy suppliers. Consultants
and university researchers provided more general justifications. Data items requested were fairly uniform across all
groups contacted. The most frequently requested items were:

* Fuel cost and consumption
* Cogeneration
* Fuel switching

¢ Renewable energy sources

* Fuels enerated and used onsite

Feedstocks.

ltems requested less frequently were:
* Fuel inventories
¢ Storage capacity
¢ End-uses of energy.

Most potential users of MECS data requested that any MECS developed be compatible with economic data from the
ASM. Several users also requested that MECS data be compatible with the former "Fuels and Electric Energy
Consumed" supplement to the ASM. A detailed compilation of the requests and suggestions of potential users is
available in the justification document for the MECS that was submitted to the OMB requesting approval for the
survey.

The topics suggested by data users were among the issues most closely researched during the site visit process.
The establishments that were visited were medium to large facilities representing 8 of the 10 most energy-
consumptive 4-digit industries, and several other 2-digit industry groups.

Site visits usually started with a discussion between EIA staff and the energy manager, operating officers, and/or
other personnel familiar with energy use at the establishment. The discussion followed the outline of a prearranged
agenda provided to the establishment well in advance of the meeting. Items on the agenda included a description of
the establishment's energy-using processes; its recordkeeping practices; the availability of recorded data on a list of
specific data items that EIA was considering to include in the MECS; and the respondent’s conception of more
involved subject areas such as capacity utilization, within-establishment end uses of energy, and fuel-switching
capability. Following the discussion, EIA staff were given a tour of the manufacturing and powerhouse facilities at the
establishment.

The site visits helped the MECS development process significantly by providing clear guidance on issues such as:

* the difficulty in measuring many faceted concepts such as capacity utilization and detailed end uses of energy
within the establishment

* the importance of byproduct and waste product energy sources as fuel in some industries

* the role of redundant as weli as multiple-fired equipment in providing fuel-switching capability

44 MECS: Methodological Report
Energy information Administration



* the effect on fuel-switching capability of constraints such as binding contacts, interruptible fuel supplies,
environmental and safety regulations, and maintenance requirements

* the planning and operation of an integrated cogeneration facility within an establishment’s energy delivery system.

Several of the industry representatives who arranged and participated in the site visits provided additional assistance
by critiquing versions of the MECS questionnaire after the site-visit process was completed.
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Appendix B

" A Description of Data Items in Existing Surveys that
Potentially Duplicate Data Collected by the MECS
System

The importance of both the manufacturing industries and energy issues make it inevitable that both are covered, to
some extent, by surveys that predate the MECS system. This section describes data collected by these surveys in
relation to the requirements of the MECS system.  An additional purpose is to consolidate and clarify what energy
data are collected presently. Users of the MECS system will then have a guide to related energy data that may be a
supplement to MECS data for the specialized data user.

EIA carefully examined several survey instruments to ascertain to what extent they overlap the EIA-846(F) and
EIA-846(S). These instruments are: Form CE-189, Industrial Energy Efficiency Program; Form EIA-3, Quarterly
Coal Consumption Report--Manutacturing; Form EIA-5, Coke Plant Report--Quarterly; Form EIA-810, Monthly
Refinery Report; FERC Form 1, Annual Refinery Report; Form EIA-714, Annual Electric Power System Report; FERC
Form 1, Annual Report of Major Electric Utilities; and Bureau of the Census Form MA-1000(MU), Annual Survey of
Manufactures (ASM). Each of these energy data collection systems was established to collect a specific set of data
for specific, narrowly defined purposes.

All of these surveys, except the ASM, are censuses that require submissions from all members in a narrow portion of
the manufacturing or electric-utility populations. MECS, however, is a probability sample survey that requires
submissions from only selected members of the manufacturing industries. The surveys can be summarized as
follows:

® The Quarterly Coal Consumption Report (EIA-3) -- provides data on consumption of coal only. Its information is
collected only from manufacturing establishments that are known to consume coal for purposes other than coke
production. The list of such establishments contains about 1,000 of the 300,000-plus manufacturing
establishments in the United States. There are no data on inputs, dispositions, and consumption for energy
sources other than coal.

* The Quarterly Coke Piant Report (EIA-5) -- produces balance statistics on input and output for the small universe
ot coking plants, including statistics on the consumption and disposition of the raw materials used to produce
coke and statistics on the production and disposition of coke.

* Monthly and Annual Refinery Reports (EIA-810 and EIA-820) -- are complementary data collection systems that
survey petroleum refineries. From the universe of approximately 400 refineries and blenders in the United States,
these reports collect data on inputs of crude oil and other unfinished products, outputs of petroleum products,
and onsite consumption of energy. In cases in which the establishment that houses a refinery also contains
separate petrochemical processing, only refinery activities are reported. Thus, these refinery data systems are
not designed to cover all energy use in refining establishments comprehensively.

* The Industrial Energy Conservation Program Report (CE-189) -- was collected for the last time in 1986 for 1985
consumption data. It was a census of very large energy-consuming establishments, and produced national
estimates of total consumption by fuel at the 2-digit SIC level. The CE-189 survey targeted the most
energy-consumptive corporations in all Major Industry Groups (2-digit SIC's). Data were aggregated to the trade
association or corporation level before being reported to DOE, and so were unsuitable for producing energy
consumption statistics for individual industries (4-digit SIC's) or geographic regions.
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¢ The Annual Survey of Manufactures (MA-1000(MU)) -- is primarily an economic survey, producing information on
such characteristics as employment, payroll, value of shipments, capital expenditures, and total cost of materials.
The ASM collects limited energy data on total cost of purchased fuels, cost and quantity of purchased
electricity, quantity of electricity generated onsite, and quantity of electricity sold. ASM establishments are
defined identically to MECS establishments, and the MECS sample is a subsample of the ASM.

* The Census of Manufactures (MA-1000 plus industry supplements) - is conducted by the Census Bureau for
years ending in the digit 2 or the digit 7 (for example, 1982 and 1987). The CM, like the ASM, collects primarily
economic data, but also collects the same limited energy-related data as described above for the ASM.

* Annual Electric Power System Report (EIA-714) and Annual Report of Major Electric Utilities (FERC-1) -- collect
some limited information on purchases and transfers of electricity by utilities, including sales and transfers from
industrial sources to utilities. Data are reported by utilities in megawatthours per year for each individual supplier
on Form EIA-714, Annual Electric Power System Report. The EIA-714 is completed by approximately 400 of the
3,200 utilities in the United States. The report is filed by electric utility systems (which may include one or more
utilities) whose generation exceeds a certain threshold, and who provides electricity to retail customers. Data
gathered via the FERC Form 1 include the quantity and value of electricity purchases and transfers from electric
utilities and other nonutility sources. Because these sources are listed by name and not categorized by type of
nonutility entity, sales by the manufacturing industries are not separated from the sales from other nonutility
sources.
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Appendix C

Questionnaires and Instructions For MECS and Major
Draft Versions of MECS Forms

This Appendix Contains the following forms used in the 1985 MECS Data Collection.
1) ASM Form MA-1000(MU).

2) Public Hearing Version of the MECS Questionnaire, published in the Federal Register (50 FR 11486),
March 21, 1985.

3) Pilot Study Version of the MECS Questionnaire, administered from December 1985 through
February, 1986.

4) Clearance Version of the MECS Questionnaire, submitted to OMB in March 1986.
5) Final Version of Form EIA-846(F).

6) Final Version of Form EIA-846(S).
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DUE DATE

U'S DEPARTMENT OF COMMERCE
\‘ SUREAL OF THE CENSUS

' MA-1 000 M)

1982 ANNUAL SURVEY OF MANUFACTURES

« NOTE

The Annuai Survey of Manulactures Foom MA 1000(MU) 15 the firsi sheel of the 1982 Census of Manufactures form:

B EoRMERLY wa 100
oAl s . S ea
IIDYIC! ~ Response o this suquiy s tequirgd by law (titie 13, In correspondence pertaining to this report Employsr ldentitication (E1)
By the same |1~ vow report 1o 1he Census Bureau 15 please refer 1o this Census File Number (CFN) Num
It may be seen only by swarn Census empioyess ing
may e used only for SLatishical PuIPoses. The law Mso Liovides
that copies retained 1n your fites ace immune from legal process 201 TAB
BUREAU OF THE CENSUS
1201 East Tenth Strest 202 INO$
Jetersonville, Indiana 47134
NOte — rLEAsE READ ALL AcCowPANYING nsTAUCTIONS| Y AREA
\tam 1A - Employer 1dentification Mumber(s)
Is the Employer (dentification (EI) Number printed in the upper
right of the addrass boz the 5. that used for this estay:
Hshmeni on its latest 1982 Employer's Quarterly Feders) Tax 04 WFL
Return, Troasury Form 3417
034 1 YES 9 orgnts
2 NO - £mer Ny 9 208 ccs
£ Numbe: | I I—l ] T —! l I T J Eeasi we o oame dadiess and ZIP coge. ENTER Steel and number 1 00 Shown,
Item 1B - 2. 13 this astablish- 650 113 Numbe- and street b, i3 this astablishmant physically lecated inside the iegal
Physical ment located in ) ouadarios of the city, tewn, vilt, ole., indicated In
‘ocation the State, caunty. | VES = SR 10 e B 71P to0e pact syt
and place shown part o My «iflage or otne prac - 0ss 1 YES 2 7 NO 3. Nolegal T Dot know
Compiete at the rigm? - - " r1e3
b, 1t Blank or NO - Correct or
andc ncompiete pisase compiete |13} County a1 you conected . Tyoe of mumicipatity ndicated 1n part adit
’cm:e"m: througn 14: year moved to ne 036 1 _Cily. village, 27 Townor 377 Other or
5 1acation 19 ~ of baraugh towaatug ' don 't know
ltem IC - Mark Xy the ONE box 003 1 Individual propretorship 4 Coopeva(we as50C.ah0n (tax exempt) 9 _ Othar ~ Spec:ty,
Orgmas IEE IS e e : o - !
. Jshmeni
tional $BS  7uring ,gﬁ; 3 Cooperative 3s50Ciation rtaxante provahon fdo nat mark if any form of cooperative
Wi Thou . Dol WT Yhou Do’}
Figures for dollars ptant-hours KWH snoulu be rounded to thousands. However you may liong = sands ' 1w Vions  sands 'lars
enter figures to nearest unit. Carefully enter your higures in the correct columns, 990; 009 200 | o fosoe: 008/ ‘00|
e.g.. ! payroll 15 83,125,628, report either $1 126 _$1 125 62
s e
COMPLETE EACH ITEM. ENTER | yq, 1982 1981 Hem 5 - Cost of materials Mark 1 [ 1902 L]

0" WHEN APPROPRIATE Number Numbpert and services used "o Y&t Theu = Dol Thou. Dol.
Item 2 - Number of employees at 2. Cost of maler:ats, parts. compo- '
this estabiishment  a. March 301 nents contamers el used 32y :

:ml:-’; :’ug':::c;;m 8. May 302 b. Cost of products sought and o
: | h 8
period inciycing the S AuguSt 303 5010 as su 222 122
12th of month d. Novembes 04 c. Cost of tuels consumed for neat
o power 23| Yz
o Sum of {ines s-g i d. Cost of purchasea electricity i
1. Avetage number (Divige 'ne @ by 41 | 306 1See tem &1 2af Waza :
g All other emgloyees (pay period ¢ Cost of contract work done for i .
of March 12} 307 you by otners a2s | Of a2 .
b TOTAL ! and g(item 2) — | 209 ' TOTAL (item §) e | 328
ftom 3A - Awl paysoll fos Wi, Thou. Dol | Wil Thou Oolly item 6 - Quantity of electricity Kilowatt hours
employess in item 2, before Wil Thou. Umits
deductions "
a. Purchased electricity iquantity comparable '
8. Production workers’ wages 309 to cost as reported n item Sd) 327 '
b. All othes salaries and wages o b. Genesated elecincity (g1oss tess .
generating station usel 328
. T
S JOTAL (iten 34) bl ¢. Electiicily 500 or ransterred to
ltem 38 - Employer's cast for fringe other establishments 329
benefits {supplemental labor costs) item 7 - of this TR OF 190
{Excluge from items 34 and 3C) l end of year (Report both years) [Key | Wil | Tnou. . Oei. [Key | Mi. Thou. Dol
2. Legally required including . Report inventories at cost or macket usiag :
Social Security 312 generally accepted accounting methods For
b. Payments for voluntary programs 113 inventories 3t LIFO cost. use the sum of i
the LIFO amount pius the LEIFO reserve fer
complating a through e(2).
<. TOTAL (item 3B) ———— ] 314 2. Finisneq goods 333 331
ftem 3C - First quarter payroll, b. Work 10 process 336 332
betore deductions c. Materials supples. fuels, elc 337 333
Tota) ,.yuu tor the fhist quarter TOTAL INVENTORIES -
(Jan.—Mar. s Sum of lines a through ¢ equals d —— f 330 134
Item 4 ~ Plant howrs worked by Ml Thou., Hrs Mt Thou. Hrs.} Report the fotlowing breakdown of hine (d)
production workers *. (1} Amount aot sutject to LIFQ costing 168 4
2, January thiough March 316 12) Amount subject to LIFQ costing 369 38
b. Aptil through June nr ] Report the taliowing applicavie to fine e12)
¢. July thraugh September 1. . (1) Amount of the LIFO reserve 170 168
4. October through December N9 (2) LIFO vajue of line &2 371 367
. NOTE — The sum of lines e(1) fil) and
. TOTAL (item &) —— o [ 220 1121 should equal iine d.
lam § - Depreciable assets. capital expenditwes, and retirements 519‘3 11
u11dings and
Machinery and
Aoter (o the inatruction menua! for detalled instrustions Totat olrer suuctues cauigment Tobal
including how to report isasing srrangements Key » Key \ Koy 4 (e
< . {
3 Mii  Thou. Dot M. Thou. Do Mil. Thou, Dot | M., Thou. Dai.
8. Gross value of depreciatie assets ‘usually OngInal Cost: at beginming of vear 34 139 140
b, Capital expenditures for new builgrgs and machinery Jaa 342 343
€. Cap-tar expend tures fnr used buildings and mach:nery 147 345 148
d. Retirements and disposition of Jepreciable assets iie.. gross 4
value of assets soid. retired Scrapped. destroyed etc . 13 |( M oasy | Y 2 ]( N( )
a. Gioss value of depreciabie assels al end ol yem 13houtd equat hines 83 Bb 3 84 158 334 333
Item 9 - Depreciation charges for the year 353 387 s
N
ftem 10 - Rental payments — Mart i x o U e 0 | ez 260 360
Item 11A - Total shipments and other receipts Koy 1982 Valoe 1981 Vaim
1. Thy
For 1982 report the totai vaiye of products snipped and other receipts 45 entered in tem 18, This value shuuld be L1 o0 Oof } Wi Thou Dol
completely comparabie 1o the tolal reported for 1981 it the two figures are not Comparable piease expljin Ine
reasons why 0 the iemarks section - Reporting Dy product Ciass is not required for 1982 1 130

CENSUS USE |

IS A NN AR SRR SN

—_—

T
I

| .

