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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the State

of Texas. Neither the State of Texas nor any agency thereof, nor 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.

References herein to any specific commercial product, process, or service by trade name,

trademark, manufacturer, or otherwise, does not necessarily constitute or imply its

endorsement, recommendation, or favoring by the State of Texas or any agency thereof.

The views and opinions of the authors expressed herein do not necessarily state or reflect

those of the State of Texas or any agency thereof.
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EXECUTIVE SUMMARY

This report presents the results of a study of the potential cost savings which may be

achieved by improving operational and maintenance (O&M) practices at Dunbar Middle

School and Sims Elementary School in the Fort Worth Independent School District. This

report discusses the methodology used to identify the O&M measures and summarizes the

potential savings of these measures.

The O&M measures identified in these schools include turning off HVAC systems at

night, turning off lights at night and installing motion sensors in the auditorium,

gymnasium, and activity center.

Both Dunbar and Sims had lighting retrofits, which were funded by the LoanSTAR

program, completed in November, 1991. As part of the LoanSTAR program, the lighting

electricity use, whole-building electricity use and gas consumption have been measured

since September 1991. The measured utility energy cost, measured savings due to the

lighting retrofit and projected savings of O&M measures are summarized in the following

table.

The results show lighting retrofit savings of $12,663 and potential annual O&M

savings of $57,147 for these two schools, which accounts for 7% and 33%, respectively,

of the total annual energy cost ($172,181) in 1992. Quite surprisingly, the O&M savings

are about 5 times the LoanSTAR lighting retrofit savings in these two schools. Obviously,

O&M measures should be given a high priority. However, it is recommended that the

building operators carefully monitor comfort level and indoor air quality when the O&M

measures are implemented to be sure that conditions are not compromised.
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Note: The values in this table are based on LoanSTAR measured data for the period
01/01/92 to 12/31/92 with a constant unit price of $0.0674/kWh for electricity and
$4.6/MBtu for natural gas.

Shortly after the site visit on March 8,1993 when the evening use of the HVAC

systems was discovered, the Fort Worth Independent School district began turning off the

HVAC system at night and on weekends at Dunbar Middle School. The following figure

shows the LoanSTAR measured hourly whole-building electricity consumption before and

after adopting the O&M measures. This figure clearly shows that the HVAC shut-down

dropped the whole-building electricity consumption from 110 kW at night and on

weekends to 35 kW, a savings of 75 kW. Although the current electricity consumption

remains higher than an ideal nighttime consumption of 16 kW, the actual savings is larger

than the estimated savings in this report due to the fact that the estimate was conservative

and did not include daytime savings during weekends.
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Measured Whole-building Electricity Consumption from March 2nd to April 12 1993 at
Dunbar Middle. School. Note: site visit was performed on March 8th, 1993; Shut-down

started on March 15th, 1993.
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POTENTIAL OPERATION AND MAINTENANCE (O&M) SAVINGS AT
DUNBAR MIDDLE AND SIMS ELEMENTARY SCHOOL

INTRODUCTION

O&M savings refers to energy savings due to improved operation and maintenance of

building systems. It is expected that the improved operation of the building systems can

result in substantial energy savings in school buildings since these buildings are unoccupied

at night and contain a large amount of infrequently used space, such as in auditoriums,

gymnasiums, and activity centers that often consume energy when not in use.

Two schools in the Fort Worth Independent School District, Dunbar Middle School

and Sims Elementary School, were chosen to investigate the impact of O&M

improvements on energy consumption and savings.

Dunbar Middle School encompasses 92,884 square feet of floor area, including a

two-story main building, a separated activity center (17,745 square feet) and two portable

buildings (3,100 square feet in total). The main building contains a gymnasium, an

auditorium and a cafeteria, which have a combined floor area of 14,720 square feet. The

remaining floor area is taken up by classrooms and offices. The classrooms and offices are

used about 8 hours per day, Monday through Friday, and are closed on weekends, while

the auditorium, gymnasium, activity center, and cafeteria (32,465 square feet, or 35% of

the total floor area) are typically used just a few hours per day. Sims Elementary School

encompasses 62,400 square feet of floor area, including a gymnasium (2,911 ft2) and a

cafeteria (3,380 ft2), which are also used just a few hours per day.

Dunbar Middle School has four central air handling units, five rooftop HVAC units,

two package HVAC units (portable building), four window A/C units (portable building),

and a natural gas fired hot water boiler. Sims Elementary School has 41 rooftop HVAC

units with economizer and gas-fired heaters. The lighting retrofit completed in November,

Texas Governor's Energy Office Energy System Laboratory
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1991 as part of the LoanSTAR program reduced lighting demand 48.1 kW in Dunbar

Middle School and 60 kW in Sims Elementary School according to the audit report. A

Central Energy Management System (EMS) at the Fort Worth Independent School

District can remotely control all the HVAC systems, excluding the lighting systems and

the lighting and HVAC systems in the portable buildings. The hourly electricity and gas

consumptions have been closely monitored by the LoanSTAR program since August,

^ 1991 and have been reported in Monthly Energy Consumption Reports (MECR).

The annual utility bills for the period 07/01/91 to 07/01/92 totaled $146,863

($1.58/ft2) for Dunbar Middle School and $67,146 ($1.08/ft2) for Sims Elementary

Schools. These consumption levels are relatively high compared with a number of other

schools in Texas [1, 2, 3,4, and 5].

The utility bills (kWh and MBtu) are consistent with LoanSTAR measured data (See

Figure A-1 in Appendix A). In the remaining sections of this report, all the analysis and

calculations of potential O&M savings are based on LoanSTAR measured hourly data.

Figures 1 and 2 were generated using LoanSTAR hourly data from 1992, which show the

annual energy costs (electric plus gas) during daytime (7 a.m. to 5 p.m.) and nighttime

hours (See Appendix B for detailed information). Figure 1 shows that the annual energy

cost during nighttime unoccupied hours is about 43.9% of the total annual energy cost of

$116,286 for Dunbar Middle School. Figure 2 shows that Sims Elementary School

consumed 43.6% of its total annual energy cost of $55,895 during unoccupied hours in

1992. Clearly, the nighttime energy consumption can be substantially reduced in these two

schools.

Texas Governor's Energy Office Energy System Laboratory
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Figure 1: Comparison of Daytime and Nighttime Annual Measured Energy Cost (1992)
at Dunbar Middle School Using LoanSTAR Measured Data with Constant Electricity

Price of $0.0674/kWh and Gas Price of$4.60/MBtu

Figure 2: Comparison of Daytime and Nighttime Annual Measured Energy Cost (1992)
at Sims Elementary School Using LoanSTAR Measured Data with Constant Electricity

Price of $0.0674/kWh and Gas Price of$4.60/MBtu
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The practical operating and maintenance measures in this report, identified from

LoanSTAR data, site visits and short-term confirmation tests, can result in potential

annual savings of $57,147 in these two schools, or 33% of the total operating cost. These

measures, which require essentially no cost to implement, should not reduce the comfort

level of the occupants. However, it is recommended that the building operators carefully

monitor comfort levels and indoor air quality to confirm this.

