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EXECJTIVE SUMMARY

Under the provisions of Inieragency Agreement DOE 1938-B090-A1 between the U.S.
Department of Energy (DOE) and the U.S. Army Europe (USAREUR), Martin Marietta
Energy Systems, Inc., is providing technical assistance to USAREUR in the areas of
computer science, information engineering, energy studies, and engineering and systems
development. One of the initial projects authorized under this interagency agreement is the
evaluation of utility and energy monitoring and control systems (UEMCSs) installed at
selected U.S. Army installations in Europe. This report is an evaluation of the overall
energy-conservation effectiveness and use of the UEMCS at the 409th Base Support
Battalion located in Grafenwohr, Germany.

The 409th Base Support Battalion is a large USAREUR military training facility that
comprises a large training area, leased housing, the main post area, and the camp areas that
include Camps Aachen, Algier, Normandy, Cheb, and Kasserine. All of these facilities are
consumers of electrical and thermal energy. However, only buildings and facilities in the
main post area and Camps Aachen, Algier, and Normandy are under the control of the
UEMCS. The focus of this evaluation report is on these specific areas.

The UEMCS at the Grafenwéhr base is an AEG model CBA 130. The system hardware
is divided into control room/utilities office area equipment and field-located equipment,
called field-interface devices (FIDs). A cabinet in the control room houses the system central
processing unit (CPU), hard- and floppy-disk drives for program and data storage, a video
driver for the operator’s video display, and terminations for cabling to the FIDs. The control
room also contains an operator’s video display, four printers for report and alarm
documentation, a main programming and maintenance terminal, and a personal computer
(PC) with interface software for programming and maintenance of the UEMCS.
Programming and maintenance PCs are also located in the stove shop maintenance area and
in the utilities office area. The FIDs interface field equipment to the UEMCS and provide
local control of field equipment. Control programs are downloaded to the FIDs from the
central CPU.

The main post area is heated predominantly by a hot water district heating system. A
private utility company provides hot water district heating to the base. The district heating
plant is located just outside the fence of the base. Hot water supply and return lines run
underground from the plant to the base. Heat exchangers at the heat island buildings in the
main post area transfer heat from the primary hot water supplied by the district heating
system to a secondary water system that distributes heated water to various buildings on the
base. Hot water from the nine heat islands is circulated to substations located at various
buildings throughout the main post area for space heating and potable water heating. The
substations are located close to the buildings in which the energy is used. For space heating,
hot water from heat islands is circulated through radiators.

Fuel oil instead of hot water district heating is used in the field camp area. Typical
facilities under UEMCS control in the field camps are shower and latrine buildings, mess
halls, anu barracks. A UEMCS FID typically is located in the shower and latrine building
that serves the other types of buildings. An oil-fired boiler in the shower and latrine building

xi



generatcs potable hot water not only for that building but also for the mess hall. A water-to-
air heat exchanger provides space heating in the shower and latrine. The UEMCS controls
space temperature and relative humidity based on occupancy and season of the year.
Separate oil-fired boilers and ventilation fans are used for space heating in the mess hall and
barracks.

Monitoring and control of electrical energy is limited at Grafenwghr. During the late
1980s, approximately 70-80 electrical meters were installed in a cross-section of locations
under the auspices of the U.S. Army Corps of Engineers’ Construction Engineering
Research Laboratory (CERL) to evaluate electrical consumption at the base. These meters
are monitored by the UEMCS, but the data are not saved. The field camp mess hall
refrigerators will have load shedding capability soon. Presently, the UEMCS can enable and
disable operation of the refrigerators. UEMCS personnel are awaiting installation of signal
lines that will transmit electrical demand data from the electrical utility. With this
information, the UEMCS can be programmed to load shed the refrigerators during peak
demand times. Other areas that could benefit from load shedding include the cold storage
facility—where huge refrigerators cool provisions for troops and other base personnel—and
several sites that use air conditioner units. Street lighting control is accomplished by using
local twilight switches, except at one street in the field camp where lights are controlled by
the UEMCS. Problems have arisen, especially in the field camps, where the twilight switch
photodetectors become covered with dust and therefore keep the lights lit too long.

A steady downward trend in normalized tuel consumption has occurred since the
UEMCS was implemented. Fuel consumption has decreased from 16.38 Btu/HDD/ft* in 1982
to 10.04 Btu/HDD/ft? in 1992. However, building envelope retrofits and a hot water district
heating system also have been implemented during that period. Good records were not
available, but an analysis made on assumptions and comparisons with a similar evaluation at
the Pirmasens, Germany, UEMCS shows that the base is experiencing a yearly energy
savings of ~9,500 MBtu attributable to UEMCS operation. Based on FY 1992 fuel costs
and official exchange rate, this energy savings corresponds to a yearly cost savings of
$101,365. The simple payback period using this cost savings is 4.9 years. Although not as
good as the 0.9-year simple payback period on which the UEMCS project was justified, 4.9
years is still within Energy Conservation Investment Program (ECIP) guidelines of 10 years.
The energy-saved-to-cost ratio is found to be 19.2 rather than 105, just barely over ECIP
guidelines of 18. It is difficult to say what the savings-to-investment ratio (SIR) is, since only
FY 1992 costs were investigated, but it is safe to say that SIR > 1, which satisfies ECIP
guidelines.

Recommendations to further increase energy and cost savings and improve operation of
the UEMCS are as follows:

e The temperature of domestic hot water should be reduced and recirculation should be
shut off at night.

¢  The under-capacity problem of the hot-water system in the field camp shower and
latrine buildings should be evaluated so that the temperature of the domestic hot water

can be reduced.

Xii



Plans should be carried out to implement electrical demand limiting.
Night setback/weekend shutdown applications should be increased.

Motor pool buildings in the field camps and exterior lighting throughout the base should
be added to the operation of the UEMCS.

Existing electrical metering should be used to record facility energy performance and
determine the potential energy and cost savings attributable to selected energy-
conservation measures.

The impact of not having a UEMCS maintenance contract in place at all times should
be reconsidered.

Documentation of energy consumption and cost savings should be improved.
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ABSTRACT

The overall energy-conservation effectiveness and use of the utility and energy
monitoring and control system (UEMCS) installed at the 409th Base Support Battalion
located in Grafcnwiohr, Germany, was evaluated.

The evaluation shows a steady downward trend in normalized fuel consumption since
the UEMCS was implemented. Fuel consumption has decreased from 16.38 Btu/HDD/ft? in
1982 to 10.04 Btu/HDD/ft? in 1992. However, building envelope retrofits and a hot water
district heating system also have been implemented during that period. Good records were
not available, but an analysis made on assumptions and comparisons with a similar evaluation
of the Pirmasens, Germany, UEMCS shows that the base is experiencing a yearly energy
savings of ~9,500 MBtu attributable to UEMCS operation. Based on FY 1992 fuel costs
and official exchange rate, this energy savings corresponds to a yearly cost savings of
$101,365. The simple payback period using this cost savings is 4.9 years. Although not as
good as the 0.9-year simple payback period on which the UEMCS project was justified, 4.9
years is still within Energy Conservation Investment Program (ECIP) guidelines of 10 years.
The energy-saved-to-cost ratio is found to be 19.2 rather than 105, just barely over ECIP
guideline of 18. It is difficult to say what the savings-to-investment ratio (SIR} is, since only
FY 1992 costs were investigated, but it is safe to say that SIR > 1, which satisfies ECIP
guidelines.

Recommendations are made to further increase energy and cost savings and improve
operations of the UEMCS in the areas of domestic hot water temperature, electrical demand
limiting, night setback/weekend shutdown applications, addition of the motor pool building to
the UEMCS, electrical metering, UEMCS maintenance, and documentation of energy
consumption and cost savings.



1. INTRODUCTION

1.1 BACKGROUND

Under the provisions of Interagency Agreement DOE 1938-B090-A1 between the U.S.
Department of Energy (DOE) and the United States Army in Europe (USAREUR), Martin
Marietta Energy Systems, Inc., is providing research and development support and technical
assistance in the areas of computer science, information engineering, energy studies,
engineering, and systems development. One of the initial projects authorized under this
interagency agreement is the evaluation of the utility and energy monitoring and control
systems (UEMCSs) operating at selected U.S. Army installations in Europe. Evaluation of
the overall performance and energy efficiency of UEMCSs operated at U.S. Army
installations in Baumholder, Géppingen, Grafenwohr, Heidelbers, Hohenfels, and Pirmasens,
Germany, either have been completed or are under way. This report presents the results of
the evaluation of the UEMCS installed at USAREUR, 409th Base Support Battalion
(409th BSB) Military Community at Grafenwohr. The UEMCS is operated by the
Directorate of Engineering and Housing (DEH) Utilities Division.