PENALTY FOR FAILURE TJ REPORT
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Page 2

Item 118 - Shipments ta olher damestic plants of your company ___I 1982
(This is a breakoul of the tota! value of shipments reported in item 11A . Key
e M Trow Do
R e e 2 I T . PR DT e T Ve !
LiCation of manulel Sstora >} -
Hem 12 - Mathod of valuation for inventories not “ , Amoun a2 of 1982 Dmmnr)!shze atentar
: Eiel-1 A RPETIIAN 1 " r 01d you
Ke: s yea ¥
subject to LIFO costing Y Zhange the method
Us g e aventary 1ol pottet e : M Twu Do fof vahuing the
2siabhishment 'notem Taih)y '~ 0950 e 1 oo FIFQ e invenlories that you
AdICate e DIeakIon 3f ety repottec for this
0 e eventary 'L’ gn P - - - 8 _{gstaonshment?
® Cast methor Repr ' vicu s a8 397
OMoRet LSS s e R —— Tt T
e ' e P L 1 YES-indicate
eloveralcostor it R o o ety 86 ne naiure
it osten mes Ly R ; 2 2. Moatke’ 5@ 75 s udticn BEC use kel puet ngn 2ost 187 ﬁ,,d','::“
e seg v s sectian.
B o] TOTAL (¥quas the total reported in Rew Te(1) for 1982) exmmsmmnpy | 125 @ NO
e
Item 13 Cost of ourchased services et ey 1582 ; Item 14 - Breakdown of machinery and ey 1982
See instruction manual; ki Tro. O by type reported in item &b, column d (See instruction manuat) My Thou. Dol
Key
8. Aulomobiies trucks 2tc 't mighaay use 193
a. Regar of DurlTeRs o sther st uch e 1] B »
b. Compulers 4~z pe’ prevd. Tala processing equipment 394
b, Repart at rgchinery 91 of hae
€. All ciher 2apengs Lites 'Or ie. MaChinery and equipment 95
. Cost of purchased communiCation servicas
teiepnone lalegrapn etr TOTAL - Should be the same as item 8b, column d == 135
{tem 15A - Dperation2] Satus ~ tare ¥ oo NE nin ah 0 DECT JNC s TH S 087k e 4 ne gng ol POHZ
" inoperation
2 Temporarily ot seasonaily 1nactive
Month | Year

3. Ceased operation

of  Sold or 1eased TO anglner operator — Give adle a -t ANT enter wame 2C.  beiow GIVE DATE -

Enter figures onty

s Acpuired of ieased FROM another operator - G.ve Jate i - g1t! ANC voter e erc. delow

El Number 19 dignst

TELTTLIIT

b
Item 158 - Not appiicable to this report
Mtem 16 - Chechs 1o assure 2 compiete and accurate report

The Bureau of the Census teviews »our teport for omissipns ® Review the report caretully ta see that no ttems are omitted for the year seinw covered.

nconsistencies. and unusual iatins  To save you future ® Calculate and enter figures for the four reasonableness Checks below. and review the resuits.
cotrespondence about these [iodiess niease make the o Correct your “2port for any errors you 1ind ang explain unusual figuies in (emarks.
following checks netore reluining youi tepait For most manutaciuring estabiishments. the tgures computed weually Iall within the ranges indiceted.
Reasonableness checks T T T T T T i uiation equired for sacr check o Figures for survey yea Usual range

a, Average nourly wages per production workes Item 3Aa Production workers wages, tem de  Total hours workec $ hr. $3-315

b, Hours worked per year per produchicn «oixe: ttem de : Tntal nours worked! tem 2f tAverage number of productios ..orkers) Hrs. yr 1000-3000

. Salares and wages per dollar ol smpments (ten JAc (Tolai payroll- tem 11A 1 Tota) value of sh:pmentss 05¢~95¢

d. Materials cost per datlac of samments Teem ST i Tot0! materiais cast  ctem I1A (10tal value of shioments 05- 95

#. i3 the total of value of shipments (item 11A) gr 1 than the sum
for payroll {item JAc) plus total cost of materialy, ate, titem SH? YES NO - Expia-a v emarks

REMARKS - Please use this space fof any explanalions thal May ne 2ssenti 1l -1 ungerstanding your eported data

CONTINGE ON PAGE 3 —w
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Public Hearing Version of the MECS Questionnaire

SECTION I - COMBUSTIBLE ENERGY SOURCES

| | Enter the Quantity | ] | Enter the Quantity Consumed | [}
] | of Purchased Energy| Enter the Total lEnter the Quantity of| Onsite in 1985: | ]
\ | Sources Dalivared | Expenditure, In-| All Energy Sources | 1 1
[} | to the Establish- | cluding Deliveryl Producad Onsite 1 {For all Non~ | Enter the |
| Unite Usad | ment in 1985. | Chargos, of the | During 1985. See | | fual Purposes. |Shell Storagel
Name of Combustible | for | Include Purcheses | Quentity in | Page 5 of [} |See Page § of | Capacity as |
Energy Source : Reporting : from all Sources. | Column 3. : Instructions. : As & Fusl. : lm(m!iw.l of 12/31/85. |
1 t
1 1 2 | 3 [} 4 [} 5 | ¢ [} 7 | 8 |
\ [} [} i { { [ 1
Resichm] Fuel 0il (No.'s 5 & | I 1 | { | | ]
6, Navy Speciel, Burker C} : Barrels : : : : : : |
|
Distillste Fuel 0il (No.'s 1, | } [} i ] | t [}
2, & 4 Fusl Oils and Diesel} | Barrels | | | | | | 1
I [} | t ) t [} |
[} [} ] ] { \ ] |
Crude 0il and Lease cmu: Barrels : ] : | | | |
| | ! 1 |
I 1000 [} | | t | [} |
Motor Gasoline | Gallons | ] t | | t {
1 ] | | ) I | |
I 1000 | | | | | | 1
LPe § Pounds 1 1} \ ] \ \ \
[} t [} t | | I |
I 1000 | t I t | I |
Natural Gas | Cubic Feet | | 1 | | | i
| | | t ] | | 1
| ] | | | | V2222727727727)
Bituminous Coal | short Torw | ] ) I | |H222422222244]
] ) ! 1 [} 1 |YI722777777774)
] ! 1 ] | | V2277227227777
Coal Coke | Short Tone | ! | ) | V7222272227727)
) [} { 1 { 1 \¢r747. J474)
] | | ! 1 ] V/777777727777)
| | | | I | 1£222222771227)
I | | | ] | (V2770777277774
) ) I ] | | V22722242777770
| ! | [} | | V22027277222720

! ! | t | | | /,
[} | { ] § [} V1727212771277
| ] | | I 1 Vrr72222722277)
| | 1 | 1 | [Y7477777777774]
1 | | | ] ! 1/227¢22772772)
] | i | I | Verss2s2rr0277)
I ) 1 ! ] ! V22 t
| | | | | | (2222222227224
1 | \ \ ] [} V1272227722277)
| [} 1 | | | [Y2777277774774]
| | ] ] ] ) V7727722777777
[} | | I | | V2272220222707
t 1 1 I I [ J7777774777774

FOR ESTABLISHMENTS WITH PETROLEUM REFINING OPERATIONS--
9. Ender the EIA ID Mmber for this Establishment ss Entered on the Monthly
Refinery Report, Form EIA-810: |_I_I_I_I_I_)
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SECTION II - NON-COMBUSTIBLE ENERGY SOURCES

Elestricit

1a. During 1985, how much electricitly was purchased
from utilities or other firms, and delivered

1b.

la.

1b.

to the establishment?

Mhat was the totsl expenditure for purchased

electricity?

During 1985. how much alectricity was transferred
from outside establishments and delivered to
the establisheent? Do not include the purchases

recorded in ITEW la.

During 1985, how such electricitly was generated

onsita by cogeneration?

Ouring 1985, how much electricity was generated
onsite from solar power, wind power. hydropower,

snd geothermsl sources?

During 1985, how much electricity was generated
omsite by processes other than those covered

in iteas 3 and 4?

During 1988, how much electricity was sold to
utilitias? Include bath sales and transfaers

for credit.

During 1965, how much electricity was transferred
1o other establishments? Do not include amounts

reported in ITEM 6.

During 1985, how much steam was purchased
(from utilities or other firmsi snd

delivered to tha establishment?

whatl was the tolal expenditure for thie purchased

steam?

During 1985, how such steam was transferred froa
oulside establishaents and delivered ta the
sstablishment? Do notl include the purcheses

recorded in ITEM la.

During 1985, how much steam was generated onsite
from solar power and geothermal sources?

During 1985, how msuch steam was sold or
transferred to other establishments?

Quantity:

Quantity:

Quantity:

Quantity:

Qantity:

Quantity:

Quantity:

Quantity:

Quantity:

Quantity:

Quantity:

MECS: Methodological Report
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Kilowatthours

Kilowatthours

Kilowatthours

Kilowatthours

Kilowatthours

Kilowatthours

Kilowatthours

RHillion Btu

Hillion Btu

Million 8ty

Million Btu



SECTION III - FUEL SWITCHING CAPABILITY TO AND FROM OILw
NOTE:

o This section deals with your ability to substitute alternate fuels for oil, and your ability to substitute oil for oth:r fuels.

o Indicale the change in volume of oil that you could accommodate, given your 1985 operating condilions and tolal consumption of
combustible fuels. R

o "Fuel switching capability" is defined as your ability to vary your oil consumplion by making use of existing multiple-fuel caps-
bilities with, at most, minor adjustments in your physical plant.

o Read the instructions concerning the definitions of “Maximum Technical Switching Capability and "Practical Constraints” befora
proceeding with this section.

# Dafinitions:

Switlching
o "0il" refers to crude, residual, and distillate Hax i muw Capability Identification of
combined. Technical After Allowing Practlical Constraints
o "Consumplion” rafers to the quantities in Sectlion I, Switching for Practlical (It Columns A and B
Column 6. Capability Constraints differ.) Enter Codes
o 1 barrel = 42 gallons. (Barrels) (Barcels) from the List Below.w#s
A B C
Part I: Suilching Out of 0il
11) How much of the otl you consumed in 1985 could
have been replaced by other fuels? bbl bbl
(2) How much of the oil you consumed in 1985 could have
been replaced by:
NBTUFAL GBS ..ottt it eaaaa bbl bbl [ Y N
other fuelis) (specify):
bbl bbl I_ 14 _1_ 1
bbl bbl —
bbl bbl [ N NN DV D
NOTE: The Sum of the enlries in Item (2) must be
equal to or greater than the entry in Item (1).
Part II: Swilching into 0il
13} What is the maximum amount of additional oil that could
could hava besn burned during 1985 in place of other
fuels that were actually burned? bbl bbl
(4) Of the sdditional oil ceportad in item (3), how much
could have bean used to replace:
natural gas........iiiiiiiiieir ey, SR en bbl bbl I __1__1
other fuelis) (specify):
bbl bbl 111
bbl bbl ]
bbl bbl b}

NOTE: The Sum of the entries in Item (4) must be
equal to or greater than the entry in Item (3},

#% Reasons for tha difference betwsen maximum technical capability to switch and capability to switch given practical
constrainta (column C).

1> federal government environmental restrictionts).

2> State/Local government environmental restriction(s).

3> Binding contract in place.

4> Restrictions under the Powerplant and Industrial Fuel Use Act of 1978,

5> Fuel supply to the site cannot be established within 7 days of tha decision to switch.
6> Fual is byproduct of manufacturing process and would not have been switched from.

Other (specify):
7>

8>
9>
10>

MECS: Methodological Report
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SECTION IV - COMMENTS

T

SECTION V - CERTIFICATION AND CONTACT PERSON

="\il report is substantially accurste and has been prepared in accordance with tha inatructions.

INama of person to contact regerding this report | IAraa code |Mumber {Extension
' ot | | 5
I
{Hame of company :Addrn- (Mmber and street, city: State, ZIP code)
|
| |
[} |
|Period JFrom: fMo. | Bey | Year | To: #o. | Day | Yesr | Signature of suthorized person {Title iDate
lcovered---> | | | | |
1 | t | 1 | 1 [} 1

MECS: Methodological Report
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Pilot Study Version of the MECS Questionnaire

FORM Eis-840 FORM APPROVED

UNITED STATES
OEPARTMENT OF ENERGY OMB NUMBEN: 1905-0108
ENERGY INFORMATION ADMINISTRATION FORM EXPIRES: 043048

1985 Manufacturing Energy
Consumption Survey — Pilot Study

The nformaton reported on tese forms may be i1} exempt from disCiosure 10 the pubKC under the exemohon for frade secrets and conhdennal commercial nlomatan spectied w tha Freedom of Informabos
ACt. 5USC 552 (b) (4} (FOIA) of n) profhibited from pubhc release by 18 U S C 1905 However belore the determmation can be made that parhicular informanon is withn the coverage o either of these

statutory the person the musl make a showing sahstactory to the D of Energy g ts nature Therefore respondents wishing to Clam sSuch ex
amphon must siste specihicaly (on an element by -element basis <1 possible) 10 a letter accompanying submisson of tis torm  why mey consider the informaton concermed 10 be a trade Secret ar other propre-
tary whether such s treated as by these and the industry and the type of campetitive harm that would result from drsclosure of the infor
mabon in accordance with the provisions of 10 CFR 1004 11 DOE's Freedom ot Act DOE wil whether the submitted shouky be withheks rom pubiic GISCiosure
It DOE receives the responses but does not receive a request with substant: mat the shouid not be released to the pubkc. DOE may assume that the respondent does not ob-

1eCl 10 disclosure to he pubkc of any mtormahon submitied by it on the forms

This report is mandstory under the Federal Energy Administration Act of MAILING LABEL
1974, P.L. 83-275. Faiiure to respond may resuit in criminal fines, civil penal-
tes and other sanctions as provided by lew.

Note: For purpcses of this pilot study, respondents sre permitted to
disquise their numerical entries on the questionnaire by multiplying or
for

dividing them by an ] tactor. See
details.
Please read the Instruction bookiet carefully befors proceeding. {Please correct any error in name and mailing address on label, inciuding Zip Code)
SECTION | - COMBUSTIBLE ENERGY SOURCES
! 1 Enter the
Enter the quantity Enter the quantity of
ot purchased energy Enter the ehargy sources pro- Enter the | Consumed es
Name of sources delivered cost, Includ- duced onsite. {i.e., Enter the Enter the Storsge a Fuel In
Energy Source 1o the setablish- Ing delivery bypmducu !mm uu Quantity Quantity Capacity 1904,
{Combustible Units Used ment in 1984, ges, of [ s | C as {shell) {sccording
Fuels and for (include purchases | the amount in mnbrlal-. or up- a Fuel in a Fesdstock ae of to Consus
Feedstocks) Reporting trom all sources) column 3. tive mines or weils) 1984, in 1984, 12/31/84 definition)
1 2 3 4 5 8 7 [ 9
Crude Oit
Residual
Distillate
Motor J
Gasoline | |
LPG
Natural Gas

Wi,
Wi
Wi

i

L i

SECTION 1f - NON-COMBUSTIBLE ENERGY SOURCES

ELECTRICITY STEAM
1a. During 1984 how much electricity was pur- ta. During 1984, now much steam was pur-
chased (from utiities or other fims) and chased (from utiities, dealers, or other fiems)
delfivered to the estabishment” - . megawstthours and 10 the miltion By
1b. What was the lotal cost of this purchased 1b. What was the total cost of this purchased
eleciiicity?. . .. ... e Y'Y , steam? s )
2. During 1984, how much ebcmcrty was 2 During 1984, how much steam was lrans-
from outside and ferred from outsle estabkshments and
deivered to the establishment? Do not - delivered to the establishment? Do not in-
clude the purchases recorded in ITEM 1a —e——————— Magewmaithours clude purchases recorded in ITEM ta ———— milien B
3. Dwing 1984, how much electricity was 3. During 1984, how much steam was
generated on ske by cogeneration? megewatthours. generated on site trom renewabie sources?
a fromsolar. . . ... .. ... —— Y )
4. Duing 1084, how much electrcity was b from other renewable sources . —_— e _mWmnew
on site from sources?
a. from soler . . L e . e megawsttheuns 4. Dunng 1984, how much steam was sokd o
b. from wind e megawatthours to another . miten 8
c. from other renewmh sources ... . —————— AgERRthOUTS
5. During 1984, how much electricity was
on site by c
anxi othef processes beskles coqsf\ova\m
of renewable sources? C — magewsithours.
6. Durng 1984, how much electricity was sokd
to utities? inciude both sales and transters
for credit . ——  megewaithours
7 During 1984, how much electricity was
to other Do not
nclude amounts reported in ITEM 6
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SECTION ifi—FUEL SWITCHING FROM CRUDE OIL OR OIL PRODUCTS

This section deats with your ability to substitute alternate fuels for oil, and your ablity to substitute it for other fuels. indicate the change in volume of oil that you coud accommodate,
given your 1984 1otal consumption and operating conditions. “Fuel switching capability” 1s detined as your ability to vary your oil consumption by making use of existing muttiple-fue!
capabilities with, at mosi. minor adjustments in your physical plant. Read the nstructions concerning the definitions of “Technical” and “Practical” ability 10 switch fueis before

proceeding with this section
Practical limhations
Definitions: to
& “Oil" refers to crude, residual. and distillate combined. Technical Practical {Ht columne A and B
& “Consumption” refers to the quantities in Section . Column 6. switching switching ditter)
e 1 barel = 42 gallons. capability capability Enter codes from the
(barreis) (barrels) Hist below.
A B
(1} How much of the o1l you consumed in 1984 could have been repiaced by alternate
fuels? bbi S
(2) How much of the oil you consumed in 1984 could have been replaced by:
natural gas ol bbl
other tusi(s) (specify)
—_— S— bl
. . bbl bbi
- — - bbl
{May add to more than totai in {1))
(3) Of your total 1984 energy consumption. what s the maximum that could have
been in the form of oit? bbl bbl EEED

Reasons for the difference between technical capabity to switch and practical capability 1o switch (column C )

1 Federal government environmental restriction(s). Other {specify):
2 State/Local g environmental 6
3 8inding contract in place. 7
4 ions under the F piant and industnai Fuel Use Act of 1978. 8
5 Fuel supply cannot be established within 30 days of the decision ta switch 9
SECTION IV - COMMENTS
COMMENTS

SECTION V - CONTACT PERSON

Name of person to contect regarding this report Telephone

Arga code

Number

Extension

Name of company

Actual location if ditferant from mailing label (number and sireet. city, State. ZIP Code}

Penod From: Mo. Day Year
covered

2

To Mo. Day Year Signature of contact

person

Title
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Clearance Version of the MECS Questionnaire

SECTION I ~ IDENTIFICATION OF PRIMARY ENERGY SOURCES

Please review the list of energy sources on this page. Mark the box ngxt to all enargy
sources that were physically on the site of the establishment at somg time during 1985,
including those produced, Purchased, used, transferred out, sold. or held in invantory at
this establishment in 198S.

