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THE VOLUME OF ELCAP DATA, JULY 21, 1989 

1.0 INTRODUCTION 

The primary objective of this report is to describe, in moderate detail, the 
volume and quality of data in the ELCAP engineering database as of July 21, 
1989. The volume and quality of the database increases daily as the program 
continues. Hence, the results presented herein are expected _ to be improved 
upon. 

From August, 1984 through June, 1989, 760 ELCAP data loggers have been 
installed in residences and commercial establishments for 132727 logger weeks. 
The 760 data loggers are associated with seven major studies: 

Table 1.1. Distribution of ELCAP Data Loggers. 

Study No. 

CAP 45 
COM 157 
PES 20 

Commercial 222 

RES 349 
RSDP 119 
MFM 60 
MAN 10 

Residential 538 

Total 760 

First Logger 
Activated 

December 1984 
August 1984 
May 1985 

August 1984 
September 1984 
September 1985 
March 1986 

Total Weeks 
Installed 

10360 
23561 
3350 

37271 

65909 
22432 
6170 

498 

94959 

132280 

The quality of the data varied. Equipment failure, site modifications, 
installation difficulties and data processing problems reduced the quality of 
certain data as compared to data from an ideal, fully functional, no-problem 
logger. Still, loggers produced information for 118154 weeks or 89.3% of the 
132280 weeks that they have been installed. Of the weeks with loggers 
installed, 77.5% or 102467 produced data of sufficient quality for the 
analysis of energy usage. The percentage of weeks producing data sufficient 
for energy analysis of all weeks producing data is 86.7%. 

The second objective is to discuss the volume of data affected by 
reconstruction. Data that are initially labelled poor in quality because of 
an unknown or unmonitored electrical load may be upgraded in quality or 
reconstructed once this load is identified and characterized. Presently, 
17418 weeks or 13.2% of all weeks and 14.7% of weeks with data are affected 
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by reconstruction . Of these , 5218 weeks or 29 .9% have been reconstructed, 
3125 weeks or 17.9% are not reconstructible with a moderate effort, while the 
reconstruction potential of 6077 weeks, 34.9%, must still be assessed . Also, 
17.2% or 2998 weeks have been marked for future reconstruction. 

Finally, distributions of the data quality time segments are presented and 
discussed. The operational life of a logger can be fragmented into a series 
of time segments based on data quality. The distributions of these segments 
offer a view of data acquisition and processing performance. For instance, 
the median length of time segments identified with the highest quality data 
is 19.4 weeks showing that a logger operating properly will continue to 
collect good data for 5 months or longer 50% of the time. The median length 
of time segments associated with the lower quality data is less than 3 weeks 
indicating that problems that result in data quality degradation are quickly 
identified and resolved for 50% of the problems. 

Also, it is worthwhile to place the ELCAP database and the effort required to 
gather, refine and maintain it in perspective. The channel level engineering 
data base contains a minimum of 19 million energy use vectors, each containing 
data for 17 channels or more. The channel data can be found in over 120000 
weekly files. Temporary files, the characteristics data base, and the 
commercial and residential partially aggregated data bases (PADS) more than 
double this volume so that the volume of ELCAP data exceeds 3000 megabytes . 

The size or complexity of the ELCAP engineering data base dwarfs other large 
scientific/engineering data bases. A large acoustic emission program funded 
by Defense Advanced Research Projects Agency produced 50000+ acoustic traces 
or data vectors as compared to ELCAP's 17 million channel data vectors. The 
National Acidic Deposition Program, an acid rain monitoring network of 200 
sites, has collected 3.2 megabytes in its 8 year history. The Hanford 
Mortality Study, a data base that has tracked health statistics for 44500 
Hanford workers since the establishment of the Hanford site, contains 17 
megabytes, less than 0. 6% of the ELCAP volume. The 15 year-old Hanford 
Groundwater Database contains 3.7% of the ELCAP data volume. 

Three sections follow. The first section to follow (2.*) describes the data 
that was analyzed for this report and the estimation procedures used in the 
analysis. The next section (3.*) presents the actual estimates for various 
study and data quality categories. Finally, the distributions of the data 
quality time segments are discussed (4.*). 

2.0 ESTIMATING DATA QUALITY AND VOLUME 

Several estimates of the quality and volume of information in the ELCAP 
engineering data base can be calculated. Two approaches to this estimation 
problem are described below. The first, direct estimation, requires that 
each record in the data base be classified and counted. This approach is 
presently used to create a data quantity and quality linegraph for each 
logger. The second procedure, an indirect estimation technique, examines the 
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LOGGER HISTORY relation, a component of the online ELCAP characteristics 
database. This relation describes data quality and quantity in more general 
terms. 