12 SCOPE (STATEMENT OF WORK)

The Oak Ridge National Laboratory (ORNL) was selected by Headquarters,
USAREUR, Engineering and Housing Directorate, Utilities and Energy Branch in
Heidelberg to evaluate the effectiveness and energy efficiency of UEMCSs at six U.S. Army
installations in Germany. The fifth of these systems to be evaluated, which is the scope of
this report, is the UEMCS installed at Grafenwghr. This evaluation relies upon existing data
and information and does not involve introducing metering and instrumentation to measure
installation energy use.

The primary purnose of this evaluation is to see whether the UEMCS at Grafenwdhr is
achieving its operational objectives of energy and cost savings. Available UEMCS project
documentation is reviewed and evaluated for completeness, accuracy, and reasonableness.
The Grafenwohr UEMCS is described in terms of its current operations, as well as its
capability for operational improvements. An assessment of site and physical conditions is
performed based on visits to the various Grafenwohr installations, facilities, and buildings
served by the UEMCS. An in-depth analysis of energy consumption and energy and cost
savings for the major facilities making up the Military Community at Grafenwohr wili
demonstrate the positive results of past DEH Utilities Division efforts to conserve energy
and improve energy efficiency, as well as identify opportunities for continued improvement.
Finally, this evaluation focuses on a general assessment of UEMCS benefits not necessarily
related to tangible energy and cost savings. This assessment is based, in part, on interviews
with DEH Utilities Division management and operation personnel. The interviews addressed
such issues as system operation and maintenance and the Energy Conservaticn Program.




2. PROJECT DESCRIPTION

2.1 GENERAL DESCRIPTION

The 409th BSB Military Community is a large military training facility that comprises a
large training area, leased housing, the Main Post Area (MPA), and the Field Camps
Aachen, Algier, Normandy, Cheb, and Kasserine. All these facilitics are consumers of
electrical and thermal energy. However, only buildings and facilities in the MPA and Field
Camps Aachen, Algier, and Normandy are under the control of the UEMCS. Therefore, this
project description will focus on the UEMCS itself and its application to monitor and control
thermal and electrical energy consumption in the MPA and applicable field camps.

The UEMCS was first installed in the field camps during 1984. Until 1989, the field
interface devices (FIDs) installed in the various buildings were programmed on location with
a portable computer. Not until 1987 was this function performed remotely from the central
UEMCS control room. This was the start of central UEMCS operations at Grafenwéhr.
Starting in late 1987, the UEMCS was installed progressively in the MPA, and currently
about 80% of the buildings and facilities in this area a.c under some form of UEMCS
control. Although the UEMCS can control night setback (including designated day
shutdown) in most buildings and facilities, setback is practiced in less that 50% of the MPA
buildings. As a point of reference, the hot water district heating (DH) system in the MPA
began operation in 1989. Building energy conservation retrofits (e.g., ceiling/roof insulation,
external wall insulation, multi-pane windows) in the MPA and field camps started during
1985 and were essentially completed during 1991.

22 CONTROL SYSTEM DESCRIPTION

The UEMCS at the Grafenwihr base is an AEG model CBA 130 (upgrade of AEG
model Geazant 10). The system hardware is divided into control room/utilities office area
equipment and field-located equipment called FIDs (Fig. 1). A cabinet in the control room
houses the system central processing unit (CPU), hard- and floppy-disk drives for program
and data storage, a video driver for the operator’s video display, and terminations for cabling
to the FIDs. The control room also contains an operator’s video display, four printers for
report and alarm documentation, a main programming and maintenance terminal, and a
personal computer (PC) with interface software that allows programming and maintenance
of the UEMCS. Programming and maintenance PCs are also located in the stove shop
maintenance area and in the utilities office area (see Figs. 2, 3, ard 4).

The data transmission medium between the control room and the FIDs is
twisted/shielded-pair cabling. A total of 12 bus lines are available from the CPU to the FID
network. Each bus line is capable of connecting to 99 FIDs. Communications occur at the
rate of 1200 baud. The FIDs are of two types: an older version with fixed input/output (I/O)
capabilities and a newer version in which the I/O can be mixed by inserting cards of different
types. The newer version also has higher I/O capacity. The older version was limited to 40
digital inputs, 16 analog inputs, and 16 digital outputs. (Analog outputs were evidently not a
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Fig. 1. AEG utilities encrgy monitoring and control system architecture.



Fig. 2. UEMCS operator’s central control station, including, from left to right,
programming and maintenance terminal, personal computer, and the operator’s video
display.

standard feature of the old FIDs, but UEMCS personnel were able to wire in analog outputs
when needed.) The newer version accepts any mix of up to 16 cards. The card types and
capacity per card are digital input, 24; analog input, 16; analog output, 8; and digital output,
6. Grafenwdhr personnel have found the older types limiting and have requested upgrades to
‘he newer models. The older version is also more susceptible to lightning damage.

In the field, local/auto control at each FID is provided by a switch. The status of the
switch is monitored by the UEMCS. If a problem arises with the FID, the switch can be
changed from auto to local control to enable continued operation of the heating or electrical
system. Because the switch status is monitored by the UEMCS, unreported field problems
will be logged by the UEMCS and noted by UEMCS operating personnel for subsequent
action. Monitoring the switch status also allows UEMCS operating personnel to observe
when tampering with the local UEMCS equipment has occurred.
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23 MONITORING AND CONTROL OF THERMAL ENERGY SYSTEMS

Over 75% of the total energy consumed by the Military Community at Grafenwdhr is
thermal energy. Over 50% of this thermal energy is consumed in the MPA and over 35% in
the field camps. Thermal energy for space heating of buildings and for domestic hot water
heating are, therefore, major targets for improved energy efficiency and reduced energy
consumption using the UEMCS.

23.1 Field Camps

Camps Aachen, Algier, and Normandy are military field camps used by soldiers
participating in short-term (several weeks) field training exercises. The field camps comprise
a series of living quarter complexes, each normally consisting of eight barracks, two mess
halls, and one shower and latrine building. Approximately 30 of these living quarter
complexes are connected to the UEMCS. During a field trip the following buildings, making
up a typical field camp living quarters complex in Camp Algier, were visited:

e Building 2225--shower and latrine
¢ Building 2344—mess hall
¢ Building 2343 —barracks (billet)

The UEMCS substation shown in Fig. 5 is located in building 2225. Also located in this
shower and latrine building is an oil-fired boiler that generates domestic hot water not only
for the shower and latrine building but also for the mess halls. In addition, this boiler
provides building 2225 with thermal energy for space heating via a water-to-air heat
exchanger. Separate oil-fired furnaces with air-to-air heat exchangers and ventilation fans
provide space heating for each of the mess halls and barracks. No hot water is provided to
the barracks. The UEMCS provides the following monitoring and control functions:

e  Barracks (Billet)

An oil-fired furnace and associated ventilation fan, similar to the one shown in Fig. 6,
are used for space heating and ventilation. When the building is occupied, the UEMCS
controls this furnace to maintain a space heating temperature of 65-68°F (18-20°C).
This equipment is shut off when the building is unoccupied for extended periods. The
UEMCS is capable of temperature setback but is not used to perform this function
because of the unpredictable 24-hour occupancy patterns of troops using the barracks.
The UEMCS also is capable of monitoring room temperature.

e Mess Halls

The oil-fired furnace and associated ventilation fan shown in Fig. 6 are controlled by the
UEMCS to maintain a space heating temperature of 65-68°F (18-20°C) during
occupancy, but they are shut down when the mess hall facilities are not in use for an
extended period. Again, the UEMCS is capable of temperature setback but is not being
used for the reasons stated earlier. The UEMCS also is capable of monitoring room
temperature and of turning the electric power on or off to the three large refrigerators
in each mess hall. Domestic hot water from the mess halls is generated by the oil-fired
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boiler located in the shower and latrine building. The temperature of the hot water is
controlled by the UEMCS.

¢  Shower and Latrine
The typical shower and latrine operates under four different scenarios:

—  Winter occupicd. The building temperature is maintained at 68-70°F (20-21°C); the
domestic hot water is maintained at 158°F (70°C); and the ventilation system is
automatically turned on if the relative humidity in the shower and latrine facility
exceeds 65-70%. The hot water is maintained at such a high temperature because
more than the planned number of troops occupy the typical barracks and use the
shower and latrine.

—  Winter unoccupied. The space heating temperaturc is maintained at a minimum
59°F (15°C) to prevent freezing of water pipes (domestic hot water is not heated),
and the ventilation system will operate if the relative humidity level exceeds
65-70%.

—  Summer occupied. The ventilation system will operate if the relative humidity
exceeds 65-70%, and the domestic hot water is maintained at 158°F (70°C). The
oil-fired boiler is used only for ventilation, not for heating, during the summer.

