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Five major areas of energy conservation were identified and in-
vestigated: (1) pressure reduction in district steam heating sys-
tems; (2) reduction of outdoor air in heating, ventilation, and air-
conditioning (HVAC) systems; (3) replacement of oversized and
inefficient motors in HVAC systems; (4) reduction of outdoor air
infiltration in family housing; and (5) combustion optimization
of gas-fired heating equipment. Other areas of investigation in-
cluded radio controlled exterior lighting, and temperature reduc-
tion in the high temperature hot water system. Each conservation -

project was evaluated on a small scale to verify energy savings
before it was implemented.

An energy information management system was developed to D T IC
maintain annual consumption data for each building. The system ELECTE
provides immediate feedback on energy use so managers can

make correct decisions on conservation measures. DEC 2 2 1988
The energy conservation programs that were implemented at

Fort McClellan contributed to the 14 percent reduction in base-
line (weather independent) energy consumption from FY84 toFY86. These programs have wide applicability to other U.S.Army
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EXECUTIVE SUMMARY

At many Army installations, energy consumption and the associated costs are in-
creasing due to greater demands on heating, ventilation, air-conditioning (HVAC), and
lighting. Between Fiscal Year (FY) 83 and FY87, the U.S. Army Construction Engineer-
ing Research Laboratory (USA-CERL) developed and implemented a research demonstra-
tion program at Fort McClellan, Alabama that evaluated the effectiveness of applying
energy management techniques and energy conservation measures on an installation-wide
basis to produce significant and predictable reductions in installation energy use and
cost.

Fort McClellan was selected as the demonstration site for this research because it
has a history of increased energy consumption, and has sufficient heating and cooling re-
quirements to provide an appropriate sample to test technologies that affect these
requirements. The installation is small enough that the energy reduction can be readily
seen in the total utility bill and the energy cost per British thermal unit (Btu) is close to
the national average.

Five major areas of energy conservation were identified and investigated: (1) pres-
sure reduction in district steam heating systems; (2) reduction of outdoor air in HVAC
systems; (3) replacement of oversized and inefficient motors in HVAC systems; (4) reduc-
tion of outdoor air infiltration in family housing; and (5) combustion optimization of gas-
fired heating equipment. Other areas of investigation included radio controlled exterior
lighting, and summer shutdown of the district high temperature hot water (HTHW) sys-
tem. Projects representing each of the five major areas are discussed below.

Prior to implementation, each proposed conservation project was evaluated con-
sidering factors such as the initial cost, payback period, and Army-wide applicability to
determine potential energy savings and economic feasibility. Some projects with a mod-
est return on investment were rejected. The conservation programs that were imple-
mented contributed to the 14.4 percent reduction in baseline (weather independent)
energy consumption since 1984. These programs have wide applicability to other Army
installations.

To identify energy conservation opportunities in buildings served by district steam
heating, condensate meters were installed to measure the amount of steam energy used
by each building and to verify the actual savings of implemented projects. By using
meters, management personnel can forecast energy use, identify buildings that are using
heat inefficiently, and assess the overall efficiency of the district heating system.
Although the Army does not have a policy that mandates metering of energy use in build-
ings served by central plant heating systems, it is recommended that installation of
metering equipment in future construction as well as in existing buildings be considered.

One measure to improve fuel-use efficiency and also reduce operating costs is to
reduce boiler operating pressure where possible in district heating systems. At many
Army facilities, the boiler operating pressure is maintained at a constant rate throughout
the year regardless of demand. The objective of this Fort McClellan project was to
reduce system conduction and live steam losses by implementing a reduction in steam
pressure at ttc central boiler plants while maintaining the original heating capacity of
the system.
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Predicted values for building steam demand and information gathered through con-
densate metering enabled USA-CERL researchers to develop an accurate means of com-
puting energy savings. The savings were calculated by attributing 75 percent of the
losses to conduction and the remainder to leaks and faulty valves. The project cost was
$100,000; a simple payback of 1.5 years was achieved. It is recommended that other
agencies with district heating systems operating at much higher than end-use pressures
consider this type of retrofit. In any case a detailed engineering analysis must be per-
formed before implementation.

To reduce the amount of outdoor air infiltration in HVAC systems, measurements
of the outdoor air intake were taken in 249 air-handling systems. The dampers were ad-
justed on those systems that were not in compliance with the most recent American
Society of Heating, Refrigeration, and Air-Conditioning Engineers (ASHRAE) standards
on outdoor air requirements.

Operating efficiency measurements were taken on 201 motors used to power fans in
HVAC systems. Sixty-eight of the motors that were operating inefficiently were
replaced with properly sized motors, resulting in a 17 percent decrease in electrical
power demand.

A study was conducted to determine the potential energy savings of reducing infil-
tration of outdoor air in family housing units. The results show that the average reduc-
tion in leakage area was 37 percent for the four units retrofitted--mostly the result of
sealing leaks in the building envelope. By investing 3 hours of labor and $60 in materials
per unit, an average of $38 annual savings per unit can be recognized. This represents an
approximate simple payback period of 3 years. Because this did not meet the require-
ment of rapid payback, an installation-wide infiltration reduction program was not imple-
mented as part of the demonstration. However, such a program may apply to installa-
tions with larger heating requirements.

To demonstrate the effectiveness of combustion adjustment of gas-fired heating
equipment, researchers evaluated 204 furnaces and hot water heaters with a combined
heating capacity of 88,952,000 Btu/hr. The combustion efficiency of more than half the
units was improved, with efficiency increases as high as 25 percent in some cases and an
average improvement for all the units of 2.5 percent. Based on the average heating sea-
son and fuel costs for Fort McClellan, this project is estimated to have saved $16,000
with an investment of $17,000 in labor and equipment costs; hence, a simple payback of
1.1 years was achieved. Combustion optimization not only improves heating efficiency
and cost-effectiveness, it also minimizes dangers to the environment and to occupants of
the heated space presented by incomplete combustion.

USA-CERL developed an energy information management system that maintains
annual consumption data for each building located at the installation. The program uses
input from the DEIS II report, post meter readings, boiler logs, and utility bills. The
management system provides immediate feedback on how energy is distributed to and
used by the various functions at an Army installation. Target areas for energy reduction
can be readily identified and the extent of the potential application of an energy conser-
vation opportunity and associated savings can be computed. By using this system, energy
managers can perform consistent analyses on energy consumption and make correct deci-
sions on the course to take in energy conservation.
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INSTALLATION-WIDE ENERGY CONSERVATION
DEMONSTRATION AT FORT MCCLELLAN, ALABAMA

1 INTRODUCTION

Background

Energy consumption and the associated costs are increasing at many Army installa-
tions. These increases are often due to greater demands on heating, ventilation, and air-
conditioning (HVAC), and lighting. In a continuing effort to curb rising consumption/
costs, the Office of the Chief of Engineers (OCE) asked the U.S. Army Construction
Engineering Research Laboratory (USA-CERL) to demonstrate energy conservation mea-
sures on an installation-wide basis. Between Fiscal Year (FY) 83 and FY87, USA-CERL
developed and implemented a research demonstration program to investigate energy
problems on an installation. The program has potential for application at other installa-
tions.

Objective

The objective of this research was to demonstrate and evaluate the effectiveness
of applying energy management techniques and energy conservation measures on an
installation-wide basis to produce significant and predictable reductions in installation
energy use and cost.

Approach

Fort McClellan was selected as the demonstration site for this research because it
has a history of increased energy consumption, and has sufficient heating and cooling
requirements to provide an appropriate sample to test technologies that affect these
requirements. An Energy Engineering Applications Program (EEAP) study conducted at
Fort McCLJllan identified areas with significant savings potential. Also, the installation
is small enough that the energy reduction can be readily seen in the total utility bill and
the energy cost per British thermal unit (Btu) is close to the national average.

Five major areas of energy conservation were identified and investigated: (1) pres-
sure reduction in district steam heating systems; (2) reduction of outdoor air in HVAC
systems; (3) replacement of oversized and inefficient motors in HVAC systems; (4) reduc-
tion of outdoor air infiltration in family housing; and (5) combustion optimization of gas-
fired heating equipment. Other areas of investigation included radio controlled exterior
lighting, and summer shutdown of the district high temperature hot water (HTHW)
system.

Data collected through metering and monitoring were evaluated before deciding
whether or not to implement a project. This approach provided an accurate assessment
of project viability based on current energy use in comparison to the retrofit designs.

The projects are listed and briefly discussed in Chapter 2, and are discussed in
detail in Chapters 3 through 6.
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Mode of Technology Transfer

Results of various projects in this demonstration will be transferred through the
issuance of Engineering Technical Notes (ETNs) describing individual energy conservation
technologies verified by the demonstration.' It is also recommended that the informa-
tion be used in formulating energy conservation study/summary scopes of work for instal-
lation-wide energy conservation opportunities.

'Engineer Technical Note (ETN), Methods of Identifyting Oversized and Inefficient
HVAC Motors in Army Installations, Draft (August 1984); ETN, Metering of Steam
Heating Energy, Draft (August 1984); ETN, Reduction of Outdoor Air Infiltration in Air
Handling Systems, Draft (August, 1984); ETN, Combustion Optimization of Residential
Heating Equipment, Draft (December 1985); ETN, Reduction of Outdoor Air Infiltration
in Family Housing, Draft (January 1986); ETN, Radio Controlled Street Lighting, Draft
(January 1986).
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2 PROJECT SUMMARIES

Over the past 10 years, Fort McClellan has experienced considerable growth in both
facility square footage and population served. With this growth came an increase in
energy use. In FY76 Fort McClellan had a reported* thermal energy use of 99,526
Btu/sq ft and an electrical energy use of 30,623 Btu/sq ft. By FY79 energy use had risen
to 99,899 Btu/sq ft and 39,091 Btu/sq ft for thermal and electrical use, respectively. It
can be seen that a substantial energy conservation effort was already underway. The
energy use for FY84 was 71,453 Btu/sq ft thermal and 34,904 Btu/sq ft electrical. Data
for FY86 showed a thermal usage of 61,491 Btu/sq ft and 31,495 Btu/sq ft for elec-
trical. This is a 14.4 percent reduction since 1984. The projects listed below and
described in detail throughout the report contributed to this reduction.

Energy Metering

Condensate meters were installed at all buildings that receive steam from the cen-
tral plants. While this project did not cause any direct energy savings, knowledge of the
steam demand of individual buildings provides management personnel with valuable in-
formation about the way heat is used at the installation. This information can be used to
forecast energy use or to identify buildings that are using heat inefficiently. Also, over-
all efficiency of the district heating systcin was assessed using this information.

Electrical meters were installed on a small scale to evaluate potential energy con-
servation measures and to verify the actual savings of implemented projects. In particu-
lar, a large star-shaped barracks and the central chiller in boiler plant No. 4 were
metered to assess the feasibility and confirm the energy savings from the project titled
Poiler Plant No. 4 Summer Shutdown.

Short term, portable metering was used for project evaluation in areas such as
electrical motor energy, air flow rates, and combustion efficiency measurements.

Steam Pressure Reduction in 'District Heating System

Steam pressure reducing stations were replaced to allow boiler plants 1 through 3
to provide steam for district heating at reduced pressures. Reducing steam pressure also
reduces the steam temperature, thereby reducing energy losses that occur through con-
duction of heat from the distribution system to the ground or elsewhere (e.g., in the
boiler plant).

Steam Vault Drainage

Sump pumps were installed in 16 steam vaults that contain valves, tees, traps, etc.,
for the steam distribution system of boiler plants 2 and 3. This reduced the heat transfer
losses resulting from vault flooding.

*Facilities Engineering and Housing, Annual Survey of Operations, Vol Ill--Installation

Performance (U.S. Army Corps of Engineers Fiscal Year [FYI 76, FY79, FY84, and
FY86.)
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Oxygen Trim Systems for Central Plant Boilers

An oxygen trim system was installed on each of nine central plant boilers. The
trim system was designed to control the amount of combustion air introduced into the
boiler by measuring flue gas oxygen concentration and automatically adjusting air damp-
ers to achieve optimum combustion.

Boiler Plant No. 4 Summer Shutdown

Plant No. 4 produces HTHW for heating, and chilled water for cooling. Although
demand for HTHW is relatively low during the summer months, the system is still oper-
ated at the same temperature. Because piping for both networks is run through the same
system of concrete trenches, heat transfer to the chilled water piping causes a signifi-
cant increase in the load on the central chiller. To alleviate this problem, separate self-
contained boilers were installed at each of the barracks complexes that require hot water
during the summer months. This allows the central boiler to be turned off for a signifi-
cant portion of the year, and eliminates the problem of heat transfer from one pipe net-
work to the other.

Reduction in Outdoor Air Ventilation

Measurements of the rate of outdoor air flow were taken in 249 air-handling sys-
tems and the dampers were adjusted on those systems that were not in compliance with
the most recent American Society of Heating, Refrigeration, and Air-Conditioning
Engineers (ASHRAE) standards on outdoor air requirements.

Replacement of Inefficient Electrical Motors

Operating efficiency measurements were taken on 201 motors used to power fans in
HVAC systems. Motors that were operating inefficiently were replaced with properly
sized high-efficiency motors.

Dispensary Chiller Installation

The dispensary was provided with chilled water from central plant No. 4. Because
of the nature and use of the building, the air-conditioning system operates earlier in the
spring and later in autumn than other buildings served by the plant. As a result, for 30 to
90 days each year, the central plant may operate solely to accommodate the require-
ments of the dispensary. During these periods, the plant (which is sized for 1,700 tons of
cooling) is operating for two 12.3-ton air-conditioning units. Plant efficiency at such
light loads is very low. A 30-ton packaged chiller was installed at the dispensary to al-
leviate this inefficiency.

Combustion Optimization of Gas-fired Heating Equipment

Combustion air intake was measured and adjusted on 204 furnaces and hot water
heaters ranging in size from 50,000 to 250,000 Btu/hr.

