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SUMMARY

The Bonneville Power Administration (Bonneville) began the End-Use Load
and Consumer Assessment Program (ELCAP) in 1983. Prior to beginning ELCAP,
there was an abundance of information regarding total power consumption for
residential structures in the Pacific Northwest, through billing records for
example, and limited information regarding power consumption by various end
uses (such as hot water, heating and cooling). This program, conducted for
Bonneville by the Pacific Northwest Laboratory(a), invalves collecting and
analyzing hourly end-use data in commercial and residential builidings in the
Pacific Northwest.

The purpose of this document is to provide background information to
analyses that may use ELCAP data. In general, the ELCAP data set is extremely
high in quality, but analysts should be aware of potential problems that could
exist with a data set of this size,

This repart describes the quality of the ELCAP data and emphasizes the
guidelines for data review along with limitations and suggestions regarding
engineering and characteristics data including missing data values, procedures
for time-stamp assignments, and incomplete integration periods.

(a) The Pacific Northwest Laboratory (PNL) is operated for the Department of
Energy (DOE) by Battelle Memorial Institute (BMI) under Contract DE-
AC06-76RLO 1830.






CONTENTS

SUMMARY. . & v o v e e e e e e e e e e e e e e e e e e e e e

INTRODUCTION . . & v v e e h e e e e e e v e e v e e et e e e e s

DATA ANALYSES. .+ & ¢ v i v i e e e e e e e e e e e e e e e e e
LOGGER POWER MEASUREMENTS . . . . . . . ¢ . v v v o v v v v v o
LOGGER AVERAGES . . . + & v v v ot it b d e a e e e e
HARDWARE DESIGN . . . . v ¢ v o v v v v i v o e e e e e e s
DATA VERIFICATION . . . . & o v o v e i v s e i e e v e e e
GENERATION OF TIME STAMPS . . . . . ¢ & v« v v v v v v v e e o
INCOMPLETE INTEGRATION PERIODS

-----------------

POWER OUTAGE EFFECTS

cccccccccccccccccccccc

TIME STAMP CONSTRUCTION

.....................

MISSING DATA . . . o o s o e e e e s e e e e e e e e e e

METEDROLOGICAL DATA . . . . . & v v vttt e e e e e e e
CHARACTERISTICS DATA

.........................
-----------------------
oooooooooooooooo

ooooooooooooooooooooooooo

FIGURES

1 Typical Sensor Channel Schematic

-------------------

2 Simplified Two-Phase Electrical Panel to ELCAP Protocol. . . . . . . .

3 EASE Status Option - Types of Missing Data Found in the ELCAP
Collection . « & & v v v ot ot e e e e e e e e e e e e e e e e e e e

10
10
11
11
14
15
15
15
17






INTRODUCTION

The two data types contained in the End-Use Load and Consumer Assessment
Program (ELCAP) collection are engineering and characteristics data. This
document emphasizes the engineering data, which is the record of the actual
energy consumption for each installed channel in a given logger over a
specified period of time. This document also emphasizes meteorological data
collected in conjunction with the engineering data from selected sites.

The second type of data, the characteristics data, are used to control
and interpret the engineering data. This type of control data includes
1) what each channel represents, 2) the relations that describe which
individual channels should be combined into one end use, 3) which channels
represent redundant measurements that can be used for quality control checks,
and 4) the gross verification status of the data.






DATA ANALYSES

This section describes how engineering data are acquired, processed,
stored, and verified from the perspective of the analysis affected. Separate
topics include guidelines pertaining to missing data values, procedures for
time-stamp assignments, data conversion from digital signals to engineering
units, and implications of hardware design and installation processes.

The basic engineering data set js stored as a huge collection of time-
series records. The data for each Togger are stored in individual files
containing a week's worth of data for all sensors in that logger. Within each
file, data are stored in a two-dimensional array with each column representing
the time-series data for one sensor channel, and each row corresponding to the
readings of all sensors for a particular time period. These files are stored
using a special compressed format that allows for approximately six times as
much information as would be possible using the standard American Standard
Code for Information Exchange (ASCII) format. This special identity format
still affords access times comparabie to the standard ASCII format. The data
records are recorded with an integration period of 5, 15, or 60 minutes. The
vast majority of the data are collected using a 60-minute integration period.
The energy consumption data are presented in units of average watts (W), and
the meteorological data is reported as the average of the appropriate metric
system unit.

LOGGER POWER MEASUREMENTS

Electrical power is the product of voltage and current. The ELCAP
loggers explicitly measures both of these quantities and multiplies them
together for each monitored channel; the resulting value represents the actual
amount of true power consumed by the monitored devices. The current is
measured by a current transformer which produces a signal proportional to the
current flowing through the monitored wires. The voltage is measured with a
voltage transformer that, in turn, produces a signal proportional to the line
voltage. The current is measured separately for each sensor channel. The
voltage is measured only once for each phase of the electrical service for the
entire logger.