This report describes the methodology used to identify these O&M opportunities,

presents the O&M savings expected from each measure and provides more detailed

information about calculations in the Appendix.

METHODOLOGY AND O&M OPPORTUNITIES

The steps used to identify and confirm practical O&M opportunities are outlined

below.

1. Investigate, the operating patterns of each school's energy consuming system

using LoanSTAR monitored hourly data. To accomplish this, averaged daily profiles were

calculated for typical weekdays and weekends to determine the time and amount of energy

that could be saved by improved operation. In addition, the ratio of annual energy

consumed during unoccupied hours to total annual energy consumption was calculated to

find the saving potentials.

2. Determine, the nameplate rated power consumption of equipment which must

remain on during unoccupied hours. Estimate the consumption of the equipment during

unoccupied hours using the information from the survey.

3. Investigate the schools' schedules and operation patterns by interviewing school

principals, teachers, and custodial staffs. Daytime and nighttime walkthroughs were

used to confirm the equipment operation. The results provided a typical profile of how the

Texas Governor's Energy Office Energy System Laboratory
LoanSTAR O&M Program Texas A&M University
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school is used during the weekdays and evenings, including how the auditorium, activity

center, and cafeteria are used.

4. Determine O&M opportunities and savings potential based on the results from

steps 1 through 3. Using the measured unoccupied consumption and the

observed/estimated consumption (step 3) calculate savings potential.

5. Perform short-term tests at night to confirm savings of major O&M measures. A

short-term test was performed which included the following procedures: (1) turn off all

the air-handling units, pumps, and chillers, (2) turn off all the lights except security lights.

The resulting total measured electricity consumption represents minimum baseload energy

consumption at night.

These procedures were carried out in each school. Figures 3 to 6 show averaged daily

lighting and HVAC electricity consumption patterns during weekdays for Dunbar Middle

School and Sims Elementary School (The data used are from September and October

1992).

Figure 3 shows that the lighting electricity consumption in Sims Elementary School is

about 7 kW from 1 a.m. to 6 a.m. each day, and 30 kW from 7 p.m. to midnight when the

custodians are working. The security and exit sign lighting are only 3 kW, while the

installed corridors, activity center, cafeteria, and kitchen power account for 27

kW(according to fixture count observed during the site visit). Figure 4 shows that the

HVAC electricity consumption (total electricity consumption minus lighting electricity

consumption) varies from 20 kW to 80 kW from 4 p.m. to 4 a.m., while the estimated

uninterruptible equipment totaled 5 kW in this school.

Figures 5 and 6 show similar results for Dunbar Middle School, which consumes 30

to 40 kW for lighting from 7 p.m. to 7 a.m., and 50 to 60 kW from 4 p.m. to 7 p.m., a

figure that is high when compared to the total security and sign lighting of 3 kW and the

installed corridor, gymnasium, activity center, cafeteria, and auditorium lighting load of 22

Texas Governor's Energy Office Energy System Laboratory
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kW. The other-than-lighting electricity consumption is about 90 to 120 kW from 5 p.m. to

4 a.m., while the estimated uninterruptible equipment have a total capacity of 7 kW. See

Appendix C for detailed lighting fixture and other equipment information, and Appendix D

for additional profiles of the electricity consumption.

Figure 5: Averaged Lighting Electricity
Consumption Profile during Weekdays

(Dunbar Middle School)

Figure 6: Averaged HVAC Electricity
Consumption Profile during Weekdays

(Dunbar Middle. School))

Texas Governor's Energy Office
LoanSTAR O&M Program

Energy System Laboratory
Texas A&M University

Figure 4: Averaged HVAC Electricity
Consumption Profile during Weekdays

(Sims Elementary School

Figure 3: Averaged Lighting Electricity
Consumption Profile during Weekdays

(Sims Elementary School)
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The short-term test performed at Dunbar Middle School demonstrated that lighting

consumption can be reduced to 4.5 kW during unoccupied hours, even with the interior

and exterior security lights and exit sign lights remaining on. The electricity consumption

for loads other-than-lighting can be reduced to 11 kW when all the air-handling units are

turned off. See Appendix E for detailed short-term test information.

The daytime walk-through found that the lights were on in the activity center,

auditorium, gymnasium, and cafeterias in both schools whether in use or not. The

nighttime walk-through found that all the air-handling units, rooftops, pumps and chillers

were on at 11 p.m., even though they were presumably turned off by the remote energy

management system at 5 p.m.

Clearly, O&M savings can be expected from: (1) turning off lights at night; (2)

improving custodial operations; (3) installing motion sensors in auditoriums, gymnasiums,

book rooms and activity centers; (4) turning off air-handling units and/or heaters at night.

The exception would be for any period when extreme freezing conditions exist.

Precautions would need to be taken to avoid freezing pipes. Also, the Dunbar operators

should take the necessary precautions to make sure that comfort and indoor air quality are

maintained.

RESULTS AND DISCUSSION

The potential O&M savings for each school is summarized in Figure 7 by measure.

The estimated combined annual savings is $57,147 for Dunbar Middle School and Sims

Elementary School. Turning off the HVAC systems from 6:00 p.m. to 7:00 a.m. accounts

for $48,015 in savings (84.1 % of the total), which includes $4,952 in gas savings and

$43,063 in electricity savings. Turning off lights at night (11 p.m. to 6 a.m. for Dunbar

Middle School, and midnight to 6 a.m. for Sims Elementary School) can save $3,723

annually, which accounts for 6.5% of the total savings. Turning off lights at night, where

Texas Governor's Energy Office Energy System Laboratory
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the custodians are not working, during custodial hours (6 p.m. to 10 p.m. for Dunbar

Middle School, and 6 p.m. to 11 p.m. for Sims Elementary School) can save $4,728 per

year or 8.3% of the total savings, leaving one half of the remaining lights on in the

corridors, gymnasium, activity center, and cafeteria. Turning off lights with motion

sensors in the activity center, gymnasium, and auditorium can save a total of $681 per year

during unoccupied hours on weekdays, which accounts for 1.2% of the total savings.

Other-than-lighting (75.4%)

Figure 7: Estimated Annual O&M Savings of Each Measure, for Both Sims
Elementary and Dunbar Middle Schools. Total Savings is $57,147

Most of these savings, except for lighting, can be achieved by using the Central

Energy Management System in the Fort Worth Independent School District, provided this

system is properly maintained and operated. However, time clocks should be installed on

the package air conditioning units and window units in portable buildings, and motion

Texas Governor's Energy Office
LoanSTAR O&M Program
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sensors would be required for the gymnasium, activity center, and auditorium. Some

security lights need to be kept on during daytime in these areas.

O&M savings for both schools are listed in Table 1. The third column describes the

actions needed.