2.1 DIRECT ESTIMATION OF DATA QUALITY AND VOLUME 

Each record in the ELCAP channel level data base documents the energy usage 
for a set of channels monitored by one logger integrated over a fixed time 
period of 5, 15, 30 or 60 minutes. The quality of the data in each record 
has been estimated using· energy balance equations, referred to as energy sum
check equations, that compare the power into a circuit breaker box to the sum 
of the power flowing out of the breaker box to the various end uses. One of 
a series of data quality flags is assigned to each record based on the size 
of the difference in power-in versus power-out. Flags are also assigned based 
on logger installation characteristics. The data quality flags are: 

~ 

blank 

1 

2 

Table 2.1. Record Data Quality Flags 
for Residential Studies (MAN,MFM,RES,RSDP). 

Description 

No data quality flag assigned. The time stamp or reference 
voltage is incorrect, Data is missing because of power outage, 
hardware failure, disconnected phone, or data conversion problems. 

Absolute energy balance difference is less than 1.6 main 
resolutions (1). Logger status codes equal to 1,2,4 or 5. 

Absolute energy balance difference is greater than 1.6 and less 
than 2.4 main resolutions. Logger status codes equal 
to 1,2,4 or 5. 

3 Energy balance difference can not be calculated. Logger status 
codes equal to 3 or 5. 

4 Absolute energy balance difference is greater than 2.4 main 
resolutions. Logger status codes equal to 1,2,4 or 5. 

5 Absolute energy balance difference is not calculated because of 
known reversed current transformer or owner modification. Logger 
status codes equal to 6,7 or 8. 

(1) One main resolution is approximately equal to 0.3% of the rated main 
wattage delivered to a circuit breaker box. 
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Table 2.2. Record Data Quality Flags 
for Commercial Studies (CAP,COM,PES). 

~ Description 

blank No data quality flag assigned. The time stamp or reference voltage 
is incorrect. Data is missing because of power outage, 
hardware failure, disconnected phone, or data conversion problems. 

1 Absolute energy balance difference is less than 1.6 main 
resolutions (1). Logger status codes equal to 1,2,4 or 5. 

2 Absolute energy balance difference is greater than 1.6 and less 
than 2.4 main resolutions. Logger status codes 
equal to 1,2,4 or 5. 

3 All energy balance differences can not be calculated. Other 
forms of the energy balance equation may have been used 
including cross-logger and phase-swapping equations. 
Logger status codes equal to 3 or 5. 

4 Absolute energy balance difference is greater than 2.4 and less 
than 4.0 main resolutions. Logger status codes 
equal to 1,2,4 or 5. 

5 Absolute energy balance difference is greater than 4.0 and less 
than 7.0 main resolutions. Logger status codes 
equal to 1,2,4 or 5. 

6 Absolute energy balance difference is greater than 7.0 and less 
than 12.0 main resolutions. Logger status codes 
equal to 1,2,4 or 5. 

7 Absolute energy balance difference is greater than 12.0 main 
resolutions. Logger status codes equal to 1,2,4 or 5. 

8 No energy balance calculated due to the presence of negative energy 
measurements. Negative energy measurements may occur because 
of mixed current transformers, reversed current transformer, a 
mis-phased device, owner modification or phase drift. 
Logger status codes equal to 1,2,4,5,6 or 7. 

(1) One main resolution is approximately equal to 0.3% of the rated main 
wattage delivered to a circuit breaker box. 

A precise estimate of the volume and quality of data could be calculated by 
summing the integration periods of the records cross-classified by data 
quality flag and study. This would require the processing of a minimum of 19 
million records located in 120000-plus files. Though this would be a very 
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accurate estimate, it is neither practical nor required to meet the objectives 
of this report: determining, in moderate detail, the quality and quantity of 
ELCAP data. However, it is important to understand this approach so that the 
inaccuracies in the following indirect estimation procedure can be foreseen 
and appreciated. 

2.2 INDIRECT ESTIMATION OF DATA QUALITY AND VOLUME 

A diary recording the general quality of a data logger•s performance as 
indicated by logger status codes has been maintained as part of the 
characteristics data base. This journal is known as the 1 LOGGER HISTORY 
relation•. The first logger history entry coincides with the activation of 
the logger and the start of data collection. The final entry records, or 
will record, the end of data collection and the disconnection of the phone 
line. Between these two lay a chronological series of records identifying 
time segments that account for a logger•s life. The significant information 
recorded for each segment are its start and stop times, and its data quality 
indicator, the appropriate logger status code. 

The lengths of the time segments vary from less than 1 day to more than 446 
weeks. The start and stop times for each segment have been determined by a 
rev i ew of the pertinent engineering data as well as from site maintenance 
actions. The review includes input from site relations, site maintenance and 
automated data quality checks. The automated data quality checks monitor the 
logger•s clock performance, the reference voltage and the energy balance 
equations where the data quality flags discussed above are assigned. For 
this report, these segment lengths will be used to estimate indirectly the 
volume and quality of information in the ELCAP engineering data base. 

The use of this estimator assumes that the LOGGER HISTORY relation contains a 
complete and accurate description of each logger•s life. It overestimates 
the volume of data available because it does not account for small sets of 
missing records that are known to exist in many of the segments. 

