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1. INTRODUCTION

The purpose of this project is to perform a detailed energy audit and engineering analysis
of the Blanchfield Army Community Hospital, three déntal clinics and five troop medical
clinics located at Fort Campbell Kentucky. The audit was performed to gather information
which was used to evaluate the energy conscrvation opportunitics listed in the scope of
work as well as to identify other possible encrgy conscrvation opportunitics.  Alter
evaluating all ECO's and listing in order of highest to lowest savings to investment ratio
(SIR), L. C. Thomasson worked with Base Master Planning, DEL, and Utility Personnel to
develop cnergy conservation projects by grouping the ECO’s into appropriate packages.
Project documentation was then prepared in accordance with the scope of work. A
comprchensive report was prepared to document the work accomplished. This document
summarizes the contents of this report and is contained in the final report.

The facilitics which were included in this project are shown in Table 1-1:

Bldg. No Name Function
650 A Paticnt Tower
650 B Surgery, ICU, Store, etc.
650 C Outpatient Services
650 D Power House

Bldg. No. Name Function
3603 Epperly Dental Clinic
5580 Taylor Dental Clinic
5980 Kuhn Dental Clinic

Bldg. No. Name Function
5962—3 TMC #7 Troop Medical Clinic
6139 TMC #4 Troop Medical Clinic
6714 TMC #2 Troop Medical Clinic
6903 TMC #3 Troop Medical Clinic




1. INTRODUCTION

These buildings represent a total of approximately 480,000 square feet of space and a total
energy consumption of approximately 161,325 million BTU/yr.

The projects which have been developed as a result of the analysis have a potential of
conserving 66,608.9 million BTU/yr of site energy at an annual energy cost savings of
$633.867 at a capital investment of approximately $2,272,089. The simple payback period
for these projects is 3.66 years.
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2. BUILDING DATA

The scope of work included a total of 12 buildings. These are four buildings which,
together, form the Hospital Complex, three dental clinics, and five troop medical clinics
(TMC’s). The hospital buildings were all designed and constructed in a single project with
construction being basically complete in 1982. Two of the dental clinics are duplicate
structures with one being completed in 1974 (Taylor) and the other in 1977 (Epperly). The
third dental clinic was completed in 1962 (Kuhn). Table 2-1 is a detailed listing of building
data.

In establishing the importance of these facilities from a remaining life point of view, we
have developed a statistic called Useful Life Remaining which has units of "person-hours."
This value is calculated by multiplying the average building occupancy by the number hours
the building is occupicd per year and then by the remaining life expectancy in ycars for the
building. The buildings included in this project represent a potential for 271.5 million
person-hours of occupancy over their life. This is an average annual rate of 10,860,160
person hours.

If we divide the annual energy cost savings by the average annual number of person-hours,
a savings of $0.058 is achieved for every hour of occupancy by every person in these
facilities each year. Likewise, calculating the energy saved, we obtain a value of 6,133.3
BTU for each person-hour of occupancy on an annual basis. Using an occupancy life of
25 years at 365 days/yr and 24 hrs per day, a savings of 7,603,756 BTU/hr is obtained. This
is enough energy to run a 3,000 HP electric motor fully loaded continuously for 25 years.

The relative square footage of the buildings is illustrated in Figure 2-1. Figure 2-2 shows
the number of person-hours predicted for the remaining building life. The pie charts in
Figure 2-3 and Figure 2-4 show the percentage of total project square footage for cach
group of buildings and percentage of total person-hours for each group of buildings
respectively. Note that Figures 2-1 and 2-2 use log scales for the vertical axis. While this
dramatically reduces the visual impact of the order of magnitude differences in the valucs
in the graphs, a lincar scale would not be rcadable.