12
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Infiltration Study of Family Housing

A study was conducted to determine the energy savings that could be realized by
reducing infiltration of outdoor air in family housing units. Thirty housing units of dif-
ferent construction types were analyzed; six were selected for infiltration reduction.
Retrofits such as window caulking and door weatherstripping were performed. Based on
estimates of energy savings, it was determined that the energy savings did not justify the
cost of performing such retrofits on an installation-wide basis.

Computer Decision Support for Energy Management

USA-CERL developed an energy information management system that maintains
annual consumption data for each building located at the installation. The program uses
input from the DEIS II report, post meter readings, boiler logs, and utility bills. Actual
consumption is used for known buildings; linear regression equations are used to estimate
consumption for buildings that are not metered.

Radio Control of Exterior Lighting

Radio controlled switches were purchased for use with the existing FM radio con-
trol system at Fort McClellan. As oppo.ed to common photosensitive switches that turn
streetlamps on at dusk, the 250 radio controlled switches allow the lamps to be turned on
and off as needed.

Note: The following projects were investigated but not implemented due to only modest
gains in performance.

Central Plant No. 4 Cooling Towers

Facility personnel at Fort McClellan have experienced difficulty in maintaining
sufficiently cool chilled water to satisfy the air-conditioning loads on central plant
No. 4. An investigation of a suspected cooling tower problem was performed. A solution
was proposed but not implemented due to the modest gains in performance.

Hospital Plant Investigation

An investigation similar to the project listed above was performed for the hospital
plant with the same outcome.

Central Plant No. 4 HTHW Reset

The objective of this measure was to reduce the temperature of HTHW leaving
central plant No. 4 while still satisfying all the loads on the system. Recent modi-
fications to the circulating pumps, and the modest savings due to the summer shutdown
rendered the project uneconomical.

13



Central Plant No. 2 Pressure Reset

A means to maintain the hospital steam pressure at 50 psig by controlling boiler
pressure settings at central plant No. 2 was investigated. It was determined that to sat-
isfy all loads on the system, pressure reducing stations required modification (see the
project titled Steam Pressure Reduction in the District Heating System).

Central Plant No. I Automatic Blowdown

An investigation into minimizing the amount of boiler water lost during blowdown
was performed. It was determined that the small energy savings would not justify the
cost to implement.

1
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3 DISTRICT HEATING

Energy Metering

To identify energy conservation opportunities in buildings served by district steam
heating, condensate meters were installed to measure the amount of steam, and hence
the energy, used by each building. The meters provide valuable information on building
steam consumption. Of primary concern was correlating energy use before reducing the
steam pressure with energy use after pressure reduction.

At Fort McClellan, condensed steam is collected from converters, air heating coils,
and cooking and sterilization equipment in a receiving vessel at each building before
being pumped back to the central plant. The pump is operated by a float valve within the
receiving vessel. A positive displacement, nonresettable, totalizing flowmeter was
installed between the receiving vessel and the pump qt each building served by district
steam. Through the use of flowmeters, condensate (and correspondingly pounds of steam)
used by individual buildings was accounted for before being returned to the central plant.

If meter readings are taken on a regular basis, correlations of steam demand and
such variables as occupancy and weather conditions can be developed. These correlations
can be used to predict energy demand for future periods. Comparisons of predicted and
actual steam consumption can also indicate when a building is using more steam than it
has in the past, which may indicate problems such as failed traps, steam leaks, or poor
energy management procedures. Tables I through 3 contain spreadsheets of the sampled
data and compare the actual steam use with a predicted value (calculated in million
British thermal units [MBtu]). The predicted values were calculated using regression for-
mulas from USA-CERL Technical Report (TR) E-143. 2 The steam use for building 2220,
for example, is considerably higher than the predicted value. Hence, by simply reading
the meters on a regular basis, a flag is raised when consumption is excessive.

Perhaps the most important information that can be gained through the use of
metering is the overall efficiency of the district heating system. Records of fuel con-
sumption at the plant can be compared to the heating energy consumed by all the build-
ings supplied by the system to determine the cost of supplying energy. This information
is useful when making decisions on maintenance and replacement of heating equipment.

The Army does not currently have a firm policy regarding metering of energy use in
buildings served by central plant heating systems. However, due to the number of such
systems in existence throughout the Army, and the amount of information which can be
gained, installing metering equipment in future construction as well as in existing build-
ings should be considered.

2Benjamin J. Sliwinski, D. Leverenz, L. Windingland, and A. R. Mech, Fixed Facilities
Energy Consumption Investigation: Data Analysis, Technical Report E-143/ADA060-513
(U.S. Army Construction Engineering Research Laboratory [USA-CERL], February
1979).

15
S



m n ncnc u L) -WI _VVIV-W WC4N -

V3 l ~ LL 40C 4 0)O %a 9 V - mm" "WL
o c ;c ;t 4v e ;u ;u ;r 4~00O a L~4 4O 0 -Zc

CD cm = 40 40C mc D DC oG
en~ 0~e~ m C)Unm C4C3 I V q 4" qelt

V2 t- M r 444 4 O qC

42
F t-t- - 0- L-C- - C t-V- r tow wcc t toto c c L- - t t-E- E t-c- - r

E--

02

z

to4O to~f C -o -O 0
CD0~ cm cmc CD 00 C Ln C-I t- - C000 t, m mC

VWO ~ - (7)-I - c4 Le
CD eq 000 0

* E"

C3 CD

M -WVVV-
toC

02

Ac-- - - .-- X- X--x----- ----

000 000 000 00 000 000 000 00*A
o *C

02 034m = D Ne .. .. .. . . C

cli~~~~~e C4- --------- 4C 4 C -



w - " - Mt e )MM c)

C4~~~~~ ~ ~ ~ ~ ~ Iz C6 t64 I 6- 6c C 4L
UML $ .%06 4~ Ul e l n0vvl qC

-L~u ~~ ~ C

W- DC -)C DL ow n L n t C4 tI o ul 4 oC

CD
"

Czd

0 0

Er M 0

C,00

C93
z w a w coeq

** 1*: L' .)1t ' 4 4

0 1- -- v-to-w-w--m-v-U-5--t- -to -t- --t

OCOCoa od0

~~4~ 4 *~V C4 -W

, I. . LoU0 ,L .L .2

on toC t .L r
ri u2500 tt t .0 lqq -. 4 -: . I-

e~i q e - - - --. ~ caeq i e. eqeq q e~ eqeq e eqeq q ~ ~ ce.'

17



IC4 w to to cc w -4 c owI VI
I- ~ 0COOS U~L1 ~~ O ttto

0m

Im l CD V 4V.C c~-wL3c~tCOC) C cot 0 = eC) t r.q C

oo -0 -q0 nM0 0MC 4mC c4 ' n0 ,L 0wCaC 4C
C7 4c c e ct. C C c o 6 e 6e 4cc; 40;C ;4 V
4mt oc nU1 zo - . qG .V t . -C cc hL VG om0

elt 0 W . 0 nCQ "94C.)CDo "C n enmV -~ 0 0 . V2

I--

E--

-- 0- oC c )L 4 t c -m O c-I e .

'u o

02 0
tE-

02

0Ct

ta

in C CD. CD co

.4:

E- -

) E- -wt oww- n - wt -E t : oC4atc W .4 WVV
-W " v - : w v v ". ') co CD t- w

Of wto wcc == - w w ulj L02
M -W m -- - - -- j m--4 -C4 -vc ---0---

ooo~oooeoooeO~eoooa o 0<.

0CtO .0 0f~ 0 )0

E--~~ U)L

= c E .0 020

o o. u u ~

024

e" C't

18



Steam Pressure Reduction in the District Heating System

Fort McClellan has four natural gas operated boiler plants that provide for the
heating needs of various facilities. Three plants produce steam at 100 pounds per square
inch gauge (psig). Plant No. 4 is a HTHW facility operating separately from the others.
An analysis was performed to identify the major causes for heat loss in the steam district
heating system. On the basis of this analysis, the annual efficiency of the system was
determined to be 53.4 percent. The objective of this project is to reduce system conduc-
tion and live steam losses by implementing a reduction in steam pressure at the central
boiler plants while maintaining the original heating capacity of the system.

One measure to improve fuel-use efficiency and also reduce operating costs is to
reduce the boiler operating pressure where possible. At many Army facilities, the boiler
operating pressure is maintained at a constant rate throughout the year regardless of
demand. Ideally, the steam temperature/pressure is optimized so that reliability and
customer satisfaction are maintained while heat trarsfer and live steam losses are mini-
mized. The intent is to supply facilities and steam equipment with steam at the lowest
pressure that will adequately handle the demand and equipment specifications. Typi-
cally, high pressure steam exiting the plant loses pressure in transit due to heat conduc-
tion, steam leaks, customer demand, and friction. When steam enters a building, it is
throttled to the operating pressure of the equipment. For many applications, including
domestic hot water production and building heat, this pressure is usually between 15 to
20 psig. Because this operating pressure is low, it is reasonable to consider supplying
steam at a low pressure by operating the boiler at a reduced temperature. The following
technical considerations were used to evaluate this change:

" Determine the reduction in energy consumption

" Ensure that facility and steam equipment demands are met

" Ensure that steam velocities are well within specified standards

• Calculate the pressure drops at the reduced sendout pressure such that item 2 is
satisfied (this includes the hospital which has a demand for 50 psig steam)

" Survey all steam traps and evaluate their performance at the reduced pressure

" Maintain boiler operation within the manufacturers specifications

" Conduct a cost analysis and determine the payback period.

Energy Savings

USA-CERL researchers determined that the pressure in the steam distribution sys-
tem at Fort McClellan could be safely reduced without loss of steam availability. A re-
duction in steam pressure from 100 to 70 psig corresponds to a drop in temperature from
337 to 316 OF. (See Table 4. Note: pressure is absolute pressure.) This results in a 9
percent reduction in heat transfer losses. Similarly, a reduction in pressure from 100 to
50 psig yields a 14 percent reduction in heat transfer losses. Moreover, a considerable

3 ETN, Reduction of Steam Pressure in District Heating Systems; G. D. Pine, Analysis of
a Small Steam District Heating System at Fort McClellan, Alabama (Oak Ridge
National Laboratory, July 1984).
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Table 4

Saturated Steam Temperature Table

Speeifle Volume Intemnal Enegy Enthalpy

Temp (OF) Pressure Sat. Sat. Sat. Sat. Sat. Sat.
Lbf/Sq In Liquid Vapor Liquid Evap. Vapor Liquid Evap. Vapor

I P Vf Vy uf Ufy Uy hf hfy hy

290 57.53 0.017352 7.467 259.25 838.5 1097.7 259.44 917.8 1177.2
300 66.98 0.017448 6.472 269.52 830.5 1100.0 269.73 910.4 1180.2
310 77.64 0.017548 5.632 279.81 822.3 1102.1 280.06 903.0 1183.0
320 89.60 0.017652 4.919 290.14 814.1 1104.2 290.43 895.3 1185.8
330 103.00 0.017760 4.312 300.51 805.7 1106.2 300.84 887.5 1188.4
340 117.93 0.017872 3.792 310.91 797.1 1108.0 311.30 879.5 1190.8
350 134.53 0.017988 3.346 321.35 788.4 1109.8 321.80 871.3 1193.1

savings is expected where steam is being lost via leaks in valves, pipes, and faulty steam

traps. Although these losses are difficult to quantify, the magnitude may be quite signi-

ficant as many leaks were observed in mechanical rooms and along the main piping. When

leaks occur, live steam losses are proportional to the square root of the pressure differ-

ence.

Q = ACV/W [Eq 1]

where Q = steam, loss (lbs/hr)
A = area of opening
C = discharge coefficient
g = gravity constant
h = pressure drop

Hence, a reduction in pressure from 100 to 50 psig decreases live steam losses by 29 per-

cent.

Steam Demand

Each building on the district heating system is equipped with a pressure reducing
station which has a known capacity at a given inlet pressure. For a reduced inlet pres-
sure, the steam capacity will also decrease. Maintaining existing maximum steam capa-
cities for each building when the pressure is reduced involves replacing pressure reducing
valves (PRVs) with valves which have a larger flow coefficient (Cv). Consider the case
where steam pressure is being reduced from 100 to 50 psig. Referring to the saturated
steam table (Table 4), the enthalpy (heat content) of dry saturated steam is about 1,190
Btu/Ib and 1,180 Btu/lb for 100 psig and 50 psig, respectively. Hence, the maximum heat
delivered to the equipment is 99 percent of the original maximum value although the
temperature is approximately 40 OF lower.
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To determine the new appropriate Cv, the Cv of the existing valve must be ob-
tained (available from the valve manufacturer). Use Equation 2 to determine the existing
steam capacity. 4

[] Q "- 2.1(Cv),-P- P2,51 +P2 [Eq 21

where Q = steam, flow (lbs/hr, capacity)
P1 = inlet pressure (pounds per square inch area [psia])
P2 = outlet pressure (psia)

Once the maximum steam capacity is determined for existing condition3 , the new Cv is
found by using Equation 2 with the new operating pressures. As a precautionary measure,
the maximum capacities calculated in this manner were compared with condensate mea-
surements at each building. (See the discussion of the project titled Metering of Steam
Heating Energy for more details.) The calculated maximum capacities using the valve
Cv proved most conservative and were therefore employed.

Steam Velocities

When pressure is reduced in a system where demand is unchanged, an associated
increase in steam velocities must occur to balance the decrease in steam density. The
calculation is straightforward:

V = 3.05(Q)(v)/(d 2 ) [Eq 3]

where V = velocity (fpm)
Q = steam, flow (lb/hr)3
v = specific volume (ft /lb)
d = internal pipe diameter (in.)

The current maximum steam velocities are approximately 4,000 ft/min. For a reduced
sendout pressure of 50 psig and a pipe diameter of 6 in., the new velocities are approxi-
mately 6,000 to 7,000 feet per minute (fpm) which is well below the standard suggested
steam velocity of 8,000 to 12,000 fpm with a maximum of 15,000 fpm as given by
ASHRAE Fundamentals.