The quality of the data collected within a time segment will be inferred from 
the logger status code assigned to it. A segment•s logger status code is a 
reliable indicator of data quality for a majority of, but possibly not all, 
records in the segment. A logger status code is not as accurate an indicator 
of quality as the data record quality flags (Tables 2.1 and 2.2). This 
deficiency and the over-counting of records mentioned directly above should 
not limit this approach in meeting this report•s objectives. 
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Presently, 10 logger status codes are in use: 

LOGGER STATUS 

1 

2 

3 

4 

5 

6 

?-Recoverable 

DRAFT 

Table 2.3. Logger Status Codes. 

DEFINIT ION 

Installation meets ELCAP standards. 
Selected subsets of data pass in-depth manual 
verification. Remaining data pass automated energy 
balance and other data quality checks. Scaling and offset 
factors applied by the data acquisition system. 

Installation meets ELCAP standards. 
Selected subsets of data pass in-depth manual verification 
with the application of scaling and offset factors . 
Remaining data pass automated energy balance and other 
data quality checks with scaling and offset factors 
derived during manual verification. 

Installation does not meet ELCAP standards . 
A circuit or circuits cannot be monitored. Energy balance 
or other data quality checks may not be possible for any 
or all circuits. Data subsets pass visual comparison to 
expected values. Data is acceptable for analysis. 

Installation meets ELCAP standards . 
Corrections to time stamp errors (SOPP clock drift) have 
been made. Subsets of data pass in-depth manual 
verification. Remaining data pass automated energy 
balance and other data quality checks. Scaling and 
offset factors applied by the field data acquisition 
system. Data with this status are equivalent to -Logger 
Status 1 data following the correction of the clock 
errors. 

Data previously non-recoverable due to owner 
modifications that were later accounted for by site 
maintenance actions. Information is recovered by end-use 
reconstruction while channel data remains as measured 
and therefore not an accurate representation of energy 
usage at the channel level. 

This status is a temporary status. Data is in the 
verification or data processing queue. Status will be 
re-assigned when the data moves out of these queues. 

Data has significant energy balance or other data quality 
problems. However, data can be recovered with moderate 
reconstruction effort. 
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LOGGER STATUS 

?-Not
Recoverable 

?-Unresolved 

8 

9 

DRAFT 

Table 2.3. Logger Status Codes (cont . ) . 

DEFINITION 

Data has significant energy balance or other data 
quality problems and cannot be reconstructed. 
Residential data is not representative of energy usage 
and unacceptable for analysis. Commercial data, in 
general, is not useful as a set for analysis though 
specific channels are useful and remain available for 
analysis. 

Data has failed energy balance or other data quality 
checks. However, the information in the data may be 
recoverable. The residential data may be 
reconstructible while commercial data is, by and large, 
reconstructible. 

Installation meet ELCAP criteria for 
meteorological data only. Data pass manual 
meteorological data quality checks. 

No data available. Logger was not operable or data was 
lost during data acquisition/data processing. Data 
acquisition or processing may fail because of hardware 
failure or data conversion problems. A logger may 
also be installed but intentionally made inoperable 
because of site remodelling or vacancy. 
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3.0 DATA VOLUME AND DATA QUALITY 

Estimates of the volume of data in the ELCAP engineering database are 
summarized in Tables 3.1 through 3.9. Table 3.1 presents sums of the segment 
lengths in weeks for each ELCAP study and logger status class. Tables 3.2 
through 3.9 were constructed by aggregating across study or data quality 
classes listed in Table 3.1. Percentages listed in Tables 3.1 through 3.9 
may not sum to 100% because of rounding. 

The tables were constructed from information extracted from the ELCAP LOGGER 
HISTORY relation on July 21, 1989. These results will change with the 
addition of new data and updates to logger history. It is known that the 
number of status 9 (no data available) records is underestimated. The volumes 
for the others also vary. These discrepancies are not expected to be 
significant. A review of Linegraph, a side-by-side presentation of logger 
history information with a more accurate summary of data volume based on the 
data quality flags, found differences of less than 5%. 

The ELCAP study codes and the logger history codes have been reordered and 
grouped within the tables. The study codes have been gathered into two 
groups, commercial and residential studies. The commercial group consists of 
the CAP, COM and PES studies. The residential group includes the MAN, MFM, 
RES and RSDP studies. 

The logger status codes have been grouped based on usefulness of the data to 
an analyst: data quality is acceptable for energy usage analysis, data quality 
is presently unknown, data is for meteorological analysis only, and data is 
lost, missing or generally unacceptable for analysis. Data acceptable for 
analysis is denoted by logger status codes 1, 2, 3, 4 and 5. Logger status 
codes 6, ?-Recoverable, and ?-Unresolved identify data whose quality is 
presently unknown. Data for meteorological analysis only is identified by 
logger status 8. Lost or missing data, periods with loggers installed but 
inoperable, or data not entirely acceptable for analysis are 
denoted by logger status codes 9 and ?-Not-Recoverable, respectively. 