The pie charts more graphically show the order of magnitude differences in both square
footage and useful remaining life in person-hours.
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3. PRESENT ENERGY CONSUMPTION

3.1 Total Annual Energy Used

Present energy consumption for each of the buildings was determined by modeling on the
BLAST Program for the Hospital, and on the BRUTE Program for the remaining buildings.
The models were developed based on information obtained in the field during the survey
of the buildings and from copies of "as built" or Record Drawings. There was historical
data available only for the Hospital Complex against which it was possible to calibrate the
model. The results of the energy consumption obtained from the model were used as the
value for present encrgy consumption. Table 3-1 gives the present energy use in millions
of BTU per year obtained from the models.

Bidg. No Name Energy Used
650 A 48,180.9
650 B 89,337.0
650 C 10,468.6

Total 147,986.5

Note: Energy consumption for Building D (Power House) is included in A, B, & C).

Dental Clinics (Refer to Figure 3-2):
Bldg. No. Name Energy Used

3603 Epperly 2,625.9
5580 Taylor 5,309.9
5980 Kuhn 3,434 .4

Total 11,370.2

Troop Medical Clinics (Refer to Figure 3-3):

Bldg. No. Name Energy Used
6714 TMC#2 272.7
6903 TMC#3 272.7
6139 TMC#4 272.7
7166 TMC#5 708.8
3968 TMC#7 441.2

Total 1,968.1

TOTAL FOR EEAP PROJECT (Refer to Figure 3-4) = 161,324.8 Million BTU/yr
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3. PRESENT ENERGY CONSUMPTION

Figure 3-1 through Figure 3-3 show a pie chart of the present site energy use for the
Hospital Complex, Dental Clinics, and Troop Medical Clinics respectively. Figure 3-4 shows
total site encrgy usc for each group of buildings. Note that the Hospital uses over 92% of
the site energy used by all of the buildings. To totally eliminate the energy used by the
eight other buildings would represent saving less than 10% of the energy used by the
Hospital.

Figure 3-1 indicates that among the hospital complex buildings, Building B contains the
greatest opportunity for implementing energy conserving measures. Building A is a close
second to Building B, with Building C providing relatively little opportunity for
improvement.

Among the Dental Clinics (Figure 3-2), Taylor and Kuhn appear to have the greatest
opportunitics. However, due to the age of Kuhn and the need for a major renovation
project, no projects were developed for the building. The significance of the heat recovery
coil loop installed in Epperly at the time of construction in 1977 is clearly indicated in the
pic chart. Epperly and Taylor are effcctively duplicate buildings, and yet the energy
consumption in Epperly is roughly half that of Taylor.

As a whole the Troop Medical Clinics provide little opportunity for energy conservation.
This is due to the relatively short (office business hours) occupancy periods, lack of
substantial individual zoning via reheat or dual duct (TMC’s 2, 3 and 4) and low energy
intensity of function.

As with the graphical representation of the building data in the previous section, the
graphical representation of annual energy consumption by building group again indicates
that the Dental Clinics and TMC's are low in cnergy conservation potential.
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3. PRESENT ENERGY CONSUMPTION

3.2 Source Energy Consumption By Energy Type

Source encrgy consumption was determined from the BLAST output reports and using the
DOE conversion factor for converting site electric energy to source energy. this factor is
3.39 times the site energy, or 11,600 BTU/kwh. Table 3-2 shows the source energy for each
building by energy type. This data has been graphed (Figure 3-5) on a log scale for easier
reading. Approximately 69% of the total source energy used is electric energy (Figure 3-
6). Therefore, the more direct use of energy in the form of primary fuel is more energy
conserving than the conversion of that fuel to electric energy. From a source point of view,
the energy used for cooling, fans, pumps, lights, etc., is much more significant than the site
energy figures indicate.
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SOURCE ENERGY CONSUMPTION BY TYPE
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3. PRESENT ENERGY CONSUMPTION

