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Executive Summary

At the request of the Energy Management and Operations Department at M. D.

Anderson Cancer Center, the Energy Systems Laboratory of Texas A&M University

performed a study of optimizing the HVAC operation at its Basic Research Building.

The Basic Research Building (BRB) at M. D. Anderson (MDA) is a seven-story

building with a total of 123,000 ft2 conditioned floor area. The building consumed about

81,000 MMBtu chilled water, 41,000 MMBtu steam, and 7.6 MMkWh in 1992 according

to LoanSTAR measured data. This energy consumption translates into an annual cost of

$l,568,OOO/yr.

This study investigated the improved cold deck settings under current mechanical

conditions as well as the optimal cold deck settings when the current mechanical problems

are solved. Improvements to the cold deck setting can be made prior to any mechanical

repairing. The improved cold deck setting can reduce annual energy cost by $101,400/yr.

Terminal reheat leakage and excessive air flow are the major problems in this

building. These problems caused excessive energy consumption as well as personal

comfort complaints. We recommend that the air flow be balanced and repairs to the

leaking hot water valves in the terminal boxes be made. After these repairs, the cold deck

temperature settings can *, optimized, and an addition $89,000/yr savings can be

achieved.
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Reduce Building Energy Consumption By Improving the Supply Air
Temperature Schedule and Recommissioning the Terminal Boxes

1.0 Introduction

At the request of the Energy Management and Operations Department at M. D.

Anderson Cancer Center, the Energy Systems Laboratory of Texas A&M University

performed an optimization study of the HVAC operation at the MDA Basic Research

Building.

The Basic Research Building at M. D. Anderson is a seven-story building with a total

of 123,000 ft2 conditioned floor area. Mechanical rooms and laboratories occupy the

ground floor, the library is on the first floor, and the second to seventh floors contain

laboratories and offices. Four single-duct air handling units (AHU) supply about 150,000

CFM outdoor air to the laboratories and offices (93,000 ft2) in the building. One dual duct

volume system sends about 27,000 CFM air (50% outdoor air intake) to the library

(20,000 ft2), and three small single-duct air handling systems cool the mechanical room

(6,700 ft2) with 100% return air.

The building consumed about 81,000 MMBtu chilled water, 41,000 MMBtu steam,

and 7.6 MMkWh in 1992 according to LoanSTAR measured data. This energy

consumption translates into an annual cost of $l,568,OOO/yr with the following energy

prices: $10.72/MMBtu for chilled water

$10.70/MMBtu for steam

$0.0504/kWh for electricity.

The building had a lighting retrofit in late 1992 and implemented outside air reset in

November 1993. These two measures have reduced the building energy cost by

$389,000/yr.

This study investigated the best cold deck settings under the current mechanical

conditions as well as the optimal cold deck setting when the current mechanical problems
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are solved. Summaries of the field test procedures and measured results, the improved

cold deck settings and the potential savings under the current mechanical system

conditions, and the optimal cold deck setting when the current mechanical problems are

fixed as well as associated savings are presented in this report.

2.0 Field Test Procedures and Results

The field test procedure was designed to identify the failed reheat control valves,

excessive air flow rates, as well as inappropriate pressure levels in a number of pre-

selected rooms. This test procedure is described below:

Step 1: Measure the room air temperature, room air humidity, and the diffuser discharge

air temperature.

Step 2: Record the thermostat setting as well as the date and time.

Step 3: Turn down the thermostat to the minimum temperature settings and measure the

lowest discharge air temperature.

Step 4: Turn up the thermostat to the maximum temperature settings and measure the

highest discharge air temperature.

This test is performed for each terminal box provided that it is accessible.

Since the tests were performed during normal office hours, a relatively higher diffuser

discharge air temperature may indicate excess air flow for the room served by the diffuser.

Although direct air flow rate measurement results are better than this indirect

measurement, it is extremely hard or impossible to measure the air flow rate directly.

If the minimum discharge air temperature is higher than the cold deck discharge air

temperature, which was measured by the EMCS system at the same time, the reheat

control valve is not working properly. If both the minimum and the maximum diffuser

discharge air temperature are the same, the reheat control valve or the thermostat is dead.

This test was performed on 210 of 248 terminal boxes in the laboratory section. We

could not test 38 terminal boxes in this section because we could not enter the rooms. We
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also measured the diffuser's discharge air temperature at 10 of 15 boxes in the library

section. However, we were unable to adjust the thermostat either to the minimum or to

the maximum. We could not perform the test in the animal room section. Table 1

summarizes the part of the test results in the laboratory section.