—  Summer unoccupied. The only UEMCS control function operating is the ventilation
system, which will switch on if the relative humidity exceeds 65-70%.

The UEMCS also monitors room temperature, room relative humidity, supply air
temperature, return air temperature, and secondary domestic hot water temperature in the
field camp living quarter complex buildings.

23.2 Main Post Area

The central hot water DH system comprises a primary high-temperature 320°F (160°C)
DH distribution system connected via primary heat exchangers to nine DH substations or
heat islands. The secondary side of each of these heat exchangers is connected to a
secondary low-temperature 194°F (90°C) DH system that distributes thermal energy to the
various buildings and facilities located in these heat islands.

Frinkische Gas-Liefrungs, GmbH (FGL) is a private uiility that constructed a gas-fired
boiler DH plant just outside the fence of the MPA (Fig. 7). This facility was built at no cost
to the U.S. government, which in return guarantees a thermal energy load for 10 years. The
four gas-fired water tube boilers, shown in Fig. 8, have a nom. al capacity of 2,900 MBtu/h
(8,500 kW) each. They produce 230-320°F (110-160°C) hot water at 205 psi (1.4 MPa) that
is supplied through 12-in. (25-cm) diameter pipes to the MPA primary high-temperature DH
distribution system. The return hot water from the primary distribution sysiem ranges from
176 to 194°F (80 to 90°C), depending on the season of the year.
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Fig. 7. Private utility (Frankische Gas-Licferungs, GmbH) gas-fired boiler, hot water
district heating plant serving the Grafenwihr main post area.

Fig. 8. Hot water district heating plant, gas-fired water tube boiler.
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The DH substation in building 285, which is typical of other DH substations, was visited
(Fig. 9). It provides thermal energy to more than 50 buildings located in the MPA, most of
them military family housing. In the substation are water-to-water heat exchangers that
receive the high-temperature hot water on the primary side and distribute it on the
secondary side as low-temperature hot water to the buildings in this heat island. The
temperature of the secondary hot water varies from 176°F (80°C) in the summer to 194°F
(90°C) in the winter. Return secondary distribution system temperatures range from 158 to
167°F (70 to 75°C). The UEMCS FID performs the following control functions in the
building 285 DH substation:

¢ control of the mixing valves that regulate the flow of high-temperature hot water to the
heat exchangers in the primary high-temperature distribution system;

* control in the secondary low-temperature distribution system of the variable-speed
pumps that control the flow of low-temperature hot water to the various buildings

served by the substation;

¢ control (on/off) of water flow (primary and secondary) for selected heat exchangers,
providing the ability to deactivate a particular heat exchanger.

In addition, the UEMCS monitors the following points:

primary supply temperature;

primary return temperature;

prima(rjy return flow rate;

sccondary supply iemperature;

secondary return temperature and pressure; and

status (on/off) of distribution system equipment such as pumps and valves, and of system
alarms such as the secondary system high-temperature alarm.

Low-temperature 176-194°F (80-90°C) hot water from the substation circulates
through the secondary distribution system to the MPA facilities and buildings that make up a
heat island (Fig. 10). Two family housing units (buildings 202 and 275) that are supplied with
thermal energy from the building 285 DH substation were visited. Figure 11 illustrates the
thermal energy distribution system for space heating and domestic hot water heating of these
family housing units. The thermal energy distribution system illustrated in Fig. 11 is typical of
the DH/UEMCS installation in many other MPA buildings.

Note that night setback of the space heating system is the principal conservation
measure controlled by the UEMCS to reduce thermal energy consumption in the MPA.
Currently, night setback is practiced in less than 50% of the MPA buildings. Where it is
practiced, the building space heating system nominal daytime operating temperature of
71.5°F (22°C) is set back at night to 64.5°F (18°C). Setback periods vary according to
building use. For example, temperature setback starts in family housing at 23:00, and normal
space heating temperatures are restored at about 03:30. During the winter, the temperature
of the hot water tc the radiators is varied from 86 to 140°F (30 to 60°C), depending upon
outside temperature, to achieve night setback. During the summer, heat is provided as
required for several hours during the morning (04:30 to 09:00) and in the evening (18:00 to

11



Fig. 10. Main post area building 275, typical family housing unit, low-tcmperaturc hot
water district heating installation.
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22:30). In other cases, the circulation is shut off entirely; that is, no heat is provided to the
radiators.

Typically, the low-temperature hot water from the substation is circulated through the
radiators for space heating and through a domestic hot water heat exchanger for domestic
hot water heating. The temperature of the water returned from the radiators is maintained
in the range of 86-140°F (30-60°C) by controlling the mixing valve. This set point
temperature depends upon the season and the ouwside temperature. During summer, the
entire hot water space heating system can be shut down. This is done under UEMCS control
by shutting down the circulation pump and closing the mixing valve simultaneously (no
recirculation). The hot water from the substation is circulated through the primary side of
the domestic hot water heat exchanger. The domestic hot water temperature is manually set
in the range of 122-140°F (50-60°C) to suit conditions in individual MPA buildings. This set
point temperature is maintained primarily by UEMCS control of the pump that circulates
hot water in the intermediate domestic hot water system through the secondary side of the
domestic hot water heat exchanger. A secondary domestic system circuiates hot water
between the domestic storage tank and the faucets located in individual rooms. The UEMCS
also controls the pump that circulates domestic hot water through this secondary system. The
pump currently operates 5 min in every 15 min, 24 h per day.

4

The UEMCS typically performs the following functions to control space and hot water

heating of MPA buildings and facilities:

e Control of the mixing valve in the return line to the substation to maintain the
temperature of the hot water circulating through the building radiators.

e On/off control of the circulation pump that supplies hot water from the substation to
the radiators.

¢ On/off control of the pump that circulates hot water through the intermediate domestic
hot water system between the domestic hot water storage {ank and the secondary side of

the domestic hot water heat exchanger.

¢ Control of the pump that circulates hot water through the building secondary domestic
hot water system. NOTE: DOMESTIC HOT WATER TEMPERATURE IS NOT CONTROLLED DIRECTLY BY THIS
PUMP.

¢ In more recent installations, control of the mixing valve in the hot water supply line
from the substation controlling the flow of water to the domestic hot water heat

exchanger.
In addition, the UEMCS monitors the following points:

domestic hot water temperature,

cold water flow into the domestic hot water system,
status of circulating pumps,

hot water supply temperature from the substation,
hot water supply temperature to the radiators,

hot water return temperature from the radiators, and
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¢ heat value (Btu meter) of water returned to the substation.

24 MONITORING AND CONTROL OF ELECTRICAL ENERGY SYSTEMS

Monitoring and control of electrical energy is limited at Grafenwohr. During the late
1980s, 70 to 80 electrical meters were installed under the auspices of the U.S. Army Corps of
Engineers’ Construction Engineering Research Laboratory in a cross-section of locations to
evaluate electrical consumption at the base. These meters are monitored by the UEMCS,
but the data are not saved. At the UEMCS console, three categories of data are tabulated:
the current day’s consumption, monthly consumption, and yearly consumption. The
consumption data are printed out only on request. UEMCS personnel have software to allow
suving the data to hard disk or tape, but they have not implemented it yet. The energy
coaservation manager has none of the electrical consumption reports. Plans are to install a
PC connected to the UEMCS in the energy conservation manager’s office. When that
terminal is connected, the manager will have better access to the consumption data.

Refrigerators at the field camp mess halls, main post clubs, and the Burger King
restaurant will have load-shedding capability soon. Presently, the UEMCS can enable and
disable operation of the refrigerators. UEMCS personnel are awaiting the installation of
signal lines that will transmit electrical demand data from Obag GmbH, the electrical utility.
With this information, the UEMCS can be programmed to load shed the refrigerators during
peak demand times.

Other areas that could benefit from demand limiting include the cold storage facility in
build.ag 295—where huge refrigerators cool provisions for troops and other base
personnel—and several sites that use air conditioner units. The base has a total of 26 unitary
unit air conditioners for a total rating of 480 kW, and 21 window units for a total of 110 kW.

Street lighting control is through local twilight switches, except at one street in the field
camp where lights are controlled by the UEMCS. Problems have arisen with the twilight
switches, especially in the field camps where the switch photodetectors become covered with
dust and keep the lights on for too long.