Pressure Drop

A consequence of increased steam velocities throughout the piping is increased
pressure drops due to friction. An analysis of the pressure-flow relationships for the pip-
ing network connected to boiler plants No. 2 and No. 3 was performed to determine
whether the capacity of the system is adequate at reduced pressures.5 At the system
peak loads (outdoor temperature of 13 *F) the steam pressure at the hospital was calcu-
lated to be 28 psig for a sendout pressure of 50 psig and 40 psig for a sendout pressure of
60 psig. Because the hospital is equipped with a sterilizer which requires 50 psig, this
drop is too great. At a boiler operating pressure of 70 psig, the hospital will maintain 50
to 55 psig throughout the peak demand. For boiler plant No. 1, there is no demand for
high pressure steam and there are no links with the other boiler plants. Hence, an opera-
ting pressure below 75 psig can meet the steam demands. As a precautionary measure, a

'Flow of Fluids Through Valves, Fittings, and Pipe, Technical Paper No. 410M (Crane
Co., 1977).

5G. D. Pine.
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separate analysis was performed where the desired facility pressure was set and the
boiler pressure was back calculated to determine the setting. Using Equation 4, the Rey-
nold's number is calculated as follows:

Re = 354(Q)/(d)(u) [Eq 41

where Re = Reynolds number
Q = steam, flow (kg/hr)
d = diameter (mm)
u = absolute viscosity (centipoise)

Equation 5 is the Darcy formula 6 which is used to determine the pressure drop per
100 meters of pipeline.

AP = 62530(f)(Q 2 )(v)/(d5 ) [Eq 51

where AP = pressure drop per 100 meters
Q = flow (kg/hr)
v = specific volume (m /kg)
f = friction factor

The friction factor for clean steel pipe can be obtained from Figure 1.

Of course the pressure drop due to friction is only part of the total drop. So to
predict the overall drop, heat transfer and live steam losses need to be estimated. For
this project, the area of major concern was the line that transports steam to the hospi-
tal. For this line, the overall drop for the boiler set at 100 psig has been measured.
Hence, the frictional loss may be subtracted to determine the other contributions. For
example, the hospital is located 2,000 ft from the boiler. Using Equation 4 and Figure 1,
the friction factor is found to be .016. Hence, from Equation 5 the drop due to friction is
7 psig. In the winter, the overall drop is measured at 20 psig. Therefore, 13 psi is due to
conduction, leaks, and other customers. The conservative approach is to assume this 13
psi unchanged at the reduced pressure/temperature. The problem then becomes one of
finding the initial pressure so that the hospital receives 63 psig. Using a boiler operating
pressure of 75 psig, the drop due to friction is 10.2 psi which adds to the 13 psi to yield
52.8 psig at the hospital. The boilers in plants No. 2 and No. 3 should be operated at 80
psig during the peak season to ensure a margin of safety. A sendout pressure of 80 psig
will maintain the hospital pressure at 58.3 psig during the peak loads.

Steam Traps

Steam trap capacities are decreased by the system changes. A reduced inlet pres-
sure results in a reduced capacity. A survey of the steam traps throughout the installa-
tion was performed to determine whether the traps had sufficient capacity at reduced
operating pressure. Along the steam main lines, the hardest working trap (with the most
frequent cycles) is in the vault nearest the hospital. During the summer, the trap oper-
ates at approximately 25 percent of maximum capacity. If the trap proves to be under-
sized at the lower pressure, a larger trap should be used. Of the approximately 125 traps
located in Fort McClellan's mechanical rooms, 3 high pressure traps were blowing steam
when inspected. None of the these traps appear to be undersized for the reduced inlet
pressure.

6 Flow of Fluids Through Valves, Fittings, and Pipe.
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Boiler Operation

A project which involves reducing the boiler pressure depends on the boiler's f, xi-
bility. For example, many coal-fired boilers cannot function at reduced pressures with-
out reducing tube life expectancy. At Fort McClellan, the boilers are natural gas fired.
The boiler manufacturers were consulted on this project and they approved the reduced
operating pressure. Reducing operating pressure does reduce boiler capacity. However,
this proves advantageous because the boilers do not currently operate above 70 percent
full load as they should for optimum efficiency. Boiler pressure should be reduced very
gradually (1 psi every 10 minutes). The pressure reducing valves should then be adjusted
such that the downstream pressure is at the desired point (an adjustment screw is located
on the pilot regulator).
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Savings

Information gathered through condensate metering, and the predicted values for
building steam demand, provided USA-CERL researchers with an accurate means of
computing energy savings. The efficiency of the district heating system (delivered
steam/steam entering the pipes at the boiler plants) is approximately 53.0 percent. In
1982, the fuel use in boiler plants No. 1, No. 2, and No. 3 was approximately 180,000
MBtu. Assuming a boiler efficiency of 75 percent, an estimated amount of 135,000 MBtu
enters the steam distribution system in the form of steam. Of this, 47 percent (63,450
MBtu) is lost mainly due to conduction between the pipes and the ground and live steam
losses from leaks and faulty equipment. Natural gas has a unit cost of $1J.86 per MBtu.
This results in losses of $689,067 annually.

Table 5 indicates the savings possible from operating the boilers at the recom-
mended settings. The savings of $66,104 were calculated as explained in the previous
section. The project cost was $100,000, hence, a simple payback of 1.5 years was
achieved. Other agencies with district heating systems operating at much higher than
end-use pressures should consider performing a detailed engineering analysis to deter-
mine the feasibility of this type of retrofit.

Steam Vault Drainage

Central boiler plants No. 2 and No. 3 serve 24 buildings. The steam system includes
17 vaults that contain service valves, traps, tees, and other steam service equipment.
Typically, the vaults are equipped with drainage pumps that keep the vault dry when it
rains or equipment leaks. Random inspection of these vaults revealed that they were
often filled with water and many times the piping was in contact with the water. In
some cases the vaults were not equipped with pumps and in other cases the pumps (steam
powered) were inoperative. Draining this water can save approximately $4,600.00 per
year. This estimate is based on the decreased heat loss from the pipes. Water in the
vaults was assumed to be heated to 150 OF. The estimated heat loss from a bare, 6-in.
steam pipe carrying 338 OF steam and covered by 150 OF water is 50,000 Btu/hr-ft (this
could be as high as 150,000 Btu/hr-ft depending on the assumed heat transfer mecha-
nism). The heat loss is nearly 60 times that of dry bare pipe, and is equivalent to the
heat transfer in 1,000 feet of dry pipe with 4 in. of calcium silicate insulation. A general
recommendation to keep the vaults dry is applicable to any Army installation.

Table 5

Savings Due to Proper Boiler Operation

Season Annual Plant No. 1 Plants No. 2
Savings and No. 3

Winter $66,104. 80 psig 50 psig
Summer 75 psig 50 psig
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Oxygen Trim Systems for Central Boiler Plants

An oxygen trim system allows minor adjustments to the amount of air flowing into
the boiler combustion chamber to provide near-optimum air flow at all firing rates. The
trim system should function only to adjust for the random variations in the combustion
process that take place because of changes in air temperature, humidity, or fuel compo-
sition.

The items discussed below should help avoid the problems researchers encountered
when applying oxygen trim controls to the boilers at Fort McClellan. The controls must
be carefully planned, set up, and calibrated to result in significant energy savings.

Check Damper Travel

Damper travel and linkage adjustments may vary from one trim system to the
next. Some systems replace part of the damper linkage with a variable-length member;
others impose an angular rotation directly to the dampers. Whatever method is used, it
is important to check that the travel imposed by the trim controller on the dampers is
not excessive. The trim controller should cause the dampers to move only about 5 per-
cent of their total sweep at low fire, and about 10 percent at high fire. Any more travel
can cause flame failure in certain boilers due to too much or too little combustion air.

Interface With Existing Controls

Take care when interfacing the trim system with existing boiler controls. Many
boilers have limit switches at the maximum or minimum damper position, or at both.
During the purge cycle, these switches make contact to signal to the master controller
that the da.apers have opened or closed. If the limit switches cannot be met, the con-
troller will not allow the boiler to start. It is important to ensure that the trim system
does not impose any offset to the dampers which would interfere with the control
sequence. This precaution is necessary even on boilers which do not have limit switches,
because the dampers may need to be fully closed to light the flame.

Protect Against Failure

If the trim system fails, it may freeze in a certain position which would not allow
the limit switches to be met. If this happens, the boiler may have to be taken offline.
Therefore, although it may be difficult to achieve, set up the trim system in such a way
that the failure of one component will at worst cause the boiler to run as it did before
the trim system was installed.

On one particular boiler, the oxygen trim system had an installed linkage that
allowed the lower limit switch to be met regardless of the trim position. In other words,
when the oxygen trim system moves from maximum to minimum, there is no correspond-
ing damper travel. However, the upper limit switch could only make contact when the
trim controller was at its maximum position. This was not a problem when the system
was functioning correctly, but it was clear that the boiler would not start in the event
the trim system froze in some other position. To solve this problem, the high limit
switch was replaced by a spring-loaded switch that allowed enough travel so that the
upper limit switch could also be met regardless of the trim position.
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Control Chamber Pressure

Pressure in the combustion chamber should always be kept slightly negative to

avoid releasing toxic combustion products into the boiler room. Many old boilers (often
the best candidates for oxygen trim) are leaky, and due to the slight vacuum, will draw a
certain amount of air from the boiler room into the combustion chamber. This air will

eventually affect the oxygen concentration seen by the sensor in the stack and will cause

slightly higher readings.

The excess air decreases the efficiency of the boiler, because it is heated and sent

out the stack. However, the excess air will not affect the performance of tile trim sys-
tem so long as the oxygen concentration remains the same as it was during calibration of
the trim controller. But if the boiler pressure controller is not accurate enough, and if
the flue gas oxygen concentration changes significantly, the trim controller will attempt
to decrease oxygen concentrations by closing the dampers. Since the excess air does not
take part in combustion, closing the dampers at this point causes a decrease in effi-
ciency, and may also cause increased carbon monoxide production. Therefore, unless
pressure in the combustion chamber is accurately maintained, an oxygen trim system
may not be effective.

Simulate Controller Operation

A major concern with any oxygen trim system is the operation of the controller it-
self. It is difficult to assess the performance of a trim system simply by watching it
operate at various loads. If the system is stable, there is very little outward difference
between a trim controller that is set up properly and one that is not. Ideally, one would
like to see what happens when oxygen concentrations in the flue gas go above or below
the setpoint. Do the dampers open or close by a reasonable amount? Is there instabil-
ity? Is the deviation from the setpoint acceptable?

Because such conditions are difficult to create except in the laboratory, research-
ers used an accurate calibration/setup procedure which involved using simulated inputs to
the controller. On one controller, oxygen content was sensed by a 4 to 20 milliampere
(mA) signal from the oxygen sensor. During calibration, the sensor was disconnected and
replaced with a variable current source. Likewise, the controller sensed the fuel valve
position by way of a variable resistor. This resistor was replaced by another variable
resistor placed in the vicinity of the controller so that it could be adjusted easily during
calibration. This allowed the boiler operation to be simulated over a wide range of oper-
ating conditions without affecting the boiler itself. These simulated inputs were also
useful for assessing calibration drift.

Oxygen trim systems require a greater investment of time and effort than one
might expect. The correct setup procedure includes installing the appropriate linkages,
proper interfacing with existing controls, accurate setup of the controller, and periodic
calibration of the oxygen sensor and the controller itself. And as always, verification is
necessary to ensure the success of the investment. If all equipment is functioning cor-
rectly, however, an oxygen trim system can improve combustion control. Before imple-
menting a new oxygen trim system, installation personnel should be thoroughly familiar
with the system.
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Boiler Plant No. 4 Summer Shutdown

This investigation showed the technical feasibility and implementation of shutting
down the HTHW system in boiler plant No. 4 for up to 8 months a year. The shutdown
coincides with a seasonal shift in heating equipment operation whereby local hot water or
steam generators will supply the summer hot water needs of each building on the sys-
tem. The reason for shutting down plant No. 4 is twofold. First, on-site heating can save
money and second, the same system of concrete trenches which contain the hot water
piping also contain the chilled water pipes. The heat transfer to the chilled water lines is
causing a significant increase in the load on the central chiller.

Currently, the system is operated continuously all year. During periods when space
heating is not required in the buildings being served, domestic hot water and kitchen
steam loads are met with the central system. The proposed alternative operating scheme
would entail using new heat generating equipment and laying up the central system
equipment for these periods. This layup will impose conditions on the system which had
not been experienced on a routine basis.

To identify and evaluate these new service conditions and their impact on facility
maintenance and operating requirements, the layup was conducted in the following three
stages which are discussed below.

1. Cooldown

2. Idle Period, and

3. Startup.

Cooldown

The boilers should be brought to low fire and shut off according to manufacturer's
recommended procedures. It will be necessary to keep the boiler and system circulation
pumps operating until the system water temperature is stabilized at ambient conditions.
During the cooling process, makeup water must be provided as necessary to maintain
water level in the expansion tank to keep surfaces from dry corrosion and leaking.

Water chemistry must be monitored and controlled within recommended limits dur-
ing and after the cooldown. Once the system temperature has stabilized at ambient
levels, normal equipment shutdown procedures can be continued. A positive pressure
should be maintained on the system, although the magnitude of that pressure can be
reduced from 240 psig at the expansion tank to (approximately) 25 psig.

As the system cools, the piping system components also contract. To what extent
will this contraction cause leaks to develop? It is anticipated that some new leaks will
be created. However, they are not expected to be a significant problem.

As the system cools, what will be the effect on leaks already present in the sys-
tem? The current flashing of HTHW into steam upon exiting from the piping will be
eliminated. When the system pressure is reduced, however, the net effect will be a
decrease in leakage rate.

As the system water cools, the solubility of air in the water increases. Will this
cause corrosion problems during the shutdown? Water chemical treatment can be ad-
justed during the shutdown period to offset the increased solubility of air in the water.
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With proper treatment (probably two to three times the current concentration of sul-
fites), corrosion problems can be prevented.

After the system has been cooled, what pressure should be maintained? Lowering
the pressure of system water would decrease the rate of flow through existing leaks and
diminish the tendency to create new leaks. Two factors, however, limit the extent to
which the pressure may be reduced:

1. The system must be kept at a pressure greater than atmospheric to ensure
against leakage of air into the system, and

2. The system must be kept at a sufficiently high pressure to prevent cavitation in
the circulating pumps. This requirement can be satisfied for low temperature water (less
than 100 OF) with any pressure above atmospheric.