Mark. Code Unit of Maasurement for Measurement
Heara Number Energy Scurce Reaporting Amounts (use HHV)
<1> <2> <3> <6> <5>
11 Anthracite coal short Tons . T .
12 High sulfur bitumingus coal Short Tons
13 Low sulfur bituminous coal Short Tons
14 High sulfur subbituminous coal Short Tons
15 Low sulfur subbituminous coal Short Tons
16 Lignite Shart Tons
17 Coal coks and bresze Short Tons e
o a 2"}”}:“ ;O}. 02, or 86
uel o an ight diesel) Barrels <42 ls.> (BBRL)
] 22 Reridual (85 or 86 Iucl gels
0il and navy special) Barrels <42 gals.> (BBL)
a 23 Crude 0il Barrals <42 gals.> (B3L)
Ea 3] Natural ges 1.000 cu. ft. (MCF)
32 LPG, butane, propsne 1,000 cu. ft. (MCF)
41 Blast furnace pas Million Btu (MMBtu)
42 Coke oven gas Million Btu (MMBtu)
43 Patroleum coke Million Btu (MMBtu)
44 Refinary offgas (still gas) Million Btu (MMBtu)
45 Wood, bark, wood waste
(50X moisture basis) Million Btu (MMBtu)
OO  «s Pulping or black liauor
(bone dry basis) Short Tons

Other primary energy sources, not listed above, that accounted for at least two
vercent of tha total energvy consumed at this establishment during 1985 (Do not
include electricity or steam):

Mark Code Unit of Measurement for

Here Number Enargy Source Reporting Amounts

<1> <2> <3 <4>
51 Million Btu (MMBtu)
52 Million Btu (MMBtu)
53 Million Btu (MMBtu)
54 Million Btu (MMBtu)
55 Million Btu (MMBtu)
56 Million Btu (MMBtu)
57 Million Btu (MMBtu)
58 Million Btu (MMBtu)
59 Million Btu (MMBtu)

o Now COPY the code number (from column 2), name, and unit of measurement of
all enargy sources you chacked on the list onto Section II.

o Procead to Saction II.

MECS: Methodological Report
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SECTION If ~ QUANTITIES OF ENERGY SOURCES

o INSTRUCTIONS: ; COPY FROM SECTION I
a. for sach energy source checked in Section I, set up & | ENERGY SOURCE OME | ENERGY SOURCE TWO | ENERGY SOURCE THREE | ENERGY SOURCE FOUR | EMERGY SOURCE FIVE
sepsrate column heading in Section I1 by copying the code | ] lommmmocsmmmcccceean ]--- | —————
rumber, name, and Units of measurement exactly as shown in | Code Mumber: | Code Mumber: § Code Musber } Code Number: ) Code humber
Section 1. Ignore sny uwused columns. | ] | | |
| Name: | Hawe: | Name | Nasme: | Nase:
b. If sore than 5 columns are needed, use extra sheets. 1 | 1 ! |
| Units used for { Units used for 1 Units used tor | Units used for | Units used for
€. Enter a quantity of zero sheraver » question does not apply | reporting: | reporting: | reporting: | reporting® | reporting:
1o a given energy source. ] i ] 1 }
N7722277722077227200270020202F2000770000002200 0700222020022007202707280822227200027770070020N00000070777772¢77¢4¢¢77
d. If recorded lues sre not readily available, carefully KP2222202772070222070007V222020700070000028022000072077020772020207F20\0070007020000087070270\0002770002220¢02777¢27

prepared estimates may be used.

V228072000000700002070\087007287207220700000007 00772220020082227070280\700707020000000008000N0002020020000772¢4272¢
|V L A U A L A Ve A A A U L L ddddd
|

o ENERGY SOURCE INPUTS TO THE ESTABLISHMENT SITE
(Questions 1 through 3)

1. NHow such of the snergy source, named in the column

heading: was in the INVENTORY of this establishment

at the end of calendar year 19841

Quantity: Quantity:

Quantity:

{

|

Quantity:

2a. During 1985, how much of this energy source was PURCHASED
from utilities, deslers, or othér firms, and delivared to

the establishment? Quantity:

b, What was the total cost, including delivery charges, of

this purchased energy source in 1985? 4

i

tity:

-

Quantity:

t
!
|
|
]
3
i
t
1
|
|
|
|
|
|
|
1
|

During 1985, how much of this energy source was TRANSFERRED
from outside establishmenls and delivered to this |
establishment? (Do not include the purchases recorded in |

ITEN 23) | Quantity: Quantity:
|

{
I}
I
|
i
|
|
}
|
!
|
]
|
1
!
|
|
1
|
|
|

@uantity:

Quantity:

© PHODUCED ON SITE (Guestions & and 51 1

1
4. Durinp 1985, how much of this energy source was PRODUCED ON|

SITE ot this establishment from captive mines or wells? | Quantity: Quantity:
1

Quantity:

g 3
= -
=~ -
< <

Quantity:

1
Ouring 1985, how much of this energy sourca was PRODUCED ON|
SITE as » resull of the use of feedstocks, ram materials,
ingredients, or addilives 1o a product te.g., wood chips,
products and by-products of chemical processesi? INCLUDE
ONLY THOSE ENERGY SOURCES THAT WERE USED A FUELS ON THIS

SITE IN 1985. Quantity:

Quantity:
L}

H

B
=
<

1
1
‘
t
1
n
0

"

s=rEx=czozs zsxz

© SUM OF ENERGY SOURCE INPUTS AND PRODUCTION

I
i
|
1

6. Enter the sum of ITENS 1, 2a, 3, 4, & 5. Quantity: Quantity:

=

Quantity:

zzzzz

3
ES
-
<

B o e o it e e e o i i e e e - - s - o o —

Quantity:

Quantity:

|
{
1
L
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SECTION II - QUANTITIES OF ENERGY SOURCES (continued)

o INSTRUCTIONS FOR SECTION IX, PAGE 2

. Trarafer the energy scurce code mmber, snergy source name,
and units used for reporting from Section 11, page 1 to the
corresponding colume on this pags, snd continua mith
question 7 below. !

]

[}

|

b. If more than 3 coluws are needed, use extrs sheets.

c. Enter & quantity of zero wherever » question does not apply
to » given energy source.

d. If recorded veluss sre nol available; carefully prepared
estimates may be wsed.

COPY FROM SECTION I

ENERGY SOURCE ONE | ENERGY SOURCE THO ENERGY SOURCE THREE ILmnsv SOURCE FOUR | ENERGY SOURCE FIVE

Code Number: ) Coda Nusber:

|
|
:
Neme: : |

Nawe MHame:

:Cod. Nusber:

| Name:

Code Number:

L 1

Units used for
reporting:

Units used for
reporting:
|

| Units used for
| reporting:
|

Units uwsed for
reporting:

Units wsed for
reporting:
t

FIEII20P2770202070202V077770702020202020007V720720720077772077¢4727

PI0E2L720000000028000N0 20800000222 0000F0700002200720007007202720¢7

VL U L L L i
I

V7777777777277777777¢
V2rsesrezreeeeeereeer
Vi17000700022002¢22204
1

{22
LI7020800870020722777
Vs

© ON SITE USE OF FEED3TOCKS |

|

7. During 1983, how much of this snergy seurce was used orsite |
as & fecdstock, raw materisl, ingredient, or additive to s 1
product t(e.g., coal for coking, petrochesical feedntocks)? | Quantity: Quantity: Quantity: Quantity: | Quantity:

t

o OFFSITE USES ]

| |
8. During 1963, how much of this anargy source was used | |
offsite for establishment-ralated purposes (e.9., delivery ) ]
trucks, ships. sirplanes, etc., which sere fusled orsita ] |
but waed offsite)? Quantity: { Quantity: Quentity: | Quantity: | Quantity:
DU | i |
o SUNM OF ENERGY SOURCES ADJUSTED FOR FEEDSTOCK AND OFFSITE USES) | | 1
! | | [}

9. Subtract ITEM 7 and ITEM 8 from ITEM 6. Enter smount. { Quantity: | Quantity: | Quentity: | Quentity: | Quantity:
' - [} 1 [}

xzzzsss

© DISPOSITION OF ENERGY SOURCES {Quastions 10 through 12) ] | | }
[} [} \ '

10. During 1985, how much of this energy source was | | [} }
TRANSFERRED OR SOLD to other establishments? Include ALL | | | |
establishments, swhether or not not they are part of the [} ] t | \
sama corporation as this estsblishment. : Quantity: 1 Quantity: Quentity: | Quantity: | Quantity

1 | 1
| 1 | 1

11. Nem much of this energy source was in the INVENTORY of ] ] ] |

this establishment st the end of calendar yaar 19857 : Quantity: { Quantity: uentity: | Quantity: | Quantity:
1 | |
© TOTAL SALES, TRANSFERS, AMD END OF VEAR INVENTORY | 1 | |
| [} ! 13

12. Enter the sum of ITEMS 10 and 11. | Quantity: . | Quantity: | Quantity: ! Quantity: | Quentity
| | i i 1
© TOTAL CONSUIMPTION OF PRINARY ENERGY SOURCES ! ' | i ]
i 1 ] i t

13. Subtrect ITEM 12 from ITEM 9. Enter Amount. : | Quantity: : Quantity: : Quanti ty: | Quantity:
| i
ESEITIEXSRIIIITIXTTIZTZIET ===z xx= £33 =
© TOTAL STORAGE CAPACITY : : : : }
|

16. Mhat was the TOTAL STORAGE CAPACITY for this energy source l ‘ | ' I )
at this establishment et the end of calendar year 1983? : Quantity: i Quantity: 1 Quantity: \ Quentity: i Quentity?

o ENERGY SOURCES OTHER THAN ELECTRICITY USED A3 A BOILER FUEL : : : : :

15. During 1985, how much of this energy source wes used as i ] ] i | X | .
® boiler fuel? | Quantitys | @uantity:____ i Quantity: llmhtyz lwum!lly'

1 1
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la.

1b.

la.

1b.

SECTION III - MON-PRIMARY ENERGY

rict

During 1985, how much electricity was purchasad
from utilities or other firms, and delivered
to the establishment?

What was the total cost of this purchased
electricity?

During 1985, how much electricity was transferred
from outside establishments and delivered to

the establishment? Do not include the purchases
recorded in ITEM la.

During 1983, hew much electricity was generated
onsite by cogeneration?

During 1985, how much electricity was generatad
onsite from renewable sources?

a. from Solar

b. from Wind

c. from othar renewable sources

During 1985, how much electricity
onsite by conventional genaration
processes besides cogeneration or
sources?

During 1985, how much electricity
utilities? Include both salas and

was generated
and other
renewable

was sold to
transfers

for credit.

During 1985, how much elactricity was transferraed
to other establishments? Do not include amaunts
reported in ITEM 6.

During 1985, how much steam was purchased from
utilities, deslers, or other firms, and
delivered to the establishment?

What was the total cost of this purchased steam?

During 1985, how much steam was transferred from
outside establishments and delivered to the
establishment? Do not include the purchasas
recorded in ITEM la.

During 1985, how much steam was generated onsite
from renewable sources?

a. from Solar

b. from other renswable sources

During 1985, how much ateam was sold or
transferred to another establishmant?

SOURCES

Quantity: Magawatthours
S

Quantity: Magawatthours
Quantity: Magawatthours
Quantity: Megawatthours
Quantity: Magawatthours
Quantity: Megawatthours
Quantity: Magawatthours
Quantity: Magawatthours
Quantity: Megawatthours
Quantity: Million Btus
s ’ [

Quantity: Million Btus
Quantity: Million Btus
Quantity: Million Btus
Quantity: Million Btus

MECS: Methodological Report
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SECTION IV ~ SMITCHING CAPABILITY FROM COAL, HEAVY OIL. DISTILLATE, AND NATURAL EAS

The purpose of this section is to obtain information on tha technical capability of an establishment to substitute alternste energy sources for coal, heavy oil,
Read the instructions concerning the definition of technical cepability to swilch energy sources before proceeding with

distillate. and natursl gas consumed in 1985.
Answer the following questions for COAL, MEAVY OIL,

this section.

DISTILLATE, and NATURAL €AS, if applicable to your establishment.

Energy source
being switched
frow.

Sum of quantities from
Section II, ITEM 13
for the energy sources
specified below.

How wuch of the
quantity in coluen
<2> was technically
CAPABLE of being
suiiched 1o snother
snheargy source?

Check energy sources
that replaced or could
have repleced part of
tha amount reported in
column <3>. Subotitute
fuels need not have
actuslly been use
1965.

R

I
|
i
t
'
§
]
|
|
1

Enter tha amount of the
energy source reporled in
column <3> that wns
technically CAPABLE of
being switched to the
ulternate energy source
listed in column <4>,

Of the asount shown in

coluen <5>, how such could |

not have been swiftched
using this slternativa
energy source, for lepal,
logistical, or other
reasons nol related to
tachnical capability?