3.3 Energy Consumption By Systems

Data has been extracted from the computer generated models to show the energy
consumption by building systems. These include heating, cooling, fans, pumps, lights
and miscellaneous equipment, and domestic water heating. Table 3-3 gives these
valucs for each building included in the study. The largest single use of energy is for
heating. This is true for all of the buildings cxcept for Building C of the Hospital
Complex. The heating energy value includes energy used for reheat. Because of the
type of systems in these facilities, constant volume reheat and dual duct -- except for
Building C (VAVshutoff with no reheat and inadequate perimeter heating) -- large
amounts of encrgy are used to transfcr cooled media to the load (fan and pump
energy) and then to neutralize the cooled media by reheating it or mixing it with heated
media. Conversion of these systems to appropriately designed VAVsystems and
variable water flow systems will significantly change these values on a percentage basis.

Figures 3-7, 3-8, and 3-9 give the encrgy consumption by system for the Hospital
Complex, Dental Clinics, and Troop Medical Clinics respectively by building. Note that
a log scale was used to make the graphs more readable. The total site energy by
system is shown in pie chart form in Figures 3-10, 3-11, and 3-12. The Troop Medical
Clinics are the only group where the heating energy drops below 50% of the total.
Figure 3-13 shows the distribution of energy consumption between the various systems

for the total project. Again, heating energy, including reheat, represents 58% of the total

site energy.

The encrgy use distribution among the systems indicates that the hospital complex
cooling system is lightly loaded for the largest percentage of the time. This was also
indicatecd in our ficld survey work. Conversion to the systems which have bcen
devcloped in the projects resulting from this EEAP project will allow them to respond
by using lcss energy instead of more energy as they currently do.
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4. HISTORICAL ENERGY CONSUMPTION

Historical Energy Consumption Data was available only for the Hospital Complex. None
of the other eight buildings included in the study are individually metered for electric
energy or natural gas. However, data was available from fuel oil meter records and electric
submeter readings for the Hospital Complex. This data was obtained from the Directorate
of Engineering and Housing at Fort Campbell, Kentucky. This data was used to calibrate
the base run of the BLAST Simulation for the Hospital Complex. Refer to Table 4-1
below.

Electricity Fuel Oil

BLAST Modeled Consumption 57,672 90,315
Historical Consumption 60.981 84.391
-3,309 5,924

Deviation (-5.4%) ( 7.0%)

This comparison indicates that the BLAST Model which was developed for the Hospital
Complex is reasonably accurate and that the model is low on electric energy use estimates
(5.4% low) and high on the fuel oil use estimate (7%). From this it may be possible to
assume our energy savings estimate in fuel oil may be high. However, this is not necessarily
the casc since modifications have been made to the heating system at the Hospital which
would increase the actual heating energy use. Figure 4-1 shows the actual annual energy
consumption compared to the BLAST model.

In order to evaluate the significance of the energy consumption patterns in the historical
data for the Hospital Complex, two types of graphs were made for the data. The first
graph (refer to Figure 4-2) shows the energy consumption by type for each month of FY84
and FY85 and for part of FY86. Notice that the electric energy consumption is stable
around 5,000 million BTU/month. This is indicative of the relatively large amounts of
electric energy used in constant loads, such as lights and miscellaneous equipment, and hcat
transfer media transport (fans and pumps) when compared to the relatively small amounts
of energy used for actual cooling. This data is consistent with the large energy savings that
are obtained by utilizing variable volume air and water flow systems.
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4. HISTORICAL ENERGY CONSUMPTION

Refer to Figures 4-3, 4-4, and 4-5. These are stacked area graphs. These graphs emphasize
again the fact that the month to month variation in electric energy use is small. The shape
of the electric energy use curve follows closely the shape of the fuel oil energy use. Also,
note the significant base load of fuel used year round. This is primarily for reheat energy.
This energy will be reduced significantly by the projects which have been developed by the

facility.