Idle Period

Will prolonged idleness have detrimental effects on system components, including
boilers, controls, pumps, and piping? Problems can be minimized by using some or all of
the preventive measures listed below.

• Follow the boiler manufacturers' published standard wet-layup procedures for
temporary storage of their equipment.

& Keep the circuits energized even while the equipment is off to minimize con-
densation that could cause relays in control cabinets to stick.

• Operate the pumps for short periods at intervals throughout the layup season.

9 Inhibit corrosion in the piping system by properly modifying normal treatment
procedures according to water treatment specialist recommendations.

. Keep the fireside dry by using lime or another desiccant.

Will water treatment lose homogeneity if the system pumps are not operated, and
will this lead to localized corrosion problems? During the layup, it is necessary to peri-
odically sample and maintain system water chemistry according to the recommendations
of the water treatment specialist. The pumps should be operated for short periods of
time (several minutes) every 2 weeks throughout the layup period, unless the water treat-
ment specialist requires more frequent operation to maintain treatment specifications.

Central plant boilers are currently used to keep No. 4 fuel oil stores heated so they
will be available in the event of an emergency curtailment of natural gas. If the central
plant is shut down, will there be adequate fuel heating capacity to maintain proper emer-
gency backup conditions? The plant is equipped with electric heater sets to backup the
hot water supplied units. These can be used in the event of an emergency when the cen-
tral plant is shut down.

While the system is idle, locate and repair existing leaks. It may be desirable to
temporarily increase system pressure to normal operating levels so leaks can be easily
located.
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Startup

As the system is brought up to operating temperature, the piping system compo-
nents will expand. Although some new leaks will be created, they are not expected to be
significant. The system should be started before the buildings need space heat to allow
time to repair any leaks.

Start up may introduce air bubbles in the system. Vent valves should be operated
throughout the system to relieve any air released from solution during heating.

After the system pressure is back to normal (240 psig at the expansion tank) and
the system pumps are back in operation, the boilers should be restarted according to
manufacturer's guidelines. The rate at which system water is brought up to temperature
should not exceed guidelines provided by the boiler manufacturer. Once the system is up
to temperature, the local hot water (HW) generators at each building can be secured
after shifting over to central system supply.

Conclusions and Cost Analysis

The investigation identified no significant technical constraint which would limit
the ability to shutdown the HTHW system at Fort McClellan annually. Typically, district
heating systems operate with an efficiency between 50 and 75 percent (Btu used by the
customer/Btu entering the pipes less the return Btu). This energy represents the savings
associated with use of the on-site boilers. Hence, for the months of interest, approxi-
mately 37,500 MBtu enter the system and assuming a district efficiency of 75 percent
results in losses of 9,375 MBtu annually. A cost of $10.86 per MBtu results in savings of
$101,812.50 annually.

In addition to significant energy and operating cost savings, a regular system shut-
down will afford the opportunity for preventive and corrective maintenance. It is noted,
however, that a potential increase in the number of system leaks may occur as a result of
the thermal cycles on joints. These are expected to be relatively minor, and the addi-
tional maintenance required for repair will be more than offset by the savings of not
operating the system during the extended shutdown period. Finally, the heat transfer
from the HTHW piping to the chilled water piping will be alleviated.
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4 HVAC SYSTEMS

Reduction in Outdoor Air Ventilation

The purpose of this project is to conserve energy by measuring and reducing the
rate of forced outdoor air ventilRtion in large air-handling systems. This information
applies to all Army facilities with air-handling systems that introduce outdoor air into
the building environment for ventilation and/or free cooling.

Most air handlers are designed to introduce some outdoor air into ihe building for
ventilation. While this air is required for health and comfort reasons, it can also cause
significant energy expense during the heating or cooling season by contributing to the
load. Since. minimum ventilation requirements have decreased over the years, it is likely
that many air handlers are introducing more outdoor air than necessary. Therefore, it is
imperative from the standpoint of energy conservation that air be introduced at the min-
imum requirement established by the American Society of Heating, Refrigeration, and
Air-conditioning Engineers (ASHRAE) Standard 62-1981.

The purpose of the ASHRAE Standard is "to provide healthful and comfortable in-
door environments by using materials and methods that optimize efficiency of energy
utilization." The publication emphasizes the effect of ventilation on energy consumption
by listing building types and ventilation rates per area and number of occupants. The
Corps of Engineers has used this standard to formulate minimum ventilation require-
ments for Army buildings.

The researchers performed a survey on all air-handling equipment at the installa-
tion to determine if outdoor air reduction was feasible. The survey identified the size
and type of system (e.g., draw-through, multi-zone, variable air volume [VAVI) and sut-
able locations for temperature flow measurements. On the basis of this survey, 249 air
handlers were selected for additional analysis.

For each unit, the number of occupants served by the system; temperature and flow
rate of supply, return, and outdoor air; temperature rise across the fan; pressure rise
across the fan; and the electrical characteristics of the fan including power, power fac-
tor, voltage, and current were determined. Measurements were cross-checked and the
data were organized for additional conservation work. Of the 249 identified air handlers,
28 were introducing more outdoor air than required. Damper adjustments resulted in a
reduction of 17,835 cubic feet per minute (cfm), or about 11 percent of the total outdoor
air intake of the air handlers.

The annual savings for the heating season can be estimated by the following expres-

sion:

Heating Savings = k(R)(HDD)(C) [Eq 61

where R = reduction in outdoor air ventilation rate (17,835 cfm)
HDD = heating degree days (2551)
C = delivered fuel cost per MBtu ($10.86)
k = a constant (2.592 E-05)

7 ASHRAE Standard 62-1981, Ventilation for Acceptable Indoor Air Quality (ASHRAE,
1981).
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On this basis, the project will save an estimated $12,807 in annual heating costs. Note
that this does not account for efficiency of the steam or HTHW distribution system or
efficiency of local boilers if use-.

For the cooling season, the calculations are less straightforward. However, using a
method similar to Equation 6, the potential savings can be estimated by the following
expression:

Cooling Savings = k(R)(CDD)(C)/(COP) [Eq 71

where R = reduction in outdoor air ventilation rate (17,835 cfm)
CDD = cooling degree days to a base of 80 OF (600)
C = electrical cost per kWh ($0.05)
COP = coefficient of performance (1.5)
k = a constant (7.60 E-03)

Using Equation 7, the potential savings for the cooling season are estimated to be
$2,711. The total annual heating and cooling savings are $15,235.

Since the total project cost was $29,000, the simple payback period is less than 2
years. Outdoor air reduction to conserve energy at this installation was first suggested
in a 1979 EEAP study. Based on their estimates of outdoor air flow rates, and adjust-
ment in accordance with ASHRAE Standard 62-1973 (an earlier edition of the standard
used in this study), the firm suggested a simple payback period of about 1 month. Since
the current standard allows less outdoor air, thereby saving additional energy at virtually
the same cost, one would expect a shorter payback period using the more recent stand-
ards. While the actual 2 year payback is reasonable, it does point out the value of accu-
rate field measurements as opposed to blanket estimates.

Replacement of Inefficient Electric Motors

The electric motors that power fans in HVAC systems are a significant source of
electrical power consumption. Proper matching of load and motor power is important,
because an oversized motor consumes significantly more power than a motor which is
properly sized for its application.

Of 201 motors surveyed at Fort McClellan, 68 were sufficiently oversized to war-
rant replacement. Some of the motors had operating efficiencies as low as 50 percent.
Properly sized integral horsepower motors manufactured today operate at efficiencies of
75 to 95 percent, depending on the design and size.

IEEE Standard 112-19848 specifies several methods for determining motor effi-
ciency. These methods however, are intended for laboratory testing. They are much too
involved, if not impossible, for field implementation. To facilitate the measurements,
USA-CERL developed a method of approximating motor efficiency using an optical tach-
ometer. A small strip of reflective tape is placed on the motor shaft, and the motor is
placed in operation. The tachometer is aimed at the reflective tape, and the rotative

8IEEE Standard 112-1984, Standard Test Procedures for Polyphase Induction Motors and
Generators (Institute of Electronics and Electrical Engineers, 1984).
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speed is read on the instrument. The formulas developed below approximate the load and
efficiency of the motor using this simple speed measurement and the motor nameplate
data.

Because the majority of motors used in HVAC applications are of the NEMA type B
design, equations were developed for that design only. Similar equations for other motor
designs could be developed using the same principles.

Development of an equation for motor efficiency first requires a discussion of frac-
tional load (FL) and its relationship to motor speed. This relationship, which is nearly
linear except during startup, involves three quantities: the revolutions per minute syn-
chronous (rpmsvn), rpm operating speed (rpmmeas), and rpm nameplate (rpmnp).

Rpm sync is a function of line frequency and motor design (number of poles); rpmmeasis

the operating speed of the motor, which should be measured when the motor is under the

maximum system load; rpmnp is the rpm stamped on the motor's nanteplate and indi-

cates the speed at which it operates when delivering its rated horsepower (hPnp). Frac-

tional load (in percent) can be calculated using these parameters as follows:

FL(%) = 100(rpmsyne - rpmmeas)/(rpmsync - rpmnp) [Eq 8]

OR

FL-- BhP
hpnp

where Bhp = Brake horsepower (load delivered by motor).

As an example, consider a 20 hp motor with a nameplate rpm of 1,740, a synchro-
nous speed of 1,800 rpm, and an operating speed measured at 1,780 rpm. The fractional
load is calculated as 100(1800-1780)/(1800-1740) = 33.

Replacement motor size should be the smallest motor which will not incur a load
greater than its nameplate rating (FL <= 100%). Motors are typically designed to with-
stand loads equal to 115 percent of their nameplate horsepower to provide for a margin
of error.

It is important to confirm the Bhp when considering motor replacement. All
motors in this study contained adjustable belt drives to spin centrifugal fans. This con-
figuration allows simple adjustment to ensure that the replacement motor delivers the
same Bhp as the original. Without this adjustment, the more efficient motor could
actually consume more power than the original if it is delivering a greater Bhp. In the
case of centrifugal fans, this would result in a larger airflow. Although true Bhp cannot
be practically measured in the field, the objective is to rotate the fan at the same rpm as
before. This can be checked with a tachometer and the current draw of the new motor
can be checked to detect overloading.

Assuming that adjustments can be made after replacement of the motor to ensure
equivalent Bhp, the following relationship gives an approximation for replacement motor
size:

Bhp =(FLr) (hPnPr) (FLO) (hPnp) [Eq 91

The subscripts r and o refer to replacement and original, respectively.
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I4
Equation 9 can be rearranged to give a relation for the required horsepower ot the

replacement motor (HPNr) in terms of the nameplate horsepower and the fractional load
of the original motor:

hPnp r = (FLO%) (hPnpo) /100% [Eq 101

Continuing the example above, the required horsepower of the replacement motor
is (33%)(20 hp)/100% = 6.6 hp. The next largest motor size commonly available is 7.5
hp. Rearranging Equation 9 and substituting the known variables yields the fractional
load of the replacement motor: 88%(33 X 20/7.5).

With the fractional loads determined, the efficiencies can be approximated from
performance curves. The relationship of efficiency versus fractional load for a typical
NEMA design B motor can be approximated by the following equation (derived from a
curve fit to the NEMA design B parameters):

E motor = 16.1 + 170(FL) - 100(FL)2  [Eq II

In the example, the fractional loads of the original and replacement motors are 33
and 88 percent, respectively. Substituting these values into Equation 11 yields efficien-
cies of 61 percent for the original motor and 88 percent for the replacement motor.
Calculation of the energy savings is performed as follows:

Change in hp demand = Bhp[I/E o -I/Erl = FL 0 X HPNo[1/Eo - 1/Er]

Change in kW demand (0.746 kW/hp) X FL O X HPnpo[1/E 0 - 1/E r ]

Assuming 0.05$/kWh and 8,760 hours of operation per year:

$saved/year = $0.05/kWh X 8,760hr/yr X .746kW/hp X .33% X 20hp[l/.61% - 1/.88%]

= $1084/year

Assuming the cost of a 7.5 hp motor to be approximately $300 and installation costs
to be $200, the simple payback is less than 5 months.

Because the efficiency characteristics of standard induction electric motors can
vary several percent, the full load efficiency of the replacement motor should always be
specified. The following data should be collected from each motor at the time of the
electrical or rotational speed measurements, since it must be known to select a replace-
ment motor:

" Nameplate horsepower

" Rpm O

" Amperage and voltage requirements

" Starting code

" Frame number
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* Type and number of belts

0 Fan and motor pulley diameters, and distance between pulley centers

& Information on the overload protection equipment, specifically amperage of cir-
cuit breaker, fuse, and thermal overload.

Kilowatt measurements indicated that 104 of the 201 motors surveyed were suffi-
ciently underloaded to result in a payback of 5 years or less. Rpm measurements con-
firmed that 78 of those 104 warranted replacement. Various reasons prohibited replace-
ment of 10 motors: size, cost, and enclosure type. Replacement of 68 motors resulted in
a 17 percent decrease in electrical power demand.

Dispensary Chiller Installation

The dispensary is currently provided with chilled water and/or hot water to handle
space cooling and heating requirements by central plant No. 4. Because of the nature
and use of the building, it has sometimes been necessary to keep the dispensary air-
conditioning system operating longer into the autumn than for other buildings served by
the plant. Similarly, it has occasionally been necessary to start the air-conditioning sys-
tem sooner in the spring than for other buildings served by the plant.

As a result, for 15 to 45 days on each end of the cooling season, the plant may be
operated solely to accommodate the requirements of the dispensary. Thus for these per-
iods, the plant (which is sized for 1,700 tons of cooling) is operated for just two 12.3-ton
air-conditioning systems. Plant efficiency at such light loads is very low.

A 30-ton packaged chiller unit was installed at the dispensary to handle the loads
during the "swing" seasons, thereby eliminating the need for extended operation of the
central plant at extremely light loads.

To assess the chiller size requirements, plans of the building were obtained and
reviewed, and a survey of the site was conducted. The results of these efforts and sub-
sequent analyses are discussed below.