A

Why couldn't the
smount in coluan
<6> be suitched?
List codas from
the table below.
Circle the code
of the most

important reason.
<>

<1> 2> 1] <3 <4> <5> <6>
|
FUEL SHITCHING tnter #he sum of i T(to heevy oil) ] ] |
FROM COAL anthracite, low end [} | [} ]
high sultur bitusinous, 1tio distillatle) ] ] ]
low and high sul fur | 1 |
subbitusinous, wnd {(to natural gas) i ] |
tignite, i | | |
Quantity: Quentity: [(to other <specify>) : ) :
| 1
I(to other <specify>) ] | |
1 1 1 1
FUEL SHITCHING | 11to coald ] 1 |
FROM HEAVY OIL } ] { |
| tilo distillate) [} | i
Enter the sus of crude | ] 1 | |
plus residual. t 1(to natural gas), 1 ] |
| [} | | i
Quantity: | Quantity: {10 other <specify>) | 1 ]
| t | | [}
| ltto other <specify>) 1 i ]
1 1 1 ] 1
FUEL SMITCHING i 1{to coal) ] ] ]
FROM DISTILLATE | | | 1 ]
1 {(1o heavy oil) ! | |
Enter the amount of i 1 ] i 1
distillate. } {(to natural gas} : | |
] | | i
Quantity: : Quantity: Itto other <specify>) [} | 1
I} 1 ] 1
1 1tto other <specify>) ] ] |
1 1 1 i i
FUEL SHITCHING ] I(to coalt | ] [}
FROM NATURAL GAS ] | | | 1
t l(to heavy oil} [} | |
Enter the smount of | 1 I | |
natural gas. | lito distillate) ] 1 |
1 1 1} 1 1
Quantity: | Quantity: _ {tto other <specity>) ] | |
| [} | | |
1 1tto other <specify>) ! 1 i
1 1 1 1 I}
Ressons why suitching was not feasible (for column <7> of the Energy Source Switching Table):
Cade | Reason
|
1 | Federal govarnment environmental restriction.
2 | State/Locsl govarrment environsentsl restriction.
3 | Binding contract in place for the energy source listed in coluen <1>.
4 | Restrictions of the Powerplant and Industrial Fuel Use Act of 1978.
| Othar Lspecify)?
L
6 |
7
s |
L]
SECTION V ~ CERTIFICATION
CERTIPICATION - This repert is substantially securete and has been prepared in sccordance wilh iratructions.
Aras code [Muwber Extension

Nema of person te eentact regarding this report

Telephone-=->

Neme of esmpany

Address (Mumber end strest, city, 8

ate, ZI1P code)

A 1

frem: Me.| Doy | Year

|

Te: MWo. | Cay | Year

3

Signature of authorized parson

Title

lo;T
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Final Version of Form EIA-846(F)

ronm EIA-848(F)
(8-5-661
1.5, DEPARTMENT OF COMMERCE
BUREAU OF THE CENSUS
ACTING AS COLLECTING AND COMPIING AGENT FOR
UNITED STATES DEPARTMENT OF ENEAGY
ENERGY INFORMATION ACMINISTRATION

1985 MANUFACTURING
ENERGY CONSUMPTION
SURVEY

NOTICE — Responss m this inquiry ie.
amended,

3-27

purposes. The lsw aiso provides that copies reteined in your files are immune from

may be mn only by sworn Cansus Bureau smplayees end may be used only for statistical

OMB No. 1805-0189: Approval Expires March 31, 1969

required by law (Federsl Enecgy Administcation Act of 1974, as
By Section 9 of Titie 13, U.S. Code, your report to the Census Buraau is

PLEASE COMPLE T
THIS HORM AND
KETURN 1O

BUREAU OF THE CENSUS
1201 East Tonth Street
Jettersonville, indisna 47132

n correapondence
Mnhnomhw

thie report,
lﬂ- (CFN}

DUE DATE: August 15, 1986
It yot: cannot file by the due date, a time extension request
should be sent to the above address; please include your PLEASE RETURN THIS COPY
11-digit Census File Number (CFNJ. Plaass correct errors in name, sddress, and ZIP Code. ENTER street and number if not shown.
NOTE — Ploase read the snciosed instructions befors filling out this form. Complete each item.
If you have any questions, call (301) 763 — 7068.
Section | — COMBUSTIBLE ENERGY SOURCES
"rot‘-ldi_xpoond'ztuu, Quantity Consumed Onsite in 1985:
Qu tit including Dedivery .
Consus|] Units u:.r:’ 'b: ang | Charges, of the 'Lohl Quantity For all Nonfuel Design
Combustible Energy Source use 1 Used for fivered 1o this %u7"r'v'\‘r\v4m ':f."g;f"?q"' Furposes c‘f::ivt;o:. of
only JReporting Enlbl;sghén;m in ol ‘1‘5) 19885 As a Fuel |Res or ,“| See] 133185
I 7
(1] 561|(2) (3 582 4) ol l e ! > 564 | (B} 565 (%41 ;:ﬁoulc:;r" ) 567 {9
Residual fusl oil [No.'s 5 and B, navy : |'
spacial, bunker C) 216 [Barrels | |
Distillate fuel oil (No.’s 1, 2, and 4 : ‘f
fuel oils and diesel) 224 |Barrels i i
T T
Crude oil and lease condensate 208 _|Barrels L
¥ 1
Motor gasoline 232 |Gallons . L
LPG (Ethane, ethylene, propane, t '[
ropylens, butane, butylene) 240 |Gallons | L
1,000 ! !
Natural gas 307 |cu.tt. | L
Short | !
Anthracite 406 | tons | .
Short : !
_Bituminous and subbituminous coal 414 | tons [ Y
Short ! ! [
Lignite 422 | tons . |
Short ' \
Coal coke 430 ] tons . )
Short | '
Breeze 448 | tons | |
Million [‘ :
Blast furnace gas 604 Btu . L
Million “ 'I
Coke oven gas 612 | Btu 1 |
Million } f
Still gas 620 8tu i |
T [
Petroleum coke 703 |Barrels . ‘L
Roundwood {i.e., wood cut Million : ;
spacifically for use as a fuel) 802 Btu | L
Wood chips, bark, and wood waste Million : :
(50%moisturs basis) 810 Bty | L
Waste materials {wastepaper, Million L 1
packing materials, atc.) 729 Btu | N
Million ! !
Pulping or black liquor 737 Btu . |
Millian i :
Waste oils and tars 711 Btu | i
Million : :
Biomass 901 Btu ) n
Million ! R
Hydrogen 638 Btu | n
Other combustible energy sources: . ('
(List upurntdyi/ ! I
Million ; :
Btu I L
Million ) y
Bty : '
Million | i
Btu | '
Million 1 ¥
Btu ! H
Million [ 1
Btu | !
Million ! t
Bty ; :
Miltion i t
Btu : '

FOR ESTABLISHMENTS THAT COMPLETE THE MONTHLY IIEFINERY REPORT, FORM EIA-810

Enter the 10-digit EIA ID ber for this

on form EIA-810 ———»

Plosse centinue on reverse side «aude

MECS: Methodological Report
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Section I} - NON-COMBUSTIBLE ENERGY SOURCES

Part 1 — ELECTRICITY

5681 109
= Kitowatt-houra
Ml . Thou. | xWh
562 ' I
3 t
1a. During 1985, how much electricity was purchased by this establishment from utilities or other i 1
companies, and delivered to this establishment site? : :
Dollars
Mii. | Thou. . Dol
563 i i
b. What was the total expenditure for purchased electricity ? : '
Kilowastt-hours
Mil. | Thou. | kwh
584 | t
2. During 1985, how much electricity was transterred from outside establishments and detivered ! !
to this establishment? Do not inciude the purchases recorded in itsm 1a. : !
565 :
3. During 1985, how much electricity was generated onsite by cogeneration? .
568 1 T T
—— . )
4. During 1985, how much electricity was generated onsite from solar powar, wind power, :
hydropower, and geothermal sources? | )
. .
87 | |
8. During 1985, how much electricity was generated onsite bv processes other than those } :
covered in items 3 and 4? | )
569 J 4‘
8. During 1985, how much electricity was sold to utitities? Include both sales and transfers for credit. 1 i
589 T H
] t
7. During 1985, how much electricity was transferred to other establishments? | .
Do not include amounts reported in item 6. : '
L
Part2 — STEAM [sev ] 508
Million Btu
582
1a. During 1985, how much steam was purchased by this establishment from utilities or other
companies and delivered to this establishment site?
Doliars
Mil.__ Thou. Dol
5823 i I
b. What was the total expenditure for this purchased steam? ' l.
Miliion Btu
584
2. Ouring 1985, how much steam was transferred from outside establishments and delivered to
this establishment? Do not inciude the purchases recorded in item 1a.
588
3. During 1985, how much steam was generated onsite from solar power and geothermal sources?
466
4. During 1985, how much steam was sold or transferred to other establishment?
Section {1l — COMMENTS — Please use this space for any explanations that may be essential in understanding your reported data.
L1
Section IV — CERTIFICATION — This report is substantially accurate and has been prepared in accordance with instructions.
Name of person to contact regerding Telephone FROM: Mo,Day |Year |TO:Mo. |Da Year
this report — Print or type umber 1 Perlod covered 1‘ A } v

i
! by this report —» l i H
Address — Number and street Signature of authorized person
City l State iZIP Code Title Date
FOMM EIA-B4ABF) 16-5-001

MECS: Methodological Report
Energy Information Administration

69



70

EIA-848(F) — )
18.5.861

INSTRUCTIONS FOR FORM EIA-846(F)
MANUFACTURING ENERGY CONSUMPT!ON SURVEY

J.5 DEPARTMENT OF COMMERCE

SUREAU OF € CENSUS

ACTING AS COLLEC™ING AND COMMUING AGENT FOR
UMITED STATES DEPARTMENT OF ENERGY
ENERGY MFORMATION ADMIVISTAATION

OMB No. 190$.0189: Approval Expires March 31, 1389

A. Who ls R ible For Conducting The M 1] ing Energy
Consumption Survey?

The Manufacturing Energy Consumption Survey (MECS) was designed,
and is being conducted, by the Energy Information Administration (EIA)
of the U.S. Department of Enargy. The survey is being administered and
compiled by the U.S. Sureau of the Census.

8. What is The Purpose Of This Survey?

The Manufacturing Energy Consumption Survey (MECS) will collect data
on energy consumption and usage pattarns for the manufacturing sector
of the U.S. economy. The infarmation obtained from the MECS will be
used to publish aggregate statistics on the consumption of energy for
fuel and nonfuel uses, and on some energy-related issues such as energy
prices and electricity generation onsite.

The MECS is not a regulatory survey and will not be used for regulatory
purposes.

C. How Is My Privacy Protected?

The confidentiality of your response to this survey is protected by law
(title 13, U.S. Code}. Your response may be seen only by sworn Census
employees and may be used only for statistical purposes. The law also
provides that copies retained in your files are immune from legal process.

D. Who Should Report?

This survey is mandatory under the Federal Energy Administration Act of
1974, P.L. 93-275. A report is required from each establishment
selectsd for the survey. No substitutions are permitted. Failure to
raspond may result in criminal fines, civil penaities, and other sanctions
as provided by law.

E. When Is The Report Due?

The questionnaire should be returned no later than August 15, 1986.
Please use the enclosed return envelope. If it has been misplaced, send
the questionnaire to —

Bureau of the Census
1201 East Tenth Street
Jetfersonville, Indiana 47132

F.Howlis A f: ing Establi Defined?

A manufacturing establishment is an economic unit at a single physical
location where the machanical or chemical transformation of materials
or substances into new products is performed. These operations are
generally conducted in facilities described as plants, factories, ar mills
and characteristically use power driven machines and material-handiing
equipment. The assembly of components of manutactured products is
also considersd manufacturing. Also included is the blending of
materials such as lubricating o, plastics, resins, of liquors.

G. What Activities Should Be Included?

Inctude all activities conducted within the establishment, e.g.,
manufacturing, fabricating, processing and assembly; maintenance of
plant and equipment; use of vehicles onsite; receiving, shipping,
warehousing and storage; research; recordkeeping; heaith, safety,
cafeteria, and other services.

Exclude use ot vehicles offsite, even if refueling is done at the
establishment.

if an establishment operates as a single economic unit, but produces
several lines of products, the report should cover the activities of the
entire facility.

H. What Period 8hould The Report Cover?

Data should be reported for the calendar year 1985. If your records are
maintained on a fiscal year basis which does not coincide with the
calendar year, but which ends between November 1 and February 28
inclusive, fiscal year data may be substituted. If your fiscal year ends
betwesn March 1 and October 31 inclusive, reasonable estimates for
calendar year 1985 data will be acceptable.

If the selected establishment was acquired or sold during 1985, the
report data should cover the period of operation by your company only.
1. May Estimates Be Provided Rather Than Actual Data?

Actual data should be provided when available and obtainable. In the

Speclal p d for petrol fining op

Establishments that submit the monthiy Refinery Report (Form EIA-810)
to the EIA already provide some data that are requested by the MECS. In
order to minimize duplication and burden, these establishments will not
be required to complete cartain portions of section |. Thersfore, EIA-810
respondents should include an individual petroleum hydrocarbon as a
separate energy source lins item onfy if some of that product was burned
as a fuel at your establishment in 1985. Do not report as separate line
items those products that ware exclusively input into the refining
operation or sold. Any part of your establishment that is not covered by
the EIA-810 (e.g.. onsite patrochemical piants) is not covered by this
special procedure. Report as separate line items any anergy sources
te.g., petrochemical feedstocks) delivered from the refinsry to the
nonrefinery part of your establishment for processing.

Specitic Instructions

Column 1 — Twenty two energy sources have been preprinted in
column 1. if you consumed any additional energy sources onsite during
1985, please list them in the space provided in cotumn 1,

NOTE — Includs energy sources whose sols means of supply to this
establishment in 1985 was as a byproduct provided that soms or ali of it
was consumed as a fuel onsite during 1985.

Column 3 — Please report all quantities in the units listed in column 3.
The following conversion factors may be useful:

1 barrel = 42 gallons

1 gatlon of LPG = 4.5 pounds of LPG

1,000 cubic feet of natural gas = 10.3 therms

Column 4 — For each listed energy source, enter the quantity that was
PURCHASED AND PAID FOR BY THE ESTABLISHMENT and delivered to
this establishment site. Include quantities that were delivered in 1985,
regardless of when payment was made. Exclude any quantities that
were delivered from another establishment in your company sven if
these quantities were repurchased from them by your establishment.
Alsag, exclude any quantities that were purchased and paid for by a
central purchasing entity sep. from this ishment. In addition,
exclude any quantities for which payment was made in-kind.

Column § — Enter the TOTAL EXPENDITURE for the purchased
quantities reported in column 3. Include all expenditures regardiess of
when payment actually was made.

Column 8 — Enter the total quantities that were produced onsite as —

* A BYPRODUCT of your establishmant’s manufacturing activities
te.g., coke, hydragen, stilt gas, coke aven gas, wood chips, black
tiquor);

* OUTPUT FROM CAPTIVE {ONSITE} MINES AND WELLS in 1985.
(e.g., natural gas, oil, coal);

* WASTE {e.g.. wood scraps, packing materials, waste paper and
cardboard, waste oil).

Column 7 — Enter the QUANTITY THAT WAS CONSUMED AS A FUEL
on this site for the production of heat, steam, power, or generated
electricity in 1985.

Column 8 — Enter the QUANTITY THAT WAS CONSUMED FOR ALL
NONFUEL PURPOSES on this establishment site in 1985,

Inciude all quantitias consumed as feedstocks (e.g.. coal used to
produce coke, crude ol used to produce petroleum products), raw
materials, additives, or ingredients for products manufactured by this
establishment.

NOTE FOR ESTABLISHMENTS THAT SUBMIT THE MONTHLY
REFINERY REPORT (EIA-810) TO THE EIA — Report consumption for
nonfuel purposes for ONLY those parts of your establishment that are
not coverad by the EIA-B10 {e.g., onsite petrochemical plants}. if this
establishment is solely a refinery, enter the letter "R’’ in the spaces
provided in column 8. Data for the refinery portion will be obtained from
the EIA-810.

Column B — Enter the TOTAL DESIGN STORAGE CAPACITY ONSITE
as of December 31, 1985. Include any capacity that is dedicatad or
leased for storage of energy sources owned by other establishments.
Report the shell capacity, i.e.. the design capacity of storage tanks.

EJA-810 1D NUMBER (At b of ton 1) — ishments that
submit the Monthly Refinery Report (EIA-810) to the EIA are required to
enter their 10-digit identification number. This number will allow the use
of existing feedstock data to complete column 8 for these

event that such records are not maintained or are not readily lable,
reasonable sstimates may be substituted.

Section | - COMBUSTIBLE ENERGY SOURCES
General Instructions

Energy sources used in manufacturing can be divided into two groups:
combustible (capable of being burned), and noncombustible {such as
alectricity, staam, and hot water). The purpose of section | is to obtain
data on 1985 fuel consumption, feedstock use, storage capacity, and
related data for the combustible energy sources.

Complete section | for all energy sources that will have a nonzero entry
in columns 7, 8, or 9. Pisase report using the units indicated. Btu should
be reported as higher heating value.

Iments.

Section Il — NONCOMBUSTIBLE ENERGY SOURCES
General (nstructions

The purpose of section Il is to collect 1985 data for noncombustible
energy sources, in particular electricity and steam. Part 1 of section 1
collects data that will provide important information on the components
of etectricity production, and permit an estimate to be made of the totai
consumption of electricity at your establishment. Part 2 of section 1l
collects data on the additional contribution that steam makes to the total
consumption of energy at your establishment through net transfers and
steam generated onsite by renewable energy sources. Report other
noncombustible energy sources, such as hot water, on a photocopy of
part 2 of this section,

MECS: Methodological Report
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Specific Instructions — Part 1 — Electricity

Item 1a — Enter the quantity of electricity that was PURCHASED AND
PAID FOR BY THIS ESTABLISHMENT and delivered to this
easablishment site. Include quantities that were delivered in 1985,
regardiess of when payment was made. Exclude any quantities that
were deliversd from 1t in your 1y even if
these quantities were repurchased from them by your astablishment.
Also, exclude sny quantities that were purchased and paid lor by 8
central purchasing entity sep from this In .
exclude any quantitiss for which payment was made in- kmd

Item 1b — Enter the TOTAL EXPENODITURE for the purchased quantities
reported in item 1a. Include all expenditures regardless of when payment
actuaily was made.

