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ABSTRACT

Ar Fort Polk Lowdviana, the space-conditioning systems of
o (MLT miliscary feanily Fenasing units have been comverted to geother-
mictl heat punips (GHPS) wder an energy savings performance con-
tract. At the same time, other efficiency measures, such as compoct
Juorescent lights, low=flow shower heads, and attic inswlation, were
installed An independent evaduation of the Fort Polk enrgy savings
performance contract weas carried ot Findings indicate thar the
project has resulted ina 256 million kWh scvings in elecerical
energy we, or 124% of the pre-retrofit electrical convumption in
Jamily housing, for o typical meteorologival year: Penk elpctrical
e has alse been reduced by 6.761 kW, which & 30 2% of the
presetrofit peak demand Netwral gar savings are about 260,000
therms per year, In addition, the energy savings performance con-
tract has allowed the Army to effeciively cap ity future expenditures
Jar iy honstng HVAC maintenance at about 77% of its previows
casts. Grven these successful resilts, the Fort Polk performance con-
fract can provide a model for other contraces in both the public g
the private sectors. The purpase of this paper is to outline the method
by which the contrict was enrineered and implemertted, bath from
the stavidpoint of the facilin: owner (the 1S Army) and the energy
services compary that o carmying owr the contract,. The lessons
lecormed from this experience shonld be usefil to other owners, ser-
vice companies, and imestors in the implementation of future service
contracts. It should be noted thi the energy savings presented in thiy
cocument are the "gpparent” energy savings observed in the moni-
tewed datey, and are not 1 be mistoken for the “contracted” energy
sevingy usedd o the basis for papments. To determine the “can-
fracied” energy savings, the “apparent” energy savings may require
adjusaments fir such things as changes in indocr temperature perfor-
manee critericy addivions of veding fans, and other faciors

INTRODUCTION

The Fort Polk Joint Readiness Training Center is located in west-
central Loursiana just outside of Leesville: The 200.000-acre facility

contains military offices, training centers, équipment and storae witre-
houses, a hospital, and housing for some | 5,000 service members and
their families. Approximately 12,000 people live in on-post family
housing, which is the focus of the energy savings performance
contract. Located in two distinet areas called North Fortand South For,
the family housing stock consists of 4,003 living units in 1,292 build-
ings that were constructed in nine phases berween 1972 and 1988,
Units range in size from 1,073 to 2,746 %, with an average area of
1,393 . Prior to the implementation of the energy savings service
coniract. 3243 (orabout 81%s) of the units wene served by air-source
heat purmps and electric water heaters, while the remaining 760 had
central air conditioners, natural gas forced-air flmaces, and natura)|
gas-fired water heaters,

In January 1994, the US. Ammy awarded a 20-year energy
savings performance contract of the shared savings type to un energy
services company. Under the terms of the contrct, the compiury
replaced the space-conditioning systems in all of Fr Polk’s family
housing with geothermal heat pumps (GHPs). The total capacity of the
GHPs is 6,393 tons, installed in heat pump nominal capacities of |5,
2, and 2.5 tons, with one heat pump per living unit & an avemee size
across the entire project of 1,65 tons. Each heat pump has itis own
ground hem exchanger of the vertical u-tube type, with one cirouit {iwo
pipes) per bore and two cirouits i parallel (two single-family housing
units for high-ranking officers had 2.5-ton heat pumps and three
circuits in parallel). A total of | 834,652 feetof 4 1/8-inch vertical bore
was drilled (Because the upper 3 feet of each bore is not part of the heat
exchanger, the total installed vertical heat exchanger bore length is
1810628 for an average of 275 feet of bore per ton, A total of
3,621,256 feet of 1-inch SDR-1 1 high-density polyethvlene pipe was
installed in the bores). The bores were backfilled with standard bente-
nite-based grout; no extraordinary measures were tken 1o thermally
enhance the grout or to maintain space between the up and down pipes
in the bore.

The gas-fired water heaters were also replaced with electric water
heaters. Approximately 73% ofthe new GHPs include desuperheaters
to supplement domestic hot water heating with energy recovered from
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Figure | Structureé of Fort Polk energy savings
performance conlract

the GHP when it is operating for heating or cooling, Additional enengy
conservation measures included low-flow shower heads and compadt
fluorescent lighting {(all indoor and cutdoor fixwres attached 1o the
housing) installed in all units and amic insulation installed as needed.
Hot water tank wraps and weather stipping were identified as optional
enerzy conservation measures that may be implemented dunng ongo-
ing maintenance, but these measures were not instulled at the time this
[EIper Wwas written.