Table 1: Summary of O&M Savings for Both Dunbar Middle School and Sims
Elementary School

Figure 8 shows O&M savings for each measure in Dunbar Middle School. Turning off

the HVAC system at (6 p.m. to 6 a.m.) can save $32,248 in electricity and $2,437 in gas

costs annually, which accounts for 85.7% of total savings ($40,457). The annual lighting

savings is $5,772, including $2,839 from improving custodial operation in the evenings,

$2,452 from turning off lights when custodians leave, and $481 from motion sensor

controls in the auditorium and activity center lighting.

Texas Governor's Energy Office
LoanSTAR O&M Program

Energy System Laboratory
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Figure 9 shows O&M savings by measure for Sims Elementary School. Turning off

the HVAC system at night (6 p.m. to 6 a.m.) can save a total of $13,330, including

$10,815 in electricity reductions and $2,515 in gas reductions, accounting for 79.9% of

the annual savings. The lighting savings is $3,360, including $1,889 in savings from

improving the custodial operation in the evenings, $1,271 in annual savings from turning

lights off when the custodians leave, and $200 in savings from installing motion sensors in

the gymnasium hall way. The lighting savings accounts for 17% of the annual savings.

Texas Governor's Energy Office
LoanSTAR O&M Program

Energy System Laboratory
Texas A&M University
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Figure 8: Annual O&M Savings of Each Measure for Dunbar Middle School. The
Total Savings is $40,457
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Figure 9: Annual O&M Savings of Each Measure for Sims Elementary School. The Total
Savings is $16,690

Figure 10 shows the total annual savings for both schools. The projected savings for

Dunbar Middle School amounts to $40,457 per year, which accounts for 70.8% of the

total annual savings for both schools, while Sims Elementary School is projected to save

$16,690, or 29.2% of the total. In terms of unit floor area, Dunbar Middle School has an

annual savings of $0.44/ft2, while Sims Elementary School has an annual savings of

$0.27/ft2. If all O&M measures are implemented as suggested, the resultant EUI for

Dunbar will be 0.82$/ft2yr and 0.63$/ft2yr. This difference in annual savings per unit floor

area may be due to several facts: 1) Dunbar Middle School has a separated activity center

building and two portable buildings while Sims Elementary School consists of only one

building; and 2) Dunbar Middle School has central HVAC systems and Sims Elementary

Texas Governor's Energy Office Energy System Laboratory
LoanSTAR O&M Program Texas A&M University
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School uses rooftop systems. The separated activity center and portable buildings increase

the ratio of envelope area to floor area, which probably contributes to the increased

HVAC energy consumption.

Figure 10: Comparison of Annual Savings for Dunbar Middle and Sims Elementary
Schools

Table 2 summarizes the annual energy cost, projected energy savings, and the

savings/cost ratio. According to LoanSTAR measured data, the annual gas and electricity

costs are $117,280 for Dunbar Middle School and $55,894 for Sims Elementary School. If

the O&M measures identified in this report had been fully implemented in 1992, they

could have saved $40,457 at Dunbar Middle School and $16,690 at Sims Elementary

School, or 34.5% and 29.9%, respectively, of the 1992 total energy costs. If these O&M

Texas Governor's Energy Office
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measures are fully implemented, they will save similar energy costs annually in the

following years.

Table 2 shows that the majority of savings-is from HVAC system shut-down which

can be achieved by using the central energy management system. However, the lighting

savings, which can be achieved through the custodial staff, is also important.

Table 2: Summary of Annual Consumption and Annual O&M Savings in Dunbar
Middle School and Sims Elementary School

Figures 11 and 12 show the measured savings due to the lighting retrofit (top block),

the projected savings due to the O&M measures (middle block), and the projected

remaining monthly energy cost (bottom block) at Dunbar Middle School and Sims

Elementary School. Note that both projected O&M savings and monthly cost were

estimated using LoanSTAR measured energy consumption in 1992.

Figures 11 and 12 show that the O&M savings are much larger than the lighting

retrofit savings. Tables 3 and 4 list the measured monthly energy use and the measured

savings in 1992 due to the lighting retrofit, and the projected O&M savings.

Texas Governor's Energy Office
LoanSTAR O&M Program

Energy System Laboratory
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Figure 11: Measured Savings due to the. Lighting Retrofit (Top Block), Projected Savings
due to O&M Measures (Middle Block) and Projected Monthly Energy Costs (Bottom

Block) at Dunbar Middle School

Table 3: Measured Energy Use and Savings due to the Lighting Retrofit and Projected
O&M Savings at Dunbar Middle School in 1992

Texas Governor's Energy Office
LoanSTAR O&M Program

Energy System Laboratory
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Figure 12: Measured Savings due to the Lighting Retrofit (Top Block), Projected Savings
due to O&M Measures (Middle Block) and Projected Monthly Energy Costs (Bottom-

Block) at Sims Elementary School

Table 4: Measured Energy Use and Savings due to the Lighting Retrofit and Projected
O&M Savings at Sims Elementary School in 1992

Texas Governor's Energy Office
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Energy System Laboratory
Texas A&M University
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CONCLUSIONS

Potential O&M measures have been investigated for Dunbar Middle School and Sims

Elementary School in the Fort Worth Independent School District. The measures

identified from LoanSTAR data were verified using a daytime walk-through and short-

term tests performed at night. The potential annual energy savings of O&M measures

were estimated using LoanSTAR measured data (from January 1st, 1992 to December

31st, 1992), short-term measured results, and the type and number of lighting fixtures

counted during the daytime walk-through.

The study has found that both schools should shut down the HVAC system and turn

off the lights (except security and sign lights) from 6 p.m. to 6 a.m. It is also possible to

turn off part of the corridor, auditorium, gymnasium and cafeteria lights during custodial

working hours when these spaces are not being cleaned. These O&M measures can be

implemented by using the existing Central Energy Measurement System and by improving

the custodial schedules. Consequently, substantial energy savings can be achieved with

only a minimum cost. It is also recommended that the service staffs examine the EMS

system operation periodically.

The potential savings has been estimated for each O&M measure for these two

schools. The results show total annual savings of $57,147 for these two schools, which

accounts for 33% of the total annual energy cost ($173,174) in 1992. The majority of

savings (85.7% for Dunbar, 79.9% for Sims) is from turning off HVAC systems during

unoccupied hours, while the rest of the savings is from turning off lights at night and

improving lighting management during custodial working hours.

We are fortunate to have had a very quick response from the Fort Worth Independent

School District. Following our visit on March 8, 1993, the FWISD management

immediately began implementing the nighttime shut-down. Figure 13 shows the recently

Texas Governor's Energy Office Energy System Laboratory
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measured whole-school electricity consumption. The figure clearly shows that the whole-

building electricity consumption was about 110 kW during evenings and weekends when

the HVAC system was not shut down, and dropped by 75 kW to 35 kW on March 15,

1993. Although the current electricity consumption is slightly higher than the projected 16

kW consumption at night, the actual savings is larger than the estimated savings in this

report due to the fact that our estimation did not include daytime savings during

weekends. See Appendix G for details.