In reviewing a previous EEAP program project provided by the Louisville District, a graph
showing source energy of several other army hospital facilities was discovered. Data was
taken from this graph and is represented in Figure 4-6. The data for Blanchfield has been
added for comparison purposes. Other data which would increase the value of this
comparison such as floor areas, patient bed, etc., were not available, and, while interesting,
would be of little use to the facility.
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5. ENERGY CONSERVATION ANALYSIS

5.1 ECO’s Investigated

All of the ECO’s (Energy Conservation Opportunities) which were included in the scope
of work in this project were investigated for each building in accordance with the scope
of work. The scope of work is included in Appendix A of the full report for reference. It
was possible to eliminate many of the ECO’s for specific buildings based on engineering
judgment and the specific applicability of an ECO to the energy systems in that building.
Table 5-1 is a listing of all the ECO’s by building, with an "X" under the "YES" or "NO"
column to indicate whether or not an ECO was recommended for implementation. An
"X" under the "NO" column does not indicate that it was not evaluated.

The ECO’s which were judged to be applicable to the energy systems in the building
were then evaluated and either recommended or rejected. A summary of the ECO's
which were evaluated in detail are included in Section 5.2, and a summary of those
which were rejected are included in Section 5.3 of this Executive Summary.

The criteria for recommending or rejecting specific ECO’s is in accordance with the
scope of work for the project and varies depending on building specific characteristics.
All ECO’s were forwarded to Tom Sweet, Army Corps of Engineers Project Manager, the
Hospital Commander, and the Director of Engineering and Housing for packaging ECO's
for programming purposes. Each of these ECO'’s was packaged per directions from Mr.
Sweet. All ECO's which were not packaged are included in Volume 3, Tab 9, as Non-
Programmed ECO's. This section is further subdivided into the following subsections.
Each ECO with a payback of less than one year was recommended as a no cost/low
cost project. Other ECO's having an SIR of greater than 1.0 were left as non-
programmed projects, but should be strongly considered for future implementation.
These ECO’s have simple paybacks ranging from 1.25 years to 5.41 years. The
remaining ECO's had paybacks in excess of 6.0 years and were non-recommended.
It should be noted, however, that some of these projects have SIR’s of greater than 1.0
and may be considered as marginal projects for future implementation.
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5. ENERGY CONSERVATION ANALYSIS

5.2 ECO’s Recommended

The ECO's which have becn evaluated for possible implementation are listed in Table 5-2
ranked in order from highest SIR to lowest SIR, assuming #5 fuel oil as the primary fuel
uscd at the hospital. Table 5-2A lists the evaluated ECO’s ranked in order from highest SIR
to lowest SIR assuming natural gas as the primary fuel used at the hospital. The ECO’s
which are marked with an asterisk were recommended. All those not marked were rejected.

Figure 5-1 is a graph of the annual energy saved for each dollar invested in the installed
cost of the ECO. These have been sorted by ECO. The graph is shown as a scatter plot
to give an idea of the range of this value for a given class or group of ECO’s. There is a
significant amount of correlation within certain groups of ECO’s whether they are being
considered for the same building or different buildings. This figure is primarily informational,
but should provide the EEAP program with some relevant statistical data when installations
are preparing to program ECO’s into projects. It appears that the HVAC and boiler plant
ECO’s typically have high energy savings to investment ratios, making them more attractive
than some have been in the past.

Figure 5-2 shows energy savings versus the installed cost of the ECO plotted from lowest
to highest installed cost. Again, the graph is shown as a scatter plot in order to indicate
statistical corrclations. A statistical analysis of this data would provide some valuable
information for future projects. However, this type of evaluation is outside the scope of
work for this project. This data, plotted on log log scales to reduce magnitude problems, has
a very lincar correlation. This implies that if you wish to save more energy, you must expect
to spend more money.

The ECO's were evaluated using scveral methods. They were evaluated on the basis of
parametric runs of thc BLAST program (main hospital), the BRUTE 3 program (TMC’s
and dental clinics), and hand calculations or combinations as necessary to determine realistic
estimates of energy savings.
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5. ENERGY CONSERVATION ANALYSIS

5.3 ECO’s Rejected .

Several ECO’s were evaluated which were rejected. The rejected ECO’s are listed in
Table 5-3. A total of 15 ECO’s which were evaluated were not recommended.