3.1 ESTIMATES OF DATA VOLUME BY ELCAP STUDY AND LOGGER STATUS 

Table 3.1 presents the most detailed summary of ELCAP data in this report. 
The body of the table lists volumes of data by ELCAP study and logger status 
code. The right margin of this table summarizes the volume of data by logger 
status while the lower margin presents the volumes of data in each study 
regardless of status. This margin includes weeks having no energy data in 
the database (status 9). A second lower margin, labelled "W/ DATA", lists 
the volumes of data excluding weeks having no data. The percentage of weeks 
with missing data is also listed in a lower margin. The overall volume of 
data in the database and the number of weeks with loggers installed are shown 
in the table's lower right-hand cells. Through July 21st, loggers were 
installed in residences and commercial establishments for 132280 weeks with 
energy data collected during 118154 weeks. The overall energy data capture 
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rate is 89.3%. The highest quality data accounts for 85530 weeks while no 
data exists for 14126 weeks. That is, status 1 and 2 data make up 72% of all 
weeks with energy data while 10.7% of all weeks with loggers installed did 
not produce data. 

The RES study had loggers installed for 65909 weeks with 57457 weeks producing 
data. The COM study has been the most productive commercial study generating 
21677 weeks of data from 23561 weeks with loggers installed. The MAN study 
has generated the least amount of data, 458 weeks from 498 weeks with loggers 
installed. 

Table 3.1. ELCAP Data Volume Estimates (weeks). 

LOGGER 
STATUS CAP 

1 4214 
2 1537 
3 1108 
4 
5 1348 

6 257 
7 -Reco. 302 
7 -Unres. 104 

8 

7 -Not R. 735 
9 755 

COM 

11456 
3347 

991 
( 1) 63 

1542 

771 
2185 

489 

525 

308 
1884 

STUDY 
PES MAN 

880 386 
244 65 

1033 

233 

174 
510 

42 1 

MFM 

1230 
1221 
2156 

4 

163 

39 
196 

6 392 
40 1005 

RES 

33407 
11337 
49397 

1553 

918 

3424 

408 

1471 
8452 

RSDP 

13433 
2771 
1430 

542 

307 

1855 

123 

175 
1795 

ALL 

65007 
20523 
11656 

63 
5218 

2431 
2998 
6077 

1056 

3125 
14126 

W/ Data 9605 21677 3155 

%miss 7.3 8.0 5.9 

ALL 10360 23561 3350 

458 5166 57457 20637 118154 

8.0 16.3 12.8 8.0 11.0 

498 6170 65909 22432 132280 

DRAFT 

(1) Because of other characteristics, some data reconstructed because 
of clock deficiencies have been flagged with a 5 or 7 status. 
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3.2 ESTIMATES OF ELCAP DATA VOLUME (WEEKS) BY LOGGER STATUS 

Table 3.2 highlights the volume of data available by logger status, 
disregarding study. Data acceptable for energy usage analysis constitutes 
86.8% of the energy database or 102467 weeks with 72.4% being of the highest 
quality. Data whose quality is presently unknown makes up 9.7% of the data. 
At the present time, 2.6% will never be available for general energy usage 
analysis. 

Table 3.2. Estimates of ELCAP Data Volume (weeks) 
by Logger Status. 

STATUS Total Weeks % of All % of Weeks 
Weeks with Data 

1 65007 49.1 55.0 
2 20523 15.5 17.4 
3 11656 8.8 10.0 
4 63 0.0 0.0 
5 5218 3.9 4.4 

6 2431 1.8 2.1 
?-Recoverable 2998 2.3 2.5 
?-Unresolved 6077 4.6 5.1 

8 1056 0.0 0.0 

7-Not-Recov. 3125 2.4 2.6 
9 14126 10.7 

ALL 132280 
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3.3 ESTIMATES OF ELCAP COMMERCIAL CAP COM PES DATA 
VOLUME WEEKS BY LOGGER STATUS 

The volumes of data generated by the commercial studies are presented in Table 
3.3. Commercial studies account for 37271 weeks or 28% of the ELCAP weeks 
with loggers installed. 34437 weeks produced data with 81.2% of this data 
acceptable for analysis and 14.0% presently of unknown quality. Less than 
3.0% of the reviewed commercial data is not suitable for general energy 
analysis. Overall, the commercial data acceptable for analysis constitutes 
23.5% of the engineering data base. 

Table 3.3. Estimates of ELCAP Commercial (CAP,COM,PES) Data 
Volume (weeks) by Logger Status. 

Logger Total % of Commercial % of A 11 Weeks 
Status Weeks Weeks W/ Data W/ Data --

1 16550 48.1 14.0 
2 5129 14.9 4.3 
3 3132 9.1 2.6 
4 63 0.0 0.0 
5 3123 9.1 2.6 

6 1201 3.5 1.0 
?-Recoverable 2998 8.7 2.5 
?-Unresolved 634 1.8 0.0 

8 525 1.5 0.0 

7-Not-Recov. 1082 3.1 0.0 

With Data 34437 29.1 

9 2835 

ALL 37271 
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3.4 ESTIMATES OF ELCAP RESIDENTIAL MAN MFM RES RSDP DATA 
VOLUME WEEKS BY LOGGER STATUS 

DRAFT 

Residential studies contribute 71.9% of the weeks with loggers installed or 
95009 weeks. Analysis quality data is 89.0% of this amount and 63.0% overall. 
8.0% of the residential data is of unknown quality and amounts to 5.6% overall. 
No energy data exists for 12.3% of the residential logger installed weeks and 
8.8% overall. 