Texas Governor's Energy Office
LoanSTAR O&M Program
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Figure 13: Measured Whole-Building Electricity Consumption from March 2nd to April
12th at Dunbar Middle School. Note: Site visit was performed on March 8th, 1993; Shut-

down started on March 15th, 1993.

It is important to point out that the O&M savings is about 4.7 times higher than the

lighting retrofit savings in these two schools. Clearly, O&M measures should be given a

high priority.

The 2:1 annual savings difference between Dunbar Middle School and Sims

Elementary School reflects the 1.5:1 difference in floor area between Dunbar Middle
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school and Sims Elementary school. It is suspected that the central systems and the

separated buildings at Dunbar Middle school also contribute to this difference.

Since both Sims Elementary School and Dunbar Middle School are typical of their

respective types of schools in terms of size and operation patterns it is highly possible that

similar O&M savings can be achieved in other schools in the Fort Worth Independent

School District.

Texas Governor's Energy Office Energy System Laboratory
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APPENDIX A

This appendix contains the utility bills from the Fort Worth Independent School

District for Dunbar Middle School and Sims Elementary School from May, 1991 through

April, 1992. These data are compared with LoanSTAR measured energy consumption

over the period of January 1st, 1992 through December 31 st, 1992.

Table A-l lists the monthly utility bills at Dunbar Middle School and Sims Elementary

School. It shows total annual energy costs of $146,863 and $67,146 for Dunbar and Sims,

respectively. These costs correspond to the annual unit cost of $1.58/ft2 and $1.08/ft2,

respectively, for Dunbar and Sims.

Table A-l: Summary of Utility Bills at Dunbar Middle School and Sims Elementary
School

* Gas consumption was assumed to be the same as January because of missing data.

Figure A-l compares the average daily whole-building electricity use from the utility

bills with the LoanSTAR measured data for Feburary-December, 1992. Hence, the data

are directly compared only for January through April and for October through December

where the agreement is good. The data for May, June, July, and August are substantially
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different. The lighting retrofits were performed at Dunbar and Sims in September, so the

differences shown in the figure represent the savings due to the lighting retrofits. Based on

the October, 1991 through April, 1992 comparison, it is concluded that the LoanSTAR

measured whole-building electricity use is consistent with the utility bills. The energy

saving analysis in this report uses LoanSTAR measured hourly data since the hourly data

show the building energy operational characteristics in greater detail.

Figure A-l: Comparison of Utility Bills (B) and Measured (M) Electricity Cost
($/month) by LoanSTAR Program (Note: Both Dunbar and Sims used the TU (Texas

Utility) MS charge rate. The measured energy cost was calculated using a constant price
of$0.0674AWhfor electricity and $4.6/MBtufor gas.)

Texas Governor's Energy Office
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APPENDIX B

This appendix provides hourly and monthly electricity and gas consumption from

December, 1991 through November, 1992 at Sims Elementary and Dunbar Middle

School.

Figure B-1 shows hourly whole-building electricity consumption at Dunbar Middle

School. It shows that the electricity consumption rarely dropped below 70 kW at night

and that the HVAC systems were mostly operated 24 hours a day during most of the

summer vacation period.

Figure B-1: LoanSTAR Measured Hourly Whole-Building Electricity Use at Dunbar
Middle School

Figure B-2 shows LoanSTAR measured hourly lighting electricity use at Dunbar

Middle School. It shows that the lighting electricity use was occasionally as low as 2 kW

at night. However, it was generally higher than 10 kW.
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Figure B-2: LoanSTAR Measured Hourly Lighting Electricity Use at Dunbar Middle

School

Figure B-3 shows LoanSTAR measured hourly gas consumption at Dunbar Middle

School. Although the consumption should essentially be zero at night if the HVAC system

is off for most of the heating season, it always remains above 200,000 Btu/hr, which also

indicates constant use.
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Figure B-3: LoanSTAR Measured Hourly Gas Consumption at Dunbar Middle School

Figure B-4 shows LoanSTAR measured hourly whole-building electricity

consumption at Sims Elementary School. The electricity consumption was often as high as

30 kW at night when only the security lights, exit lights, and a few refrigerators need to be

on. The high electricity consumption (50kW) during summer vacation shows that the

HVAC systems were on during this period, which presents a substantial energy

conservation opportunity.
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— WBE FW-SIM ;
Figure B-4: LoanSTAR Measured Whole-Building Electricity Consumption at Sims

Elementary School

Figure B-5 shows LoanSTAR measured hourly lighting electricity consumption at

Sims Elementary School. The figure shows that the lighting consumption was often as

high as 7 kW at night while 3 kW is generally enough for the security and exit lights.
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Figure B-5: LoanSTAR Measured Hourly Lighting Electricity Consumption at Sims

Elementary School

Figure B-6 shows LoanSTAR measured hourly natural gas consumption at Sims

Elementary School. Figure B-6 shows no zero consumption at night during the winter. It

appears that the heating systems were on at night during the winter months.

Figure B-6: LoanSTAR Measured Hourly Natural Gas Consumption at Sims Elementary
School
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The monthly electricity and lighting consumptions were totaled from LoanSTAR

measured hourly data. The monthly consumptions were also totaled from 7:00 a.m. to

6:00 p.m. and from 6:00 p.m. to 7:00 a.m., which are defined as daytime and nighttime

respectively. Tables B-l to B-6 give the measured monthly consumption results.

Texas Governor's Energy Office Energy System Laboratory
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Note: Column 1 lists the month, column 2 the whole-building electricity consumption, column 3 the lighting electricity consumption, column 4 the
gas consumption (in units of cubic feet), column 5 the gas (in units of MBtu), column 6 the average ambient temperature during each month, and
column 7 the total hours of each month.
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Table B-2: The Measured Monthly Energy Consumption from 7:00 a.m. to 6:00 p.m. (Daytime) at Dunbar Middle School

Note: Column 1 lists the month, column 2 the whole-building electricity consumption, column 3 the lighting electricity consumption, column 4 the
gas consumption (in units of cubic feet), column 5 the gas (in units of MBtu), column 6 the average daytime ambient temperature during each month,
and column 7 the total hours of each month.
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Table B-3: The Measured Monthly Energy Consumption at Night (6:00 p.m to 7:00 a.m.) at Dunbar Middle School

Note: Column 1 lists the month, column 2 the whole-building electricity consumption, column 3 the lighting electricity consumption, column 4 the
gas consumption (in units of cubic feet), column 5 the gas (in units of MBtu), column 6 the average nighttime ambient temperature during each month,
and column 7 the total hours of each month.
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Note: Column 1 lists the month, column 2 the whole-building electricity consumption, column 3 the lighting electricity consumption, column 4 the gas
consumption (in units of cubic feet), column 5 the gas (in units of MBtu), column 6 the average ambient temperature during each month, and column 7 the
total hours of each month.
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Note: Column 1 lists the month, column 2 the whole-building electricity consumption, column 3 the lighting electricity consumption, column 4 the gas
consumption (in units of cubic feet), column 5 the gas (in units of MBtu), column 6 the average daytime ambient temperature during each month, and
column 7 the total hours of each month.
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Table B-6: The Measured Monthly Energy Consumption Over 6:00 p.m. to 7:00 a.m. (Nighttime) at Sims Elementary School