Electrical energy consumption at Grafenwohr is lowest in the summer months, higher in
the winter and spring months, and highest in the late autumn months. Figure 12 shows
monthly electrical energy consumption and peak demand from 1989 to 1991. Generally
speaking, peak demand and total consumption track each other, although in 1990 peak
demand during the summer and early fall months appeared to be higher than normal. High
excursions in peak demand, as shown, indicate that peak shaving probably could have been
used to save money. On a daily basis, typical electrical consumption curves for the base can
be divided into weekdays and weekend days. Figure 13 shows the average weekday and
weekend day for August 1992. The average consumption is arrived at by summing
consumption in 15-min intervals for all days in each category and dividing by the number of
days in each category. The average weekday shows a sharp rise in demand between 07:00
and 08:00, a dip in demand at lunch time, and a drop in demand between 16:00 and 17:00, as
would be expected for a typical work day. Between 20:00 and 23:00, there is another peak,
which is attributed to housing occupants’ use of electricity for dinner preparation,

15



entertainment, and lightning. For the typical weekend day, the demand is fairly flat all day
except for a peak between 20:00 and 23:00, similar to the weekday peak during this time
period.

Figure 14 shows electrical demand for the day of August 20, 1992. This day contains the
} eak demand for the month. Unlike most other days that show fairly flat demands in the
morning and afternoon, August 20 shows vcry jagged peaks in the afternoon. This represents
» potential peak-shaving opportunity. Obag, the electrical utility, bills Grafenwghr for peak
demand at the rate of 232.8 DM/kW, which is applied to the average of the two highest
peaks for the year. The two peaks usually occur in the fall. Daily demand data for other
months of the year were not gathered, but to demonstrate a point, assume that the month of
August represents the peak demand for the year. As shown in Fig. 14, it appears that
~160 kW of demand would have to be load shed for 45-90 min to shave the peak off the
demand curve. For thermal loads, 45-90 min is not an extraordinarily long time constant,
especially if load shedding can be shared among similar units (some units operate while
others are switched off). At the rate of 232.8 DM/W and the 1992 exchange rate of 1.9 DM
to $1 (and assuming that this example represents the average of the two highest peaks for
the year), a savings of $20,693 would be attributed to peak shaving the electrical load shown
for August 20, 1992 by 160 kW for 45-90 min. This example cannot show the actual
benefits that could be obtained from implementing peak shaving because electrical demand
data were not available for the months that contained the highest demand peaks. However,
the example does show that the electrical demand curve does contain spikes on certain days,
and this is where peak shaving can have the most cost-savings benefit.

16
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3. EVALUATION OF PROJECT DOCUMENTATION

On July 13, 1992, a letter was sent to Headquarters USAREUR requesting that copies
of selected UEMCS project documentation and other pertinent records be made available
for review by ORNL personnel during their scheduled visit to Grafenwohr. The requested
information was assembled by Grafenwshr DEH Utilities Division personnel for use by
ORNL personnel during the 2-week site visit. During the course of the visit, the ORNL
principal investigators posed many questions and requested pertinent supplemental
information. All questions were answered in a forthright and open manner. Whenever
supplemental information was available, it was provided to the investigators in a timely
manner. Overall, the quality of project documentation was satisfactory, and the cooperation
afforded ORNL investigators by DEH management and UEMCS operations personnel was
excellent.

Because the site visit occurred September 7-18, 1992, complete FY 1952 fuel/energy
consumption data were not available, Accordingly, DEH personnel were requested to
furnish this information to the investigators as soon as it became available. Upon returning
to ORNL, the investigators began their analysis and evaluation of the UEMCS and
identified additional information and data necessary to complete the evaluation. DEH
personnel were requested to furnish this information, which was received at ORNL on
November 19, 1992.

The AEG model CBA 130 UEMCS installed at Grafenwghr is well documented in
terms of manuals, engineering drawings, etc. Likewise, the engineering drawings and
associated data describing the installation of this UEMCS to the various Grafenwghr
electrical and thermal energy systems are well documented. This documentation enabled the
investigators to gain a thorough understanding of UEMCS operations in a timely manner.

Attention was next directed toward gaining a better understanding of fuel/energy
consumption trends at Grafenwohr over a 10-year period during which the major energy
conservation projects were implemented. These projects included progressive installation and
operation of the UEMCS, progressive implementation of building envelope energy
conservation retrofits, and the installation and operation of the hot water DH system in the
MPA. Good general records of the total annual energy consumption by fuel/energy type are
maintained by 100" Area Service Group DEH, Utilities Branch personnel. Unfortunately,
these general records do not subdivide energy consumption data for the major areas such as
the MPA and \he field camps. Therefore, overall energy consumption trends can be
determined on an annual basis but cannot be determined accurately on an area-by-area basis,
for example, for Camp Aachen or the 200 series buildings in the MPA. Fortunately, fuel oil
consumption records are maintained for the various main areas of Grafenwohr. The
investigators therefore were able to perform a comparative analysis of thermal energy
consumption (MBtu/year) and thermal energy efficiency (Btu/HDD/ft?) for the various major
areas. The results of these analyses are illustrated in Sect. 5.

Unfortunately, good cost records associated with the procurement and installation of the
UEMCS have not been maintained over the years. The series of Military Construction
Project Data sheets (DD Form 1391) do not accurately reflect the actual UEMCS installed
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at Grafenwohr. For example, they specify a “ripple” control system similar to the
Computerized Utilities Moritor and Control System (CUMACS) installed at Heidelberg,
when the Grafenwdhr UEMCS actually uses a cable-based twisted/shielded pair data
transmission medium. Initial project cost estimates documented on the Form DD-1391 for
this project do not accurately reflect current actual costs. One reason is that the UEMCS
has been progressively upgraded over the years, but the project documentation has not
followed suit. For example, an updated life cycle cost analysis based on actual project cost
has not been performed since before the initial UEMCS became operational during 1984. As
a result, an accurate baseline of estimated energy and cost savings has not been established
for the Grafenwohr UEMCS.

Another problem with determining energy and cost savings attributed to the UEMCS is
that DEH personnel apparently have not tried to calculate and document cost savings based
on actual reduced energy consumption over the past 10 years (FY 1982-FY 1992).
Furthermore, the net annual energy savings, based on reduced annual energy consumption,
are reported only in general overall terms. Consequently, energy and cost savings attributed
specifically to the UEMCS cannot be segregated from other major energy conservation
program activities including large-scale building energy conservation retrofits and operation
of the hot water DH system in the MPA. These complications will become more apparent in
Sect. 5, which is an in-depth analysis of energy and cost savings.
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4. ASSESSMENT OF SITE AND PHYSICAL CONDITIONS

4.1 MAIN POST AREA

The first impression on entering the Military Community at Grafenwéhr is of an
attractive, well maintained facility with many of the attributes of a college campus. The
buildings and facilities are spread out as in a suburban residential community. All major
facilities are contained within a single geographic area, and the buildings and facilities under
UEMCS control are further concentrated in East Camp Grafenwohr. By contrast, many
other USAREUR military installations in Germany are more congested, and buildings under
UEMCS control are more closely concentrated within a given facility. Also, many other
USAREUR instaliations are composed of a main facility and several satellite facilities
located a considerable distance from the main facility. In many instances, this layout requires
independent thermal energy systems as well as multiple UEMCSs. Grafenwghr has the
distinct advantage of being a single contained instailation served by one versatile UEMCS.

Within the MPA, the Grafenwohr UEMCS controls operations in approximately 80% of
the buildings and facilities. Actual operations vary by building area, however. For example,
the UEMCS operates in most of the MPA series 100 buildings, which are 80% family
housing units, but in only about 50% of the almost exclusively administrative series 300
buildings. The series 400 buildings—consisting of 60% administrative buildings and other
facilities including workshops, the officers club, and the dispensary—are estimated to be
about 70% under UEMCS control. Even though 80% of the buildings and facilities in the
MPA are under UEMCS control, less than 50% of them practice night temperature setback.

Currently no electrical energy systems in the MPA are under UEMCS control. DEH
Utilities Division personnel report that they are on the verge of implementing demand side
management for selected electrical systems. Although thermal energy systems historically
represent the greatest potential for energy savings, UEMCS control of electrical energy
systems also offers significant potential for energy and cost savings. Several primary
candidates for UEMCS control of MPA electrical energy systems are as follows:

¢ refrigeration systems in cold storage building 295, including five 22 kW compressor
units;

¢  air conditioning units, including 26 unitary air conditioners ( ~480 kW, total) and 21
window air conditioners (~ 110 kW, total);

e eclectric dryers in familY housing units; and

e exterior street and building lighting.