Table 3.4. Estimates of ELCAP Residential (MAN,MFM,RES,RSDP) Data 
Volume (weeks) by Logger Status. 

Logger Total % of Residential % of Weeks 
Status Weeks Weeks W/ Data W/ Data 

1 48457 57.9 41.0 
2 15394 18.4 13.0 
3 8525 10.2 7.2 
4 0.0 0.0 
5 2095 2.5 1.8 

6 1229 1.5 1.0 
?-Recoverable 0.0 0.0 
?-Unresolved 5443 6.5 4.6 

8 531 0.0 0.0 

7-Not-Recov. 2043 2.4 1.7 

With Data 83718 70.9 

9 11292 

ALL 95009 
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3.5 ESTIMATES OF ELCAP DATA VOLUME (WEEKS) BY STUDY 

Estimates of the data volume by ELCAP study are presented in Table 3.5. COM 
study data accounts for 62.9% of the commercial data and 18.3% overall. The 
CAP study is responsible for 28.0% of the commercial data. Commercial studies 
have produced 34437 weeks or 29.1% of the ELCAP data. 

Residential studies have generated 70.9% or 83718 weeks of ELCAP data. The 
RES study is the most productive residential data source generating 68.6% of 
the residential data and 46.1% overall. The MAN study has been the least 
productive producing less than 0.1% of the data overall. 

Table 3.5. Estimates of ELCAP Data Volume (weeks) by Study. 

Stud~ Total % of Group % of All Weeks 
Weeks W/ Data W/ Data --

CAP 9605 28.0 8.1 
COM 21677 62.9 18.3 
PES 3155 9.2 2.7 

Commercial 34437 29.1 

MAN 458 0.0 0.0 
MFM 5166 6.2 4.4 
RES 57457 68.6 46.1 
RSDP 20637 24.7 17.5 

Residential 83718 70.9 

W/ Data 118154 
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3.6 ESTIMATES OF ELCAP ENERGY DATA VOLUME WEEKS 
ACCEPTABLE FOR ANALYSIS LOGGER STATUS 1 2 3 4 5 BY STUDY 

The data most representative of energy usage and therefore most acceptable 
for energy usage analysis are denoted by logger status codes 1, 2, 3, 4 and 
5. Table 3.6 summarizes the volume of data available by study for these codes. 
Overall, 86.7% or 102468 weeks of data are of this quality of which 63.0% is 
from residential sources and 23.7% is from commercial studies. For commercial 
studies 81.3% is acceptable for analysis with 
greater than 80.0% of the COM and CAP data in this category. 

The RES study accounts for 63.0% of the acceptable data overall and 89.0% 
from residential studies. For residential studies, greater of than 88.0% of 
the data collected per study is presently acceptable for energy usage 
analysis. 

Table 3.6. Estimates of ELCAP Energy Data Volume (weeks) 
Acceptable for Analysis (Logger Status 1,2,3,4,5) by Study. 

Study Total % of Study % of All Weeks 
Weeks W/ Data W/ Data --

CAP 8208 85.5 6.9 
COM 17399 80.3 14.7 
PES 2390 75.8 2.0 

Commercial 27997 81.3 23.7 

MAN 451 98.5 0.0 
MFM 4607 89.2 3.4 
RES 51236 89.2 43.3 
RSDP 18177 88.1 15.4 

Residential 74471 89.0 63.0 

W/ Data 102468 86.7 
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3.7 
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ELCAP energy data of unknown quality is flagged by 3 logger status codes: 6, 
?-Recoverable, and ?-Unresolved. Logger status ?-Recoverable data most likely 
will be status 5 after reconstruction. The logger status 6 data is presently 
being processed and has not been assigned its permanent logger status. The 
residential logger status ?-Unresolved data has failed data quality checks 
and has not been reviewed to see if it can be reconstructed. However, it is 
included here since its final deposition has not been resolved and it is not 
presently available for energy analysis. 

Overall, 9.7% of the data falls under these 3 logger status codes. Of this 
amount, 5.6% is residential data and 4.1% is commercial data. Within the two 
study groups, 8.0% of the residential data is of unknown quality while the 
quality of 14.0% of the commercial data is not resolved in logger history. 
By percentage of study group, the PES study has generated the most data of 
this status (23.0 percent) followed by the COM study at 15.9 percent. The 
RES study has produced the most data overall of unknown quality, 3.7% of all 
weeks recorded in logger history. 

DRAFT 

Table 3.7. Estimates of ELCAP Energy Data Volume (weeks) 

Study 

CAP 
COM 
PES 

Commercial 

MAN 
MFM 
RES 
RSDP 

Residential 

W/ Data 

of Unknown Quality (Logger Status 6,7-Recoverable, 
?-Unresolved) by Study. 