Note: Column 1 lists the month, column 2 the whole-building electricity consumption, column 3 the lighting electricity consumption, column 4 the gas
consumption (in units of cubic feet), column 5 the gas (in units of MBtu), column 6 the average nighttime ambient temperature during each month, and
column 7 the total hours of each month.
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Tables B-7 and B-8 summarize the annual energy consumption and cost index, e. g.

annual energy consumption or cost per square foot. The energy consumption was

calculated as the ratio of annual consumption to the floor area for each school. The cost

indexes were calculated using a constant electricity price of $0.0674/kWh, and a gas price

of $4.6/MBtu. Both Dunbar Middle and Sims Elementary Schools have about the same

lighting and gas index, (3.54 and 3.42 kWh/ft2yr for lighting, and 19.50 and 19.61 ft3/ft2yr

for gas). However, the electricity indexes (other-than-lighting) are 13.66 kWh/ft2yr for

Dunbar Middle and 8.49 kWh/ft2yr for Sims Elementary School. Since this electricity

consumption is mainly due to HVAC systems, it appears that the HVAC system at Dunbar

Middle School consumed 1.6 times more energy than that at Sims Elementary school. This

high HVAC system energy consumption may be due to the following reasons: (1) Dunbar

Middle School has a gymnasium, an auditorium, and an activity center, which have a

smaller ratio of floor area to space volume than that of normal class rooms; (2) Dunbar

has two portable buildings and an activity center, which increase the ratio of exterior

envelope to the floor area; (3) Dunbar is conditioned by three central systems while Sims

is conditioned by rooftops; and (4) there is possible system degradation at Dunbar Middle

School, which may require commissioning the HVAC systems.

Table B-7: Summary of Energy and Cost Indices at Dunbar Middle and Sims Elementary
School Before Implementing O&M Measures

The annual energy consumption and cost indices after implementing O&M measures

are substantially smaller than those in Table 7. However, Dunbar middle school still has
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higher indices than Sims, which may reflect the impact of the system type and system

efficiency.

Table B-8: Summary of Projected Energy and Cost Indices at Dunbar Middle and Sims
Elementary School After Implementing O&M Measures

Figures B-7 and B-8 show the ratio of the night energy consumption to the total

energy consumption on a monthly basis for Dunbar Middle and Sims Elementary Schools,

respectively. Note that the annual data were calculated as the ratio of annual night

consumption to the annual consumption instead of the average ratio of each month.

Figure B-7 shows that the nighttime lighting consumption ratio varied from 0.28

(May) to 0.48 (July), the other-than-lighting electricity consumption ratio varied from 0.41

(October) to 0.52 (July), and the gas consumption ratio varied from 0.27 (April) to 0.47

(July) at Dunbar Middle School. It also shows that the annual nighttime lighting

consumption is about 32% of the total lighting consumption, other-than-lighting electricity

consumption at night is about 47% of the total consumption, and annual gas consumption

at night is about 38% of the total annual gas consumption at Dunbar Middle School. The

energy consumption at night contributes significantly to the total energy consumption,

even when the school is closed.
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Figure B-7: Ratio of the Nighttime (6:00 p.m. to 7:00 a.m.) Energy Consumption to
the Total Energy Consumption for Dunbar Middle School (According to LoanSTAR

Measured Data)

Figure B-8 shows that the nighttime lighting consumption ratio varied from 0.32

(August) to 0.41 (December), the other-than-lighting electricity consumption ratio varied

from 0.37 (February) to 0.54 (July), and the gas consumption ratio varied from 0.22

(September) to 0.53 (December) at Sims Elementary School. It also shows that the annual

nighttime lighting consumption is about 36% of the total lighting consumption, other-than-

lighting electricity consumption at night is about 46% of the total consumption, and annual

gas consumption at night is about 49% of the total annual gas consumption at Sims

Elementary School. The energy consumption at night contributes significantly to the total

energy consumption, even when the school is closed.
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Figure B-8: Ratio of the Nighttime (6:00 p.m. to 7:00 a.m.) Energy Consumption to the
Total energy Consumption for Sims Elementary School (According to LoanSTAR

Measured Data)

Figure B-9 shows ratios of night lighting consumption to the total lighting

consumption for Dunbar Middle School and Sims Elementary School. It shows that Sims

Elementary School has a slightly higher ratio than Dunbar most of the time except during

summer vacation (July and August). It appears that these two schools are operated using

similar lighting patterns.
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Figure B-9: Ratios of Nighttime (6:00 p.m. to 7:00 a.m.) Lighting Consumption to Total
Lighting Consumption for Dunbar Middle and Sims Elementary School

Figure B-10 shows the ratios of other-than-lighting electricity consumption at night to

the total other-than-lighting electricity consumption for both Dunbar Middle and Sims

Elementary Schools. It shows that Dunbar Middle School has a higher ratio than that of

Sims during most months, except for June, July, September and October.

Figure B-10: Comparison of ratio of Nighttime (6:00 p.m. to 7:00 a.m.) Other Than
Lighting Consumption to Total Other Than Lighting Consumption for Dunbar Middle

and Sims Elementary School
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Figure B-l 1 shows the ratio of nighttime gas consumption to the total gas

consumption. It shows that Sims Elementary School has a higher ratio than Dunbar

Middle School for most months.

Figure B-11: Ratios of Nighttime (6:00 p.m. to 7:00 a.m.) Gas Consumption to the Total
Gas Consumption at Dunbar Middle and Sims Elementary School
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APPENDIX C

A site visit to Sims Elementary School was performed on 8 March, 1993. The lighting

fixtures were counted room by room. The total installed fixture count is 824, including

606 88-watt two-lamp fixtures (Type A), 16 40-watt single-lamp fixtures (Type B), 141

80-watt two-lamp fixtures (Type C), one 20-watt lamp (Type D), eight 30-watt lamps

(Type E), 20 18-watt lamps (Type F), 22 250-watt lamps (Type G), and 10 100-watt

lamps (Type H). The lighting fixtures have a total installed wattage of 72,368. The lighting

fixture counts are summarized in Table C-l.
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Note: The watts include both lamp and ballasts.