Item 2 — Enter the TOTAL QUANTITY OF ALL OTHER INPUTS OF
ELECTRICITY FROM QUTSIDE THIS ESTABLISHMENT that were not
reported in item 1a.

ttem 3 — For purposes of this item, electrical cogeneration is defined as
the production of electric energy and another form of useful energy
{such as heat or steam) through the sequentiai use of energy. Enter the
QUANTITY OF ELECTRICITY COGENERATED from all energy sources,
including renewable sources.

Item 4 — Enter the TOTAL QUANTITY OF ELECTRICITY GENERATED
DIRECTLY FROM SOLAR OR WIND POWER, GEOTHERMAL SOURCES,
OR HYDROPOWER. Any eiectricity produced as part of a cogeneration
process should be excluded (e.g., alactricity generatad from geothermal
steam which is then itseif used, should be included in item 3.)

item 6 — Enter the TOTAL QUANTITY OF ALL ELECTRICITY
GENERATED BY DIESEL GENERATORS AND ALL OTHER MEANS NOT
INCLUDED IN ITEMS 3 OR 4 ABOVE.

item 8 — For purposes of this item, utilities are companies that are
engaged primarily in producing and/or delivering electricity.

Item 7 — Report all dispositions of electricity not covered initem 6.

E1A-848(F) — 1 (8-5-86)

Specific Instructions — Part 2 —Steam

NOTE — if you keep your steam records in pounds rather than Btu's,
and do not have conversion factors available, use a factor of 1,000 Btu
per pound of steam

Item 18 — Enter the quantity of steam that was PURCHASED AND
PAID FOR BY THIS ESTABLISHMENT and delivered to this
establishment site. Include quantitias that were delivered in 1985,
regardless of when payment was made. Exciude any quantities that
waere deliverad from another establishment in your company even if
these quantities were repurchased from them by your establishment.
Aiso, exclude any quantities that were purchased and paid for by a
central purchasing entity separate from this establishment. In addition,
exclude any quantities for which payment was made in-kind.

ftem 1b — Enterthe TOTAL EXPENDITURE for the purchased quantities
reported in item 1a. Include all expenditures regardless of when payment
actually was made.

Item 2 —~ Report all QUANTITIES OF STEAM BROUGHT IN FROM
OUTSIDE THIS ESTABLISHMENT other than that reported in item 1a.

item 3 — Enter the TOTAL QUANTITY OF STEAM GENERATED ONSITE
FROM SOLAR POWER AND GEOTHERMAL SOURCES.

Item 4 — Entar the TOTAL QUANTITY OF STEAM SOLD OR
TRANSFERRED to other establishments.

Section Il - COMMENTS — Please use this space for any
explanations that may be essentiat in understanding your reported data.

Section iV — CERTIFICATION — Period covered by this report —
Enter the month and day of the beginning and the end of period your
raport covers. If a calendar year report: ‘‘From January 1 to
December 31, 1985, if a fiscal year, specﬂ‘y which (such as “‘From
December 1 1984 to November 30, 1985)."" If a part-year report is

the blishment was not in operation or under your
company’s control for the entire year, specify the actual period covered:
For example, ‘' January 1, 1985 to August 15, 1985, or "*June 1, 1985
to December 31, 1985.""

MECS: Methodological Report
Energy Information Administration

71



Final Version of Form EIA-846(S)

OMB No. 1906:0169: Approvel Expires March 31, 1988
NOTICE — Response to this inquiry i required by lew (Federal Energy Administration Act of 1874, s
smended, P.L. 93-275). By Section 8 of Title 13, U.S. Code, your report to the Census Buresu is confidentiai.
It may be sesn only by sworn Census Bureau empioyess and may be usad only tor statistical purposes. The
law also provides that copies retsined in your files are imesune from legat process.
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ronu EIA-848(8)
(11-4-081

U.S. DEPARTMENT OF COMMERCE
BUREAU OF THE CENSUS
ACTING AS COLLECTING AND COMPILING AGENT FOR
UMITED STATES DEPARTMENT OF ENERGY
BUERGY INFORMATION ADMINISTRATION

1985 MANUFACTURING ENERGY r

CONSUMPTION SURVEY
PART If — FUEL SWITCHING CAPABILITY

BUREAU OF THE CENSUS
1201 Bast Tonth Strest
Joffersonville, IN 47132

DUE DATE: December 31, 1986

If you cennot fila by the due date, a time axtension request shouid be sent to
the above address. Please inchude your 11-digit Census File Number (CFN).

Cat (301} 763-7088 if you require any assistance with this form.

FPlease corract enors in neme, address, snd ZIP Code. ENTER street and number if not shown.

NOTE - Proase read the encicsed instructions befors filling out this form. See reverse side for examples.

72

CONTACT - This survey is a suppiement to Form EIA-848/(F) Name
°1985 Mnnulactunng Energv
Survey.’’ The person given as this Telephone |Area code | Number Extension
establishment’s contact was —~ —
FUEL SWITCHING
(o} L2 FUEL TYPE FROM THE £1A-848(F) 1985 MANUFACTURING ENERGY CONSUMPTION SURVEY
(e) th to) n ]
. Conl and coke
u , Distilate fusl oit | Fesidusl fusi il (Anthracite,
ine tem Purchased . (No.’s 5 and 6.
No ~ Naturat gss iNo.'s 1,2, and 4
. electricity bt navy specisl, and subbituminaus cosl,
fuel oils and diesel) Donker C) w psepdivong
and dreeze)
581 (109 5811307 661[224 581(2168 B31{488
6827 1.000 kWh 21 1,000 cu. ft. 882]  Barrels [se2] Barreis 682 Short tone

1985 fuel consumption data as reported on the EtA- 846(F)
rvey.’

1 ‘1986 N ing Energy Cor p Surv

Answer lines 2 through 11 as appropriste. Do not consider
diffarences in fwel prices when estimeting smounts,

£nter the amount of the quantity on line 1 thst could not

Barreta

{arge as the amount on line 3,

NOTE — The sum of lines 4 through 10 shouid be at least as

and may be larger.

Minimum lead time required to convert to your primary
repiacsment fuel under the conditions described in the

10 Less than 1 day
201 day to 1 week

100 Less than 1 day
20 1 dey 10 1 week

1] Leas than 1 dey
2(01 day 10 1 week

2 | have been replaced within 30 days by another fuel in 1985.
Subtract line 2 from line 1 and enter the results. This 584] 1.000 kwh 4] 1,000 cu. ft. 584] Barreis [s84]  Barreis 584] Short tone
3 represents the substitutable portion of line 1.
14
4 | Report the maximum smount | Purchased electricity 365 1,000 cu- . s8] Barres js85]  Barrsis 888 Short tons
— gl ‘:s:' %::vm‘v. :v.\obv::non line B6] 1,000 W 6] Barreis saa]  Barrwis [5a8] Short tone
?'—'— switched to esch of the Natural gas
replacement fuels listed to 871 1.000 kwh 587 1,000 cu. fr. 87] Bamels £87] Short tone
8 | the right. Do not report Distillate fuel oil
= switching capability thet 568] 1.00 K [588] 7,000 cu. fr. 588 rels 588 tors
7 wldaohtvo required more Residual fuel oil
davs toime 589 1.000cu.ft.  [588] Bavrels 580 o
8 Do - Coal and coke
in mn:[t:,m. w;,‘n o8 [590] 71,000 cu. . _m] Barrels 590|  Bacrels 590 tone
® | estimating amounts. LPG
— Other — Spacify 5 [8&7] 1,000 eu fr. I807]  Barreis [s61] Barrels 1887] Short tone

1) Lows than 1 day

general instructions. If two or more replacement fuels 307 More than 1 30 More than 1 100 More than 1 3DM M, 2 JMore then 1
have equivalent substitutability, select the one with the week bt wesk bt woek but pobd ‘woek but
11 | shortest lead time. within 30 days within 30 days within 30 days wum\:oacn within 30 deys

2001 day to 1 week|

=

COMMENTS — Plesse use this space or attach s separate sheat for any expisnations that may be essential in understanding your reported data.

CERTIFICATION — The dnn in this report are approxi pared in dance with i
Name of person to 9 s43] Telephone » , | FROM: Mo.) Day | Year [TO: Mo. | Day , Yesr
this report — Print or type Ares code| Number iExtlnlion ""“'“ report — ¢ : ' '
Address — Number and street Signature of authorized person
City [Stltc lilP Code Title Date
COMPLETION TIME — Enter the sstimated numbar of houn spent completing this form. (Inciude time required 20| Hours
10 read the instructions, any r y infor and enter the data.}
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U.S. DEPARTMENT OF COMMERCE

BUREAU OF THE CENUS

ACTING AS COLLECTING AND COMPILING AGENT FOR
UNITED STATES DEPARTMENT OF ENERGY
ENERGY INFORMATION ADMINIS TRATION

INSTRUCTIONS FOR FORM EIA-846(S)
1985 MANUFACTURING ENERGY CONSUMPTION SURVEY
PART Il — FUEL SWITCHING CAPABILITY

GENERAL INSTRUCTIONS

PURPOSE — This survey is a suppiement 1o the EiA-846(F) * 1985
Manutfacturing Energy Consumption Survey.” It is intended to
measure the short-term (within 30 days) capability of your
establishment to have used substitute fuels in place of those
actually consumed in 1985.

* For purposes of this survey, capability to use substitute fuels
means that this establishment’s combustors (e.g., boilers,
furnaces, ovens, blast furnaces) had the machinery or equipment
in place (or available for installation) in 1985 sc that fuet
substitutions could actually have been introduced within 30 days,
without extensive modifications.

This survey is designed to collect information on your
establishment’s fuel switching capability in 1985, Capability is not
determined by the reiative prices of fuels; it depends only on the
characteristics of your equipment and certain legal constraints.
Fuel switching capability sets limits on the extent to which you
couid switch to a substitute fuel if you wanted to or needed to. it
has nothing to do with whether you would switch if you could.
THEREFORE, RELATIVE PRICES OF FUELS ARE NOT RELATED
TO FUEL SWITCHING CAPABILITY AND SHOULD BE IGNORED
WHEN COMPLETING THIS QUESTIONNAIRE.

SPECIFIC INSTRUCTIONS
FUEL SWITCHING

1 — The fuel consumption numbers reported on form
E1A-846(F) have been preprinted on line 1 to assist you in
completing this form. If any of these numbers are incorrect please
line through the incorrect number and enter the correct figure
above it.

Line 2 — Report the amount of the quantity preprinted in line 1 that
could NOT have been replacad within 30 days by another fuel in
1985, even given a severe curtailment. Amounts may be

nor hable due to limitations such as the following:

* The characteristics of your physical plant (e.g., single-fired
combustors or the absence of redundant and/or standby
combustors), or the requirements of your manufacturing process,
limit switching.

* Binding fuel contracts are in place that limit your ability to switch
fuels.

® Environmental regulations limit the amounts of potentiat
replacemaent fuels that could be burned.

Line 3 — Subtractline 2 fromline 1 and enter the results. These
values represent the quantities of fuels actually burned that COULD
HAVE BEEN REPLACED within 30 days by another fuel in 1985.

Lines 4 through 10 — Report the maximum amount of the quantity
shown on line 3 that could have been replaced within 30 days by each
of the fuels on lines 4 through 10, UNDER THE CONSTRAINTS
LISTED IN THE INSTRUCTIONS FOR LINE 2.

Line 11 — Mark ihe minimum lead time required to convert to the
primary raplacement fuel. If two or more replacement fuels have
equivalent substitutability, select the one with the shortest lead time,

Call (301) 783-7068 if you require any

* Base your approximations of fuel switching capability on your best
recollection of the availability of substitute tuels and the physical
condition of your equipment during 1985.

Include switching capability that resulted from the use of
redundant and/or standby combustors, and from combustors that
waere already aquipped to fire alternative fuels.

® Wae recognize that records of fuel switching capability are not
regularty maintained. Accordingly, reasonable approximations of
fuel switching capability are acceptable for this survey. These
approximations shouid be based on the gudgement ofa person
knowledgeable about the fuel swi ‘g y and s
of your establishment. They are not expected to be formal
engineering estimates based on a day-by-day analysis of the
operating leveis of individusl combustors and interactions
between them. Howevaer, please try to respond as realistically as
possible, given your actual operations in 1985.

Definitlons: kWh — Kilowatthour
LPG — ethane, ethylene, propane, propyiene,
butane, isobutane, butylene, and mixtures
Barrels — 42 gallons
mct — 1,000 cubic feet {10 ccf)

BTU conversion factors: !f you need Btu conversions to
approximate fuel switching capability, the values in the following
table shoutd be used. The resulting fusi switching approximations are
10 be reported in the units spacified in the questionnaire, however.

Electricity .. ........ ... .. ... .. .. 1 kWh= 3,412 Btu
Natural gas . . . P 1 cubic foot= 1,000 Btu
Distillate fueloil . . . . . . . . 1 barrel= 5.8 million Btu
Residual fuel oil B 1 barrel= 6.3 million Btu
Coal and coke . ... . ... .. ...... 1 short ton= 23 million Btu

COMMENTS

Please provide any explanations that may be essential in understanding
your reported data. Attach a separate sheet if necessary.

CERTIFICATION

Period covered by this report — Entar the month and day of the
beginning and the end of the period your report covers. If a calendar year
report: ‘‘From January 1 to December 31, 1985, if a fiscal year, specify
which (such as ‘From December 1, 1984, to November 30, 1985).”" If a
part-year report is submitted because the establishment was not in
operation or under your company’s cantrol for the entire year, specify the
actual period covered: For example, **January 1, 1985 to August 15,
1985, or "*June 1, 1985 to December 31, 1985."

If you need further information to heip in interpreting these
instructions, see reverse side of report form for examples of fuel
switching situations.

P g the form.

MECS: Methodological Report
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EXAMPLES OF FUEL SWITCHING SITUATIONS

Example 1: Equipment Capability

The XYZ Manutfacturing Plant consumed three energy sources as fuel in 1985: purchased electricity, natural gas, and
residual fuel oil. The only use of natural gas and residual fuel oil was to fire, at an average 75 percent operating capacity, a
gas/oil capable boiler where the switch in operating fuel could be made in a few hours. This boiler consumed 15 mifiion
cubic feet of natural gas {equivalent ta 15 billion Btu) and 1,600 barrels of residual oil {equivalent to 10 billion Btu). Of the
6 million kWh of electricity, 5.3 million kWh was used tor lighting and the running of machinery. The remaining 0.7 million
kWh (equivalent to 2.5 billion Btu) was consumed in an electric boiler. This boiler was operated at an average 33 percent
of its operating capacity, given the ongoing piant operation in 1985, However, the only times the electric boiler was
actuaslly in operation were during scattered peak periods when it supplemented the other boiler. and during times when
the gas/oil boiler was down for maintenance or repairs. Altogether, the two boilers consumed 27.5 biflion Btu of fusl
during 1985, providing steam to the plant through a single piping system.

None of the 6 miflion kWh of electricity consumed is switchable because, (al there were no alternate fueis for lighting and
running machinery, and (b} the gas/oil boiler, even though it had unused capacity during 1985, could not have been
““turned up’’ to produce the steam generated by the electric boiler at the timas when the electric boiler was operating.

The 15 million cubic feet of natural gas that were consumed in the gas/oil boiler could have been totally replaced by
residual fuel oil. The other substitution possibility involves burning one-third less natural gas in the gas/oil boiler, and
running the electric boiler at fuli operating capacity. Under both of these alternatives, total fuel consumption wouid have
remained at 27.5 billion Btu.

The fuel switching capability of the residual fuel oil is derived in the same manner. All of the residuat oil could have been
replaced by natural gas and half (800 barrels} could have been replaced by purchased slectricity.

E le 2: P 1 L :

Assume the same equipment configuration and fuel consumption as Example 1, with the following additional
considerations:

(1) The XYZ plant has entered into a binding contract to purchase 600 barrels of residual fuel oil at a negotiated price;
(2} the gas/oil bailer is derated by 10 percent when oil is burned in place of natural gas;

{31 1 million of the 15 million cubic feet of natural gas was burned during a 2 week period when oil supplies were
interruped because of a strike by delivery personnei;

(4) the price for additional electricity above the 6 million kWh level is 3 cents per kWh higher than the price for the first §
mitlion.