Total % of Study % of All Weeks 
Weeks W/ Data W/ Data 

663 6.9 0.0 
3445 15.9 2.9 

726 23.0 0.0 

4834 14.0 4.1 

1 0.0 0.0 
168 3.3 0.0 

4342 7.6 3.7 
2162 10.5 1.8 

6673 8.0 5.6 

11507 9.7 
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3.8 ESTIMATES OF MISSING, LOST OR UNACCEPTABLE ECLAP DATA 
VOLUME (WEEKS) (LOGGER STATUS ?-NOT-RECOVERABLE, 9) BY STUDY 

Periods that will never have data available for energy analysis occur for 
several reasons. A segment of time went unmonitored intentionally or 
unintentionally because of equipment failure, power turned off, change in 
logger location, phone temporarily disconnected, ... (logger status 9). The 
data collected was not representative of energy usage: reversed current 
transformers, unmonitored or incorrectly monitored owner modifications, 
hardware failures, data conversion problems, ... (logger status ?-Not
Recoverable). The volume of this type of data is summarized by study in Table 
3.8. 

For all studies, 13.0% or 17253 weeks are in this category. Of these weeks, 
10.1% is from residential studies and 3.0% is associated with commercial 
sources. Overall, 7.5% of the missing data is related to the RES study while 
all others amount to less than 1.7% of all data by study. This represents 
14.0% of the residential periods and 10.5% of the commercial periods. By 
study, 9.2% of the MAN data and 22.6% of the MFM data fall in to this 
category . 
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Table 3.8. Estimates of Missing or Lost ELCAP Data (weeks) 
(Logger Status 7-Not-Recoverable,9) by Study. 

Study Total % of Study % of All Weeks 
Weeks 

CAP 1490 14.4 1.1 
COM 2192 9.3 1.7 
PES 235 7.0 0.0 

Commercial 3917 10.5 3.0 

MAN 46 9.2 0.0 
MFM 1397 22.6 1.1 
RES 9923 15.1 7.5 
RSDP 1970 8.8 1.5 

Residential 13336 14.0 10.1 

All 17253 13.0 
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3.9 ESTIMATES OF ELCAP DATA VOLUME WEEKS AFFECTED BY 
RECONSTRUCTION LOGGER STATUS 5 ?-RECOVERABLE 
?-NOT-RECOVERABLE ?-UNRESOLVED BY STUDY 

Because of site maintenance activities or other efforts, it is possible at 
times to reconstruct end-uses that were previously associated with large 
energy balance differences. This would occur, for instance, with the 
discovery and subsequent identification of an unmonitored electrical load. 
Data affected by reconstruction activities are noted by logger status codes 
5, ?-Recoverable, ?-Not-Recoverable, and ?-Unresolved in Table 3.1. 

Logger status 5 Data have been reconstructed prior to this report. The data 
that cannot be reconstructed with moderate effort have been flagged logger 
status ?-Not-Recoverable. The whole set of end-uses could not be 
reconstructed. However, specific end-uses remain that are of acceptable 
quality for energy usage analysis. The pool of data that feeds these two is 
identified by logger status ?-Unresolved and ?-Recoverable. Status ?
Unresolved data has not yet been evaluated for reconstruction. Data marked 
by ?-Recoverable has been reviewed and has a high probability of being 
reconstructed at a later date. 

Overall, 17419 weeks or 14.7% of all weeks with data are affected by 
reconstruction. This includes 7837 (22.8%) commercial weeks and 9582 (11.4 
percent) residential weeks. 5218 weeks, 3123 commercial and 2095 residential, 
or 30.0% of the affected data have been reconstructed. This constitutes 
4.4% of all data. 8.1% of effected commercial data (635 weeks) remains to be 
evaluated for reconstruction while 56.8% of the effected residential data 
(5443 weeks) must still be evaluated. 

Past experience has shown that 85.0% of effected commercial data can be 
reconstructed. For effected residential data, the reconstruction success is 
50.6%. Based on these rates, 539 weeks of commercial status ?-Unresolved and 
3075 weeks of residential status ?-Unresolved should be recoverable. -with 
these two, the total volume of recovered data would be 11829 weeks. This is 
67.9% of all effected data and 10.0% of all energy usage data. 
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Table 3.9. Estimates of ELCAP Data Volume (weeks) Affected by 
Reconstruction (Logger Status 5, ?-Recoverable, 
?-Not-Recoverable, ?-Unresolved) by Study. 

Study Status 
5 7-Recov 7-Unres 7-Not- Total --Recov 

CAP 1348 302 104 735 2489 
COM 1542 2185 489 308 4524 
PES 233 510 42 39 824 

Commercial 3123 2997 635 1082 7837 

MAN 1 6 7 
MFM . 163 392 555 
RES 1553 3424 1471 6448 
RSDP 542 1855 175 2572 

Residential 2095 5443 2044 9582 

All 5218 6078 3126 17419 

Study % of Weeks W/Data 
Total All Study Group --

CAP 2489 2.1 25.9 7.2 
COM 4524 3.8 20.9 13.1 
PES 824 0.0 26.1 2.4 

Commercial 7837 6.6 22.8 

MAN 7 0.0 1.5 0.0 
MFM 555 0.0 10.7 0.0 
RES 6448 5.5 11.2 7.7 
RSDP 2572 2.2 12.6 3.1 

Residential 9582 8.1 11.4 

All 17419 14.7 
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4.0 TIME SEGMENT DISTRIBUTIONS 