TABLE 5-3 - Non-Recommended ECO’s

ECO Bldg. Simple
ECO No, Description No. Bldg. Name SIR Payback
A-2 Reduce outside 650B Surgery, ICU, 1.55 7.25
air quantity to Store
selected areas
C-2 Reduce lighting 650A,B, Hospital Complex Not Not
levels C,D calcula- calculated
ted
C-4a Change 3603 Epperly 1.84 6.03
incandescent
lighting to
fluorescent
lighting
C-4c Enhance 5580 Taylor 1.83 6.02
incandescent
lighting to
fluorescent
lighting
C-4g Convert to 650A,B, Hospital Complex 0.64 17.3
energy C,D
efficient

lighting system

D-4 Use emergency 650 Hospital Complex .97 3.35
generator to A,B,C
peak shave

E-1 Weather strip 7166 TMCS 14 81.3
doors and
windows

E-1b Weatherstrip 6714 TMC2 1.15 12.8
doors and
windows

E-lc Weather strip 5580 Taylor .26 55.9
doors and
windows

E-le Weather strip 5980 Kuhn 2.33 1.75
doors and
windows

E-If Weather strip 3968 TMC7 .96 18.33
doors and
windows
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S. ENERGY CONSERVATION ANALYSIS

Table 5-3 (Continued)

ECO Bldg. Simple

ECO No. Description No. Bidg. Name SIR Payback

E-3 Enclose the 650B Surgery, ICU, Not Not

loading dock Stores calcula- calculated
ted

E-4 Install a 650B Surgery, ICU, 0.41 38.5

vestibule at the Stores
main entrance

G-3a Add flow 3603 Epperly 3.06 6.52

restrictors to
the domestic
water

G-3e Add domestic 5980 Kuhn 3.28 6.1

water flow
restrictors

ECO No. Reason for Rejection

A-2 The simple payback for this ECO is very long and the SIR is very low.
Although it would normally be considered as a marginally feasible
project, necessary major ductwork revisions would greatly interrupt
hospital operations. In this case, the enginecer agrees with the hospital
commander. This project should not be accepted.

C-2 Calculated lighting levels are equal to or less than Army Design
Standards in almost all typical cases. In a few instances measured values
were higher than design standards because of contribution from natural
daylight or supplemental task lighting. Administrative controls could be
considered by the facility to minimize the use of artificial light when
daylighting is adequate or to restrict the use of task lighting in
conjunction with fixed lighting.

C-4a The simple payback for this ECO is very long. It is recommended that a
project of this nature be performed as part of a general renovation
project at such time as the building is in need of refurbishment. Future
consideration should be given to this ECO.

C-4c The simple payback for this ECO is very long. It is recommended that a
project of this nature be performed as part of a general renovation
project at such time as the building is in need of refurbishment. Future
consideration should be given to this ECO.

C-4g The SIR is less than 1 for this project. Refer to detailed description of

calculation for reasons for not recommending this ECQ. Army criteria
requires the use of fluorescent fixtures. Replacement of these fixtures
or ballasts are the only alternatives for use with existing energy-saver
lamps.
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5. ENERGY CONSERVATION ANALYSIS

Table 5-3 (Continued)

ECO No.

D-4

G-3a

G-3e

Reason for Rejection

The SIR is less than 1 for this project. Refer to detailed description of
calculation for reasons for not recommending this ECO. In effect, the
hospital generators would be used to offset basewide demand.

The SIR for this project is far too low to give it any serious
consideration. This work could only be justified as a means of extending
the useful life of the building as part of a general renovation.

The simple payback for this project extends beyond the predicted
remaining life for the building.

The simple payback for this project is two times the predicted useful life
of the building.

The simple payback for this project is very long. The building is in need
of a general renovation for refurbishment. We believe this renovation
should be a major project and should include consideration of
replacement of windows and doors or weather stripping.