Finally, several years ago CERL had elaborate electrical metering and instrumentation
installed in selected GrafenwShr MPA facilities. One of those is building 272, a typical family
housing unit. Elaborate meters were installed to measure 110- or 220-V electrical energy
supplied to each apartment, as well as to the washers and dryers in the basement. A separate
meter also records total electrical energy consumption in building 272. Utilities Division
personnel have an opportunity to use these meters to document building energy performance
and determine the potential energy and cost savings resulting from the implementation of
selected conservation measures.
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42 FIELD CAMP AREA

The field camps were the first area of the base to have UEMCS control. Installation of
the system started in 1984 at Camps Aachen and Algier. At first a portable computer had to
be used for local configuration of the FIDs. At that time, only local programming could be
done. In 1987 the system was upgraded so that overriding of control parameters could be
done from the central control room. Installation of the UEMCS in Camps Aachen and
Algier is complete, although the FIDs installed there are outdated. A newer type of FID
would allow more 1/O capacity and be less susceptible to lightning damage (see Sect. 2.2).
Installation of the new type of FID for the UEMCS in Camp Normandy, which began in
1990, is about half finished. The two remaining camps at the base, Kasserine and Cheb, do
not have UEMCS interfaces.

Tampering with the UEMCS was a problem at first in the field camps. Ice packs were
placed over the temperature sensors in an attempt to heat the barracks to a higher
temperature than the UEMCS had been programmed for. Switching the FIDs from
automatic to manual mode was another unauthorized way to override the UEMCS to
provide additional heat. These occurrences have decreased as UEMCS personnel have made
field camp personnel more aware of the proper operation and benefits of the system.

Night setback is still not implemented in the field camps because troops often return to
the camp in the middle of the night and desire warm facilities while preparing to go to sleep.

The field camp building inspector checks building occupancy and alerts UEMCS
personnel when the building will be empty. UEMCS personnel then program the FIDs to
shut the heat off for the period when the buildings are unoccupied. Plans are in place to
install occupancy sensors, but they have not been implemented yet.

There are about 20 motor pool buildings in the field camp areas. These buildings are
used periodically on an unpredictable schedule (normally 3-6 week periods to repair military
vehicles). While these buildings are in use, they use large quantities of fuel oil for space and
hot water heating. Large doors are often left open during cold weather, and the oil-fired
boilers are left on after the users of the motor pool buildings depart. These buildings are not
currently under UEMCS control. If they were, features would be added such as interlocks on
the doors to shut down the boilers automatically if the doors are open, switches that must be
activated every 12 or 24 hours to ensure continued boiler operation for heating, and sensors
to monitor occupancy.

Currently only one street in the field camps has exterior lights that are under UEMCS
control. The investment costs for connecting all street lights presently controlled by twilight
switches to UEMCS control would not be recovered by the savings from using UEMCS
control. Only if a new street light system is installed or old lights are replaced will the
connection to the UEMCS be made. The proposed system would use lamps with two bulbs,
one of which would be shut off during late off-duty hours.

Storage tanks for fuel oil are located near the barracks. A leakage monitor alarm feeds

into the UEMCS, but the level of fuel in the tanks must be checked manually. There would
be no return on investment to install level sensors on these tanks now because of the high
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cost of the retrofitting labor necessary. However, the relatively low capital and labor cost of
installing level sensors in replacement or additional fuel oil tanks, if they are necessary for
other reasons, would be paid back in a short interval. Less manpower would be needed to
check fuel levels because they could be monitored remotely at the central control room.

The temperature of the water in the shower buildings is kept at a higher-than-normal
level because of lack of capacity in the hot water heating system. There are times when more
soldiers use the showers than the system was designed for. To compensate for the higher-
than-normal flow of water during these times, the temperature is increased.

The field camp area is periodically used for reforgers, events in which as many as 25,000
troops converge at the base for training exercises. The barracks, latrines, and mess halls are
filled past capacity. Tents are erected for supplemental barracks, mess halls, provision
storage, ammunition storage, recreational uses, and administrative uses. An elaborate piping
system is constructed to provide hot water for cleaning vehicles and equipment. Portable, oil-
fed heaters are used for space heating in the tents and for cooking. Needless to say, a
reforger represents a spike in thermal and electrical consumption for the base. It also
represents a problem in tracking energy efficiency because facilities are used past normal
capacity. When energy is normalized according to heated floor-space area, the reforger area
is not included, as only temporary shelters are involved.

Because of the training mission of the base, troops are billeted there for only a few
weeks at a time. Energy efficiency in the camps suffers because of the sporadic occupancy.
When we visited the field camp area, it appeared to be under-utilized. At such times, it is
likely that much energy is being used to keep the camp in standby status, as shown in the
operating scheme in Sect. 2.3.1. Yet at other times, such as during a reforger, the camp
facilities are over-utilized and excess energy is used.

43 MILITARY TRAINING AREA

A special concern at Grafenwéhr has been the electricity consumption of target heaters
in the training ranges. The director and deputy director of Engineering and Housing stated
during a briefing that this is the main energy consumption problem. The heaters are used to
warm pop-up targets used during training exercises so that the targets will be visible in
thermal viewfinders. In the past, the target heaters were energized all day, representing a
large electrical load. We were asked to investigate possibilities for reducing consumption
there. A visit to the training range revealed that three conservation efforts are already under
way.

First, instead of heating all targets all day, range operators energize only the targets that
will be used for a particular exercise and only for the duration of the exercise. In one case,
this practice meant that only ~20 of a total ~100 heaters had to be energized for an
exercise in a particular range. The range operator, Tim Noall, should be contacted regarding
this effort.

Second, the new remote target system (RETS) is being installed to control operation of
the targets and heaters. RETS will enable the operators to energize the heaters for a given
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period before the target is used and to deenergize them afterward. Simulation Training
Instrumentation Command, also known as STRICOM, of Orlando, Florida, is the
organization responsible for implementing this system. Niels Johannison, the local
representative at Grafenwohr, can be contacted for information.

Third, different thermal paints with different emissivity properties are being evaluated.
They may eliminate the need to heat the targets on sunny days, and they would significantly
reduce the amount of heat required at other times (from six heaters to perhaps only two).
An initial evaluation showed promising results, and a second evaluation is under way. James
Cruthers or Bob Watts should be contacted for further information on this effort.

The brief investigation at the training ranges revealed that conservation efforts are
under way, but also indicated a lack of communication between training range design and
operations members and DEH Utility Division members. It is recommended that a closer
association be initiated between the two groups.
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5. ANALYSIS OF ENERGY AND COST SAVINGS

5.1 ENERGY SAVINGS ATTRIBUTED TO UEMCS OPERATIONS

The UEMCS at Grafenwdhr was conceived in 1982 and is documented in FY 1982 and
FY 1983 Military Construction Project Data sheets (DD Form 1391) (refs. 1-3). The most
comprehensive of these data sheets, which is based upon a capital construction cost of
$328,000 (ref. 2) projects the following energy and cost savir.gs:

¢ annual energy savings 52,131 MBtufyear
o first year annual (§) savings $541,571/year

e total net discounted savings (15-year life) $6,947,665

e SIR® 21.18

¢ simple pay-back period (SPP)? 0.6 year

e energy-saved-to-cost ratio (E/C)° 159

Using the annual energy and cost savings numbers outlined, and based upon an actual
UEMCS project installation (construction) low bid of $494,300 (ref. 3), the listed cost
parameters are modified as follows:

e SIR° 14.06
e simple pay-back period (SPP)’ 0.9 year
e energy saved to cost ratio (E/C)° 105

These early estimates of projected UEMCS energy and cost savings will serve as a point
of reference for this analysis.

Table 1 summarizes the annual energy consumption by fuel and energy type for the
Military Community at Grafenwéhr. This table and Fig. 15 cover the 11-year period
(FY 1982-FY 1992) during which the following major energy conservation retrofit programs
took place:

e UEMCS (1984-1992)
¢ building envelope energy conservation retrofits (1985-1991)
e hot water district heating systems (1989-1992).

During this 11-year period, total energy consumption was reduced from 531,390 to
443,346 MBtu/year, a 16.6% overall reduction. These figures do not reflect energy savings
accurately because building floor area increased overall during this same period from
4,018,650 to 5,125,280. This represents a 27.5% increase in building space that must be
served by Grafenwohr thermal and electrical energy systems. The fact that the number of
annual heating degree days (HDDs) varies from a high of 7,578 during FY 1987 to a low of
6,241 during FY 1983 also affects the energy savings assumptions that can be made if only

aTotal net discounted savings/ECIP project investment cost.
bECIP project investment cost/first-year dollar savings.
cAnnual MBtu of energy saved/($K) ECIP project investment cost.
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total annual energy consumption figures are considered. Figure 16 more accurately reflects
actual energy consumption trends during the period when major energy conservation retrofit
program activities were under way. Since the UEMCS first became operational during FY
1984, we will focus on energy consumption trends for the 9-year period starting during FY
1984.

Total energy consumption between FY 1984 and FY 1992 was reduced from 128.2 to
86.5 MBtu/1000 ft? a 32.5% overall reduction in energy consumption for each 1000 ft? of
floor area (Fig. 16). This is almost double the 16.6% reduction in energy consumption
calculated on the basis of overall energy consumption alone, that is, not considering the
27.5% increase in building floor area that occurred between FY 1982 and FY 1992.