Analysis

A survey of the dispensary and a review of the construction drawings indicate that
the building is quite well insulated and has a low percentage of glass area on external
walls. Furthermore, there is a rather high level of lighting, and during certain hours of
the day, a high occupancy. In general terms, these observations reflect a tendency for
the building air-conditioning loads to be relatively insensitive to outdoor air tempera-
tures. This tendency explains the observed occurrence of air-conditioning loads early in
the season before outdoor air temperatures get too high, and late in the season after they
have dropped off substantially from summer peaks.

Based on a design load calculation, the design cooling load of the dispensary is 33
tons. This calculation was based on an outdoor air temperature of 97 OF db (dry bulb),
77 OF wb (wet bulb), and a room setpoint of 72 OF db, 50 percent relative humidity.

The program was rerun with an 86 °F/72 OF db/wb outdoor air condition, resulting
in a peak load of 28.7 tons. This load exceeds the combined design capacity of the two
air-handling units (AHUs) serving the building. This provides some explanation for the
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comments received from building occupants that room conditions were not satisfactory
during extreme weather (in cooling or heating modes).

It was observed during the survey that hot water was being supplied to the building
through both the chilled water and hot water piping. Thus both decks of the multizone
AHUs were being used as hot decks. Conversations with facility personnel indicated that
piping modifications had been made to help alleviate the inadequate capacity of the
heating and cooling systems. With the modification, both AHU coils are used for heating
during the winter, and both for cooling during the summer. Based on the comments from
the occupants, however, these actions have not resolved the problem.

National Oceanic and Atmospheric Administration (NOAA) weather data for Birm-
ingham show that temperature extremes have occurred during the swing months (Table
6). Therefore, a system sized to accommodate the potential peak loads during the swing
seasons would be capable of meeting design summer load conditions. Because of this sit-
uation, the size and energy saving potential of a separate packaged chiller installation at
the dispensary was complicated. Whereas an undoubted efficiency improvement would
occur with the installation of a fully-sized system, the ability of the system to meet cur-
rently unsatisfied loads would diminish the net energy savings.

As a fair basis for comparing a modified system to the base case system, a constant
level of cooling output was assumed for the swing seasons. NOAA weather data indicates
an average outdoor temperature during these seasons of 57.3 OF. Translating this into an
estimated building cooling load of 16 tons, and assuming a 60-day swing season length,
about 9,600 ton-hours of cooling establishes the output baseline.

To provide an average of 16 tons of cooling to the dispensary from the central
plant, a distribution system loss of at least 95 tons would be incurred (estimated on the
basis of a one degree water temperature rise from the plant to the dispensary, and
another one degree rise from the dispensary back to the plant).

The plant chiller would therefore be required to operate at about 11 tons. At that
load, its input power requirement would be about 166 kW. In addition, plant auxiliaries
including chilled water, tower pumps, and tower fans, would add a constant power con-
sumption of about 128 kW. Therefore the total plant operating input power would be 294
kW. Operating at this level for 600 hours a year, the resulting energy usage is 176,400
kWh. A new packaged chiller, on the other hand, would require approximately 1.3 kW per
ton, including auxiliaries. Supplying 9,600 ton-hours during the swing season would there-
fore require only 12,480 kWh; a savings of 163,920 kWh. At $0.05 per kWh, this trans-
lates into annual energy cost savings of $8,196.

Implemented Solution

Although the peak load of the building was calculated to be 33 tons, the installed
capacity of the existing AHUs is only about 25 tons. This capacity is inadequate. There-
fore, for this chiller replacement, a 30-ton unit was selected. This size would enable a
more satisfactory approach to meeting peak load requirements should the AHUs be up-
graded to appropriate capacities in the future. The shortage of 3 tons could be tolerated
more easily during the swing seasons than the summer because of the relative infre-
quency of peak load occurrences. The chiller replacement was $37,500 with a simple
payback of 4.5 years. Other installations experiencing a large discrepancy between cen-
tral plant chiller sizing and online demand during nonpeak seasons should consider indi-
vidual chiller units.

35

-- -- ---- ml iali lilS



Table 6

Birmingham Peak Temperature Data

Month Peak Temperature ( F)

March 87
Apil 90
May 99
September 100
October 94
November 84
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5 FAMILY HOUSING

Combustion Optimization of Gas-fired Heating Equipment

Because of their relatively small size (50,000 to 250,000 Btu/hr), forced-air fur-
naces and hot water heaters of the type normally installed in barracks, mess halls,
offices, and family housing units are often overlooked as candidates for installation-wide
energy conservation measures. However, when the number of these heating units in
operation at any installation is considered, their combined energy consumption is signifi-
cant. At Fort McClellan, the combined heating output for all residential-size heating
equipment is of the same magnitude as that produced by a central boiler plant.

Since the rapid increase in fuel prices experienced in the mid-1970's, numerous add-
on devices and modifications for residential gas-fired heating equipment have been mar-
keted as energy-saving measures. These devices include flue gas heat extractors, recircu-
lators, and automatic vent dampers. While the concepts involved in the design of such
devic-s are valid, very few operate effectively in the field. In a study of 20 such devices
performed by the New York State Energy Research and Development Authority, it was
determired that the most reliable and effective method of reducing fuel consumption in
residential heating equipment is furnace derating. Furnace derating involves installing
flue gas and vent dampers and adjusting the firing rate of the appliance. The effect is to
reduce the output of the heating device. A reduced output is allowable because most
furnaces are oversized for their particular applications. While typical efficiency im-
provements with furnace derating are approximately 8 percent, major modifications to
existing equipment would have been too costly to perform in this research. However,
projects to adjust the firing rate, or optimize combustion were inexpensive and had a
rapid payback.

Previously, the only way to optimize combustion in heating equipment of this type
was by sight. Although it is possible to set the proper combustion rate by observing the
color, intensity, and other characteristics of the flame, this method provides no informa-
tion about the actual operating efficiency either before or after the adjustment. Orsat
meters have been used to measure concentrations of oxygen and carbon monoxide in the
flue gas, but this method is very time consuming and requires sufficient training and
experience.

Recently however, several electronic micro-based devices have been marketed
which allow rapid measurement of flue gas composition. These devices are portable and
can be used in the field with a minimum of training. Costs range from $1,000 to $2,000
(1986 dollars), depending on the model and number of options present. Measurements of
flue gas temperature, oxygen and carbon monoxide concentrations, and efficiency are
taken either continuously or as a sample, and are displayed in the proper units on a digi-
tal display. Using this instrument, heating equipment can be adjusted, and the energy
savings quantified, in less than 30 min per unit. This is a considerable improvement over
methods which were used in the past and makes combustion optimization a very cost-
effective, rapid payback project.

Combustion in any heating device occurs when fuel and air are ignited. The most
efficient combustion (stoichiometric combustion) occurs when the correct proportion of
fuel and air are burned. The combustion products consist only of water vapor and carbon
dioxide. If there is not enough oxygen present, the combustion process is incomplete.
Some of the fuel does not burn and is lost through the exhaust gases. Some of the fuel
that does burn forms carbon monoxide rather than carbon dioxide. Incomplete
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combustion is not only less efficient, but also presents a danger to the environment and
possibly to the occupants of the heated space.

When too much air is mixed with the fuel, a portion of the heat of combustion is
used to heat the excess air. Since this excess air is ejected through the flue pipe with
the rest of the combustion products, some of the heat of combustion is wasted. Because
of the inefficiency of the combustion process, all heating devices require some excess air
and carbon monoxide will always be present in the flue gas.

Most furnaces and water heaters contain a sleeve or disk that is used to adjust the
amount of air introduced into the combustion process. It is relatively easy to fabricate
an adjustment device for equipment that does not contain one.

An additional source of energy loss in residential heaters is air leakage after the
combustion orocess. Because of the high temperature of the exhaust products, a stack
effect is created and the exhaust rises into the flue and out to the atmosphere. This
movement creates a partial vacuum in the heater, which causes additional air to be
drawn into it. If the heater is located in the heated space of a building, the effect is to
draw in heated air and eject it to the outdoors. This occurs more often with furnaces
than water heaters because of differences in the system designs.

Although oxygen in the air is the driving force of the combustion process, flue gas
carbon monoxide concentration is a more reliable predictor of combustion efficiency.
This is because, as stated above, some excess air will always leak into the system and
appear in the flue gas. Figure 2 shows a curve of typical carbon monoxide and oxygen
measurements taken as a function of the position of the adjustable air gate in a furnace.
As the air gate is closed off, the oxygen concentration tends to decrease and approach a
bottom limit where the air leakage after the combustion process becomes the dominant
source of oxygen in the flue gas. Measuring the oxygen concentration at this point pro-
vides little information on the efficiency of combustion.
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On the other hand, air leakage after the combustion process has very little effect
on carbon monoxide concentrations in the flue gas. Figure 2 also shows that up to a cer-
tain point, the carbon monoxide concentration increases only slightly as the air damper is
closed. This is due mostly to a decrease in dilution by the other combustion gases. How-
ever, as the air damper is closed further, the concentration of carbon monoxide begins to
rise very rapidly because there is insufficient oxygen present in the combustion process.
At this point, oxygen concentrations in the flue gas may still be quite high, but are the
result of air leakage after the flame. Therefore, measuring carbon monoxide is more im-
portant than measuring oxygen to determine the combustion efficiency. Optimum com-
bustion occurs just before the point at which carbon monoxide concentration begins to
increase rapidly. Generally, a carbon monoxide concentration of 200 to 250 parts per
million (ppm) indicates optimal combustion in the heating equipment normally encoun-
tered at military and civilian installations.

Measuring and adjusting the combustion air will be different for each type of de-
vice. However, USA-CERL researchers developed a general method which can be used as
a guideline for measuring and adjusting most heating equipment. This method is discus-
sed in the following paragraphs.

1. All heating devices contain a safety relief which prevents the combustion pro-
ducts from reentering the combustion area if the flue becomes blocked. On hot water
heaters, the relief often consists of a vent in the flue pipe near the outlet of the device.
On forced air furnaces, a vent is placed above the burners. During normal operation,
ambient air is drawn into the safety relief due to the stack effect of the combustion
gases. Because this air will affect the oxygen and carbon monoxide concentrations mea-
sured in the flue, all measurements should be taken before the safety relief. If this is not
possible, the safety relief should be temporarily blocked using aluminum foil or some
other inexpensive fireproof material, and a small hole should be drilled in the flue pipe to
accomodate the measurement probe.

2. To ensure a steady state of operation, run the system for at least 15 minutes be-
fore the first measurements are made. This may require setting the thermostat to a
higher temperature to ensure continuous operation of the system. Usually, the carbon
monoxide and oxygen concentrations will stabilize after a few minutes, but flue gas tem-
perature requires additional time to reach a steady state.

3. After a steady state has been reached, measure and record the efficiency, tem-
perature, oxygen concentration, and carbon monoxide concentration.

4. During adjustment, monitor the carbon monoxide concentration. If the initial
concentration was above 250 ppm, begin decreasing the combustion air by adjusting the
air gate or other device on the burner until a point is reached where carbon monoxide
concentration begins to increase rapidly. At this point, the readings will be unstable and
will vary widely. Begin increasing combustion air slowly until the carbon monoxide con-
centration stabilizes between 200 to 250 ppm. If the initial reading was below 250 ppm,
increase the combustion air until a reading between 200 to 250 ppm is achieved.

5. When adjustments are completed, measure the efficiency, temperature, oxygen
concentration, and carbon monoxide concentration to quantify energy savings. If the
oxygen concentration is above 10 percent after the adjustment, excess air may be enter-
ing the flue after the flame. Make sure the safety relief is blocked, check for other
leaks, and repeat steps 2 through 4.
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6. If temporary blocking of the safety relief was required, remove the blocking
material when the adjustment and measurements are completed. If a hole was drilled in
the flue pipe, cover it with aluminum furnace tape or furnace cement. Reset the ther-
mostat to the original room temperature setting.

While this procedure applies to most heating equipment at military and civilian
installations, some units may present special problems. For example, some heaters will
produce high concentrations of both oxygen and carbon monoxide no matter what adjust-
ments are made. This may be due to clogged or dirty heat exchanger surfaces. Periodic
maintenance may reduce the concentration levels.

To demonstrate the effectiveness of combustion adjustment, 204 furnaces and hot
water heaters at Fort McClellan were evaluated. These units had a combined heating
capacity of 88,952,000 Btu/hr. The combustion efficiency of more than half of the units
was improved, with efficiency increases of as much as 25 percent in some cases. The
average improvement for all the units was 2.5 percent. Based on the average heating
season and fuel costs for Fort McClellan, this project is estimated to have saved $16,000
with an investment of $17,000 in labor and equipment costs, hence a simple payback of
1.1 years was achieved.

Infiltration Study of Family Housing

Infiltration of outdoor air in family housing is a major source of energy losses not
only at Army installations, but in the private sector as well. Many local power utilities
have developed programs for their consumers whereby company representatives will per-
form an energy analysis of the home and suggest ways to improve energy efficiency.
These suggestions usually involve weather stripping outside doors, caulking windows, and
other measures designed primarily to reduce outdoor air infiltration. Because of the rel-
atively low cost and ease of installation, most of the conservation measures performed
under such programs fall into the category of reduction of outdoor air infiltration.

To test the likelihood of energy conservation through reduction of infiltration in
family housing units at Fort McClellan, 30 housing units (6 each of 5 different construc-
tion types) were tested using a standard fan pressurization/depressurization method.
Since major leakage sites and problem areas were consistent within each specific con-
struction type, corrective measures were applied to four representative units, and the
reduction in the leakage rate documented. Using an infiltration model, this reduction in
leakage rate was compared to the associated savings of heating energy.

A blower door apparatus was used to measure the airtightness of each housingunit. The apparatus consists of a variable-speed fan attached to a calibrated flow mea-

suring nozzle. The fan is sealed to the door opening by a coated nylon fabric that is
stretched across an adjustable frame. Differential pressure gauges are used to measure
the pressure across the nozzle and the pressure in the house with respect to the outdoors.