Because a logger reports only 256 different values or counts, it is
important that we be able to configure the instrumentation in such a way that
each count would represent a different number of watts, depending on the types
of circuits monitocred. There are three ways to alter the individual channel
sensitivity in an ELCAP logger. The first is to choose a current transformer
that matches the rated capacity of the monitored circuits. The second is to
change the scaling resistor used to condition the signal produced by the
current transformer. The third is to change the transformer used to sample
the voltage of the building's electrical service.

LOGGER AVERAGES

Once the sensors have been installed, the Togger will record a reading
once every second and convert it into the correct number of counts. These
l-second readings are then combined for the duration of the integration
period. For instance, if 3600 readings are combined for an hourly reading at
the end of the integration period, the binary sum can be truncated so that it
is less than eight digits long. This procedure is the same as dividing
X-number-of-digits truncated by two. In a situation using hourly records,

12 digits are truncated, or the total of the 3600 readings is divided by 4096.

Averaging by truncation introduces a small amount of systematic error but
never exceeds -2%.

The truncated number is stored in the logger memory and subsequentiy
transmitted to the laboratory where it is converted into engineering units by
muTtiplying by the number of watts per count. Correctly converting the
transmitted number into engineering units is of the utmost importance. The
resclution of each channel depends on the current transformer size, the
scaling resistor, the sample voltage transformer, and the ratio of the
truncation to seconds during the integration period. Figure 1 is a schematic
of a typical sensor channel.

An example may be helpful to further explain this concept. Suppose that
there was a hot water heater attached to both legs of a single-phase, 50-
ampere (A) circuit breaker. The ELCAP instrumentation would be installed
using a 100-A circuit transformer for each phase. The circuit transformer
would be attached to two different channels, and both channels would be scaled
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CHARACTERISTICS DATA

This section discusses the characteristics data used to control the
extraction of the engineering data. Another type of characteristics data,
which will not be addressed in any detail in this document, is the
characteristics data used to describe the physical and economical
characteristics of the buildings and their occupants. However, the physical
and economical characteristics data are subject to two types of errors: data
entry and incorrect information from the survey instrument itself.

CONTROL DATA TYPES

Four types of data are in this collection. The first type of data
describes what each energy channel is measuring. This includes the
identification of the channel, the parameters used to convert the raw data
from digital counts to engineering units, and a field stating whether or not
the channel has been verified. The second type of data is information about
which individual channels should be added together to produce a specific end
use. The third relation contains the sum-check equations used to verify the
data. The final relation contains information about the verification status
of the logger and the time resolution of the data.

These data are used to control the processing and extraction of the
engineering data. It is possible that incorrect results may be generated at
extraction time, not because the underlying engineering data are flawed, but
because the characteristics data used to control the engineering data
extraction are incorrect. Discussed helow are some of the problems with the
control data and potential ways in which to identify the problems.

DATA TIME-STAMPING CHARACTERISTICS

Originally, ail control information was contained in non-time-stamped
files that were keyed to particular loggers. However, it soon became obvious
that the information would change over time as building owners modified their
buildings, instrumentation errors were corrected, or the sensor complements at
the building were changed. Therefore, the information was moved into the more
flexible form of a relational database. Now all pertinent parameter sets are
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available at all times making it possible to analyze data available for a
logger even with two or more changes in the metering system at the site.

If the time stamps on the control data are incorrect, one may extract
data that are incorrect or be denied data access altogether. This is
especially problematic when end-use assignments change. For instance, suppose
that the air-conditioning end use should be c25 + c26 from May 1 until X date,
but should be ¢30 + c31 for any data before May 1. If the control information
were not entered for the earlier parameter set, and the data are extracted for

an entire calendar year, incorrect values will be returned for the dates from
January through May.
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DATA REVIEW

Analysts should understand the nature of the data they are working with.
The redundant ELCAP measuring protocol has made the automated data quality
checks possible for the bulk of the energy data.

The ELCAP data consists of engineering and characteristics data. The
engineering data are made up of energy channel data and meteorological data.
The characteristics data makes the interpretation and checking of the
engineering data possible. In order to interpret and check the engineering
data, the ELCAP analyst needs to

» understand the developmental state of each type of data used
+ understand the potential problems of each data type
+ report any anomalies found.

For example, a characteristics database data entry error could give an
analyst wind~-speed data when wood-stove data was requested. Because data has
not been historically sum checked, an installation problem or hardware failure
may be apparent in current data. The data review plan for any research
project is just as important as the analysis plan. The extent to which the
data review is required will be determined by the sensitivity of the
particular analysis-to-data aberrations.

The initial verification process--bringing sites on line--has provided an
amazing track record of predicting future data quality. During the
Residential Standards Demonstration Program (RSDP) and Residential Base
(RESBASE) thermal analyses, very few sites were removed from data quality
degradation analyses once they were brought on-line. Few installation errors
or hardware failures have been found to date that were not identified in the
initial 1 to 1-1/2 week inspection comprising the initial verification
process.

ELCAP data quality is quite high, even when considering its present stage
of development. This, however, does not free the analyst from the
responsibility of understanding the data and reviewing the data that a
professional reputation may rest on. The budget for data analysis should
always include the budget for data review.
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