Table 1: Summary of the Test Results in the laboratory Section

The test results show that the AHUs cooled the outside air from 68.7 °F to 54.3 °F,

then the terminal reheat coil warmed the cold air from 54.3 °F to 63.6 °F during the test

period. Clearly, significant unnecessary reheat is presented in this building.

The detailed test results are attached in Appendix A, which lists room number, type,

box size, designed CFM, hot water flow rate, test time, room temperature, relative

humidity, ambient temperature, cold deck discharge air temperature, diffuser discharge air

temperatures when thermostat is in normal, the minimum, and the maximum position, and

the normal thermostat set point.

Since, the full test could not be performed for the library and the animal room

sections, the rest of the report will discuss the laboratory section only, which are served by

AHUs 1,2, and 5.
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3.0 Improved current cold deck settings

The current cold deck settings can be improved prior to any mechanic repair

according to the test results.

Figures 1, 2, and 3 present the measured diffuser and cold deck discharge air

temperature versus the ambient temperature for AHUs 1, 2, and 5, respectively.

According to the test results, the current cold deck settings are summarized in Table 2.

Table 2: Measured Current Cold and Suggested Improved Cold Deck Settings

Figures 1, 2, and 3 show that the diffuser discharge air temperatures are higher than

the cold deck discharge air temperature by more than 3 °F for most of the terminal boxes.

Therefore, the cold deck temperature can be increased without influencing the room

conditions. The suggested improved cold deck settings are also summarized in Table 2 for

each AHU.

The potential energy savings for the improved cold deck settings were determined by

the simplified engineering model simulation, which was calibrated using the measured

data in this building. The simulation uses the bin weather data in 1993. The annual

consumption was simulated under both the current and improved the cold deck settings.

The potential savings is taken as the difference of the energy consumption under these two

cold deck settings.

The simulation results show that the improved cold deck setting can reduce chilled

water consumption by 6,432 MMBtu/yr and steam by 3,037 MMBtu. This energy

consumption is worth $101,400/yr according to the current energy prices of

$10.72/MMBtu for chilled water and $10.70/MMBtu for steam. The detailed simulation

results are summarized in Table 3.
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Figure 1: Measured Cold Deck and Diffuser Discharge Air Temperatures
(AHU: RB-1)
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Figure 2: Measured Cold Deck and Diffuser Discharge Air Temperature
(AHU: RB-2)
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Figure 3: Measured Cold Deck and Diffuser Discharge Air Temperature
(AHU: RB-5)
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4.0 Optimal Cold Deck Settings

Figure 4 shows the measured cold deck and diffuser temperature versus the ambient

temperature. It shows that the current average cold deck setting changes from 56 °F to 53

°F when the ambient temperature varies from 55 °F to 83 °F. The average diffuser

discharge air temperature changes from 64 °F to 62 °F. If we increase the air flow rates

where the discharge air temperatures were lower and decrease the air flow rate where the

discharge air temperature were high, then, the diffuser discharge air temperature can be

adjusted to the range of 60°F to 65°F. Consequently, the cold deck discharge air

temperature can be set to a high range of 60 °F to 65 °F provided that room relative

humidity conditions are satisfied.

To adjust the diffuser discharge air temperature to a range of 60 °F to 65 °F, the hot

water leakage problems have to be fixed in a number of terminal boxes and the air flow

rates have to be adjusted in a number of terminal boxes. These are discussed in the next

section.

Since the measured room relative humidity varies from 30% to 50% with an average

value of 40%, the cold deck discharge air temperature can be set as high as 60°F when the

ambient temperature is lower than 60 °F. The cold deck discharge air temperature can be

adjusted within a range of 59 o t : to 56°F when the ambient temperature varies from 60 °F

to 100 °F.

The potential saving for the optimized cold deck settings are 12,095 MMBtu/yr for

chilled water and 5,607 MMBtu/yr for the steam. These energy savings are worth

$189,700/yr. The detailed results are summarized in Table 4.
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Figure 4: Measured Deck & Diffuser
Discharge Air Temperature
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5.0 Adjusting Air Flow and Repairing Terminal Box

Since the current load situations could be quite different with the design conditions,

the air flow rate has to be adjusted so that the diffusers have about the same discharge air

temperature. The air flow rate adjustment was determined by the following formula:
fl — 1 -*room l diffuser

*room ~ ^ diffuser

Where P is the air flow reduction fraction (if it is positive the air flow should be

increased otherwise the air flow rate should be decreased); Troom is the room air

temperature; Tjjg^ is the diffuser discharge air temperature; and the 7 ^ , is the average

diffuser discharge air temperature for the AHU.