Table C-2 groups the fixtures into class-room and office room lights, service room

lights, kitchen and gymnasium room lights, and exterior lights. The security lighting was

defined as the sum of exterior lights plus 1.4 kW, which serves the four entries to the

building and generally remians on at night. The maximum custodial lighting was defined as

the sum of corridor, kitchen and gymnasium, exterior, and service room lighting since all

of these lights could occasionally be on at same time.
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Table C-2: Installed Lighting Wattage for Different Purposes at Sims Elementary School

A site visit to Dunbar Middle School was performed on 31 March, 1993. The lighting

fixtures were counted room by room. The total installed fixture count is 1130, including

702 88-watt fixtures (Type A, 2x4,2-lamp), 57 45-watt fixtures (Type B, 2x2,2-lamp)-

which were retrofitted from Type B1,74 88-watt fixtures (Type Bl, 2x2,2-lamp), 103

88-watt fixtures (Type C, 2-lamp, 4 feet strip), 43 88-watt fixtures (Type D, 1x4,2-lamp),

one 66-watt fixture (Type E, 2-lamp, 3 feet strip), 106 88-watt fixtures..(Type F), 12 150-

watt lamps (Type G), and 32 150-watt fixture s(Type H, 2x4,4-lamp). The lighting

fixtures have a total wattage of 99.5 kW. The results of the fixture count are summarized

in Table C-3.
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Table C-3: Results of Lighting Fixture Count During the Site Visit at Dunbar Middle
School
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Table C-4 groups the fixtures into class-room and office room lights, service room

lights, kitchen and gymnasium room lights, and exterior lights. The security lighting was

defined as the exterior lights plus entry lights to the building. The maximum custodial

lighting was defined as the sum of corridor, kitchen, gymnasium, activity center, exterior,

and service room lighting.

Table C-4: Installed Lighting Wattage for Different Purposes at Dunbar Middle School

Table: C-5 lists the kitchen equipment at Dunbar Middle School. This information

came from the initial blue print of the school design. Note that the site visits found that

this information is accurate. Sims Elementary School has the same equipment.
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Table C-5: Installed Kitchen Power Devices at Dunbar Middle School

Note that Dunbar Middle School has three free-standing cola vendors, each with a

designed electricity load of 1.2 kW or total of 3.6kW. Hence, Dunbar Middle School has a

total cycling load of 10.34 kW.
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APPENDIX D

An average weekly electricity profile was generated by averaging the electricity

consumption at the same time of day and the same day of the week from nine weeks of

data (September and October), which were avilable at the time of analysis. The averaged

daily profile was generated by averaging the electricity consumption at the same time

during the five week-days in the averaged weekly profile. These averaged profiles are

helpful in finding how the lights and HVAC system were operated.

Figure D-l indicates lighting consumption of 20 kW at night, which is much higher

than the total installed security and sign lights of 4.5 kW. Note that the short-term

measurement proved that the lighting electricity consumption is 4.5 kW at night when all

the security and sign lights were on. Therefore, lighting consumption can be reduced by a

substantial amount at night

Figure D-l: The Averaged Weekly Lighting Electricity Consumption Profile for Dunbar
Middle School (12 indicates noon, 0 indicates midnight)
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Figure D-2 shows the averaged weekday lighting electricity consumption profile. The

lighting electricity consumption varied from 80 kW to 40 kW during the period from 5

p.m. to 11 p.m when the custodians were working. However, the maximum custodial

lighting was about 20.86 kW, which assumed that all the lights in the auditorium, kitchen,

and corridors were on. If the custodial staff can keep the lights on only in the immediate

working areas, the lighting electricity consumption can be easily controlled to as low as 10

kW during this period.

Figure D-2: The Averaged Week Day Lighting Electricity Consumption Profile for
Dunbar Middle School

Figure D-3 shows the averaged daily other-than-lighting electricity consumption

profile, which is defined as the difference between the whole-building electricity

consumption and the whole-building lighting consumption. This electricity consumption

was mainly due to the operation of the HVAC system. Consequently, the profile suggests

that the HVAC system consumed 90 to 120 kW on the average at night when the HVAC
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system was allowed to be turned off. Since the compressors, refrigerators, and cola

vendors had a total installed power demand of 10.34 kW(See Appendix C), this high

nighttime electricity consumption was mainly due to the operation of the HVAC system.

The figure shows a sudden change between 23:00 to 0:00 which may be caused by the

limited data (five weeks) and cycling loads at night.

200

Figure D-3: The Average Daily HVAC System Electricity Consumption at Dunbar
Middle School

Figure D-4 shows approximately 7 kW lighting consumption at night at Sims

Elementary School. Since the total installed security and sign lights were 3.04 kW, some

lights should be turned off.
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Figure D-4: The Averaged Weekly Lighting Electricity Consumption Profile for Sims
Elementary School (12 indicates noon and 0 indicates midnight)

Figure D-5 shows the averaged weekday lighting electricity consumption profile at

Sims Elementary School. This indicates an average consumption of 35 kW from 5 p.m. to

midnight. However, the site visits have proved that the maximum designed custodial

lighting was 29.7 kW at this school, which assumed that all lights in the corridors, kitchen,

gymnasium, and service rooms were on. If the custodial staff can keep the lights on only in

immediate working areas, the lighting consumption during this period can be easily

controlled to as low as 20 kW (2/3 of the maximum lighting consumption). Consequently,

a substantial amount of electricity energy can be saved.
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Figure D-5: The Averaged Week-Day Lighting Consumption Profile for Sims Elementary

School

Figure D-6 shows the averaged HVAC system electricity consumption profile for

Sims Elementary School. It shows an electricity consumption of 20 to 80 kW at night

when the HVAC system was presumed to be turned off. Note that the maximum cycling

load was about 6.5 kW at night. Consequently, it appears that the HVAC system was on

at night.

Figure D-6: The Averaged Daily HVAC System Electricity Consumption Profile for Sims
Elementary School
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From these averaged profiles, we can see the following energy savings opportunities:

(1) shut-down HVAC systems at night; (2) turn off unnecessary lighting at night; and (3)

have the custodians use only necessary lighting while working.

Texas Governor's Energy Office Energy System Laboratory
LoanSTAR O&M Program Texas A&M University



Fort Worth Independent School District O&M report, p.54

APPENDIX E

This appendix summarizes the short-term tests performed at Dunbar Middle School

and Sims Elementary School.

The short-term test was performed from 11 p.m to 3 a.m. at Dunbar Middle School

on 8 March, 1993. The test consisted of turning off light switches panel-by-panel, then

other equipment panel-by-panel. The electricity consumption data were recorded at one-

minute intervals. The test results are shown in Figures E-l and E-2. The x axis is time, the

y axis is the measured electricity consumption in units of kW.

1 11 21 31 41 51 61 71 81 91 101 111 121 131 141

Time (minute)
Figure E-l: The Measured Lighting Electricity Consumption during the. Short-Term Test

on 8 March, 1993 at Dunbar Middle School (the test started at midnight)

Figure E-l shows the lighting electricity consumption decreasing from the start of the

test to minute 55 as the lighting panels were turned off one by one. The power panel of

the data logger was accidentally turned off at minute 56; hence, no lighting consumption

was recorded. After turning on this panel, it showed electrical power of 2 kW. Then the
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lighting panels which control the security lights were turned on and the interior lights were

turned off manually. The increases of electricity consumption (minute 100 to minute 125)

represent the process of turning the lighting panels on, and the following decrease

represents the process of turning off interior lights. Finally, the security lighting electricity

consumption was measured as 4.5 kW.