The representative units selected for infiltration reduction were: a two-story,
three-bedroom townhouse (1,195 sq ft); a two-story, two-bedroom townhouse (922 sq ft);
a one-story, three-bedroom duplex (1,456 sq ft); and a one-story, two-bedroom duplex
(1,103 sq ft). Corrective measures consisted of four retrofit packages. The first retrofit
was to seal the interior door to the heater room closet (furnace and/or hot water
heater). This was done only when a sufficient amount of combustible air was provided
per the National Fire Protection Association code. Most of the housing units at Fort
McClellan are equipped with a large attic fan that allows a considerable amount of cold
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air to infiltrate from the vented attic. The second retrofit was to seal the interior lou-
vers to these fans. The third package was to seal air leakage sites associated with utility
services (e.g., hot and cold water supplies, drains, electrical main breaker box, switches
and receptacles, and heating ducts). The fourth retrofit package was to seal other air
leakage sites in the building envelope (doors and frames, windows and frames, walls and
baseboards, vents, kitchen cabinets, and attic hatch), which is the method of energy
reduction most often suggested by utility companies.

Heating Load Reduction

The calculated reduction in heating load for each of the four construction types and
each of the four retrofit packages is summarized in Table 7.

The results of the infiltration study show the average reduction in leakage area was
37 percent for the four units retrofitted, with the majority of the reduction as a result of
retrofit package four. For approximately 3 hours labor and $60 in materials per unit, an
average annual savings of $38 per unit can be recognized. This represents an approxi-
mate simple payback period of 3 years. It is anticipated that the retrofit would have to
be performed at least every 2 years. Because this does not meet the requirement of
rapid payback, an installation-wide infiltration reduction program was not implemented
as part of this project. However, such a program may be applicable to installations with
larger heating requirements.

Table 7

Calculated Reduced Heating Loads

2St3Br 2St2Br 1St3Br ISt2Br
Twnhse* Twnhse** Duplex*** Duplext

Original annual load(MMBtu) 9.92 12.06 7.73 7.35
due to infiltration

Load after retrofit 1 9.46 11.31 7.34 6.02
Load after retrofit 2 9.34 9.30 7.09 5.33
Load after retrofit 3 8.86 9.91 6.41 4.94
Load after retrofit 4 8.70 6.36 4.12 3.99
Total reduction (MMBtu) 1.22 5.70 3.61 3.36
Dollar savings $13.24 $61.90 $39.20 $36.49

(based on energy cost of
$10.86 per MBtu)

*Two-story, three-bedroom townhouse (1,195 sq ft)
**Two-story, two-bedroom townhouse (922 sq ft)

***One-story, three-bedroom duplex (1,456 sq ft)

tOne-story, two-bedroom duplex (1,103 sq ft)
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6 ENERGY MANAGEMENT

Computer Decision Support for Energy Management

Fort McClellan has various sources of energy consumption information (oil, gas,
coal, and electricity). Most of this information provides consumption data for the entire
installation; it provides little information on energy performance of individual buildings.
However, the information was not being used to analyze the installation energy consump-
tion and determine if energy management could enhance energy conservation. If this in-
formation were organized, it could be used to evaluate conservation decisions.

USA-CERL researchers developed an energy information management system that
maintains annual consumption data for each building located at the installation. The pro-
gram uses input from DEIS 1I report, meter readings, boiler logs, and utility bills. The
actual consumption is recorded for metered buildings; linear regression equations are
used to estimate consumption for buildings that are not metered.

System Overview

The management system was developed in Lotus 1-2-3 for use on a DEC Rainbow
personal computer. Lotus' macro language and data base functions were used extensively
to create a user-friendly, menu-driven program.

The management system is divided into three major components with various sub-
components and interfaces. The building data base, consumption files, and analysis mod-
ule interact to provide a comparison of consumption rates for building groups or time
periods selected by the user.

The building data base is the most critical element in the system. It contains
selected items from the installation real property inventory, including the building num-
ber, building category code, square footage, heating and cooling equipment, structural
materials, year built, number of stories, and fuel used. Energy consumption estimates
and all analysis procedures are based on this information.

The consumption files contain monthly consumption values for each facility. The
files are listed in order of the facility number. Consumption values are computed
monthly when the meter information becomes available. Degree day information (HDD
and/or CDD) also in this file is used with linear equations to estimate consumption val-
ues. The estimates are adjusted to reflect actual use for metered buildings and are
stored in fiscal files sorted by heating, cooling and electrical costs. The sum of these
files is equal to the installation's total energy consumption.

The analysis module allows the user to compare consumption values against histori-
cal data (located in the fiscal files). The comparison can be based on individual building
performance or facility group consumption.

Building Data Base

Each field within the building data base provides information used to calculate con-
sumption or identify building characteristics that are used to define building groups.
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The building's category code determines which linear regression parameters are

used when estimating energy consumption. Parameters have been developed 9 for nine

major building functions: family housing, troop housing, administration/training, dining,
medical/dental, production/maintenanec, fieldhouse!gym, commissary, and storage.

The regression equations are in the following form:

Eh (Btu/sq ft/day) al + bi x (HDDd) [Eq 121

Ee (kWh/sq ft/day) a2 + b2 x (CDDd) [Eq 131

where Eh = heating energy
Ee = electric energy
HDDd = average daily Heating Degree Days
CDDd = average daily Cooling Degree Days

The values of al and a2 for each of the building functions represent the baseline
energy consumption. Heating degree days (HDD) and cooling degree days (CDD) multi-
plied by their respective parameter (bl, b2), indicate how much addition energy use is re-
quired as a function of the weather.

All the regression equations are normalized to represent an energy use per square
foot. It is necessary to multiply the respective equation by the square footage (obtained
from the building data base) and the number of days in the month to obtain the monthly
consumption estimate for a building.

The heating and cooling equipment information is used to identify sources of infor-
mation and adjust consumption estimates. For example; consumption for buildings that
get heating and cooling from a central plant is estimated using the regression equations
but is adjusted to reflect actual use as recorded in the central plant boiler logs.

The regression equations were developed using meter information for a large group
of buildings with the same function. The accuracy is limited when the equations are used
to estimate the energy consumption (particularly electrical consumption) of one build-
ing. The structural material information identifies variations in construction that are
linked to differences in infiltration and overall building thermal performance.

Consumption Files

When new meter information is obtained, CDD and HDD must be gathered for the
metering period. This new data is then used to estimate comsumption rates for each
building in the data base. Area meter information is used to check the accuracy of the
estimates. As an example, if the estimates for a group of family housing units exceed
the area meter consumption, each estimate is adjusted downward (based on a percent of
energy consumption per square foot) until the estimate equals the metered consump-
tion. Likewise, if the estimates are low, they are adjusted upward to reflect actual con-
sumption. These adjustments are made whenever aggregate consumption information is
available from central boiler production logs, family housing area metering, or main util-
ity distribution meters.

9 Benjamin J. Sliwinski, et al. (1979).

43
Sl



The new consumption estimates are then appended to the appropriate fiscal files.
The heating fiscal file contains Btu consumption for each building. The cooling fiscal file
consists of the weather-dependent portion of the electrical regression equation, and the
electrical fiscal file contains the electrical baseline. All values are converted to Btu so
the total energy consumption can be determined.

Analysis

Once the consumption files have been developed, the user can select a specific
building or a group of buildings for analysis. Up to five of the nine predefined groups can
be chosen for analysis at one time.

The user can construct groups using any combination of the fields in the building
data base. For example, the user could choose all masonry two-story buildings of greater
than 6,000 sq ft. This group could be compared to all one-story masonry buildings. By
analyzing different groups of buildings, the energy manager can determine how energy
consumption varies among construction types.

By defining the time frame for analysis, the user can determine historical perfor-
mance for the defined groups. New consumption values can be compared to information
from previous months within the current fiscal year or to consumption totals for the
same month of prior fiscal years. By analyzing energy use in this fashion, rapid changes
in energy consumption (increase or decrease) would not be overlooked.

The final results are printed tables of facility numbers, consumption information
for the defined time period, and a bar graph.

Conclusion

The energy management system allows the user to answer many questions that are
critical to making decisions about energy conservation. The resulting program is rela-
tively time consuming and requires consistent input and updating by the energy manager.

Accuracy of the estimates still presents a problem. Without field metering, esti-
mates cannot be compared to actual consumption. To increase the usefulness of the
energy management system, field verification is necessary and the regression equations
need to be adjusted when applicable. Familiarity with the programming becomes essen-
tial.

Despite the limitations, the management system provides immediate feedback on
how the energy use is distributed among the various different functions at an installa-
tion. Target areas for energy reduction can be readily identified and the extent of the
feasibility of an energy conservation project (and the associated savings) can be deter-
mined.

By using this system, energy managers are able to perform consistent analysis on
energy consumption and make correct decisions on the course to take in energy conser-
vation.
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Radio Control of Exterior Lighting

USA-CERL researchers investigated using a radio control unit, currently used for
load shedding, to reduce lighting during late night hours. A Military Police survey identi-
fled the effect of reduced lighting on safety and security and selected 250 lights located
in parking or recreational areas for this project. Although lighting is required in these
areas after dark, the levels can be safely reduced during low activity hours.

A radio frequency digital control switch was purchased for each light. The lights
are controlled by the control switch in series with an optical sensor. The optical sensor
controls daytime/nightime operation. Sunlight above a certain level o^ intensity will
cause the relay to open (turning off the light). The digital control switch is used to over-
ride the optical sensor and turn the light off for low activity hours. The radio receiver in
the switch operates on a frequency of 139.650 megahertz (MHz). A microprocessor mon-
itors this frequency for a digital code. If a received digital code matches the program-
med code, the switch is opened. The digital code is sent by a computer controlled trans-
mitter that is part of the radio control system tied to the Energy Maintenance and Con-
trol System (EMCS). The system is designed so that if any component fails, the normal
operation of the light will not be affected.

Three types of lights can be controlled at Fort McClellan. The majority are 175-
watt mercury (Hg) vapor lamps, while the remainder are either 100- or 400-watt high
pressure sodium (HPS) vapor lights. The amount of electrical energy saved by turning off
these lights during low activity hours can easily be computed by using the following equa-
tion:

$saved = (Watts/1000) x number of fixtures x hours x days x(cost/kWh) [Eq 14]

Lighting Control Annual Savings

The lights at Fort McClellan can be turned off for 5-1/2 hours, from 11:00 p.m. to
4:30 a.m. every day. The annual savings, based on an average cost of $0.05/kWh, are
shown in Table 8. The digital control switches mounted on the lights cost $76 each and
can be installed by an electrician in approximately 1 hour.

Facilities Engineers should investigate any radio control system already in use for
possible expansion and application to lighting control. Most manufacturers of radio con-
trol systems sell a remote switch comparable in operation and cost to the digital control
switch used in this project.

Table 8

Lighting Control Annual Savings

Lamp Type Dollars

400-W HPS 42.56
175-W Hg 18.62
l00-W HPS 10.64
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7 PROJECTS NOT IMPLEMENTED

The initial cost, payback period, and Army-wide applicability were the major fac-
tors used to determine project implementation. Although some proposed major modifica-
tions were too costly to implement during this research, projects were not automatically
eliminated because they were expensive. Projects that offered the best combination of
payback and energy savings received additional evaluation before implementation. In
some cases, the results of this additional evaluation showed that the project was not fea-
sible. These projects are discussed in this chapter.

Central Plant No. 4 Cooling Towers

Facility personnel at Fort McClellan have experienced difficulty in maintaining
sufficiently coo! chilled water to satisfy the air-conditioning loads on central plant
No. 4. The effectiveness of the two centrifugal chillers in the plant is limited on very
hot days. The maximum compressor head pressures were being reached before the rated
chilled water tonnage was reached. Facility personnel believe this is the result of inade-
quate performance by the cooling towers serving the two chillers.

Analysis

Temperatures and pressures throughout the plant were recorded hourly and mea-
surements were made to determine the following operating parameters:

• Tower water flow rates

0 Tower fan current draw

* Tower pump current draw

* Tower fan cfm.

Because the analysis was conducted during January when the chillers were not in
use, full performance data could not be measured. However, the tower pumps and fans
were run to collect data on the parameters listed above. Flow rates were measured by
venturis installed in the two condenser water lines and were compared with flow indica-
tions from pressure drops across the two condensers. Additional data on equipment per-
formance was obtained from plant logs. Table 9 is a collection of data taken from these
logs and weather records showing conditions of chiller 1 during times of varying degrees
of operational trouble.

Data Interpretation

Review of plant log data (Table 9) helped pinpoint the source of operational diffi-
culties as failure of the chiller tower system in central plant No. 4 to produce adequate
chilled water tonnages under normal operation during very hot days. Excerpts presented
in the table show excessive head pressures exhibited by chiller 1 on a number of occa-
sions when the chiller was only producing a 10 OF water temperature drop (12 OF is the
design water temperature drop).
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Table 9

Chiller No. 1 Log Data Excerpts

CONDENSER AMBIENT
ENTERING WATER EVAPORATOR WET BULB

HEAD (psig) PRESSURE TEMPERATURE (OF) AT (OF) ('F) DATE TIME

165 - 110*F. 92 10 74 8-5 1300
165 92 8 72 - 1500

165 91 10 78 8-21 1000

165 91 10 78 1100

165 91 10 79 " 1200

165 89 10 76 1700

165 89 10 76 - 1900

165 90 9 71 8-22 1900

165 90 10 78 8-23 1300

165 90 10 78 8-23 1500

165 92 11 78 8-24 1300

AVG. 165 90.6 9.8 76.2

160 - 108'P. 88 10 75 8-21 2100

160 87 10 71 8-22 2100

160 90 10 78 8-23 1100

160 90 10 78 8-24 1100

160 91 10 78 8-24 1200

160 87 10 75 8-4 1500

160 90 10 76 8-5 1100

160 90 10 72 8-5 1900

AVG. 160 89.1 10 75.4

155 - 106°F 86 10 78 8-24 1000

155 85 10 77 8-23 0900

155 84 10 74 8-23 2100

155 84 10 74 8-23 2200

155 87 11 73 8-1 1300

155 87 11 72 8-1 1500

155 87 10 73 8-1 1700

155 84 10 70 8-4 2400

155 87 10 70 8-3 2100

155 86 10 70 8-3 2200

AVG. 155 85.7 10.2 73.1

47



The evaporator pressure drop data indicate that flows no greater than the design
flow (1,700 gpm) were being circulated. Furthermore, the temperature of the system
chilled water supply tends to increase during times of high head pressures, indicating a
failure to satisfy loads. Therefore it may be concluded that the chiller's ability to meet
loads is in fact being limited by the excessive head pressures.

