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DISCLAIMER

This report was prepared by the Energy Systems Laboratory (ESL) of the Texas Engineering
Experiment Station (TEES) and was sponsored by the Texas State Energy Conservation Office
(SECO). Neither the ESL, TEES, or SECO, or any of their employees, makes any warranty,
express or implied, or assumes any legal liability or responsibility for the accuracy, completeness,
or usefulness of any information, apparatus, product, or process disclosed, or represents that its
use would not infringe on privately-owned rights.

Reference herein to any specific commercial product, process, or service by tradename,
trademark, manufacturer, or otherwise, does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the ESL, TEES, SECO or any agency thereof. The views and
opinions of the authors expressed herein do not necessarily state or reflect those of SECO or any
agency thereof.
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INTRODUCTION

The Texas LoanSTAR program is an eight year, $98 million revolving loan program,
funded by oil overcharge dollars, for energy conservation retrofits in Texas state, local
government and school buildings. The program began in 1988. Public sector institutions
participating in the program must repay the loans according to estimated energy savings from an
energy audit.

As part of this program, a statewide energy Monitoring and Analysis Program (MAP) has
been established. The major objectives of the LoanSTAR MAP are to:

1) verify energy and dollar savings of the retrofits
2) reduce energy costs by identifying operational and maintenance improvements
3) improve retrofit selection in future rounds of the LoanSTAR program
4) initiate a data base of energy use in institutional and commercial buildings in Texas.

Four levels of metering systems have been developed for the energy monitoring program.
These accommodate the necessary requirements with the funds available for monitoring retrofits.
For sites where the retrofits in individual buildings are less than $50,000-$ 100,000, savings are
determined from utility billing data before and after retrofits and no separate meters are installed.
Such sites are called "level-zero" sites. This level requires no monitoring equipment costs.

PROCEDURE

Utility bill information and project implementation status was sought on 20 sites where no
monitoring equipment was installed (level-zero sites). All 20 sites (see Table 1) have been
contacted at least once by phone. It was found that one site (#49, Parks and Wildlife Fish
Hatcheries) has not implemented, and does not intend to implement the retrofit due to lack of
matching funds in their budget. The loan for another site (#71, City of Nacogdoches) was found
to be for retrofit of street lights. Street lights are billed based on connected load and are not
metered by utilities, so these sites were dropped from this effort. A list of the retrofits and their
implementation status is shown in Appendix A.

Of the remaining 18 level-zero sites, four sites (Hull-Daisetta ISD, UT Permian Basin-
Odessa, Gregg County and City of Alice) have not sent any bills. Hull-Daisetta bills were not
requested since no work has been completed and it is doubtful any work will be done. We do not
have complete post retrofit data for three other sites whose retrofits were completed last year or
early this year (Rice ISD, Apple Spring ISD and University of Houston-Clear Lake). Additional
information was requested by recontacting the sites, or contacting the electric and gas utilities.
The latest Rice ISD bills were received on 6/5/95 and the work at the University of Houston-
Clear Lake was finished in mid June, 1995.

Upon receiving the utility bills, the information was entered into a spreadsheet (see
Appendix B). The baseline consumption used was determined by averaging the pre-retrofit
consumption for each month. For example, if the pre-retrofit period contains the month of
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Table 1. Data Collection Status for Level-Zero Sites

January twice, then the baseline January consumption is the total consumption for the two
months of January divided by two.

The number of available monthly utility bills before the completion date of the retrofits
ranges from 12 months to 38 months. The bills after the retrofit completion are not used in the
calculation of the baseline. Sometimes, only the completion date of the retrofit is known. In
such cases two months of data before the completion date are discarded (assuming that most
retrofits take approximately two months to complete).

Time series plots of consumption were created and the simple unadjusted monthly
savings (in kWh or Mcf) were calculated. Table 2 summarizes the energy consumption and
savings for each site. It can be noticed that nine out of the eleven sites have reduced their
electricity consumption, and five out of eleven sites have reduced their gas consumption.

Weather (outside temperature) adjusted calculations were conducted to investigate the
effect of outside temperature normalization on the savings calculations. Volume II of this report
shows detailed calculations (unadjusted and adjusted) for each site. A summary of the results
from both methods (unadjusted and adjusted) are shown in Table 3.
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The total savings from adding the electricity savings from Table 2 and gas savings from
Table 3 are not the same as the savings in Table 4. The reason they are different is that Table 4
shows the savings over the period of available weather data to do the adjusted analysis. Tables 2
and 3 are cumulative savings from the completion of each retrofit to the date of last known
billing information. Note that the time periods are different.