The simple payback for this ECO extends beyond the predicted
remaining useful life of the building.

The energy and dollar savings for this ECO were so insignificant relative
to the large investment required that SIR and simple payback
calculations were not completed.

The SIR is less than | for this project. Refer to detailed description of
calculation for reasons for not recommending this ECO. Although this
project would add greatly to the comfort level of the facility, it does not
conserve energy.

This ECO is not recommended because the simple payback is in excess
of six years. However, as existing faucets require repair or replacements
they should be replaced with faucets which include flow restrictors.

This ECO is not recommended because the simple payback is in excess
of six years. This building is in need of a general renovation. It is
recommended that faucets with flow restrictors be installed as existing
faucets need repair or replacement or as a part of a general renovation
project.

One additional ECO not listed above evaluated the possibility of replacing existing
low efficiency motors with high efficiency motors. There were a few cases where this
ECO was applicable and falls within the funding restrictions. Where variable speed
invertors are being used to reduce motor loading under some of the projects
developed, the motor efficiency and power are less of a factor.
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5. ENERGY CONSERVATION ANALYSIS

5.4 ECIP Projects Developed

There arc two ECIP projects which have been developed as a result of this study. They
are described as follows:

ECIP #1
Title:
Building:

Bricf Dcscription:

Primary/Sccondary (Variable Volume) Pumping
650A, 650B, 650C and 650D

The current design of the chilled and hot water distribution systems
require that the pumps run at continuous full load delivery regardless
of load. This will be corrected by installing a primary/secondary
system. Variable speed drives will be added to the pumps so that they
can properly match load. Low head primary pumps will be used to
maintain constant flow through the chillers. Three-way valves will be
replaced with two-way valves. Heating loops will be similarly reviscd
to allow for variable flow. The variable speed drives will be installed
with isolation transformers and transfer switches.

Annual Encrgy Savings (MBTU): 2,959.4
Annual Encrgy Cost Savings (Dollars): $ 45,225
Initial Investment (Dollars): $ 251,280
Simple Payback: 5.28 years
SIR: 1.60
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5. ENERGY CONSERVATION ANALYSIS

ECIP #2
Title: Replace Existing Chillers
Building: 650A, 650B, 650C and 650D

Brief Description: The existing centrifugal chillers are low efficiency types that are rated at
approximately .822KW/Ton at design conditions. This project replaces two
of the existing chillers located in the existing central chiller plant in
Building D. The new machines will have an efficiency of .602 KW/Ton with
a capacity of 630 tons each.

Annual Energy Savings (MBTU): 3,632.8
Annual Energy Cost Savings (Dollars): $ 55,516
Initial Investment (Dollars): $ 419,600
Simple Payback: 5.77 years

SIR: 1.50

5.5 Other Energy Conservation Projects Developed

In addition to the two ECIP projects described under Section 5.4, there were two OSDPIF
projects, onc PECIP project and one QRIP project developed as a result of this analysis.
These projects are described as follows: .

OSDPIF #1
Title: Modify and Expand EMCS
Building: Buildings 650A, 650B, 650C and 650D

Brief Description: The new EMCS addition will be designed to supplement rather than to
replace the existing EMCS and pneumatic control systems. Because of the
critical nature of the hospital air handling systems, the flexibility to revert to
the existing control methods is retained. The project will add temperature
and humidity feedback to local distributed panels which will control the
cxisting dual duct mixing boxcs and reset deck temperatures.