Assume that the building floor area during FY 1984 was the same as during FY 1992,
namely 5,125,280 ft%. Then using the FY 1984 calculated energy consumption rate of
128.2 MBtu/1000 ft2 based on current building floor area, total energy consumption during
FY 1984 would have been 657,061 MBtu/year. Based on this assumption, theoretically,
energy consumption in Grafenwdhr facilities over the past 9 years has decreased from
657,061 to 443,346 MBtu/year, a net decrease of 213,715 MBtu. This 32.5% overall
reduction in energy consumption represents an average energy savings (energy consumption
reduction) of 23,746 MBtu/year between FY 1984 and FY 1992. These energy savings are
attributed to the overall Grafenwdhr energy conservation program, which includes UEMCS
operations, hot water DH system operations, and major building envelope energy
conservation retrofits. Available Grafenwohr energy consumption documentation is not
adequate to determine how much of this estimated 23,746 MBtu/year energy saving can be
attributed directly to UEMCS operations. Based on a previous UEMCS evaluation of the
Military Community at Pirmasens, Germany (ref. 4), it can be conservatively stated that
when building envelope energy conservation retrofits are implemented in buildings that are
upgraded with a UEMCS-controlled hot water DH system, over 60% of the energy savings
resulting from these conservation measures can be attributed to the building envelope
retrofits alone. Using this estimating rule of thumb, then 40% of the estimated 23,746
MBtufyear, or approximately 9,500 MBtu/year can be attributed to UEMCS operations. This
is a crude calculation, but is the best estimate that can be made bascd on available energy
consumption data.

Total electrical energy consumption increased from 69,895 Mbtu during FY 1982 to
104,771 Mbtu during FY 1992, approximately a 50% increase overall (Table 1, Fig. 15).
During the same time, building floor area increased by 27.5%. These figures show that on an
MBUtu/1000 ft? basis, overall electrical energy efficiency has decreased modestly from
17.4 MBtu/1000 ft* during FY 1982 to 20.4 MBtu/1000 ft* during FY 1992. This decrease
may be attributed to an increase in the density of electrical equipment in common use these
days such as computer vad training equipment. That is not considered a major degradation
in energy efficiency, but it emphasizes that considerable potential exists to implement energy
conservation measures to reduce electrical energy consumption. All the apparent energy
savings at Grafenwghr to date can be attributed to improved performance of thermal energy
systems.
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An analysis of energy savings attributable to reduced thermal energy consumption is
more meaningful, as it considers the important variable, HDD/year. Table 1 shows that
thermal energy consumption between FY 1984 and FY 1992 was reduced from 442,106 to
338,575 MBtu/year. Taking into consideration both building floor area and HDD/year,

Fig. 17 illustrates that energy consumption during this same period was reduced from 14.52
to 10.04 Btu/HDD/ft?, a 30.9% overall improvement in thermal energy efficiency. Assuming
the FY 1984 energy efficiency of 14.52 Btu/HDD/ft* and simulating an FY 1992 building
floor area of 5,125,280 ft?, thermal energy consumption during FY 1984 would have been
552,785 MBtu/year. Based on this assumption, theoretically, thermal energy consumption in
Grafenwohr facilities between FY 1984 and FY 1992 would have decreased from 552,785 to
338,575 MBtu/year, a net decrease of 214,210 MBtu. This is a 38.8% overall reduction in
thermal energy consumption representing an average energy saving (energy consumption
reduction) of 23,801 MBtu/year. These figures compare favorably with the 32.5% reduction
in total (thermal plus electrical) energy consumption and the average energy savings of
23,746 MBtu/year. The slight improvement in thermal energy savings compared with total
(thermal plus electrical) energy savings confirms the previous observation that there was a
slight degradation in electrical energy efficiency (17.4 to 20.4 MBtu/1000 ft?) between

FY 1982 and FY 1992. More important, it confirms that reduced energy consumption and
resultant energy savings realized at Grafenwghr are attributable almost entirely to improved
performance of thermal energy systems.

The high MBtu/1000 ft? energy consumption figures for FY 1986 on Figs. 16 and 17
need some explanation. Apparently the actual building floor area figures are belatedly
entered into the Grafenwohr real property records. Assuming a realistic 1-year delay, the
4,534,280 ft? recorded for FY 1987 should have applied during FY 1986. This would change
the energy efficiency figures for FY 1986 from 131.88 to 120.6 MBtu/1000 ft?, and change
the thermal energy efficiency figures from 14.75 to 13.49 Btu/HDD/ft>. Although this
partially explains the comparatively high thermal energy consumption during FY 1986, it
does not explain fully why the consumption of No. 2 fuel oil during FY 1986 is so high
compared with FY 1985 (see Table 1).

Thermal energy consumption trends of the major facilities also merit examination.
Table 2 records thermal energy consumption and related energy efficiency for each major
facility for FY 1990 through FY 1992. Thermal energy efficiency in the MPA improved from
9.97 Btu/HDD/ft? during FY 1990 to 9.19 Btu/HDD/ft* during FY 1992. This is the same
period during which the hot water DH system and associated UEMCS controls were
installed and became operational in the MPA. Since the MPA is currently the largest
consumer of thermal energy (see Fig. 18), this positive trend should be an incentive to
Grafenwohr DEH personnel to further implement UEMCS operation in the MPA.
Conversely, Fig. 18 indicates that thermal energy consumption in the ficld camps is much
smaller when compared with the MPA. However, during the 2-week site visit to evaluate the
UEMCS, the ORNL investigators observed little activity and relatively low building
occupancy in the field camps. If this situation changed and field camps achieved full
occupancy, then energy consumption patterns in the field camps could change significantly.



F:R—Q%.mv Kouodiyjo A310ud ‘vondwnsuoo A310ud [euLDY) JYomudJeI) L] 91q

AON3IO1443 ADHINI Bl

HV3A 1vVOSId

266l 166L 0661 6861 886L ./86IF 986L S86i ¥86L €861 2831

] B - — . - .,J\ _ . . Ul 0
- m -
(2]
YO OL S66 ,aipmy ' S o
lS0l . .
sot | —_eL'L S
£G'tl L | -1l
cSvl | ey | T
/-9 8ES}
~0c¢

7

bgid/aaH/nlg

T :__



v0°01 SLS'8EE 1 TAYARY 566 vLS 6VE SL9'190'¢ __ Lot t9t 6L PEO'PYO'Y Anjaej Jyomudjeln {e10]
05y 88T't 1 sTY'6vy £8°¢ r4LYA! £09'ty 8t IE¥'6 L9v'LLE 3uisnoy paseay
20U | Le0't 9£Y'TrE 678 91L'6l 9t9'TVE 8¢ oLl'tl 1e'ove ease Suutes],
v871 | 200'8e! vZI9IS't || €T | vs8'lEl v.ao1st || sevt | ws'ivt vz1'9is't || 1eio1qns sdweo piarg
— — — — — — __ - 660'8 - (19310j32) 13410
101} ott'e 6L9't8 L80T | s9T'Tl 6L9'v8 86€C | €61'tl 6L9'V8 aupassey dwe)
Lzl | osz'e 108'tT €8Sl | T20'E 10822 0691 | 610'¢ 108'c2 _M qayD dwe)
066 174 41 978'T8Y oL | 989'eT 98'Ter | 966 't 9I8'T8Y Apue'usoN dwe)
0691 [ 120°ss 156'v6¥ 91’91 | T0s'ss Is6'ver || €6'S1 | 9TT'LS 156'v6v 1218y dwe)
t8'11 691'tE L91'9zy Y9l | 9LE'LE L91'92y 851 £18've Lo1'9Zy uaydey dwe)
61'6 881°0L1 660°L18'T §f 6£6 6¥°081 TIL'0LL'T __ L6'6 S8L'SLL TEL'POLT BAIV 1504 UlEN
J J = |
o] eI/ Mg Y Y eA/mg N Y )] B/mg M
/aan | ‘Mus uping |t /qan | ‘A8ud duipung || /aaH | ‘ABisus 3utpiing sajoey Jyomuajesn Jolep
/g jewaay ] /My jewsay /mg jewisay ],
ﬁ LLSY = AdH 169 = AAH 969 = AAH
j 2661 Ad 1661 Ad 0661 Ad