The degree of excessive head pressure closely tracks the degree of excess in con-
denser entering water temperature (EWT) above the design maximum value of 85 OF.
Also, rising condenser EWTs tend to track increasing ambient wet bulb air tempera-
tures. These relationships suggest that the excessive head pressures in the chillers result
from an inadequate heat rejection performance by the cooling towers. This failure in
heat rejection performance could stem from improper tower water flow, inadequate
tower fan loading, or insufficient physical tower capacity.

The measured flows of 2,900 and 3,300 gallons per minute (gpm) exceed the design
tower flow of 2,550 gpm (based on 3 gpm/ton for 350-ton towers). The maximum
recommended flows are 2,600 and 3,750 gpm for chillers 1 and 2, respectively. The mea-
sured flows approximate these limits, indicating more than sufficient flow through the
condensers. Inadequate tower water flow was not the sc irce of the problem.

The two-tower systems serving central plant No. 4 have three fans: one on the
large eastern tower serving chiller 2, and one on each of the two towers serving
chiller 1. The nameplate horsepower of the large tower fan is 50. The smaller fans are
30 hp. The current drawn by the large tower fan was 67 amps. The smaller fans drew 32
and 38 amps.

Assuming a power factor of 90 percent, and motor efficiencies of 85 percent, these
current draws reflect output horsepowers calculated as follows:

LA3- x 0.85 x 0.90

hp = 1000 [Eq 151

0.74

where V volts
A = amperes.

Thus, 67 amps = 55 hp, 32 amps = 26 hp, and 38 amps = 31 hp. The proximity of the
output horsepowers to the nameplate motor horsepowers indicates that the fan motors
were operating near full load at the time of the measurements. Tower fan loading was
not the problem source.

Therefore, the inadequate tower performance was attributed to the physical limita-
tions of the tower itself as a heat exchanger. These cooling towers have had a history of
unsatisfactory service since their installation in 1977.

To help quantify the extent of tower insufficiency, the tower performance was
compared with the theoretical performance on the basis of information from the 1983
ASHRAE Handbook, " and the design specification of 850 tons of refrigeration with a
cooling tower drop from 95 OF to 85 OF at 79 OF wet bulb temperature. The present
tower performance level results in tower leaving water temperatures from 4 OF to 11 OF
warmer than the theoretical design, depending on the ambient wet bulb temperature.

(0 ASHRAE Handbook, Equipment, (American Society of Heating, Refrigerating, and Air-

conditioning Engineers., Inc. [ASHRAE] 1988), pp 21.11 - 21.13.
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Solution Alternatives

Four possible solutions to the existing cooling tower inadequacy were identified:

1. Demolish the existing tower structures (excluding pumps and basins) and install
new towers

2. Replace the fill, fans, motors, gearboxes, and distribution basin of the existing
towers, but keep the existing casing and collection basins, and reuse the existing pumps

3. Keep the existing towers and accessories as they are, but add a new tower to
augment their performance. Pum, water to the added tower in parallel with the existing
towers

4. Same as 3, but pump water to the new tower in series with the existing towers.

5. If the tower is of an old design (having wood fill and splash bars) the installation
of PVC fill, splash bars, and spray heads and a fan venturi (if needed) may provide an in-
crease in tower performance or may provide the same performance with lower fan run-
time.

Alternatives 1, 2, and 4 could be designed to meet the desired performance levels
of heat rejection. However, alternatives 2 and 4 involve interfacing between new equip-
ment and existing equipment. This may be difficult since the manufacturer of the exist-
ing equipment is no longer in business. The performance level of the retained equipment
components in the new combined equipment configuration would be an undefined quan-
tity. This would introduce some performance risk and the modifications manufacturer
may be less willing to ensure the system's performance. These factors would also exist
with alternative 3; however, unlike the other alternatives, it is doubtful that the desired
performance level could be practically achieved with any substantial portion of the flow
being sent through the existing towers. Therefore alternative 3 was evaluated on the
basis of sizing the added tower to handle half the flow from each of the existing towers,
and to individually have the capacity to reduce that water quantity temperature to
required levels. With this sizing, it is estimated that the composite parallel tower con-
figuration would return water to the condensers at approximately 89 F, under full load,
at 79 "F ambient wet bulb temperatures.

Potential Energy Savings

Compared to existing conditions, any of the four alternatives would improve the
efficiency of the chiller plant. This efficiency improvement would result from three pos-
sible sources:

" Improved chiller Coefficient of Performance (C.O.P.) because of lower con-
denser EWTs

" Reduced cooling tower pumping horsepower because of reduced water flow rate
requirements

• Potential reduced cooling tower fan energy because of improved tower heat
transfer efficiency. (An extra tower means another fan. All fans need to be in
operation to achieve increased performance at full load.)
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Any of the alternatives would allow the current cooling load to be met at a reduced
electrical consumption. Because the existing plant fails to meet the full load imposed on
it, modifications which increase plant capacity would result in greater loads being satis-
fied. This would reduce the net energy savings compared to the base case of existing
conditions. However, for comparison, the current level of chilled water production was
taken as the baseline. The energy savings potential of each option was estimated on the
basis of the difference in electrical energy input required to achieve this baseline level
of chilled water output.

To estimate the chiller related energy saving potential of alternatives 1, 2, or 4 (all
of which would meet the cooling tower performance level), performance curves from
ASHRAE Handbook" were used as a reference to reflect typical cooling tower
performances under varying load and weather conditions. The curves approximate the
performance of the new or modified tower systems.

To use approximate performance data to estimate potential chiller energy savings,
it was necessary to identify the seasonal air-conditioning loads which are currently met
by the plant. Since no metered data was available, these loads were estimated on the
basis of log and weather data. Chiller loads were estimated as a function of ambient dry
bulb temperature from May through September.

Based on manufacturers data for chiller C.O.P. improvement as a function of con-
denser EWT, the base case and alternate case chiller input energies were estimated to be
as follows:

Base Case: 2,653,000 kWh
Alternative Case: 2,510,000 kWh
Savings: 143,000 kWh

Additional savings based on the assumption that the new towers could function with
3 gpm/ton (instead of the existing 3.65 gpm/ton) were also estimated. Assuming a pump
efficiency of 68 percent, a motor efficiency of 80 percent, and a seasonal operating
period of 3,720 hr, it was estimated that reducing the tower water flow from 6,200 to
5,700 gpm would save about 92,000 kWh of energy each year.

Finally, by comparing the specified fan horsepower for four new efficient 425-ton
cooling tower cells to the total existing fan horsepower, it was found that a reduction of
about 10 hp could be achieved. Assuming a 50 percent duty cycle and a 3,720 hr total
operating period, potential energy savings of about 14,000 kWh were calculated. There-
fore, the annual potential energy savings possible from alternatives 1, 2, or 4 are:

Chiller Energy Savings: 143,000 kWh
Pumping Energy Savings: 92,000 kWh
Fan Energy Savings: 14,000 kWh
Total Energy Savings 249,000 kWh

The energy savings is the same for all three alternatives; only the technical solutions dif-
fer.

Although the performance of the equipment configuration in alternative 3 is less
adequately defined, it is estimated that the peak condition condenser EWT would

I ASHRAE Handbook, Equipment, pp 21.11-21.13.
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probably be around 89 *F, or roughly half the improvement offered by the other alterna-
tives. Therefore, the projected chiller energy savings were halved for this alternative.
Also, because the new configuration would circulate half the flow through existing equip-
ment and half through new equipment, pumping and fan energy savings are also halved.
As a result, it Is estimated that alternative 3 would enable annual energy savings of
about 124,500 kWh.

Cost Economics

Of the four alternatives, replacing the existing towers would be most beneficial.
Estimates of the costs associated with each alternative are presented in Table 10.
Because boiler plant No. 4 was shut down during the summer, the decision was made not
to modify the cooling towers.

Hospital Plant Investigation

The hospital at Fort McClellan is currently supplied with chilled water from a
mechanical plant. The plant uses two 200-ton centrifugal chillers with a 2-cell cooling
tower as the primary equipment. The plant also has three 50-ton reciprocating chillers
with associated air-cooled condensers for backup. Facility personnel indicated that on
very hot days, the chiller head pressure had increased to a point near the high pressure
cutout (125 psig). On such occasions, suspecting cooling tower insufficiency, the tower
was flooded with city water.

Unfortunately, logs are not maintained for this plant because it is not continually
manned. Facility records that could help identify or quantify the specifics of the prob-
lem involved do not exist. In spite of the lack of documentation, researchers decided
that that a simple check of the tower water flows might illuminate the problem. This
check was accomplished during a field survey of the plant in January 1984.

Analysis

The flow measurements in the hospital plant indicate a tower water flow rate of
about 750 gpm per pump. This represents about 125 percent of the design tower water
flow rate of 602 gpm per cell. Although overpumpi ng can cause some rise in the tower
leaving water temperature, the effect is minimal.' The 25 percent excess in flow
through the tower would increase the tower leaving water temperature less than one
degree.

Table 10

Cost Data for Cooling Tower Alternatives

Alternative Cost ($ FY84) Annual Savings ($) Simple Payback (yr)

1 124,800 12,450 10.0 years
2 124,900 12,450 10.0 years
3 103,500 6,225 16.6 years
4 134,300 12,450 10.8 years

12ASHRAE Handbook, Equipment.
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During the survey, a 2-in. bypass line in the tower (which was operating) was by-
passing water around the distribution basin and directly into the collection basin. At the
same time, one of the two float control valves was set up to keep makeup water flowing
while the basin was overflowing to drain.

These two control conditions have opposite effects on tower heat rejection. The
bypass reduces heat transfer to the air, while the makeup water, being cooler than the
drained water it replaces, tends to lower the tower leaving water temperature. If the
bypass valve is always left open, it could diminish tower capacity during summer opera-
tion as well.

However, the small quantity of water handled by the 2-in. line would have only a
minimal effect on overall tower performance. With both pumps running, an estimated 90
gpm are being bypassed. This is less than 8 percent of the total tower flow, and would
explain less than a one degree increase in tower leaving water temperature.

Some water was overflowing the distribution basin and running down the outside of
the tower. Although this proves that there was some overpumping, it does not explain
the reduction in tower capacity, since makeup water to replace the spilled water would
be cooler than the spilled water.

Relocating the tower basin drain to a higher level than the inital design could also
contribute to a tower capacity reduction. Because the resulting basin water level would
be higher, water would occupy some of the space originally intended for air flow. Manu-
facturers representatives indicate that this would have a small deleterious effect on
tower capacity.

Conclusions

The problem with the hospital cooling plant is not one of tower water flow inade-
quacy. Because of this, and the lack of data reflecting tower performance during trouble
periods, it was considered premature to replace the existing tower.

Central Plant No. 4 HTHW Reset

The objective of this project is to reduce the temperature of HTHW leaving the
plant as much as possible while still satisfying all loads on the system. Service is cur-
rently provided to nine buildings (including the plant itself). These buildings demand
HTHW for space heating, domestic hot water heating, and kitchen steam.

Alternative Approaches

A number of parameters could be monitored to establish the appropriate level of
HTHW setback including:

" HTHW return temperature

" HTHW system pressure

• Time of day

" Outside air temperature.

52



Although the HTHW return temperature is indicative of system load, it could pro-
vide a misleading reset signal to the boilers if loads are low because a block of system
customers are off-line. In such a case, lowering the HTHW temperature would diminish
the heating capacity of the on-line buildings even though their loads might be high.
Therefore, return water temperature was rejected as a primary control input.

The performance curves for the system distribution pumps indicate that significant
flow variations correspond to quite small pressure variations. Furthermore, plant logs
show that the system HTHW temperature drop historically diminishes with decreasing
loads, thus diminishing the impact of load variations on system flow rate. These two sys-
tem characteristics indicate that the pump discharge pressure (system pressure) would be
a poor indicator of system load. It, therefore, was also rejected as a reset control input.

The time of day has a significant impact on kitchen steam use and domestic hot
water requirements. Based on metered data and conversations with facility personnel,
these loads occur primarily between 5:00 a.m. and 8.00 p.m. daily. During this time, an
estimated 300 OF HTHW supply must be provided to the steam generators to ensure
steam production for the kitchen. Even at this tempe ature, however, the capacity of
the generators is reduced. This reduced capacity could be a problem at times of peak
kitchen loads. Therefore, time of day must be taken into account in establishing a reset
shedule.

The fourth candidate parameter, outside air temperature, was also considered a
reasonable indicator of space heating thermal loads. As shown by plant log data, the
boiler output does vary with outside air temperature in a fairly predictable manner.
Based on evaluation of the parameters, the reset program should be based on outside air
temperature, but should contain an override to lock out the reset signal during hours
when the kitchen steam loads dictate HTHW temperature requirements.

The time of day limitation imposed by the kitchen steam requirements could be
eliminated by installing booster heaters in the HTHW lines supplying the steam genera-
tors. Booster heaters would permit an outside air temperature reset program to be
used. Using the satellite boilers (currently being installed for summertime operation) to
serve the kitchen and domestic hot water loads throughout the winter was also consi-
dered. This option was rejected primarily because of the expenses associated with opera-
ting and maintaining both the central plant and the satellite plants simultaneously.

Another alternative was to have the reset continually engaged but subjected to an
adjustable limit during daytime hours. In this manner, some savings could possibly be
achieved during periods when the kitchen equipment is in use. The limiting reset magni-
tude would be determined and adjusted based on operating experience. This alternative
offers the best combination of payback and energy savings, and the cost allowed it to be
implemented by installation personnel.