Annual Energy Savings (MBTU): 23,118
Annual Encrgy Cost Savings (Dollars): $ 191,015
Initial Investment (Dollars): § 582,030
Simple Payback: 3.30 years

SIR: 3.07
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S. ENERGY CONSERVATION ANALYSIS

OSDPIF #2
Tiile: Convert Air Handling System to VAV
Building: 650A, 650B and 650C

Brief Description: Four existing dual duct air handling systems and two existing constant
volume terminal reheat air handling systems will be converted to
variable air volume systems. This will be accomplished by the
modification of dual duct mixing boxes and constant volume reheat
boxes with retrofit kits. Tracking dampers will be installed to maintain
proper pressure relationships. New variable frequency drives and air
flow controls will be provided for the air handling systems in

Building C.
Annual Energy Savings (MBTU): 26,460
Annual Encrgy Cost Savings (Dollars): $ 262,792
Initial Investment (Dollars: $ 817,110
Simple Payback: 3.35 ycars
SIR: 2.85
PECIP #1
Tiile: Miscellaneous HVAC Modifications
Building: 650A, 650B, 650C and 650D

Brief Description: This project provides for operational improvements in three areas at
Blanchfield Army Community Hospital: (1) Existing hot water
perimeter heating systems are not controlled. Control valves will be
added for cach zoncd exposure in Buildings A and B. (2) Existing
oxygen analyzers and boiler trim are inoperable and will be replaced.
(3) Existing electric motors serving fans, the linen transport system,
and trash transport system arc inclficicnt and will be replaced by high
eflicicncy motors.

Annual Encrgy Savings (MBTU): 7,331.7
Annual Energy Cost Savings (Dollars): $ 50,579
Initial Investment (Dollars): $ 160,444
Simple Payback: 3.06 years
SIR: 3.49
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5. ENERGY CONSERVATION ANALYSIS

QRIP #1
Iitle: Convert Air Handling Unit System to Variable Air Volume
Building: Epperly and Taylor Dental Clinics

Brief Description: Non-critical air handling systems in two dental clinics (Epperly and
Taylor) will be converted from constant volume reheat to variable air
volume. This will be accomplished by the modification of the existing
boxes using retrofit kits. The supply and return fans will be provided
with inlet vane dampers and static pressure and air flow controls.

Annual Energy Savings (MBTU): 3,106.0
Annual Encrgy Cost Savings (Dollars):  § 28,740
Initial Investment (Dollars: $ 41,625
Simple Payback: 1.49

SIR: 6.69

5.6 Operational or Policy Change Recommendations

During the performance of the survey portion of the project, as well as during the
analysis phase, there have been several items of policy and operation which, with some
modification, can provide a substantial amount of energy savings through the course of
normal maintenance and repair. These modifications can result in energy consumption
reductions basewide as well as at the medical facilities.

The first observation is a follow-up to our recommendation that domestic hot water
temperature control setpoints be reduced to 105° from current operations at the time of
our survey.

The sccond is that it should be made a matter of policy or, in the case of the hospital, a
matter of contract that any motor which is being replaced, not repaired, be required to
be replaced with a high power factor high efficiency motor similar to the Gould E+

motor.

Variable volume pumping can be casily achicved in some of the older constant volume
(3-way control valve) hot water heating systems by either capping the bypass port on the
valve or by closing the balancing valve in the bypass piping. As the valves close the hot
water pumps will ride up on the pump curve toward its no flow point using considcrably
less energy. It is a good practice to always leave one valve open near the end of the
system so the pump is never in a dead head condition. Most hot water system pumps
have a flat enough curve or are installed in such small systems that the additional
pressure drop across the valve is not excessive. Most control valves will accept up to 30
psig with no significant loss of performance or shortening of valve life.
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5. ENERGY CONSERVATION ANALYSIS

As a rule, modifications to building envelopes, such as replacing glazing, adding
insulation, etc., are rarely feasible. However, where buildings are in need of a substantial
renovation or modernization, there is an opportunity to make such improvements to
reduce energy consumption. Other projects which work well with major renovations are
changing light fixtures to more efficient systems. Such is the case with the Kuhn Dental
Clinic.