Figure E-2 shows the other-than-lighting building electricity consumption variation

with time during the short-term test performed on 8 March, 1993. The control panels

which are used to control the HVAC systems started to be turned off from minute 55, and

finished at minute 98. It shows that the building can be operated with 11.5 kW power

consumption when the HVAC systems are turned off. After minute 121, the HVAC

systems were turned on again and the other-than-lighting electricity consumption was

restored to the level before the test.

Figure E-2: The Measured Other-Than-Lighting Electricity Consumption during the
Short-Term Test Performed on 8 March, 1993 at Dunbar Middle School (The test started

at midnight).
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Figure E-3 shows the results of the short-term tests performed on 31 March, 1993 at

Sims Elementary School. Both the whole-building electricity consumption and lighting

electricity consumption are shown in the figure. All lights were turned on first, which

corresponds to minutes 1 to 35 in the Figure, then all the electricity panels were turned

off, which corresponds to minute 35 to minute 70, finally, the electricity panels were

turned on again. The test showed that the lighting electricity can be controlled to zero

while the security lights and exit lights were on. It seems that the security lights and exit

lights are not monitored by the LoanSTAR lighting channels. The test also showed that

the total electricity consumption of the building could be controlled to 14 kW when the

HVAC systems and interior lights were turned off.

Figure E-3: Variation of the Measured Whole-Building Electricity and Lighting
Electricity Consumption (lower line) during the. Short-Term Test performed on 31 March,

1993 at Sims Elementary School (The test started at 4:30 p.m.)
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APPENDIX F

This appendix describes the savings calculations, which include HVAC system savings

(electricity and gas), and lighting savings (improved custodial operation, late night lighting

shut-off, and daytime lighting savings). The savings are first summarized, then the

methodology used for the calculations is explained, and finally the calculation procedure

and data are presented.

Summary

Table F-l summarizes the savings for both Dunbar Middle School and Sims

Elementary School. Column 2 lists the gas savings due to the HVAC systems shut-down

at night, column 3 the electricity savings due to the HVAC system shut-down at night,

column 4 the lighting electricity savings due to improved custodial operation, column 5

the lighting electricity savings due to lighting shut-off late at night, and column 6 the

lighting electricity savings due to installation of motion sensors in the auditorium, activity

center, and gymnasium. Column 7 lists the total savings for each school. The last row of

the table lists the sum of the savings for each option.

Table F-l: Summary of the Annual Savings ($)for Each O&M Measure at Dunbar
Middle and Sims Elementary School
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Methodology

The savings was calculated as the difference between measured total energy

consumption in 1992 and the required energy consumption, which was identified by the

short-term tests and site visits.

The monthly gas savings was calculated using the following formula:

Where, Sgas is the gas savings, Egas,night is the measured monthly nighttime (6:00 p.m. to

7:00 a.m.) gas consumption, Ebase is the measured minimum monthly gas consumption at

night which might be consumed by pilot lights, E ^ . is the measured monthly daytime

gas consumption. Note that 10% of the daytime gas consumption was used to account for

the penalty for shutting-down at night during the coldest months (January and December).

This estimate is based on moring heat-up observed in other LoanSTAR buildings where

systems are shut-down at night.

The electricity savings due to HVAC systems shut-down at night was calculated as:

$c = Ecu,mght ~Hx Pui -O.lx Ecuday

Where, Se is the electricity savings due to the HVAC system shut-down at night (6:00 p.m

to 7:00 a.m.), Eeu,night is the measured monthly other-than-lighting electricity consumption

(whole-building electricity consumption minus lighting electricity consumption), Pui is the

measured un-interrupted electricity power when the HVAC system was complete shut

down at night, (this was determined by the short-term test), H is the number of nighttime

hours, and Eeu,day is the measured monthly other-than-lighting electricity consumption

during daytime. The second term on the right handside of the equation considers the

electricity consumption of the refrigerators and some office machines. The third term on
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the right handside of the equation takes into account the penalty of shutting down HVAC

systems at night.

The custodial lighting savings was calculated using the measured lighting electricity

consumption and the assumption that the lights are on only in the working areas. The

savings was calculated using the formula:

$l,c — E[,c ~ "custodian X ^ X ^ c ~ ^evening X *s

where, S, c is the electricity savings due to improved custodial operation, E, c is the

measured lighting electricity consumption during the custodial hours, Hcustodian is the

number of custodian hours for each working day, N is the number of school days each

month, Pc is the lighting electricity consumption during the custodial hours when the lights

are on only in the working areas, (which was taken as the half of the installed kW in

corridors, gymnasium, activity center, and cafeteria), HeveniDg is the number of hours of the

custodian working period each month, and P s is the security lighting consumption rate.

The electricity savings due to lighting shut-off late at night was calculated as the

difference between measured lighting electricity consumption in 1992 and the required

electricity consumption by the security lights. The savings was calculated using the

following formula:

where, S, n is the electricity saved due to lighting shut-off late at night, Ee n is the measured

monthly lighting electricity consumption late at night (11:00 p.m. to 7:00 a.m for Dunbar

Middle School, midnight to 7:00 a.m. for Sims Elementary School), H ^ is the number of

late night hours, and Ps is the security lighting consumption rate.

The electricity savings due to installation of motion sensors in the auditorium,

gymnasium, and activity center were determined based on the following assumptions: (1)

motion sensors will reduce lighting usage about 4 hours each school day, and (2) each
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area required 0.32 kW. The electricity savings in these areas were calculated using the

formula:

Where, S, d is the electricity savings due to the installation of motion sensors, and P . is the

installed kW under the control of motion sensors.

The parameters used for these savings calculations are summarized in Table F-2.