As in Example 1, none of the 6 million kWh of electricity is switchable. The residual fuel oil contract prevents 600 barrels
from being switched; however, the remaining 1,000 barrels is switchable. Eight hundred barrels can be replaced by
increased use of the electric boiler as before. Any increased use of alectricity beyond the 6 million kWh may have been
economically inadvisable because of the increased price, but this is not a constraint to switching capability. All 1,000
switchable barreis can be replaced with natural gas.

Finally, the capability of switching from natural gas to electricity is the same as in Example 1. However, the capability to
switch from gas to oil in the gas/oil bailer is reduced from 15 million to 14 million cubic feet to account for the period when
residual tuel oil deliveries were interruped. All 14 million cubic feet can be switched by substituting residual fuel oit and
running the boiler at a higher percentage of capacity to counteract the derating ot the bover

E e 3: Exclusi to Fuel-8: Capability

The ABC Manufacturing Plant consumed four energy sources during 1985: purchased electricity, natural gas, coal, and
waste packaging materials. The 8 million kWh of electricity consumption were used only for lighting and the running of
machinery. All natural gas consumption (2 million cubic feet) was in a series of paint drying ovens, which were also
equipped to burn distiltate fuel oil. However, distillate fuel oil was not used to fire the ovens because it could change the
tint of the pigments in the paint, rendering the products unsaleabla. Two boilers supplied the plant with heat and process
steam through a single piping system. One boiler was a ‘'garbage gulper,”’ which was fired intermittently throughout the
year as sufficient waste packaging materials became available. The total energy consumption of this boiler during 1985
was 5 billion Btu. The other boiler was capable of burning either coal or residual fuel oil and could be switched from one
fuel to the other in three days. Howevar, the only input to this boiler during 1985 was 5,000 tons of coal. For economic
reasons, no residual fuel oil was burned.

None of the 6 million kWh ot electricity consumption is switchable because there were no alternate fuels for lighting and
the running of machinery. Even though distillate fuel il could have been substituted for natural gas in the drying ovens,
this would not be reported as switching capability because of the resulting changes in tint (i.e., consistent color is a
requirement of the manufacturing process}. Thus, none of the natural gas consumption is switchable.

The consumption of waste packaging materials could have been replaced by increasing the output of the coat/residual
fuet oil boiler (if that boiler had unused capacity). However, we are not interested in this capability, and there is no place in
the fuel switching table to record it.

Under the equipment configuration and piant operations as described at the beginning of this exampie, all of the coal
consumption could have been replaced by residual fusl il in the coal/oil boiler. On the other hand, none of the coat could
have been replaced by waste packsging materials, because the 'garbage guiper’’ was being used to the maximum
possibis extent, given the plant operations during 1985. However, the definition of switching capability does allow a
respondent some latitude in determining switching capability in these circumstances. This latitude is based upon the
respondent’s understanding of the avaitability of aiternate tuels and the condition of energy-using equipment during
19885. If the respandent for the ABC Manufacturing Plant knew that residual fuel oil was not available to the plant during
1985, switching capability from coai to residual fuel oil shouid be recorded as zero, regardiess of the capability of the
equipmant to accept residual fuel oil. Conversely, fuel switching from coal to waste materials couid be nonzero if the
respondent knew of additional supplies of waste that could have been hauled in and used to fuel the ‘‘garbage gulper’’ in
an emergency.

FORM £IA-848(5) (11.4-88)
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Appendix D

Forms and Specifications Used During the Editing
Process of MECS

1) Edit Specifications for the 1985 Manufacturing Energy Consumption Survey. (Technical Notes #13 and
#22)

2) Specifications for Edits Between the 1985 Manufacturing Energy Consumption Survey and the 1984
Annual Survey of Manufactures. (Technical Note #14)

3) Edit Specifications for MECS Part |l - Fuel Switching Survey. (Technical Note #15)
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Technical Note #13
February 6, 1987
(Revised January 13, 1988)

Edit Specificatlons for the 1985
Manufacturing Energy Consumption Survey

Jean Paananen

The following edit specifications apply to the 1985 Manufacturing Energy Consumption Survey (MECS). Part | of the
specifications provides definitions and key codes for variables from the MECS and the Annual Survey of
Manufactures (ASM) which are used in the edits. Part 1l tests the unit cost of energy sources and reasonableness.

Part | - Definitions and key codes.

MECS Section | Key Code

562 Quantity purchased by energy source

563 Expenditure by energy source

564 Quantity produced onsite by energy source

565 Quantity consumed onsite as a fuel by energy source

566 Quantity consumed onsite for nonfuel purposes by energy source
567 Design storage capacity by energy source

MECS Section Il Part | - Electricity

MECS Section il Part 1l - Steam

ASM

BFCON

BMOS
REGN
Sic2
SIC4

78

Key Code

Key Code

Key Code

562 Quantity purchased

563 Expenditure

564 Quantity transferred in

565 Quantity generated onsite by cogeneration
566 Quantity generated by renewables

567 Quantity generated by other processess
568 Quantity sold

569 Quantity transferred out

562 Quantity purchased

563 Expenditure

564 Quantity transferred in

565 Quantity generated onsite from renewables
566 Quantity sold/ransferred out

320 Plant hours worked by production workers
330 1982 value of shipments

Total Btu of fuel consumed.

Sum Section | (Key Code 565 X conversion factor
by fuel code) + Section Ii, Part | ((Key Codes

562 + 564 + 566 - 568 - 569) X 3412) +

Section |l, Part Il (Key Codes 562 + 564

+ 565 - 566)

Btu equivalent of MECS measure of size
Census region (transferred from ASM)
2-digit SIC (transferred from ASM)
4-digit SIC (transferred from ASM)
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Conversion factors by fuel code

Fuel code 216 - 6.287 million Btu per barrel

224 - 5825 million Btu per barrel

240 - 3.603 million Btu per barrel

307 - 1.032 million Btu per 1000 cubic feet

406 - 25.01 million Btu per short ton

414 -22.76 million Btu per short ton

422 -22.76 million Btu per short ton

430 -24.8  million Btu per short ton

448 - 19.0  million Btu per short ton
Section  Part | - 3412  Btu per kwh

Part Il - Unit price and reasonableness.

1) Unit cost of purchased fuels.
MECS Sections | and Il Key Codes 563/Key Codes 562

Price ranges to use in edits of energy source prices are listed below. Multiply the unit price for each energy source
by the first factor (1 in all cases), and test against the given range. If the price is outside the range, flag with '’ and
multiply by the second factor. If the calculated price now falls within the stated range flag with "**'. For all edits with a
flag of '**’, change the amounts in MECS Sections | and !l Key Codes 562 and in Section | Key Codes 565, 566, and
567 to the result obtained when the reported figure is divided by the second muitiplier. Flag the new amounts with
the double '** flag. Transfer to the output data set those responses flagged "™ or "**, including the calculated unit
price and Key Code 562, 565, 566, and 567 amounts. Include a histogram of unit prices for each energy source in
the output data set after Edit 1 is completed and any changes made.

Price Range
Fuel Type ($/unit) Multiplier Code
Lower Upper
216 Residual 20 60 1,42
224 Distillate 20 60 1,42
240 LPG 0.50 15 1,0.222
307 Natural gas 2.50 7.5 1,103
Electricity 0.02 0.16 1, 1EE-3

The next edits identify relationships between variables for each establishment. Any response which does not meet
the relationship specified goes into the failed edit output data set. Perform Edit 3 on all SIC codes except 24, 26,
2869 and 3312. For those SIC codes, decrease the lower bound to 0.2 and perform Edit 3. Flag with the number of
each edit any MECS response that does not have the energy measure of size, given in Btu, that falls within the
specified range for that SIC code. Include the figure calculated in Edit 3 in the output data set if the edit fails. A
histogram of responses for each edit is included in the output data set.

2) Btu equivalent of all combustible fuels consumed should be greater than the Btu equivalent of electricity
generated onsite.

Sum of Section | (Key Code 565 X conversion factor by fuel code) should be greater than Section i,
Part | Key Codes (565 + 567) X 3412.

3)0.5 <R <20
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where R equals:

BMOS/[sum of MECS Section | (min(Key Code 562,
Key Code 565)) + MECS Section I, Part | ((Key Codes
562 + 564 + 566 - 568 - 569) X 3412) + Part Il (Key
Codes 562 + 564 + 565 - 566)].

For each fuel code in Section | determine whether Key

Code 562 or Key Code 565 contains the smaller value.

Multiply the smaller figure by the conversion factor and sum.

Use in Edit 3 along with the computed values for Section Il, Parts | and Ii.
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MECS Technical Note #14
March 30, 1987

Specifications for Edits Between the 1985 Manufacturing Energy
Consumption Survey and the 1984 Annual Sutvey of Manufactures

Jean Paananen

The following edit specifications apply to the 1985 Manufacturing Energy Consumption Survey (MECS) and the 1984
Annual Survey of Manufactures (ASM). Part | of the specifications provides definitions and key codes for variables
from the ASM and the MECS which are used in the edits. Part Il identifies edits of quantity, cost, and consistency.
Part lll identifies edits of reasonableness. 1984 ASM costs in Key Codes 321, 323, 324, and 330 are changed to
1985 dollars by multiplying by 1.036.

Part | - Definitions and key codes

ASM Key Codes

327 Quantity of purchased electricity

328 Quantity of electricity generated (gross generation less generating station use)

329 Quantity of electricity sold or fransterred to other establishments

CMU Cost of materials, parts, components, containers, etc., used Key Code 321 times 1.036
CFC Cost of fuels consumed for heat or power Key Code 323 times 1.036

CPE Cost of purchased electricity Key Code 324 times 1.036

VoS 1984 Value of shipments Key Code 330 times 1.036

MECS Key Codes Section | Combustible Energy

562 Quantity of combustible energy purchased, by energy source

563 Expenditure for combustible energy by energy source

565 Quantity of combustible energy consumed onsite as a fuel by energy source

CCEF Cost of combustible energy consumed as a fuel, Section | Key Codes (563/562) X 565
MECS Key Codes Section Il Part | Electricity

562 Quantity purchased

563 Expenditure

ECTO Quantity of electricity sold or transferred out, Section Il Part | Key Codes 568 + 569
QEGO Quantity of electricity generated onsite, Section Il Part | Key Codes 565 + 566 + 567
Part Il - Edits

Match and merge ASM responses to MECS responses by Census File Number. ASM responses are on the left side
of each equation with MECS responses on the right. If the ASM response has been imputed, flag the edit and do not
compare the MECS response to the imputed ASM response.

For edits one through four, if the ASM and MECS responses differ by more than 5 percent, flag the edit with the
number of the failed edit. If the ASM response in edit five is less than half of the MECS response, the edit fails. Flag
each failed edit with the edit number(s) and transfer to an output data set of failed edits. include the Census File
Number, SIC code, company name, flag number(s) and the ASM and MECS figures for each failed edit. Include in the
output data set a histogram of responses for each edit.

1) Cost of combustible energy consumed as a fuel. ASM CFC = MECS Section | CCEF
2) Cost of purchased electricity. ASM CPE = MECS Section Il, Part | Key Code 563
3) Quantity of electricity purchased. Key Code 327 = MECS Section I, Part | Key Code 562
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4) Quantity of electricity sold or transterred out.
Key Code 329 = MECS Section Il Part | ECTO

5) Quantity of electricity generated onsite
Key Code 328 2 .5 MECS Section Il, Part | QEGO
Key Code 328 ¢ 2 MECS Section Il, Part | QEGO

Part 1l - Reasonableness
For the final edits, group MECS responses by SIC codes into the nine categories as shown:

Category 1 SIC codes  20,22,24,26

21
23,25,27,31,38,39
28,30

29

32

33 (excluding 3334)
3334

34,35,36,37

QONOONHAPWN

Subdivide each category into quartiles based on the measure of size (MOS) of each respondent. Perform the
following edits on each member within the 36 cells. Calculate the mean, variance and standard error for the MECS
responses by cell. Flag any response two or more standard errors from the cell mean with the number of whatever
edit(s) failed. Transfer all flagged edits to the output data set of failed edits. Include for all failed edits the Census
File Number, SIC code, company name, flag number(s) and MECS responses of the failed edit. Include the standard
error of the failed edit and the number of standard deviations the failed response differs from the cell mean, as well
as a histogram of responses by quartile.

6) Cost of combustible energy consumed as a fuel divided by the cost of materials.
MECS Section 1 CEF/ASM/ CMU

7) Cost of combustible energy consumed as a fuel divided by the value of shipments.
MECS Section 1 CCEF/ASM VOS
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Technical Note #15
April 27, 1987

Edit Specifications for MECS Part Il -
Fuel-Switching Survey

Jean Paananen
Part | - Column Numbers, Key Codes, and Definitions

Manufacturing Energy Consumption Survey Part | - MECS
Column 2 Energy Source Code Identifier

216 - Residual fuel oil

224 - Distillate fuel oil

307 - Natural gas

406 - Anthracite

414 - Bituminous & subbituminous coal

422 - Lignite

430 - Coal coke

448 - Breeze
Key Code 562 Section Ii, Part | - Quantity of electricity purchased
Column 7 Quantity consumed onsite as a fuel, by energy source

Fuel-Switching Capability Survey - FS
Key Code 581 Energy Source Code ldentifier

Column C 109 - Electricity

Column D 307 - Natural gas

Column E 224 - Distillate fuel oil

Column F 216 - Residual fuel oil

Column G 455 - Coal and coke

Line 1 Quantity consumed onsite as a fuel, Columns C through G
2 Nonsubstitutable quantity, Columns C through G
3 Substitutable quantity, Columns C through G
4 Potential quantity substitutable by purchased electricity, Columns D through G
5 Potential quantity substitutable by natural gas, Column C, Columns E through G
6 Potential quantity substitutable by distillate fuel oil, Columns C and D,

Columns F and G

Potential quantity substitutable by residual fuel oil, Columns C through E, Column G
Potential quantity substitutable by coal and coke, Columns C through F

Potential quantity substitutable by LPG, Columns C through G

Potential quantity substitutable by other tuels not listed, Columns C through G

Time required to convert to alternative energy source, Columns C through G

- O W o~

1
1
Part 11 - Edits

The first edit compares the quantity of each energy source consumed by the respondent between the MECS and FS.
The fuel codes listed on the left are from Line 1 of the FS, and codes listed on the right are from Column 7 of the
MECS. If the F3 value is not equal to the MECS value, the response fails the edit. Flag with the edit number and
transfer to an output data set of failed responses which includes the Census File Number, SIC code, company name,
FS and MECS reported figures.
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1) Comparison of reported energy consumption

Fuel Switching MECS

Line 1, Column C MECS Section Il, Part |, Key Code

Energy Source Code 307, Section | Column 7
Energy Source Code 224, Section | Column 7
Energy Source Code 216, Section | Column 7
Sum of Section | Column 7 values for Energy
Source Codes 406 + 414 + 422 + 430 + 448

O Mmoo

In the following edits, all variables are from the FS. Any response that does not satisfy the relationship specified fails
the edit. Flag with the number of whichever edit(s) fail, and transfer to the failed edit output data set. Include the
number of the failed edit(s), the Census File Number, SIC code, and company name. For edit number two, and for
each Column C through J that fails the edit, include in the output data set the value in each Line, 1 through 3. For

edits three and four, for each Column C through J that fails the edit, include in the output data set the value in each
Line, 4 through 10.

2) Verification of substitutable quantities by energy source. For each Column C through G, Line 3 =
Line 1 - Line 2.

3) Comparison of total substitutable quantity and individual alternatives, by energy source. For each
Column C through G, the value in Line 3 > the value in each Line, 4 through 10.

4) Comparison of quantity substitutable and the sum of identified alternatives. For each Column C through
G, the value in Line < 3 the sum of values in Lines 4 through 10.