The entire up-front cost of the retrofits and working capital 10
develop the project—approximately $18.9 million (52867 1on}—was
bome by the energy services company, which also assumed responsi-
bility for maintenance of the installed equipment for the duration of the
contract. In return, the Army has contracted to pay the company @
percentage of the energy and maintenance savings realized each
month. The structure of the energy savings performance contract is
shown in Figure 1. Electrical energy savings are determined by
subtracting actual kWh consumption from the assumed baseline
consumption, which is a function of the heating and cooling degree-
darys that occurred during the month. The baseline is derived from a
quadratic regression of historical data on monthly electrical consump-
tion in the family housing vs. total degree-days (ie,, the sum ofheating
and cooling degree-days base 65°F) in each period. Similarly, natural
gas savings are determined by subtracting actual gas consumption in
therms from a weather-comected baseling consumption, derived from
a regression of the post's previous monthly nanural gas consumption
va. heating degree-days. Dollar savings are then determined by multi-
plying the electrical and gas savings by thatmonth’s base-wide average
energy prices per kWh and per therm, as determined from utility bills.
Over the life of the contract, the energy services company will receive
about 77 of the savings achieved.

Because the company assumes full responsibility for maintaining
the equipment installed, the Army's savings are its entire previous cost
of HVAC equipment maintenance in family housing. This is specified
in this contract as $335.83 per residence per vear {with minor cash flow
adjustment stipulations and a consumer price index [CP1] escataor),
Forthe 4,003 residences, this comes to approximately $0.24 per square
fioot per year, As with the energy savings, the company will receive
about T7% of the mainienance savings over the life of the contract

ASHRAE Transactions: Symposia

EVALUATION APPROACH

The objectives of the evaluntion were to( | ) determine statistically
valid energy, demand. and operation and mamfenance impacts of
GHPs applied o military family housing at Fort Polk and (2) improve
the capability to evaluate, design, install, operate, and maintain GHPs
in military family housing. The evaluanon approach (Hughes and
Shonder 1996), shown schematically in Figure 2, includes three ner-
related levels of field data collection (Levels 1, 2, and 3). The fourth
level of data collection (energy balance data) supports the advance-
ment of GHP systern design and energy-estimating methods,

Level | addresses the population of housing. Data on electrical
demand and consumption were collected at | S-minute intervals from
submeters on 14 ofthe 16 electrical feeders that supply electricity tothe
family housing areas of the Fort (the onginal intent wis to monitor all
feeders, but the project’s recording equipment could not be interfaced
with existing metering on two feeders). Temperature and humidity
diata are also collected at 15-mimute imtervals at four different locations
within the family housing area. Level | data allow comparison of pre-
and post-retrofit enengy usage pattems on the aggregate of all loads
served by each feeder, A schematic of the level | data collection, pre-
and post-retrofit, is presented in Figure 3.

Level 2 data collection focuses on asample of 42 individual hous-
ing units in 16 buildings. Total premise energy use and the enerzy use
of the heat pump (or of the air conditioner/gas fumace combination in
some of the pre-retrofit units) were collected at |5-minute intervals.
Level 2 data allow the determination of the coefficient of variation of
savings across buildings and apartments. A schematic of the pre-retro-
fit leveel 2 data collection is presented in Figure 4; Figure 5 presents the
schematic for post-retrofit data collection.

Al Level 3, more detniled enenry use data were collected on a
subsample of 18 of the 42 level 2 units (7 of the 16 buildings). In addi-
tion to total premise and space-conditioning energy, | 5-minute interval
data are collected to isolate the energzy use of the hot water heater, the
air-handling system, and the fumace in the pre-retrofit condition.
Again, the subsample includes buildings of varying floor areas,
construction vintazes, and other characteristics. This technical sample
i5 usefuul for understanding the relative importance of the weather-
sensitive end-uses vs. base loads and supports analysis to determine the

[ThHe Housing Pepalauon [Lavel 1]

[Ferttored Subsample [Cevel 1]

Yechnlcal Bample [Lovel 31

FEW Balance" data

18 of 43 housing Lnits

43 af 4003 housing units

2003 housing wiits - 18 slectrical feeders, esch with L1 mster

Figure 2 Project evaluation approach.
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Figure 3 Level | pre-/posi-retrofit data collection,

savings attributable 1o the vorjous conservation measures. Pre- and
post-retrofit data collection is similar to that of level 2, presented in
Figures 4 and 5.