Tables 4.1, 4.2 and 4.3 present distributions of the lengths of the time 
segments which were summed to generate the data volume estimates. These 
distributions provide insight into the data acquisition, processing and 
maintenance activities. Each segment indicates that a break or change in the 
flow of information has occurred. A change occurs for reasons such as owner 
modifications, hardware failure or site maintenance. A segment or a set of 
segments is an indicator of a manual intervention in an automated data 
acquisition and reduction process. · 

4.1 DISTRIBUTION OF TIME SEGMENT LENGTHS (WEEKS) 

The estimates discussed above resulted from the analysis of 10605 LOGGER 
HISTORY time segments. The significance of this value is not how large it is 
but how small it is given that 760 loggers have been deployed for up to 5 
years in the field. Roughly, there have been 14 entries in logger history 
per logger over the life of the program or about 3 per year per logger. This 
equates to less than 1 intervention in the automated data collection per 
logger per year. 

Segments are entered in sets of 1 or more entries, with each set usually 
documenting one intervention. For instance, the hardware fails, a site 
maintenance visit occurs, new data is gathered and verified. A problem of 
this nature generates 3 or more logger history entries. A typical logger's 
life is a series of long status 1, 2, or 3 segments making uneventful 
automated data collection punctuated by sets of short segments featuring 
several logger statuses denoting intervention for a problem and quick 
correction. 

Of the 10604 segments, 5302 were 2.3 weeks or shorter in length while 75% 
were less -th-an 13 weeks in length. Approximately 50% of the segments 
accounted for less than 12000 weeks or 9.2% of the monitored period. 25% of 
the entries marked for segments less than one week in length or for less than 
1.6% of the data. 

These results indicate that problems are quickly identified, acted upon, and 
documented. They also show that a significant effort is required to address 
problems involving a small percentage of the data. This expenditure, however, 
keeps small problems small. 

Table 4.1. Overall Distribution of Segment Lengths (weeks). 

PERCENT! LES 
N Min. lOth 25th Median 75th 90th Max. 

10604 0.0 0.3 0.7 2.3 12.7 37.7 225.4 
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4.2 DISTRIBUTION OF SEGMENT LENGTHS (WEEKS) BY STUDY 

For commercial studies, greater than 50% of the 3613 commercial segments are 
shorter than 2 weeks in length. 50% of the 6991 residential segments are 
less than 3 weeks in length. In general, residential segments are one and 
one-half times or more longer than commercial segments. This can be expected 
since (1) commercial installations are more complicated, (2) the owners tend 
to modify their electrical systems more often, and (3) commercial problems 
are addressed more quickly than residential. 

Table 4.2. Distribution of Segment Lengths (weeks) by Study. 

PERCENT! LES 
Stud:t N Min. lOth 25th Median 75th 90th Max. 

CAP 1206 0.0 0.1 0.6 1.4 8. 7 24.8 139.1 
COM 2136 0.0 0.1 0.7 1.7 10.7 28.7 166.6 
PES 271 0.0 0.3 0.7 2.4 15.7 37.6 133.6 

MAN 66 0.0 0.4 0.7 2.5 6.2 18.9 116.6 
MFM 480 0.0 0.4 0.9 4.1 16.3 40.0 118.7 
RES 4894 0.0 0.3 0.9 2.9 14.1 41.7 216.4 
RSDP 1551 0.0 0.3 0.9 2.6 14.9 45.1 225.4 
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4:3 DISTRIBUTION OF SEGMENT LENGTHS (WEEKS) BY LOGGER STATUS 

The distributions of the segments by Logger Status are presented in Table 
4.3. For the highest quality data, Logger Status 1, 50% of the segments are 
20 weeks or longer in length with 10% greater than 89 weeks. In contrast, 
more than 50% of the segments for almost all other logger statuses are 1 month 
in length or shorter. In particular, note the distribution for the logger 
status 9 time segments. 

First, ·there ·are more logger status 9 segments, 3186, than any other. 50% of 
these are 1 week or shorter in length and another 25% less than 1 month in 
length. This shows that the difficulties hampering data collection are 
usually short lived. Status 9 segments account for 11% of all weeks with 
loggers installed. This coupled with the distribution of segments indicate 
data losses occur often but are short lived. 

STATUS 

1 
2 
3 
4 
5 

6 
7-Recov. 
7-Unres. 

8- - -

Table 4.3. Distribution of Segment Lengths (weeks) 
by Logger Status. 