5) Time required to substitute fuel. For each Column C through G, 1 < Line 11 <3.
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Technical Note #22

Addendum to Edit Specifications for
the 1985 Manufacturing Energy Consumption Survey

Jean Paananen

The following edits are to be considered part of the Manufacturing Energy Consumption Survey (MECS) edit
specifications mailed to Census on February 6, 1987, a copy of which is attached. For the first two edits, flag any
response which has an entry in Section I, Column 8 (Key Code 566-Quantity Consumed On site for All Nonfuel
Purposes) corresponding to energy source code 802-roundwood, or energy source code 810-wood waste. Transfer
to the output data set the number of failed edit(s), the Census File Number, SIC code, Company name and amount
reported in Column 8.

4) For energy source code 802 in MECS Section |, Key Code 566 = 0
5) For energy source code 810 in MECS Section 1, Key Code 566 = 0

For the final edit, transfer to the output data set any response that does not meet the condition listed. Include the edit

number, the Census File Number, SIC code, Company hame and amounts in Key Codes 562, 563, 565, 566, and/or
567.

6) For each energy source code in MECS Section |, if Key Code 562 and/or Key Code 563 > 0, then the sum
of Key Code 565 + Key Code 566 + Key Code 567 > 0.
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Appendix E

Details Concerning the Expected MECS Sample Size

This appendix is intended as a supplement to Technical Paper 24, a methodological report on the ASM published by
the Census Bureau. The subject of the technical paper, the ASM, is a one-stage probability sample, whereas the
MECS is a two-stage probability sample. Because a Bernoulli sampling method is used to choose ASM samples
and MECS subsamples, the number of establishments in a sample is a random variable rather than a fixed quantity.
In Technical Paper 24 a proof is given that, for a one-stage sample such as the ASM, the expected value of the actual
sample size is equal to the desired sample size. The proof of expected sample size is here extended to the case of
a two-stage Bernoulli sample (the MECS sample design).

The proof for a one-stage sample proceeds as follows:
if aj is defined as a count variable, where:
1 if establishment j is in the sample, and

G

0 otherwise

and Qj is the probability that establishment j is selected for the ASM, the actual sample size can be written as:

N
= Y ajandE(n [ Y 8 ] E(aj)]
j=1 j=1 ]-1

Because E(aj) = (Qj) 1 + (1-Qj) 0= Qj

N

N N
E(m)=E Yaj= Y E@)s= 3 Q- (1)

j=1 j=1 j=1

Because n'y establishments are chosen into the sample with probability 1, (that is, they are in every possible sample),
(1) can be rewritten as:

Nn1

E(n)_21+ZQ, n1+z Qjo

j=1 j=1 j=1 2

For the ASM, Qj for the (N - n’'1) noncertainty establishments is defined as:

(n-ny)ez
N-n'1
g

Qj =

j=1
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where n represents the desired sample size and Z is any arbitrary measure of establishment size.

The expected value of n’ is now seen to be:

N1 (n'-ny) - Zj
E(n)=n1 + Z —_
j=1 (N-n'1)
Z 3z
i=1
(W-n1) Ny
=ny + —— Zi= N1+ n-ny=n-

Using conditional expectations, it can also be proven that the expected value of the actual sampie size of a two-stage
sample, such as MECS, is equal to the desired sample size. This proof runs as follows:

The actual two-stage sample size, m’, is defined as:

n N

m =3 <=2 8- ocj,

1 if establishment j is in the MECS subsample, and
where o< j=
0 otherwise.

The expected value of the sample size is, therefore:

N
Em)=E | Y a- oc,].

j=1

Rewriting this equation in terms of conditional expectations, where Em is the conditional expectation over all possible
MECS samples within a given ASM sample, and Ea is the expectation over all ASM samples, the expected two-stage

sample size is:
N
EM)=E, S Em | Y & . o<
j=1
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N
=Ea{2 aj-Em(°<j)}° (3)
=1

But because Em( o<j) = Rj * 1 + (1 - Rj) * 0 =R,;, the conditional probability that establishment j is selected into the
MECS sample, given that it has already been selected into the ASM sample, (3) can be rewritten as:

N
E(m)=Eay Y} 3 ° R]} . (4)

j=1

This sum can be separated into two components, the m’y certainty establishments in the MECS (two-stage) sample,
and the (N - m’1) establishments that are not certainty establishments in the two-stage sample. The equation now
looks like:

m'y N-m'4
Em)=Ea§ 3 1:1+ 3 &R

=1 j=

N-m’{
= Ea(m1) + E; Y 3 * R
j=1

Replacing Rj with the expression given for the MECS selection probability in the chapter on the Sampling Method,

E(m') =Ea(m’) + Ea —_
i=Z1 Qj

N-m'y 1 (m-my) - TBly
* 8 (5)

n’-m-
Z (1/Qj) - TBty;
j=1

n’-m'y N-m’1
Butnotethat 3 (1/Q) TBtyy = 3  (1/Qj) - TBtyj - aj, because aj= 1
j=1 j=1

only for the n’ establishments in the ASM sample. Equation (5) can, therefore, be rewritten as:

N-m'1 1 (m - m'1) TBty;
E(m’) = Ea(m’1) + Ea{ Z b -1 }
j=1  Qj Nm4y
> (1/Qj) - TBly; - g
j =1
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N-m'1
Yy (1/Q) TBtu; aj
j=1

E(m’) = Ea(m’1) + Ea{ (M-m'y)
N-m'{
Y (1/Qj) TBj aj
j=1

= Ea(m'1) + Ea(m-m’1) = Ea(m’t) + m- Ea(m’1) = m.

Thus, E(m’)= m.
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Appendix F

Derivations of MECS Estimators

Estimators used to obtain totals, and the variances of totals, were developed as an extension of earlier work on ASM
estimators performed by the Census Bureau. This earlier work is described in detail in Technical Paper 24, "The
Annual Survey of Manufactures: A Report on Methodology™ published by the Bureau of the Census. EIA’'s work on
these estimators for use in MECS consisted of extending the Census Bureau’s derivations and proofs to a two-stage
Bernoulli sample.

In addition, unlike the ASM, the MECS is designed to produce estimates of ratios of industry characteristics. EIA is
currently conducting research on these estimators for both ratios and the variances of these ratios. This appendix will
concentrate mostly on formulas for the relatively simple estimators used to produce totals. Work to date on ratio
estimators will also be described. This work follows from discussions of ratio estimators presented in standard statistics
texts.

A simple inflation estimator of an aggregate characteristic Y based on ASM sampling probabilities is given by:

A n

Y= 12‘4 y; (1/Q) (1
where n’ = the number of ASM sample establishments and

Qj = the ASM probability of selection for establishment j.

This expression can be rewritten as:

A N
Y=Y vy (1/Q) 3 )
j=1

where the summation is over all establishments in the population, and aj is a random variable defined as:

.

A
Expression (2) can be used to show that Y is an unbiased estimator of Y.

1 it establishment j is in the ASM sample; and

0 otherwise.

PROOF: N
A
EM=E | X y-(1/Q) « g ] , (3)

j =1
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where yj and Q; are fixed constants with respect to the sample selection process, and aj is the variable representing
the uncertainty of selection.

Since selection is independent from establishment to establishment:

A N
EV)= 3 i+ (1) Ea)
j=1

but E(aj) = Qj, so the formula simplifies to:

A N
EV)= 3 vy =Y (6)
j=1

A subsample of the ASM is now desired for use as a sample to collect MECS data, and estimate energy-use

parameters for the portion of the manufacturing sector covered by the ASM mail sample. Let m be the desired

MECS sample size.

CLAIM: A set of well-defined subselection probabilities can be determined for the ASM establishments such that if an
independent Bernoulli process is used on each establishment, the resulting MECS subsample will have the
following properties:

1) Overall probabilities of selection (not subselection probabilities) will be, as closely as possible,
proportional to a specified measure of energy consumption.

2) A simple inflation estimator applied to sample data from MECS will be unbiased for ASM frame totals.

3) The expected MECS sample size will be m.

The MECS basic inflation estimator for population totals can be written in either of two ways. Written in terms of
MECS sample observations, it takes the form:

A m'
Y= 3 Y, + (VQ)) * (1/R;) (6)

N
A
Y=3 vy (1/Q) ca + (1R) *ox @)
j=1

1 if ASM establishment j is selected into the MECS sample; and
where ocj= {

0 Otherwise.
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A
To show that Y is an unbiased estimator of Y, consider

A N
E(Y) =E [ 3y (1/Q)a e (1R) * oc,] 8

=1

where the expectation will be carried out in two stages: conditional expectation over all MECS samples within a given
ASM sample (denoted by Em), followed by the expectation over all possible ASM samples (denoted by Ea). Note that
yj and Qj are fixed with respect to all ASM samples and MECS subsamples; aj and R; are constant over all MECS
subsamples within a given ASM sample, but vary among ASM samples; and < varies among MECS subsampies.
Using this information, the formula for E(Y) can be rewritten as:

N
Ea { Em[ 2, Y (/) & (/R - oci]}
j=1

N
S ¥ - Q) + Eaf 8 (1R) -+ [Em ()] }
j=1

A
E(Y)

Using elementary properties of the expectation operator, the above expression simplifies to

yi + (1/Q) « Ea [ & - (1/Rj)+ Pj] (9)

]
M S

—
"
-

because the expected value of a Bernoulli random variable is the probability that it takes on the value 1. The formula
further simplifies to:

4

E(Y) = 2 » (1/Q) * Ea(a)

But aj is also a Bernoulli random variable with expected value Qj « Therefore,

A N
E(V)= 3, v (1/Q) - 2 yj=

j=1 j-—1

A
and Y is thus unbiased.
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A

The sampling variance of Y can be derived from the definition of variance:

6° (Q) = E(/\> - E('\?))2

2
- E z i+ (1Q) +8j * (1/R) *oxj —\]

]—1

2
= E z « (1/Qj)) * aj * (1/Ry) » o<j| ~Y?

Z

Expanding the squared summation:

N
20 =k { Y ¥4+ (1/Q%) « &b « (1/R%) » oc?

+2 3 Qyi/Q)-a-(1/R)- SR
j=k

[yke (1/Qu) ~ak » (1R » o< ;_\}-

The next step is to rearrange terms in the cross product, and proceed with the same two-stage expected value

argument used to derive E(Y). Thatis:

2 O 2 2
o (Y) = Ea{Em > y% « (1/Q%) + a% * (1/R%) » o< 3
j=1

N
+ Ea{ 2 yieyk *(1/Qj) * (1/Qk) * aj * ak
]aek

*« (1/Rj) * (1/Rk) * o<j » o< kjl}_y2 .

(10)

Using the previously-stated dependencies of the y, Q, a, R, and oc terms (which also apply to their squares), the

preceding expression can be rewritten as:

A N
*(Y) = 3 v%+ (1/Q) - Ea{ &% (1/R%) [ Em(oc %)] }
j=1

N
+2 %y oyke (1/Qy) ¢ (1/Qk) - Ea{aj'ak°(1/Rj)'
j=k

(1/Rk) * Em Locj * oc;:]}-vz
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Because the a’'s and o< ’s are independent Bernoulli random variables,

Ea(a%) = Ea(a) = Q;;
Em (oc 2])=Em(°cj)=R];
Ea (aj) * (ak) = Ea(aj) * Ea (ak) ; and

Em (o<j) * (ock) = Em ( ocj) * Em (ock) ;
so that the first summation in (11) simplifies to:

N
Y v? - (11Q)+Eaf{ &% (1/R%)Rj}
j=1

y% + (1/Qj) *Ea { a3 « (1/R)}

i
Mz

1

j

and the second summation simplifies to:
N
2 3y yke(1/Q) + (1/Q) *Ea {a,- cak * (1/Rj) * (1/Rk) *

j=k
[:Em( oci)] . \:Em( o< k)] }
N

2'2 yj * yk* (1/Qj) * (1/Qx) '[Ea(aj)] . [Ea(ak)]

]

n
N
M
=
*
~
x

The variance formula is now reduced to:

A N
(V) = Y v%+ (1/Q%) +Ea [aF « (1/R))]
j=1

N

+2 % vk -Y? (12)
j#®k

Next, note that the probability of selecting an individual establishment into the ASM is independent of the probability of
selecting that establishment into a MECS subsample, given a fixed ASM sample including it. Thus, Ea(aj) ¢ (1/R)) =
Ea(aj) * Ea(1/Rj), and the first summation in (12) becomes:
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Y3 « (1/Q%)+ Ea(@%) + Ea(1/Rj)

LMz

—

y% « (11Q%) * Q) + Ea(1/R)

"
Mz

i
-

3 » (1/Q) * Ea(1/R)) ,

"
Mz

—
]
—_

and the complete variance formula is now:

A N N
M= yi+(1/Q) * Ea(IR) + 2 Y yjeyk-Y? (13)
i=1 ]#k

Next, note that

0 N 2 N 2 N
Ye=1 Yyl = Y5 + 23 Yieyk
i j

=1 j=1

so that (13) can be rewritten:

2 A R 2 R
M= yi+(1/Q) EalIR)+ 23 ¥y
j=1 j

N N
-3 ¥ -2 Y v ow
=1 j =

v [ty + Eattrmy - 1] (14)

"
Mz

j=1

N

= Y v - Eaf(/Q) « (1R)- 1]
i=1
N (1-Qj*R)
j=1 Q ¢ R
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A
The corresponding estimate of o? (Y), based on the MECS, is:

m (1-Qj*Rj)
M= 3 V3 — (16)
j=1 Q% - R

N A
Sz(Y) can be shown to be unbiased for ¢° (Y) by rewriting (16) as:

A N (1-Qj* Ry
j=1 Q% < R5

and using previously-invoked independence arguments to proceed as follows:

A N (1-Qj*R)
E[SZ(Y)]= Ea{Em 2 yzj " " * gjec<j
j=1 Q%5 + RS
N ” (1-Qj*R)
= % ¥4 Ea|———— ai|* Emlec)
=1 Q%+ R
N ) (1-Qj-Rj)
= Y Y5°Ea . . * Ea(aj) * R
j=1 Q%5 « RY
N (1-Q °R)
= 2 yzl'Ea
j=1 Qj * R

2 A . o
c“ (Y), as givenin (15).

The same line of argument can be used to prove that an unbiased estimator of the covariance of totals for two
variables X and Y is:

A A N (1- Qj*Rj)
Cov(X,Y) = 3 X *Yj ——
j=1 Q% « R5 _|
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One observation at this point will help to simplify later algebra: the bracketed expression

1-Qj*Rj 1 1
Qf - R? Q- R)? Qj* Rj
1 72 1
Qj- R; Qj* R
= TP- T
= TyTj-1)

Where Tj= 1/Qj* R; is the overall inflation weight associated with MECS sample establishment j.

The preceding formulas can be combined to give an approximate estimator for the mean square error (MSE) of ratio
estimates produced for MECS.

A AA
For a MECS ratio estimator R = (Y/X), of population ratioc R = (Y/X):

A AA AA AA A AA
R-R= (Y/X)-R= (Y/X)-(RBX/X) = (Y-RX)/X. (17)

A
For sample sizes large enough so that X is sufficiently close to X, (17) is approximately:

A A A
R-R= (1/X) (Y-RX)

By the definition of MSE:
A A >
MSE(R) = E(R-R)“.

A A
Given the approximation of X for X, and adding and subtracting Y from the difference factor (R - R),
A 2t A A )
MSE(R)= (1X3)E[(Y-Y)- (RX-Y)]
A A
= (IX3E[(Y-Y)-RX-X)]?
N A N\ A
= (1/X2){E(Y- Y)2 + RZE(X-X)2 - 2R[E(Y-Y)(X-X) ]}

A
= (I3[ o (Q) + R26?(X) - 2Ro (Q,Q)] (18)
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Substituting into (18), term by term, the unbiased estimators of variance and covariance for aggregate statistics based
on MECS, yields the MSE estimator:

A
MSE'(R)= (1/X3) 2 y3 oTj+ (Tj - 1)+ R? 2 X% o Tj e (Tj-1)
j=1 j=1

iy
“2R Dy e X e Ty e (Tj-1)
j=1

(X3 Y (5 -2Reyj e xp+ R x) e (T (Tj-1)
j=1

]

(%) 3 (yj- Rexp)? « Tj + (Tj - 1). (19)
j=1

A
Howeyer, MSE'(R) contains two population parameters that must be estimated. A corresponding biased estimator of
MSE(R), based totally on MECS sample data, is:

/N A m’ A
MSE (R) = (1) S i -RexpP Ty (T-1) . (20)
j=1

N\ AN A
MSE (R) is a biased estimator of MSE(R) because R is a biased estimator of the population parameter R. MSE (R)

can be shown to be a consistent estimator of MSE(R) however, as follows:

MSE (R) - MSE (B) = (150) mZ o -Rex? T - (T 1)
i=1

-(X3) Y, i-Rex)P e T (T - 1)

j=1

- Z[ 152) « (- Rox)? - (1) + (yi-Rexg2]oTj - (Tj-1) .
j=1 (21)

Itis clear that as the sample size approaches the number of establishments in the population, Tj goes to 1.0 and the

ri htmp\st term in (21) goes to zero for all terms in the summation. Therefore, the difference between the estimator
(R), based on sample estimates, and MSE(R) based on the population parameters X and R, goes to zerg as

the sample size approaches the population size. Thus, MSE (R) is a biased but consistent estimator of MSE(R).
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Appendix G

Suggestions for Working with Aggregated Data

All publicly-available data produced from the MECS are in the aggregate form. Establishment-level data are not
published to protect the privacy of the respondents. The Bernoulli sampling method used for the MECS results in
estimators that have properties that alleviate some of the difficulties normally associated with working with aggregated
data, however.