ENERGY CONSUMPTION BASELINE

At Font Polk, electnical energy is provided o family housing
through 16 individual feeders that are separately metered and read
manually on 2 monthly basis. In its request for proposal (RFP), the
Armny supplied historical data on twotal electrical consumption from
these feeders for a period of 55 months from August 1988 through
February 1993, Prior to the award of contracts, the energy services
company used the data from August 1988 through March 1992 10
develop a formula to determine the baseline (pre-retrofit) enerzy
consumption in family housing for each month; the electrical savings
in each post-retrofit month s determined by subtracting sctual electri-
cal consumption from the weather-comected baseline. The baseline
formula is specified as

kWhimonth = i
(=6.40743 - X~ + 13095.7 - X + 2899270} « (n/30)

where X is the wial number of heating plus cooling degree-days
(hoth base 657F ) occurring during the month at the hase airstripand n
is the number of days m the month. The minimum and maximum
values of X over the histonical doty period were 120 and 690, respec-
tively

The historical data supplied in the RFP are plotted in Figure 6. It
is clesr from this figure that notall of the variation inmonthly elecmical
consumption is dependent on weather; in fact, when compared to the
historical data, the root-mean squared error (RMSE) of Equation | is
1.236,123 K'Wh, orabout 18.5% ofthe average monthly consumption.
Orther causes of variation include differences in occupancy, number of
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holiday and weekend days, and sreetlight operating hours from month
to month. However, some of the remaining variation in Figure 6 is stil
weather-related. Because all living units are cooled with electric vapor
compression devices, but only 81% of the units are heated that way
{and these have supplemental resistance heat), one would not expect a
simple total degres—day correlation to remove all variation due to
weather

It should be noted that Equation 1 is not a least squares fit to the
data of Figure 6. It was developed from a subset of the historical data
and is only valid for values of total degree-days from 120 to 690, and
the engineering judgments made during the development of the
expression, in hindsight, may have been no better then straight regres-
sion. An actual least-squares quadratic regression of the historical data
gIves

EWhimonth = (2)
(23693 - X" 4 51399 - X + 43577193 - (n/30)

The RMSE of this equation is 1,184,313 kWh, only slightly less
than that of Equation 1. The historical data and the monthly consump-
tion predicted by Equations | and 2 are presented in Table 1. Because
both equations predict the historical consumption ta about the same
degree of accuracy, the use of Equation | will not affect savings caleu-
lations appreciably, with the possible exception of months with total
degree-dinys near the high or low extremes. One possible advantage of
straight regression i that the constant term in Equation 2 can be inter-
preted s an estimate of the monthly nonweather-dependent consump-
tion. Understanding the refative importance of weather-dependent and
nonweather-depenident consumption in the baseline period improves
the accuracy of enenry savings estimates.

In the course ofanalyzing our own | S-mimate-interval level | data
fior the evaluation, the authors developed models of pre-rerofit electr-
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Figure 4 Level 2 pre-retrofit data collection
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Figure 5 Level 2 posi-retrafit data collection

ASHRAE Transachons: Symposis

85



19 /000 00

3,0, GO0

3000 GO0

Tl 00

% D0 0o . L]

T o

4 iK1 000

Energy Use (kWh)
L
-
-
g s
LY

1 GO0 oeQ

2.000.000

1000 000

e oo 00

400 GO0 [ Tao

Sum of Heating and Cooling Degree Days in Maonth

Figure & Histarical kWh consumption data used 1o develop contract baseline

Annual Consumption (k'Wh)

Yaar

Wl AT B
o Dumrws M
U iormms Bassane
CICHeL N

Figure 7 Annual consumption in family housing as predicted by three methods

cal consumption for each of the 16 feeders that serve family housing.
Details of these models, which predict daily energy use for the housing
on each feeder based on average daily temperature, are presented ina
compeanion paper (Shonder and Hughes 1997b). Pre-rewrofit daily ebec-
tncal use in all family housing was found to fit the following five-
parameter model:

~6930.54 - (T-5646) T<5645°F
kWihidav = 171031 5645 T <68.06 (30
G571.15 - (T - 68.06) T = 68.06

When used to predict totml enetpy consurnption for the 33 months
ofbaseline data, our model shows an RMSE of 1072624, or 16 1% of
the average monthly consumption. This slight incréase i accurmcy
inclicates that in the case of Fon Polk—and miost likely for other Bacil-

786

ities where family housing is the primary electrical loud—accurate
baseline models can be derived with only 9 to 12 months of daily
energy consumption datn. Such a model appears to be as accurate as 4
model developed with 4.5 years of histoncal data. On an annual basis,
all of the models are able to predict annual consumption for the 19859-
1992 period within about T%5; this is shown in Figure 7