Note that the air flow correct formula was deduced based upon the same load ratio

for each room. This assumption is considered correct for this building due to (1) most of

the rooms are exterior rooms and have similar internal and exterior loads and (2) the test

was performed under the similar weather conditions.

If the air adjusting faction is higher than 0.3, the air flow rate should be adjusted.

However, the air flow adjustment should be lower than 0.5. We do not suggest adjusting

the air flow when the adjusting fraction is lower than 0.3 because of the measurement

uncertainties. According to the measured results, the air flow rate should be adjusted for

137 terminal boxes. The detailed information are listed in Appendix B.

The control valve leakage was defined as the temperature difference between the

minimum diffuser discharge and the cold deck discharge air temperature. If this

temperature difference is higher than 3°F, then it is suggested to repair the valve or

terminal box. If the diffuser discharge air temperature does not respond to the thermostat,

it is suggested to check the thermostat and repair the control valve. It was found that there

are about 122 terminal boxes that need to be repaired. Table 5 summarizes the basic

results.
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Table 5: Summary of the Mechanical Repair Work

6.0 Room Pressure Level

The pressure difference between the room and the corridor was measured for 22

laboratory rooms which includes 14 rooms selected by MDA for area of concern. The

pressure difference was measured with the door closed for 21 rooms. The door could not

be closed for room RB5.023 during the test. The positive pressure difference infers a

higher room pressure. The measurement results are summarized in Table 6.

Table 6: Summary of the Room Pressure Level Measurement

The positive and zero pressure level was measured in 14 rooms. The excessive air

supply exists in 8 of these 14 rooms (4.019,5.009, 5.014, 5.023, 5.024, 6.002,6.009,

7.028). After the excessive air supply is reduced, the room pressure level may be reduced

to negative level. However, it is suggested to check the exhaust hood in the following
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rooms: 4.039, 6.014, 6.018, 7.012, 7.016, and 7.024. It may be necessary to increase the

exhaust air flow rate in these rooms.

7.0 Conclusions

The cold deck setting can be improved prior to any mechanical repairing. The

suggested improved cold deck setting can reduce the annual energy cost by $101,400/yr.

Terminal reheat leakage and excessive air flow are the major problems in this

building. These problems caused excessive energy consumption as well as personal

comfort complaints. We suggested to rebalance the air flow and repair the leakage hot

deck in the terminal box. After these repair works, the cold deck can be optimized, and an

addition $89,000/yr savings can be achieved.
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Appendix A: Summary of the Field Test Results

The terminal box size, CFM and GPM values were taken from the initial mechanical

design drawing. These values are just a reference.

The room temperature, relative humidity, and the diffuser discharge air temperatures

were measured using the hand-held meter while the cold deck discharge air temperature

was measured by the EMCS system.

The readings of the highest discharge air temperatures were not measured for the

terminal boxes which serves the interior zones.
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Appendix B: Summary of System Failure Diagnosis

The third column indicates the room types: either interior or exterior zone. The room

air temperature and its relative humidity were measured by hand-held meter by ESL staff.

The ambient temperature was measured by the LoanSTAR sensor located in Hobby

airport, Houston. The cold deck discharge air temperature was measured by the EMCS at

the MDA. The diffuser discharge air temperature was measured by ESL staff.

The reheat was determined as the difference between the diffuser discharge air

temperature and the cold deck discharge air temperature.

The leakage was defined as the difference between the minimum diffuser discharge air

temperature (when the thermostat is located the lowest position) and the cold deck

discharge air temperature.

The air flow rate adjustment was determined by the following formula:
a _*t lroom * diffuser

T —T
room diffuser

Where P is the air flow reduction fraction (if it is positive the air flow should be

increased otherwise the air flow rate should be decreased); Troom is the room air

temperature; Tdjffusei is the diffuser discharge air temperature; and the T^utr is the average

diffuser discharge air temperature for the AHU.

Note that the air flow correct formula was deduced based upon the same load ratio

for each room. This assumption is considered correct for this building due to (1) most of

the rooms are exterior room and have similar internal and exterior load and (2) the tests

were performed under the similar weather conditions.

The repair measure was determined by the following rules: if the leakage is lower than

3 °F, then, repair is suggested.
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