PERCENT! LES 
N Min. lOth 25th Med1an 75th 

1866 0.0 0.9 4.3 19.4 55.9 
2217 0.0 0.6 0.9 2.6 11.1 

679 0.0 0.5 0.9 5.4 20.3 
17 0.7 0.8 0.9 1.3 6.4 

525 0.0 0.4 0.9 4.1 11.7 

443 0.0 0.3 0.7 1.3 5.4 
364 0.0 0.3 0.7 2.1 11.0 
583 0.0 0.6 1.0 2.9 13.1 

89 0.0 0.3 0.7 1.7 18.2 

7-Not-R. 625 0.0 0.1 0.7 1.4 5.7 
9 3196 0.0 0.0 0.3 1.1 3.6 

5.0 INFERENCES CONCERNING END-USE RECONSTRUCTION 

90th Max. 

89.1 225.4 
27.6 140.9 
51.4 209.4 
12.3 13.4 
27.7 143.4 

14.6 136.0 
25.0 63.4 
28.6 211.3 

35.1 130.0 

13.5 84.9 
12.9 144.3 

As discussed in section 3.9, less than 15% of all energy use data is affected 
by end-use reconstruction. To date, 30% of the 17419 effected weeks have 
been reconstructed. It was estimated that 67% of the remaining 12000 weeks 
could also be recovered. After all reconstruction is completed, 10% of all 
data would have been reconstructed. The distribution of time segments 
affected by reconstruction are given in Table 4.3 under Status 5, ?
Recoverable, ?-Unresolved and ?-Not-Recoverable. The distributions for the 
Status 5, ?-Recoverable and ?-Unresolved are very similar to each other. 50% 
of the 1472 segments are 3 weeks or less in length while 368 or 25% are longer 
than 11 weeks. It is reasonable to believe that periods of 3 months or longer 
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can be reconstructed for multiple loggers, perhaps filling critical seasonal 
gaps. 

The distribution of the 625 status ?-Not-Recoverable segments indicate that 
few periods of 6 weeks or longer are not recoverable. Indeed, 468 of the 
625, or 75%, are shorter than 6 weeks while the longest is 84.9 weeks. 

The effect of reconstruction is more dramatic when considered on a logger by 
logger basis. Table 5. 1 lists 6 loggers which presently have no data 
acceptable (status 1,2,3,4,5) for energy usage analysis and 16 loggers with 
weeks of status ?-Unresolved data exceeding the weeks of acceptable data by 1 
to 20 times. 

Logger 
DI 

224 
237 
321 
521 
182 
180 
404 
385 
661 
303 
515 
366 
117 
265 
155 
347 
485 
178 
202 
417 

46 
501 
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Table 5.1 Loggers Benefitting from Significant 
Recovery of Status ?-Unresolved Data (weeks) . 

STUDY --

RES 
RES 
RSDP 
RES 
RES 
RES 
RES 
RES 
MFM 
RSDP 
RES 
RES 
RSDP 
RES 
RES 
RES 
RES 
RSDP 
RSDP 
RES 
RES 
RSDP 

STATUS 

1 through 5 
ill 

6.7 
4.7 
9.7 

11.7 
19 .3 
6.3 

21.9 
33.7 
24.6 
58.7 
38.7 
52.0 
95.1 
72.0 
55.1 
95 .6 

22 

7-Unres 
ill 

212.7 
84.1 
56.3 
37.3 
11.0 
2.3 

132.0 
68.6 

119.3 
103.6 
113.6 
27.3 
75.3 
96.3 
72.4 

122.6 
61.4 
75.1 

126.0 
87.7 
59.7 
99.6 

Ratio 
(B/ A) 

19.7 
14.6 
12.3 
8.9 
5.9 
4.3. 
3. 4 
2.9 
2.9 
2.1 
1.6 
1.4 
1.3 
1.2 
1.1 
1.0 
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Table 5.2 presents the distribution of the ratio defined in Table 5.1 for the 
218 loggers having segments of status ?-Unresolved data and some weeks of 
data acceptable for energy analysis. As shown, the volume of data is equal 
to 12% or more of the acceptable data for 50% of the effected loggers. For 
22 of these, the ?-Unresolved data is equivalent to 70% of their acceptable 
data. And for 6 loggers, the volume of unresolved data is 5 times the volume 
of data acceptable for energy analysis. For 54 loggers, the volume of ?
Unresolved data is 4% or less of the volume of acceptable data. 

Table 5.2. Distribution of Ratio of Weeks of Status ?-Unresolved 
Data to Weeks of Data Acceptable for Energy Analysis. 

N 

218 

Min. 

o.oo 
lOth 

0.01 

PERCENTILES 
25th Median 75th 

0.04 0.12 0.29 

90th Max. 

0.70 19.66 

Certain Loggers presently have significant amounts of acceptable data. They 
also have 1 or more segments of Status 7 data that are significantly long. 
Table 5.3 shows the distribution of the maximum segment lengths for the 224 
Loggers. 75% of the Loggers have an unresolved segment longer than 1 month 
with 50%, or 112, having segments almost 4 months or more in length. 
Reconstruction of these large segments alone would significantly add to the 
volume of data acceptable for analysis. 

Table 5.3. Distribution of Status ?-Unresolved 
Maximum Segment Lengths. 

PERCENTILES 
N Min. lOth 25th Median 75th 90th Max. 

224 0.00 1.14 3.89 14.64 27.11 46.36 211.29 
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