£y 1ofew 4q (feounao)d jou) wondwnsuco A3sous feunay) JygmudjeL) T Jqe],

34



-Aypoey 10fewr £q uondmnsuco £31503 [eyo) Iqomuaeln g “Fuf

266L - Ad[ ] 166l - AdE=

ALIT10Vd HOrvIN

HIODHO43H HT ONINIVHL 'SSYM 83HO 'WHON H3I97

0651 - Ad il

=T

2o

V NJHOVY NIV

0S

N os1

000l X N19N

B o001

00¢

35



Figure 19 compares thermal energy efficiency (MBtu/HDD/ft?) among the major
facilities. Since the MPA and field camps Aachen, Algier, and Normandy are the only major
facilities under UEMCS control, discussion will focus on them. The thermal energy efficiency
in the MPA is better than in the field camps and has progressively improved. The
9.19 Btu/HDD/ft? thermal energy efficiency in the MPA during FY 1992 compares favorably
with the 9.29 Btu/HDD/ft? in a family housing community at Pirmasens during FY 1990
(ref. 4). The Military Community at Heidelberg achieved a 7.72 Btu/HDD/ft? energy
efficiency during FY 1990 (ref. 5). These three military communities have in common a
UEMCS-controlled hot water DH system. There are several reasons why the thermal energy
efficiency at Heidelberg is better than in the Grafenwéhr MPA. First, UEMCS-controlied
night temperature setback is practiced in most Heidelberg buildings; at Grafenwdhr, it is
practiced in less than 50% of the MPA buildings. At Heidelberg, domestic hot water
temperatures are maintained at a lower set point temperature of 105°F (40.5°C) and the
circulation system is shut down S or 6 hours at night. At Grafenwohr, domestic hot water
temperatures are maintained in the range of 122-140°F (50-60°C) and circulation is not
shut down during the late night hours. The thermal energy performance of the Grafenwohr
UEMCS could be further improved by expanded UEMCS operation in most MPA buildings
and by more optimal control of energy conservation measures such as domestic hot water
thermal energy consumption.

There are probably many reasons why the thermal energy efficiency in the field camps is
not as good as in the MPA. Night setback is not practiced. Domestic hot water temperatures
are maintained at 158°F (70°C) to compensate for undercapacity. Motor pool buildings are
not under UEMCS control. And these buildings have a past history of abusive energy use.
Of major concern, however, is the fact that the energy consumption figures for the field
camps in Table 2 are based on partial building and facility occupancy. If these facilities were
fully utilized, it is suspected that the thermal energy efficiency of these field camps would be
worse and the Btu/HDD/ft? figures in Fig. 19 would increase. The field camps, therefore,
represent a significant opportunity to further reduce thermal energy consumption and
improve thermal energy efficiency.

5.2 COST SAVINGS ATTRIBUTED TO UEMCS OPERATIONS

To document cost savings for UEMCS operations to the U.S. government, the cost of
energy in U.S. dollars must be known. Essentially no electrical energy savings result from
UEMCS operations. Therefore, the cost of thermal energy will be the main concern of this
section. Costs for the most current full year, FY 1992, will be used. An average cost of
thermal energy will be defined so that a cost savings can be calculated from the energy
savings calculated earlier in this section.

If the energy value of all thermal fuel types at Grafenwohr is totalled for FY 1992, the
percentage for each fuel type can be determined as shown in Table 3. The cost per MBtu is
calculated by totalling the year’s cost for each fuel and dividing by the total energy value for
each fuel. From these figures, the contribution to the average MBtu cost is calculated for
each fuel type by multiplying the percent usage per MBtu by the cost per MBtu. Then all of
these contributions are summed to arrive at a weighted average cost per MBtu for each fuel.
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Table 3. Calculation of the cost of an average MBtu of fuel in FY 1992

Contribution

Percent usage Cost per MBtu to average

Fuel type by MBtu MBtu cost
Natural gas 1.1 $7.98 $0.09
Fuel oil No. 2 52.0 $4.54 $2.36
Propane 0.2 $7.24 $0.01
Purchased heat (district 46.7 $17.58 $8.21

heat)

Cost of average MBtu of fuel $10.67

For an average cost of $10.67/MBtu and an average energy savings of 9,500 MBtu per
year attributable to the UEMCS (calculated earlier in this section), an annual cost savings of
$101,365 can be attributed to UEMCS operations based on FY 1992 fuel rates and official
exchange rates.

Provided that the low bid price of $494,300 for the UEMCS is accurate, a new, simple
payback period of 4.88 years is calculated. Although this is not as good as the 0.9 year simple
payback period shown at the beginning of this section, it still satisfies ECIP guidelines of 10
years. However, because good cost records are lacking, there is no guarantee that the system
cost was limited to $494,300. The new energy-saved-to-cost ratio is found to be 19.2 rather
than 105, just barely over ECIP guidelines of 18. It is difficult to say what the SIR is, since
only FY 1992 costs were investigated, but it is safe to say that SIR > 1, which satisfies ECIP
guidelines.

The official exchange rate figures into the cost-savings calculation. In terms of the
FY 1982 official exchange rate of 2.26 DM to $1, the average costs savings is $127,269. (The
project way conceived in 1982.) At the peak of dollar strength against the Deutsche Mark in
FY 1986, the average cost savings would be $210,051. In fact, FY 1992 is the worst year for
the dollar against the DM for the duration of this project.

Fuel costs were not available to the investigation team for any other years; therefore,
the effect of changing fuel prices throughout the years cannot be evaluated.
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6. GENERAL ASSESSMENT OF BENEFITS

6.1 OPERATIONS AND MAINTENANCE

Operation of the UEMCS is centered in the UEMCS control room, which is housed in
building 329 of the MPA. The control room contains an operator’s video display, a
programming and maintenance terminal, a PC with special software to interface to the
UEMCS like a programming and maintenance terminal, and four printers. PCs equipped
with the special interfacing software are also located in the stove shop maintenance area and
in the utilities office area. Monitoring of data occurs mainly at the operator’s video display
but is controlled by one of the programming and maintenance terminals. The UEMCS
continuously monitors the entire system, scanning all FIDs nominally every minute. If there
is an abnormal situation or failure in the FID or any of its satellite buildings, the resulting
alarm will be printed out on one of the printers.

Typical data monitored at the operator’s video display include building heated-space
temperatures; thermal and electrical energy consumption; status of equipment (on/off),
valves (open/closed), and field auto/manual switches (on/off); and alarm conditions. The four
printers are divided as follows: one for field camp alarm use, two for main post alarm use,
and one for special reports and program listings. Four priority levels of alarms are printed on
the alarm printers.

Control programs for the new FIDs originate in the control room at one of the
terminals. When the program is fully developed, it is downloaded to the target FID over the
system network. Control parameters for remote buildings can be modified from the control
room. Because of the sporadic occupancy of the field camps, it is necessary to change control
parameters often. It is much more convenient to modify temperature set points and
switching conditions for pumps from the control room than to schedule vehicles, equipment,
and manpower to travel to the field camp and modify parameters there.

The UEMCS is manned by three people 5 days a week during normal shift hours. On a
typical day, the chief of UEMCS will begin by reviewing the alarm printers for problems. If
more information about a particular problem is required, it is obtained through one of the
video displays or maintenance terminals. For items requiring maintenance, a service order is
placed. UEMCS failures are, in general, rectified by the UEMCS staff. An apparent
weakness with this system operations scenario is that an alarm failure can go unattended
from Friday evening to Monday morning.

During unattended operation, if a problem occurs, the end users call the fire
department and complain. If the problem is serious, the fire department attempts to call the
chief of UEMCS at home (but he is never officially on call). Plumbing shop craftsmen work
off-shifts and they are trained to turn FID units to manual for a temporary fix when the
UEMCS FID is at fault. The craftsmen can diagnose valve and piping problems, but not
UEMCS troubles. For convenience to the craftsmen, a UEMCS terminal is located in the
stove shop maintenance area.
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The supply water temperature from the DH supply company is considered to be the
highest priority point monitored by the UEMCS. If this temperature falls too low, an
automatic dialer attached to the UEMCS calls the fire department and plays a recorded
message. The fire department telephone operator takes appropriate action. Other points
could be added to the list that actuate the automatic dialer, but the low supply temperature
is the only point considered necessary at this time.

A UEMCS terminal is also located in the energy conservation manager’s office.
Although not in use when this report was written, the terminal will be used by the manager
not only to monitor current data, but also to review monthly or yearly summary data. Trend
analysis and comparisons with previous data can be done to spot potential problems and
provide data to develop a basewide energy strategy and help justify new energy-conservation
projects.

The contractor that originally installed the UEMCS (not AEG) provided a 2-year
warranty for system maintenance. This contractor would involve AEG in maintenance as
required, not the Army directly. New contracts were awarded to perform UEMCS system
upgrades and expansions. Each subcontract went through the bid process and was awarded
to the low bidder. Each contract involved its own warranty period. The contracts were
scheduled to expire in September 1992. Theoretically, if there is a major failure, there will be
no outside help to fix it. If UEMCS service and maintenance is to be received from the
outside, a new contract must be issued. In reality, the three UEMCS staff members perform
their own routine maintenance and repair. They also keep basic spare parts for maintenance.