In particular, the estimators used to produce variances for MECS are additive, that is, the variance of an aggregate
total produced from any complete group of subtotals is equal to the sum of the variances of the subtotals, as long as
no establishments are represented in more than one subtotal.

The reason for this is that the basic MECS variance estimator consists of the sum of the weighted squared data
values, with no subtracted constant preceding the summation. That is:

N m'gr
)= Y f y%gi * (Wg) « (Wgi- 1)
g j=1

A

Sz(Y) is the same expression derived in the chapter on MECS Estimators. However, instead of being summed over
weight adjustment cells, the expression is written as a summation over any set of subgroups g that partition the
population. The subtotal for subgroup g is the variance estimator for that subgroup and the sum of the subtotals
estimates the variance of Y. In other words,

N m’ r
s%Y)= 3, 29 y2ai * (Wgj) * (Wgj - 1)}

9 i=1

- 3 s2(V)
g

The same relationship holds for estimates of covariances:

A A mgr
S(Y, X)= 3, ﬁ Ygi * Xgj * Wgj * (Wgj- 1)
g j=1

In this relationship, the sum of the covariances of any arbitrarily defined subgroups of establishments equals the
covariance of totals for Y and X added over the same set of subgroups.
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The additive property of variance and covariance estimates from MECS, can easily be shown to carry over to
variance estimates fo ratios of totals:

S%A) = SAXM)

A 2 A AN
Var(Y) + R? Var(X) - 2R Cov(Y,X)

Y Var(<(\g) +R2Y Var(;(\g)-2R Y COV(/Y\g,Qg)
g g g

Thus, published MECS estimates of aggregate table cell totals, variances of totals, and covariances of totals, can be
used to produce variance estimates for totals and ratios for any population subgroup that is an aggregation of
published subgroups.
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Appendix H

A Useful Upper Bound for Errors of Proportions
Based on MECS Data

Often in Government statistics systems, error estimates are computed for aggregate statistics but data are also
presented and/or analyzed in the form of proportions, with no directly-computed error measures available for them. A
proportion is a ratio statistic that can be written in the form

<2

A
R=

or its equivalent percentage form

A

A Y

R= *+ 100
A
X

A A

where Y and X are survey-based estimates of aggregate parameters, and characteristic X "encompasses”
characteristic Y. That is, each population element that contributes to the total for Y also contributes to the total for X,
and the value of X for each element is > the value of Y. An example of a proportion statistic is the percent of total
energy consumption in manufacturing that is accounted for by natural gas.

Proportions represent one specific class of the general ratio estimator

<>

A
R=

x>

A
The error in R, if it is not computed directly, can be approximated using the formula

2 2 2

vﬁ v¢+ VQ - 2v¢§ 1]

where

2 A
Vﬁdenotes the estimated relative variance of R

2 A 2 A
VQ denotes the estimated relative variance of Y, given by S/\? /(Y)2
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V:)zdenotes the estimated relative variance of X, given by S & / (X)2

A A
Cov(Y,X)

AA
Y+X

VM denotes the estimated relative covariance of Y and X given by

Expression [1] can be simplified for proportions which are based on attributes (where population elements are
assigned the value 1 if they have an attribute, O if they do not) and which are estimated from a simple random sample.
For this special case VYR can be shown to equal VA so that the relvariance estimator of the proportion simplifies to

22V VR
Y X

This simple formula is very appealing, and fully takes into account the variance-reducing effect of the positive
correlation between the numerator and denominator of a proportion. Because of its appeal, the formula has been
applied to derive approximate errors of proportions for many types of complex survey designs. However, the validity
of the approximation is uncertain, because V¥ X cannot be shown to be equal to V« for all survey designs, or for
proportions based on nonattribute variables. One alternative way of approxumatung variances of proportions would be
to assume V%z = 0 and estimate errors by

2 2 2
R Y X

A A
Such an upper bound is very conservative when Y and X are highly correlated and, thus, suggests a much higher level

of uncertainty in survey estimates than is actually the case. Howaever, a smaller, more useful upper bound can be
derived, specific to the sample design for the Manufacturing Energy Consumption Survey (MECS).

As stated in the chapter on MECS Estimators, the aggregate parameter estimator for the MECS is given by

3

A
Y = yj * Wi

—
]
-

where yj = the value of characteristic Y for establishment j in the MECS sample.
Wi = the reciprocal of the probability of selection of sample establishment j, adjusted to account for
nonresponse and undercoverage
m'r = the number of MECS respondents.

The independent Bernoulli processes used to select the MECS sample result in the relatively simple unbiased variance
expression
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2 m’r 2
So = X ) W) W-1)
j=1

which accounts for sampling error and a part of nonsampling error caused by random effects of the loss of
information due to nonresponse and undercoverage. A corresponding expression for covariance can be shown to be

Sox= 2 () * () + (W) - (W5 =)
j=
2
An Bound V’ﬁ

Expression [1] given earlier can be rewritten as

2 2 2
Va = V/Y\+ VQ-ZVQQ

Y ) e (xi) o (W) - (W)

=

2 2
= VAo + Va-2 [3]
Y X .9
The strategy at this point is to replace the quotient in the rightmost term of [3] with something simpler, such that the
revised term is smaller than the existing one, and the resulting expression will be an upper bound for Vé * The way
to create a revised term that is smaller is to replace the numerator with a smaller expression, or replace the
denominator with a larger expression. We know that for purposes of the MECS, X and Y values represent
consumption and related measures. If characteristic X encompasses characteristic Y, the observed value x; for any
sample establishment must by definition be > the corresponding yj «

Therefore, by substitution

3

) () W) W)= 3, ) () (W) (W) = SA
1 j=1

j

Substituting back into [3]

2 2 2
VA £ VA + VA -2
R Y X

[4]
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A A
The right-hand term of [4] may be small relative to the first two terms if Y << X. However, in that case, it is likely that

V/Y"( will dominate V)% also, so that V?ﬁ = qu regardless of the approximation that is used.

An alternative computational form of [4] can be derived as follows:

2 2 2 Sg
V2 OVB, V2 -2 —
R TS
2(v3 )+ (V)

2 2 Y

= VA + VA - ~ A
Y X X o Y
2 2 2

= Vi + Va - 2(R)* Va
Y X Y
V2 . 2@+ V2 [5]

-9 X

Expression [5] can be expressed in terms of variances rather than relative
variances by writing

2 2 2
A
% %, 08
Vo= — < « [1-2R] + —
R a2 QZ X2
so that
2 2
S S
2 /\2 A X
SA £ R a— (1-2R)+ (&«
A 2 2
Y2 S? A S)Q
= « (1-2R ~_
e Ly T
1 2 A 2 A,
- = S¢ (1-2R)+ Sg+ (R?)
X {6l
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As an example of the effect of the upper bound, consider a 30 percent statistic, thatis, Y = 0.3X, for which V¥= 2V}
(an eminently reasonable circumstance). The conservative upper bound in [2] yields

2 2 2
Va = Va + Va
R Y X

(Vg2 + v;

52
X

and the upper bound in [5] yields

A 2
V2= V2. (12R)+ VA
R Y X

2
(2vg)® » (1-2(.3)) + va

2 2
AVA (1-8) + Vi
X X

]

2 2
1.6V \
R

- 26V
X

a reduction of almost one half.
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Glossary

ASM: Annual Survey of Manufactures. An annual survey of the manufacturing sector conducted by the Bureau of
the Census. The ASM surveys a panel of approximately 56,000 manufacturing establishments annually about their
economic activity in the previous year. The panel is updated yearly from Social Security Administration lists of new
manufacturing establishments.

ASM Malil Frame: The population of manufacturing establishments from which the ASM mail sample is chosen.
The frame is updated every fifth year using data collected on the Census of Manufactures, and includes all
manufacturing establishments above a fixed payroll cutoff. The cutoff is determined for each industry so that, at the
time of updating, 98 percent of the total value of shipments in an industry is represented in the mail frame. This lower
bound corresponds to a cutoff between 5 and 9 employees per establishment for most industries, but ranges as high
as 19 employees per establishment.

ASM Mail Sample: A probability sample of approximately 56,000 establishments chosen from the ASM frame. A
new ASM sample is selected every fifth year subsequent to the updating of the ASM frame. The ASM sample is then
updated each year using respondent data and IRS records, until collection of the next Census of Manutactures.

Census of Manufactures: A complete census of the approximately 350,000 establishments in the manufacturing
sector. The Bureau of the Census administers this census once every 5 years (in years ending in2 or 7). The
census collects more detailed economic data than the ASM, and serves as the frame for creating a new ASM panel
every 5 years.

Energy Source: A substance used as a fuel or feedstock.

Establishment: An establishment is an economic unit, generally at a single physical location, where business is
conducted or industrial operations are performed. An establishment is not necessarily identical with a company,
which may consist of one or more establishments.

Feedstock: A fuel-like substance used as a raw material, additive, or ingredient to manufactured products.

Frame: A set of elements that are, or can be linked in some way with, the observational units of the target
population. The MECS frame is a list of manutacturing establishments (the frame elements) that can be linked to the
target population (all establishments in the manufacturing sector) through the ASM sample design and through
supplementary information about the "births” and "deaths” of manufacturing establishments.

Fuel: A material consumed to produce heat, steam, power, or generated electricity.

Industry: The 1972 edition of the SIC Manual defines industry as the 4-digit level of classification of establishments.
A narrower definition of industry is used in publications produced by EIA, which defines industry as SIC Major Groups
01 through 39, consisting of establishments in agriculture, forestry, fishing, mining, and construction, as well as in
manufacturing.

Manufacturing: Manufacturing consists of establishments engaged in the mechanical or chemical transformation of
materials or substances into new products. These establishments are usually described as plants, factories, or mills
and characteristically use power-driven machines and materials-handling equipment. Establishments engaged in
assembling component parts of manufactured products are also considered to be manufacturers if the new product is
neither a structure nor other fixed improvement. Also included is the blending of materials such as lubricating oils,
plastics, resins, or liquors. Manufacturing is defined as activities covered by SIC Major Groups 20 through 39.

Manufacturing Sector: The total population of U.S. manufacturing establishments.
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MECS Frame: The ASM mail sample.

SIC: Standard Industrial Classification. A hierarchical classification system grouping establishments according to
their primary economic activities. The SIC Manual defines three levels of classifying manufacturing industries:

* Major Industry Groups: Twenty broad, 2-digit categories such as Food and Kindred Products, and Chemicals
and Allied Products.

* |Industry Groups: Intermediate, 3-digit categories within the Major Industry Groups. Examples of Industry
Groups include Meat Products, Drugs, and Household Appliances.

* Industries: Four-digit categories within Industry Groups. Examples of Industries include Creamery Butter,
Alkalies and Chiorine, and Motors and Generators.

The standard reference for SIC codes is the 1972 Standard Industrial Classification Manual published by the Office
of Management and Budget.

Target Population: The population intended to be represented by the MECS sample.

Statistical Notation

This sectionis divided into five groups of symbols. The first four groups are used to identify various parameters, data
items, statistical operators, statistical measures and size indicators that are manipulated in the algebraic explanations
and derivations in this document. The last group consists of subscripts, which are used to define or limit the scope of
application of the first four sets of symbols to specified population subgroups or time periods. The subscript definitions
identify the types of symbols in Groups | - IV with which the subscripts are used.
|. Survey Data Parameters and Reported Values

C: Total cost of purchased fuels as reported on the ASM.

E: Total purchased electricity consumption as reported on the ASM.

F:  Total fuel consumption as reported on the ASM.

M: Total employment as reported on the ASM.

X,Y: Unspecified aggregate parameters for the establishment population.

x,y: Values of the population characteristics represented by X and Y, for an individual establishment.

R: Aratio of two aggregate parameters.

Il. Selection Probabilities, Weights, and Weight Adjustments

T: Theoretical exact probability of selection into the MECS sample based on energy consumption
as a measure of size.
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P: Computed probability of selection into the MECS sample. Itis equal to the probability of selection
into the ASM mail sample (Q) multiplied by its conditional probability of subselection into the
MECS sample (R).

Q: Probability of selecting an establishment from the mail file to be in the ASM sample.

R: Conditional probability of selecting an establishment for the MECS sample, given that it is in the
ASM sample.

T: The inflation weight associated with the overall sampling probabilities for the MECS by the
relationship

1 1
T=s — =
P QR

A: Weight Adjustment factor, used to adjust MECS inflation weights to account for nonresponse and
undercoverage in the MECS survey.

W: The final MECS weight, equal to the inflation weight T multiplied by the weight adjustment factor A.

Ill. Counts and Count Variables
N: Number of establishments in the list from which the ASM sample is drawn.
n: Target (desired) number of cases in the ASM sample.
n’:  Actual size of the ASM sample.
m: Target (desired) number of MECS sample cases.
m’: Actual size of the MECS sample.

a: Arandom variable which takes on the value 1 for establishments that are selected for the ASM:;
O otherwise.

oc: Arandom variable which takes on the value 1 for establishments in the ASM sample that are
selected for the MECS; O otherwise.
IV. Statistical Operators and Variability Measures
Ea: Expected value over all possible ASM samples from the establishment population.
Em: Expected value over all possible MECS subsamples of a fixed ASM sample.
&% True variance of a survey estimator.

S2 Estimated variance of a survey estimator.

U: Estimated level of undercoverage of consumption in the target population by the MECS sample.
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uU:

Estimated level of undercoverage of consumption in the target population by the MECS sample.

U(rel): Estimated relative level of undercoverage of consumption in the target population by the

V2;

MECS sample, defined as the absolute level of undercoverage U divided by the MECS
consumption estimate.

Estimated relative variance of a survey estimator.

V. Subscripts Delineating Population Subgroups and Collection Times

b:

C:

jk:

81,84:

Subscript denoting the set of establishment births during 1984; used with establishment counts.

Subscript denoting an establishment size class based on overall probability of selection for the
MECS; used with various parameters, reported values, probabilities, weights, weight
adjustments, counts, and count variables.

Subscript denoting the set of esthblishment deaths during 1985; used with establishment counts.

Subscript denoting an unspecified subgroup of the manufacturing sector; used with various data
parameters, reported values, weights, and establishment counts.

Subscript denoting the set of establishments in the ASM mail file; used with various data
parameters.

Subscript denoting the set of establishments in the ASM nonmail file; used with various data
parameters.

Subscripts denoting unspecified individual establishments; used with various parameters,
reported values, probabilities, weights, weight adjustments, and count variables.

Subscript denoting the set of establishments that responded to the MECS; used with various
counts.

Subscript denoting a Standard Industrial Classification (SIC) category; used with various data
parameters, reported values, probabilities, weights, weight adjustments, counts, and variability
measures.

Subscript denoting the set of establishments in the total manufacturing establishment file (the
mail file + the nonmail file); used with various data parameters.

Subscripts denoting values for calendar years 1981 and 1984; used with various data
parameters.

Symbols from Groups | - IV are combined with subscripts from Group V to describe all of the specific measures
referred to in this document. For example, m'scr represents the number of responding (r) MECS sample establish-
ments (m’) in SIC s and size class c. Similarly, Es4j represents the purchased electricity consumption for
establishment j, as reported on the 1984 ASM.
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