Potential Fuel Cost Savings

Plant logs were reviewed to determine the relationship between outside air tem-
perature and plant load. Based on this relationship and the historical effectiveness of
system heat exchangers in extracting heat from the HTHW circuit, a reset schedule was
determined and corresponding potential energy savings were estimated. The results for
the basic reset schedule and the various alternatives are given in Table 11. Only winter
operation was considered since the central HTHW system is shut down during the
summer.
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Table I I

Cost Data for the Reset at Central Plant No. 4

Reset Annual Fuel Annual Fuel
Alternative Energy Savings (MBtu) Cost Savings ($)

Night only (9 hr/day) 603 6,548
Continuous Reset (24 hr/day) 1,436 15,595
Complete Reset at Night, limited

reset during day (> 300 OF) 756 8,210

Summary Economics

The three reset programs (identified in Table 11) require different investments for
implementation. The greatest cost differential comes from including new booster hea-
ters in the second alternative. The heaters are designed to remove significant time-of-
day constraints from the reset schedule. The investments for the first and third alterna-
tives basically cover new boiler combustion controls capable of accepting a reset signal
from a new outside air temperature sensor and transmitter. (The existing controllers do
not have this capability.)

The costs, savings, and payback periods for each alternative are summarized in
Table 12. Based on data from the table, the third alternative offers the best combination
of payback and energy savings.

Table 12

HTHW Reset Summary

Reset Implementation Annual Fuel Simple
Alternative Cost ($) Cost Savings ($) Payback (yr)

Night only (9 hr/day) 16,500 6,548 2.5
Continuous Reset (24 hr/day) 92,000 15,595 5.9
Complete Reset at Night,
limited reset during day
(> 300 OF) 18,000 8,210 2.2
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Conclusions and Recommendations

The savings potential does not reflect plans to shut down central plant No. 4 during
the summer (see project titled Boiler Plant No. 4 Summer Shutdown). Also, variable
speed regulators have been installed on the system circulation pump motors. This modi-
fication is intended to vary the pump speed in response to changes in system temperature
drop (i.e., the difference in temperature between HTHW leaving the plant and that
returning). The energy savings the speed controller achieves depends on minimizing the
flow for a given load. But lowering the HTHW supply temperature would require increas-
ing the flow above that minimum for a given load. Therefore, temperature reset savings
occur at the expense of pump energy savings and pump energy savings occur at the ex-
pense of temperature reset settings. Assuming operation during winter months only, the
variable speed pump drives could save approximately $3,000 per year in electricity
costs. Since this is comparable to the potential reset savings estimated earlier, but can-
not be achieved with the temperature reset program in place, it was concluded that the
reset project should be not be implemented.

Central Plant No. 2 Pressure Reset

The objective of this project is to maintain a steam pressure at the plant no greater
than that necessary to satisfy all loads. Satisfaction of all loads can generally be ensured
by maintaining a steam pressure of approximately 50 psig at the hospital. Sterilization
units at the hospital have a minimum requirement of 50 psig. Therefore, the proposed
project entails providing a means by which the steam pressure at the hospital can be
monitored and used to control the boiler firing at plant No. 2 so the pressure remains at
50 psig at the hospital.

Alternative Approaches

1. Radio transmission of hospital steam pressure to plant control device

2. Hard-wire connection of a hospital steam pressure sensor to the plant controls

3. Periodic manual reset of plant pressure controls based on observed hospital
pressure conditions and prevailing weather conditions

4. Use of outside air temperature to reset plant pressure setpoint.
The first approach, radio telemetry, could be implemented in a variety of ways,

depending on the equipment type desired. The options include:

" Commercially available FM transmitter/receivers sending digital signals

" Built-up electronic package to transmit/receive analog signal over FM radio

" Built-up electronic package to transmit/receive analog signal using microwaves

" System of commercially available components to transmit/receive an analog
signal using pulse width modulation with VHF frequencies.

Based on cost, availability, and reliability, the last of these possibilities was con-
sidered the optimum choice for the radio alternative.
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The hard-wire connection could be completed during the programmed replacement
of the steam distribution line from the plant to the hospital. Armored cable could be laid
in the pipe trench during this work and save on trenching costs.

With no additional capital investment, a significant savings could be achieved by
manually resetting the plant pressure control for summer and winter conditions. A
review of plant logs indicates a fairly predictable relationship between outside air tem-
perature and steam production by the plant. Because of this, outside air temperature can
also be used as an indicator of the magnitude of distribution system pressure losses.
Therefore, it was considered as a candidate control input to establish a pressure reset
schedule.

Potential Fuel Cost Savings

In a manner similar to the analysis of central plant No. 4 reset savings potential,
estimates were developed for the savings potential of this measure. The estimates are
listed in Table 13.

Conclusions

Implementation costs were estimated for each of the alternatives being consi-
dered. They are summarized in Table 13 with simple paybacks based on the above energy
cost savings estimates. Each alternative exhibits a quick payback. The project titled
Steam Pressure Reduction in the District Heating System incorporates the seasonal man-
ual reset.

Central Plant No. 1 Automatic Blowdown

The objective of this project is to provide a means to automatically ensure that
adequate, but not excessive quantities of boiler water are blown down to keep the boiler
water quality within recommended levels.

Table 13

Central Plant No. 2 Reset Summary

Implementation Annual Fuel Annual Fuel
Alternative Cost Energy Savings Cost Savings SPB

($) (MBtu) ($)

Radio Telemetry 14,300 1,662 18,050 0.79
Hard-wire Telemetry 12,000 1,662 18,050 0.66
Seasonal Manual Reset 0 1,289 13,998 0
OSA Temperature Based
Pressure Reset 7,100 1,473 15,997 0.44
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Alternative Approaches

Three approaches to automating the blowdown procedures at plant No. 1 were con-
sidered:

1. Continuous control based on makeup water flow rate

2. Continuous control based on sensed boiler water conductivity

3. On/off (shot type) control based on sensed boiler water conductivity.

The first option uses the cooling effect of makeup water on a heat sensitive valving
arrangement to admit blowdown when makeup is flowing, and to terminate blowdown
when makeup stops. One shortcoming of this approach is its dependence on a constant
solids concentration in the makeup water to ensure proper blowdown quantities. The
heat sensitive valving arrangement of this system is an integral part of a heat recovery
package built into the equipment. It is therefore impossible to install this system with-
out paying for new heat recovery capability as well.

The second alternative makes use of a sensing probe installed in the boiler near the
water line to monitor conductivity. The output from this sensor modulates a control
valve to regulate blowdown.

The third alternative is similar to the second, except it operates a valve in an on-
off, rather than modulating fashion. This type of system has the advantage of a flushing
effect when the valve opens, which helps minimize blockage problems. It was therefore
selected as the preferred equipment for this project.

Potential Fuel Cost Savings

Fuel cost savings from this project result to the extent that the automatic controls
eliminate excessive blowdown which may currently be occurring. It is difficult to esti-
mate this quantity accurately since blowdown quantities are not recorded on plant logs.
The cost of implementing the project was estimated at $14,200 with an annual savings of
$1,000. Based on a simple payback period of 14.2 years, the project was not recom-
mended for implementation.
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8 CONCLUSIONS AND RECOMMENDATIONS

The installation-wide energy conservation demonstration at Fort McClellan contri-
buted to the 14.4 percent reduction in baseline (weather independent) energy consump-
tion since 1984. Throughout this demonstration, a consistent policy regarding metering
and feasibility analysis was employed before implementing a project. Hence, a number
of proposed projects with a modest return on investment were rejected. Generally the
implemented projects have wide applicability to other Army installations.

Energy Metering

The Army does not have a policy that mandates metering of energy use in buildings
served by central plant heating systems. However, due to the number of such systems in
existence throughout the Army, and the amount of information which can be gained, it is
recommended that installation of metering equipment in future construction as well as in
existing buildings be considered.

Steam Pressure Reduction in the District Heating System

Predicted values for building steam demand and information gathered through con-
densate metering enabled USA-CERL researchers to develop an accurate means of com-
puting energy savings. The efficiency of the district heating system is approximately 53
percent. In 1982, the fuel use in boiler plants 1 through 3 was approximately 180,000
MBtu. Assuming a boiler efficiency of 75 percent, 135,000 MBtu enter the steam distri-
bution system in the form of steam. Of this, 47 percent (63,450 MBtu) is lost to conduc-
tion between the pipes and the ground and as live steam from leaks and faulty equip-
ment. Natural gas has a unit cost of $10.86 per MBtu. This results in losses of $689,067
annually.

The savings were calculated by attributing 75 percent of the losses to conduction
and the remainder to leaks and faulty valves. The project cost was $100,000; hence, a
simple payback of 1.5 years was achieved. It is recommended that other agencies with
district heating systems operating at much higher than end-use pressures consider this
type of retrofit. In any case, a detailed engineering analysis must be performed before
implementation.

Steam Vault Drainage

Random inspection of steam vaults revealed that they were often filled with water
and that the piping was in contact with the water. In some cases, the vaults were not
equipped with pumps. In others, the pumps (steam powered) were inoperative. Draining
this water is saving approximately $4,600 per year. The estimated heat loss from a bare,
6-in, steam pipe carrying 338 OF steam and covered by 150 OF water is 50,000 Btu/hr-ft.
A general recommendation to keep the vaults dry applies to all Army installations.
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Oxygen Trim Systems for Central Plant Boilers

Oxygen trim systems require a large investment of time and effort. The correct
setup procedure includes installing the appropriate linkages, ensuring proper interface
with existing controls, accurate installation of the controller, and periodic calibration of
the oxygen sensor and the controller. Verification is necessary to ensure the success of
the investment. If all equipment is functioning correctly, however, an oxygen trim sys-
tem can improve combustion control. For general application, it is recommended that
installation personnel become thoroughly familiar with the system before implementa-
tion.

Boiler Plant No. 4 Summer Shutdown

This investigation identified no significant technical constraint which would limit
the ability to shut down the HTHW system at Fort MeClellan each summer. Other HTHW
systems are shut down on a regular basis with no net damaging effects. Typically, dis-
trict heating systems operate with an efficiency between 50 and 75 percent. This energy
represents the savings associated with use of the on-site boilers. For the months of in-
terest, approximately 37,500 MBtu enter the system and, assuming a district efficiency
of 75 percent, the result is a loss of 9,375 MBtu annually. A cost of $10.86 per MBtu
results in an annual savings of $101,812.50.

In addition to significant savings in energy and operating costs, a regular system
shutdown allows time for preventive and corrective maintenance. However, the number
of system leaks will increase as a result of the thermal cycles. The leaks are expected to
be relatively minor and the additional maintenance required for repair will be more than
offset by the savings realized during the extended shutdown period. Finally, the heat
transfer from the HTHW piping to the chilled water piping will be alleviated.

Reduction in Outdoor Air Ventilation

Outdoor air reduction to conserve energy at this installation was first suggested in
1979. Based on estimates of outdoor air flow rates, and adjustment in accordance with
ASHRAE Standard 62-1973 (a predecessor of the standard used in this study), a simple
payback period of about 1 month was projected. Since the current standard allows less
outdoor air, thereby saving additional energy at virtually the same cost, an even shorter
payback period would have been expected using the more recent standards. While the
actual 2-year payback is acceptable, it does point out the value of using accurate field
measurements rather than blanket estimates.

Replacement of Inefficient Electric Motors

Kilowatt measurements indicated that 104 of the 201 motors evaluated were under-
loaded enough to yield a payback of 5 years or less. The rpm measurements confirmed
that 78 of those 104 warranted replacement. Ten motors were not replaced because of
restrictions on size, cost, enclosure type, or plant design. Replacement of 68 motors
resulted in a 17 percent decrease in electrical power demand. The results are con-
clusive: oversized motor replacement can result in not only a significant decrease in
electrical power demand but also an increase in power factor.
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Dispensary Chiller Installation

Although the peak load of the dispensary was calculated to be 33 tons, the installed
capacity of the existing AHUs is only about 25 tons. This capacity has been shown to be
inadequate in service. Therefore, a 30-ton chiller unit was installed. This unit will allow
peak load requirements to be met should the AHUs be upgraded to appropriate capacities
in the future. The shortage of 3 tons, as compared with the calculated peak of 33 tons,
could be tolerated more easily during the swing seasons than the summer because of the
relative Infrequency of peak loads. The chiller replacement was $37,500 with a simple
payback of 4.5 years. It is recommended that other facilities experiencing a large dis-
crepancy between chiller sizing and demand consider this type of retrofit.

Combustion Optimization of Gas-fired Heating Equipment

To demonstrate the effectiveness of combustion adjustment, 204 furnaces and hot
water heaters at Fort McClellan were evaluated. These units had a combined heating
capacity of 88,952,000 Btu/hr. The combustion efficiency of more than half the units was
improved, with efficiency increases as high as 25 percent in some cases. The average
improvement for all the units was 2.5 percent. Based on the average heating season and
fuel costs for Fort McClellan, this project is estimated to have saved $16,000 with an
investment of $17,000 in labor and equipment costs; hence, a simple payback of 1.1 years
was achieved.

Infiltration Study of Family Housing

The results of the infiltration study show that the average reduction in leakage
area was 37 percent for the four units retrofitted--mostly the result of sealing leaks in
the building envelope. By investing 3 hours of labor and $60 in materials per unit, an
average of $38 annual savings per unit can be recognized. This represents an approxi-
mate simple payback period of 3 years. Because this did not meet the requirement of
rapid payback, an installation-wide infiltration reduction program was not implemented
as part of the demonstration. However, such a program may apply to installations with
larger heating requirements.

Computer Decision Support for Energy Management

The management system provides immediate feedback on how energy is distributed
to and used by the various functions at an Army installation. Target areas for energy
reduction can be readily identified and the extent of the potential application of an
energy conservation opportunity and associated savings can be computed.

By using this system, energy managers can perform consistent analyses on energy
consumption and make correct decisions on the course to take in energy conservation.

Radio Control of Exterior Lighting

It is recommended that Facilities Engineers investigate any radio control system
already in use for possible expansion and application to lighting control. Most radio con-
trol system manufacturers sell a remote switch which is comparable in operation and
cost to the digital control switch described in this report.
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