62 ENERGY CONSERVATION PROGRAM

Roland Repper is the energy conservation manager for the Grafenwohr base, reporting
to Werner Ohla of the Utilities Division. The energy conservation program was recently
moved from the Environmental and Energy Division to the Utilities Division. The energy
conservation manager interfaces functionally with Angie Graf, a person with the same title in
the 100th Area Service Group (ASG). The responsibility at the 100th ASG involves
coordination with other 100th ASG installations such as Hohenfels, Vilseck, and
Wildflecken. A staff member at USAREUR in Heidelberg has overall energy conservation
responsibility for all USAREUR installations in Europe. Special energy conservation training
programs are held under USAREUR sponsorship. The programs, which all installation
energy conservation managers attend, occur once or twice a year.

Repper thinks he can get more done in the Utilities Division than he could in the
Environmental and Energy Division. The office resources were very limited there
(e.g., transportation, typing), and Repper was the only energy-oriented person in the division.
He believes he has more support now, since operation of the UEMCS is a major activity in
the Utilities Division. However, he is the only person assigned to the energy conservation
task, and he fears there is much more to do than he has time for.

An energy conservation monitor assigned to each MPA building checks the building

with a list provided by Repper. The list contains checks of appropriate window and door
status, light usage and wattage, building temperature, etc. There are no building conservation
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monitors in the field camp area. The building inspector for the field camps is responsible for
energy awareness in the field camp buildings; however, this is not a formal task, only an
informal agreement. Repper provides training sessions twice a year to ensure that each
building energy conservation monitor receives training at least once a year.

Other features of the energy conservation program are as follows:

o Each October, there is an installation-wide energy awareness week.

¢  Building energy monitor contests are held in which energy monitor performance,
inciuding record keeping, is evaluated and prizes are awarded.

¢ Repper tries to visit personally a cross-section of puildinEs on the base each year.
Because there are more than 1000 buildings, visiting each one is not feasible; but he

thinks he knows which areas to concentrate on because he has had time to see most of
the buildings over the years.

e During a summer energy inspection program, energy monitors use a checklist to inspect
energy features of their respective buildings and report the results. Items checked

include bad radiator valves, windows that do not close, and broken windows.

e The enc{%consewation manager is responsible for updating and maintaining a
USAREUR-required energy contingency plan. The plan states responsibilities, provides

historical energy consumption data, and lists fuel types used in each building in the
previous 2 years. The plan is used to outline a contingency for major energy outages.
For example, if the DH supplier, FGL, went down, the plan states that boilers at the
heat islands would be fired to provide heat to the MPA.

e  Special energy award programs for designated building types, such as bachelor enlisted
quarters and the barracks, are conducted.

e Informal programs are conducted, such as rewards for children who spot cars and tanks
idling for excessive periods in parking lots.

Many housing buildings have lights that would remain on all day if energy awareness
were not stressed by the energy conservation manager. It would be difficult to have the
UEMCS switch these lights on and off without interfering with the residents’ activities.
Street lights, on the other hand, can be controlled on a routine basis. About 90% of the
street lights in the MPA have twilight switches.

Repper will have a UEMCS terminal in his office to help him monitor base energy
consumption activities. The fact that the energy conservation manager reports to the Utilities
Division is good. There should be close coordination with UEMCS personnel, who could
serve as a resource for energy-consumption data. Conversely, the energy conservation
manager could advise UEMCS staff members on how and where energy could be saved.
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7. CONCLUSIONS

Based on the results of the evaluation of the UEMCS at Grafenwohr, the following

conclusions have been reached:

The AEG UEMCS appears to be operating without major difficulty, and it has a well
rounded capability with potential for future expansion and upgrading. Plans for UEMCS

expansion and increased application appear to be appropriate and should result in
increased energy and cost savings. However, these plans do not appear to be backed up
by convincing energy and cost savings analysis.

The UEMCS staff is knowledgeable of and dedicated to efficient system operation and
future improvements and upgrades. The Grafenwohr Energy Consr rvation program is
staffed by a full-time energy conservation manager and incorporate, many features to
promote energy awareness and conservation.

Several UEMCS operations and maintenance vulnerabilities were identified. UEMCS
maintenance is not always covered by outside expert support, depending upon whether a

UEMCS support services subcontract is in place. Also, UEMCS operational failures may
go unnoticed since the UEMCS staff work only 8 h per day, 5 days a week.

Reasonably detailed energy consumption and estimated energy and cost savings records
are not maintained; for example, there are

— no records of electrical energy consumption by major facility,
— no thermal energy consumption records for individual MPA hot water DH system
substations (heat islands) nor facility and building types, and

— no actual or projected energy and cost savings records.

Based ~n the results of this analysis, it appears that the Grafenwshr UEMCS is not
achieving the level of energy and cost savings originally projected for this project in the
FY 1982/1983 Military Construction Project Data sheets (DD Form 1391). When the
UEMCS becomes fully operational and is operated in an optimal manner, it should
meet or exceed minimum energy and cost savings guidance for ECIP construction
projects (SIR > 1, SPP < 10 years, E/C > 18).

Expansion and optimal use of the UEMCS offer many opportunities for increased
energy and cost savings, for example,

reduction in the domestic hot water supply temperature,

shutdown of domestic hot water circulation at night,

implementation of an electric demand limiting program,

increased application of night setback/weekend shutdown in the MPA,
addition of motor pool buildings in the field camps to the UEMCS, and
late-night shutdown of selected exterior lighting.

[ O I O
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8 RECOMMENDATIONS

Based on the results of the evaluation of the UEMCS at G-afenwéhr, the following

recommendations are made:

Optimize UEMCS control of the domestic hot water systems by reducing the hot water
supply temperature from 122-140°F (50-60°C) to 104-113°F (40-45°C), and shut down

circulation for 5 to 6 hours during the night in family housing and other buildings that
do not use hot water during the late night hours.

Evaluate the policy of using high temperature set points (158°F) in the shower and
latrine buildings in the field camps to overcome the under-capacity problem of the hot-
water system. Consider varying the temperature set point based on the number of
troops utilizing the facility and perhaps increasing the capacity of the hot-water system if
it is continuously over utilized.

Implement an electric demand limiting program under UEMCS control considering the
following candidate loads: .

— air conditioners: 26 unitary air conditioners ( ~480 total kW)
21 window air conditioners (~ 110 total kW)

— Refrigeration systems in cold storage building 295, which includes five 22 kW
COMPressor units.

— Refrigeration units in field camp mess halis.
— Family housing dryers (schedule day-of-week operations).

Increase application of night setback/weekend shutdown in the MPA, which is currently
being practiced in <50% of the buildings. NOTE: As AN INDICATION OF POTENTIAL SAVINGS, AT
THE MILITARY COMMUNITY IN HEIDELBERG, 58% OF THE ENERGY SAVINGS AND 34% OF THE COST
SAVINGS WERE ATTRIBUTED TO UEMCS CONTROL OF SPACE HEATING (REF. 5).

In the field camps, expand UEMCS operations to include agproximately 20 motor pool
buildings that reportedly abuse energy use. Use interlocks that ensure energy system
operation only during actual motor pool operations and when garage doors are shut.

Use the UEMCS to optimize operation of exterior lighting.

— In the MPA and field camps, consider scheduling every other street light to go off
between 11:00 and 05:00.

- lg tt(xie field camps, incorporate provisions to shut off exterior building lights during
the day.

Continue to emphasize the overall Grafenwohr Energy Conservation Program and the
important role of the energy conservation manager.
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Promote closer coordination between the energy conservation manager and the
UEMCS staff.

Improve energy monitor coverage in the field camps.
Increase “end-user” involvement in the overall Energy Conservation Program.

Coordinate DEH Ultility Division energy activities more closely with training area
personnel.

Several years ago, CERL installed elaborate metering in selected MPA and field camp
buildings and facilities. It is recommended that DEH personnel use this metering to

record selected facility energy performance and determine the potential energy and cost
savings resulting from selected conservation measures.

Reconsider the impact and consequences of not having a UEMCS maintenance and
repair subcontract in place at all times. Also, consider the adverse affects of not staffing
the UEMCS central control station during the evening and night shifts and on
weekends.

Finally, improve the documentation and reporting of energy consumption and of actual
and estimated energy and cost savings. This should include

Electrical energy consumption for each major Grafenwdhr facility.

Thermal energy consumption for each MPA hot water DH system substation (heat
island) or building/facility type.

Estimated energy and cost savings attributed to UEMCS operations (by major
energy conservation measure).
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