Section 9 of the final report, "Non-Programmed ECQO’s," contains documentation of
several low-cost no-cost ECO’s which can be implemented immediately.
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6. ENERGY COST AND SAVINGS

6.1 Total Potential Energy and Cost Savings

The total potential energy and cost savings for the facilities included in this study as
briefly discussed in the introduction are substantial. There is a potential of saving
enough energy to operate a 3000 HP motor fully loaded indefinitely. Table 6-1 gives
a breakdown of the potential energy and cost savings for each project developed
during the study and also gives the initial investment required for each project.

Table 6-1: Total Potential Energy and Cost Savings

MBTU TOTAL ANNUAL
ENERGY SAVINGS COST SAVINGS INVESTMENT
ECIP | 2,959.4 $ 47,567 $ 251,280
ECIP 2 3,632.8 72,694 419,600
OSDPIF | 23,118.5 176,145 582,030
OSDPIF 2 26,460.5 243,927 817,110
PECIP | 7,331.7 52,470 160,444
QRIP 3.106.0 27,898 41,625
66,608.9 $ 620,701 $2,272,089

Figures 6-1, 6-2 and 6-3 show respectively the percentage of energy conserved, the
percentage of total cost savings and the percentage of initial investment for each

project.
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6. ENERGY COST AND SAVINGS

6.2 Percentage of Energy Conserved

There are several ways to view the percentage of total site energy conserved. Table
6-2 illustrates four possibilities. These are all that will be considered here.

Table 6-2:Percent of Energy Conserved by Project Developed by Site and Building Group

Percent Percent Percent
Percent of Hosp. Com- Dent.Clinic TMC’s
Proj. Energy plex Energy Energy Energy
Project Conserved Conserved Conserved Conserved
ECIP 1 1.8 2.0 0 0
ECIP 2 2.3 2.5 0 0
OSDPIF 1 14.3 15.6 0 0
OSDPIF2 16.4 17.9 0 0
PECIP 1 45 5.0 0 0
QRIP 1.9 0 273 0
Total 41.3 42.9 273 0

Figure 6-5 is a graphic representation of Table 6-2.
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6. - ENERGY COST AND SAVINGS

6.3 Energy Use and Cost Before and After Projects Implemented

The cnergy use and costs before and after implementing the projects is represented
here in terms of the group of buildings and the individual projects. Table 6-3 gives
the data for energy use, and Table 6-4 gives the data for energy costs.

Table 6-3: Energy Consumption Before and After Project Implementation

Project All Bldgs
Present 161,324.8
Post ECIP 1 158,365.4
Post ECIP 2 154,732.6
Post OSDPIF1 131,614.1
Post OSDPIF2 105,153.6
Post PECIP1 97,8219
Post QRIP | 94,715.9

Hospital
147,986.5
145,027.1
141,394.3
118,275.8
91,815.3
84,483.6
84,483.6

Table 6-4: Energy Costs Before and After Project Implementation

Project All Bldgs.
Present 1,526,619
Post ECIP | 1,481,394
Post ECIP 2 1,425,878
Post OSDPIFI 1,234,863
Post OSDPIF2 972,071
Post PECIP | 921,492
Post QRIP 1 892,752

Figurcs 6-6 and 6-7 arc progressive graphs of the energy consumption and encrgy

Hospital
1,398,328
1,353,103
1,279,587
1,106,572
843,780
793,201
793,201

Dental Clinics TMC'’s
11,370.2 1,968.1
11,370.2 1,968.1
11,370.2 1,968.1
11,370.2 1,968.1
11,370.2 1,968.1
11,370.2 1,968.1

8,264.2 1,968.1
Dental Clinics TMC’s
107,493 20,798
107,493 20,798
107,493 20,798
107,493 20,798
107,493 20,798
107,493 20,798
78,753 20,798

costs, respectively, before and after each project implementation.
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7. ENERGY PLAN

7.1 Project Breakouts with Total Costs and SIR

Refer to Table 7-1 for project breakouts with total costs, SIR’s, simple payback and
energy savings.
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7. ENERGY PLAN

7.2 Schedule of Energy Conservation Project Implementation
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