SAVINGS CALCULATIONS

Unadjusted Savings Calculations

The unadjusted savings were calculated using the following steps:
1- Calculate the pre-retrofit average monthly energy consumption (kWh and Mcf).
2- Calculate the post-retrofit average monthly energy consumption (kWh and Mcf).
3- Calculate the monthly energy savings by subtracting the results of points 1 and 2
above.
4- The cumulative energy savings are the sum of the monthly savings.
5- The dollar savings are determined by using the energy savings multiplied by the
avoided cost of energy calculated in the audit reports.

Weather Adjusted Savings Calculations

The weather adjusted savings were calculated using the following steps:
1- To eliminate the effect of different billing period lengths, calculate the average

daily energy consumption for each pre and post retrofit period.
2- Calculate the average temperature for each corresponding billing period.
3- Use E-Model to do the weather normalization and to obtain the cumulative average

daily energy savings.
4- Multiply the results from E-Model by 30.5 days/month to obtain the cumulative

savings.
5- Calculate the dollar savings using the energy savings multiplied by the avoided cost of

energy calculated in the audit report.

Detailed calculations for each site are shown in Volume II. For each site the ECRM
description, approved loan amount, expected savings, the pre and post-retrofit energy use
(electricity and gas separately), cost of energy, energy savings (in kWh and MCF), the percentage
change in energy use, monthly energy use plots (for electricity and gas separately) and weather
adjusted energy savings model parameters are given in Volume II.

RESULTS

Table 3 shows the electric energy savings using zero-level analysis for 11 sites. Table 4
shows the gas savings. The cumulative unadjusted total cost savings for electricity and gas is
$158,676. Two sites show negative savings in electricity consumption and six sites show
negative savings in gas consumption.
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Table 5 shows a summary of unadjusted and adjusted savings calculations. The weather
adjusted savings for seven sites total $123,362, compared to unadjusted savings of $115,210.
Weather normalization was not done for four sites (Center ISD, Nocona ISD, City of Duncanville
and Lake Dallas ISD) due to lack of reading dates on the bills or to weather files which were
unavailable. The unadjusted savings from the 11 sites are $145,761. The energy expected
savings (from energy audits) for the same period of weather dates are $393,903.

DISCUSSION

The savings reflected in utility bills were only 37% of the expected savings. If weather
adjustment had the same impact on the four unadjusted sites, actual savings were $156,074
which is still only 40% of the expected savings. The adjusted savings of $123,362 is
approximately 48% of the estimated energy audit savings for those seven sites. Two sites,
namely the City of Plainview and Refugio County exceeded their estimated savings from the
energy audit. The remaining nine sites showed less savings than expected. One of the 11 sites,
Nocona ISD, showed negative savings. The discrepancy between expected and measured savings
are: change in schedules, new equipment installed, improper application of ECRMs, and over
estimation of savings by energy auditors. In general, the savings for the post-retrofit period of
93-94 are higher than for the 92-93 post-retrofit period.

Negative savings in gas or electricity for four sites may be attributed to the following
causes:

Bastrop ISD: The increase in gas consumption may be attributed to ECRM #3 (install
motion sensors), where the reduction in lighting load will increase heating requirement
during the winter months. The audit report did not investigate the effect of this ECRM on
gas consumption.

Nocona ISD: The audit report expected an increase in gas consumption, because of
ECRM # 1 (fixture relamping), of 7.4 MCF/yr. However, the audit report did not show
an increase in gas consumption from ECRM # 3 (interior lighting control).

Hubbard ISD: The audit report expected an increase in gas consumption of 1643
MCF/yr. Table 4 shows an increase in gas consumption of 120 MCF/yr. Hence, the
negative gas savings were smaller than expected.

Lake Dallas ISD: The audit report predicted an increase in gas consumption of 468
MCF/yr. Table 4 shows an increase of 120 MCF/yr, again, smaller than expected.
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Table 2. Electricity consumption/savings from utility bill analysis.
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Table 3. Gas consumption/savings from utility bill analysis.
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Table 4. Adjusted and unadjusted savings calculations from utility bill analysis.
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APPENDIX A

STATUS OF ECRM IMPLEMENTATION FOR EACH SITE
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APPENDIX B

SPREADSHEET FORMAT

The following are sample spreadsheets (one for electricity and one for natural gas) for the
Middle School of Hubbard ISD. The information in the electricity spreadsheet includes site
name, utility bill account number, bills start and end dates, actual and bill peak demands,
measured energy consumption, bill amount and electric meter number. The "-99" is a flag for
missing or unavailable data.

For the natural gas, the information in the spreadsheet includes site name, account
number, bills start and end dates, gas used, bill amount and date when data was entered into the
spreadsheet.

14



ELECTRICITY



ELECTRICITY



NATURAL GAS



NATURAL GAS