Table F-2: Summary of the Basic Parameters Used in the Savings Calculations
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Calculation Table

Table F-3: Summary of the Gas Savings Calculations for Dunbar Middle School

Note: Column 1= month
Column 2= monthly nighttime gas consumption (6:00 p.m. to 7:00 a.m)
Column 3= monthly daytime gas consumption (7:00 a.m. to 6:00 p.m) MBtu.
Column 4= gas savings, (raw savings minus 10% of the monthly daytime consumption for

January and December; corrected savings are the same as raw savings for the rest of
the months)

Column 5= monthly gas cost savings, ($/month, determined according to the corrected monthly
gas savings with a unit price of $4.6/MBtu)

Texas Governor's Energy Office
LoanSTAR O&M Program

Energy System Laboratory
Texas A&M University



Fort Worth Independent School District O&M report, p.62

Table F-4: The. Electricity Savings due to HVAC Systems Shut-down at Dunbar Middle
School

Note: Column 1= month
Column 2= monthly nighttime other-than-lighting electricity consumption (whole-building

electricity consumption minus lighting consumption)
Column 3= monthly daytime other-than-lighting electricity consumption (7:00 a.m. to 6:00 p.m.)

kWh/month
Column 4= number of nighttime hours
Column 5= other-than-lighting savings due to HVAC systems shut-down at night (kWh/month)

(which is calculated as (2)-11.5*(4)-0.1*(3). It was assumed 10% of nighttime shut off
penalty, and 11.5 kW uninterrupted consumption at night)

Column 6= electricity cost savings due to HVAC system shut-down at night (which is determined
according to electricity savings with a constant price of $0.0674/kWh)
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Table F-5: Lighting Savings Calculation due to Improved Custodial Operation at
Dunbar Middle School

Note: Column 1= month.
Column 2= measured lighting electricity consumption during custodial hours (6:00 p.m. to 11:00

p.m.) (kWh/month)
Column 3= number of hours during custodial working period
Column 4= number of schooldays each month
Column 5= custodial lighting savings, (kWh/month, which is calculated as: (l)-5*(4)*18.33/2-

4.5*(3). It was assumed that custodian turns on the lights only for the immediate
working areas or half of the lights (9.17 kW), plus the security lighting consumption
of 4.5 kW)

Column 6= custodial lighting cost savings (which is determined according to the electricity
savings with a constant price of $0.0674/kWh)
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Table F-6: Lighting Savings due to Lighting Shut-off Late at night and Daytime
Lighting Savings at Dunbar Middle School

Note: Column 1= month
Column 2= measured lighting electricity consumption from 11:00 p.m. to 7:00 a.m. kWh/month
Column 3= number of hours from 11:00 p.m to 7:00 a.m. each month.
Column 4= number of schooldays each month
Column 5= electricity savings due to lighting shut-off late at night (which is calculated as : (2)-

4.5*(3), which assumes 4.5 kW security lighting consumption).
Column 6= electricity cost savings due to lighting shut-off at night (which is calculated

according to the electricity savings with a constant price of $0.0674/kWh)
Column 7= electricity savings due to installation of motion sensors (which was calculated as:

(4)*4 hour/day*9.81 kW. It was assumed that three motion sensors be installed in the
Auditorium, Gymnasium, and activity center, which will essentially reduce the
lighting usage about 4 hours per schoolday. The installed lighting demands were
10.77 kW. However, the lighting saving demand was taken as 9.81 kW because of
the concern of security during daytime)

Column 8= electricity cost saving due to the installation of the motion sensors
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Table F-7: Summary of Gas Savings Calculations for Sims Elementary School

Note : Column 1= month
Column 2= monthly nighttime gas consumption (6:00 p.m. to 7:00 a.m.)
Column 3= monthly daytime gas consumption (7:00 a.m. to 6:00 p.m)
Column 4= monthly gas savings (raw savings minus 10% of the monthly daytime consumption

for January and December, corrected savings are the same as raw savings for other
months)

Column 5= monthly gas cost savings ($/month, determined using corrected monthly
savings with a unit price of $4.6/MBtu)
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Note: Column 1= month
Column 2= monthly nighttime (6:00 p.m to 7:00 a.m) other-than-lighting electricity onsumption

(whole-building electricity consumption minus lighting consumption)
Column 3= monthly daytime (7:00 a.m. to 6:00 p.m.) other-than-lighting electricity consumption

(kWh/month)
Column 4= number of nighttime hours
Column 5= monthly other-than-lighting savings due to HVAC system shut-down at night

(kWh/month, which is calculated as (2)-l l*(4)-0.1*(3). It was assumed 10% of
nighttime shut off penalty, and 11 kW uninterrupted consumption at night)

Column 6= other-than-lighting electricity cost savings (which is determined according to
electricity savings with a constant price of $0.0674/kWh)
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Table F-9: Lighting Savings due to Improved Custodial Operation at Sims
Elementary School

Note: Column 1= month
Column 2= measured lighting electricity consumption during custodial hours (6:00 p.m to 11:00

p.m.) kWh/month
Column 3= number of hours of the custodial working period
Column 4= number of schooldays each month
Column 5= lighting savings due to improved custodial operation (kWh/month, which is

calculated as: (l)-6*(4)*29.7/2-3.04*(3). It was assumed that the custodian turns on
the lights only for the immediate working areas or half of the lights (14.8 kW), plus
the security lighting consumption 3.04 kW)

Column 6= lighting electricity savings due to improved custodial operation (which is detennined
according to the lighting savings with a constant price of $0.0674/kWh)
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Table F-10: Lighting Electricity Savings due to Lighting Shut-off at Late Night and
Day-time Lighting Electricity Savings at Sims Elementary School

Note: Column 1= month
Column 2= measured lighting electricity consumption from midnight to 7:00 a.m (kWh/month)
Column 3= number of hours from midnight to 7:00 a m each month.
Column 4= number of school-days each month
Column 5= electricity savings due to lighting shut-off late at night (which is calculated as : (2)-

3.04*(3), which assumes 3.04 kW security lighting consumption)
Column 6= electricity cost savings due to lighting shut-off at late night (which is calculated

according to the electricity savings with a constant price of $0.0674/kWh)
Column 7= electricity savings due to installation of motion sensors (which was calculated as:

(4)*4 hour/day*4 kW. It was assumed that motion sensor be installed in the
Gymnasium, which will essentially reduce the lighting usage about 4 hours per
schoolday)

Column 8= electricity cost saving due to the installation of the motion sensors
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APPENDIX G

This appendix summarizes the measured savings of shutting down the HVAC system

by the EMS following the short-term test at Dunbar Middle School.

Figures G-1 and G-2 show the measured whole-building electricity and lighting

consumption at Dunbar Middle School from 2 March to 12 April, 1993. The short-term

test was performed on 8 March, and the EMS system began shutting down the HVAC

systems at night and weekends on 12 March, 1993.

Figure G-1 shows that the total building electricity consumption dropped 75 kW from

110 kW to 35 kW at night and weekends, which is somewhat above the estimated night

consumption of 16 kW. Since the shut-down can be implemented on weekend days, it

increases O&M savings by 25% over the estimation presented in this report. Although the

actual electricity consumption is higher than the optimized value, the actual savings over

one week substantially larger than the savings estimated in this report.

Figure G-2 shows measured lighting electricity consumption. Note that the lighting

electricity consumption was reduced to about 4 kW at night after the short-term test on 8

March, 1993. It appears that the custodial staff made changes which lowered nighttime

consumption for March 14-Aprile 1. However, there was substantial nighttime use from

April 2-10.
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Figure G-l: Measured Whole-building Electricity Consumption from 2 March to 12
April, 1993 at Dunbar Middle School. Note that the. nighttime shut down was started on

12 March after the site visit on 8 March, 1993.

Figure G-2: Measured Lighting Electricity Consumption at Dunbar Middle School from
2 March to 12 April, 1993.
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