Nevertheless, the baseline consumption formula is only as good
as the data used 10 develop it. Some questionable figures have, in fact,
been discovered in Fort Polk's historical electrical consumption
records (Gordon 1997). For example, during some months, certain
meters were not read and zeroes were entered for their electrical use
unitilarecording of cumulative consumption was miade in a subsequent
maonth. In other cases, the figure from the previous month was entered
All of these data, imerpreted and refined as necessary, were used i
developing the contract baseling. Because the authors” comelation—
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TABLE 1

Historical Monthly kWh Consumption;
Consumption Predicted by Contract Formula
and by Quadratic Fit to Historical Data

TABLE1 (Continued)
Historical Monthly kWh Consumption;
Consumption Predicted by Contract Formula
and by Quadratic Fit to Historical Data

B9l il | 416 | B982.246 7.238.237 6,903,933

991 30 | 325 | 6768713 6,478,588 6278438

191 | 31 | 208 | 6605673 5,345,963 5,529.319
1191 | 30 | 412 | 5.869.661 7.207,076 6877517
1291 | 31 | 370 | 6889434 6.867.502 6.583.834
192 | 31 | 320 | 6733727 7.976,465 1671121
292 | 29 | 315 | 5,641,550 6, 388,638 6,211,876
392 | 31 | 180 | 5.2BR.075 5048895 5,330 662
492 | 30 | 152 | 5370286 4,741,779 5,193,720
592 | 3 |251 | 6.799.7193 5782616 797,097
692 | 30 | 478 | 9372041 7,695,019 7,355,933
W92 | 31 | 529 | 6,398.563 8,033 834 1,739,749
892 | 31 | 404 | 8931932 7044138 820,941

992 | 30 | 355 | 6918744 6,740,747 6,480,969

1092 | 31 | 123 | 4319349 4.413.103 5,025,769

11921 30 | 372 | 5960913 6,884 185 6,597,629

Month | Days | TDD | Billed kWH E::::;‘ Q’“‘:;: i
888 | 31 | 570 | 8923463 | B282.045 | £057.243
88 | 30 | 419 8210955 | 7261473 | 6927288
1048 | 31 | 121 | 4912730 | 4390039 | 5014333

(s | 30 [227] 5666276 | 5541825 | 5646559
1288 | 31 | 425 | 5131935 | 7307600 | 6970126
189 | 31 | 347 | 4241419 | 6671966 | 6.426.544
289 | 28 | 472 | 7643689 | 7652968 | 7311589
389 | 31 | 364 | 5533180 | 6817146 | 6.542.560
489 | 30 | 233 | 6014599 | 5602715 | 5643938
S89 | 31 | 390 | 5556626 | 7,032,003 | 6722645
&89 | 30 | 431 | 7m807 | 7353266 | 7.013.134
789 | 31 | 45| 5.863,189 | 8133260 | 7.862.701
RE9 | 31 | 540 | 8061724 | B.102.541 | 7.824.148
989 | 30 | 362 | 8336714 | 6800258 | 6528840
1089 | 31 | 20| 4268093 | sseim | sese000
1189 | 30 | 270 | 6803700 | 5968007 | 5918209
1289 | 31 | 690 | 9.563.168 | 8884726 | 9.03227
190 | 31 | 347 | 7375510 | 6671966 | 6.426544
200 | 28 | 215 | 7234432 | saises2 | ss72314

w0 [ 31 [233 | eom0e2 | seoa7is | sessens

490 | 30 | 215 | 4396293 | saise2 | ssmau
s90 | 31 | 326 | 7992310 | 6487512 | 628512
690 | 30 | 570 | 9,087,096 | 8282045 | 8057243
790 | 31 | 550 | 8429413 | 8163657 | 7.901373
890 | 31 |sso| 8728277 | 8339317 | 8135890
990 | 30 | 439 | 8209439 | 7.413.436 | 7070784
1090 | 31 | 234 | 6338288 | se12819 | 569,18
1190 | 30 | 224 | 5270235 | sssi208 | 5627934
1290 | 31 | 457 | 7410338 | 7.545.820 | 7,201,474
191 | 31 | s48 | sotos02 | Basis3r | 7.88589%
vo1 | 28 | 308 | 5203056 | 6324911 | 6165564
191 3l 239 4,833,343 3.663,143 5,721 487
491 | 30 | 172| seeesi0 | 4962173 | 5311871
591 | 31 | 331 6989741 | 6531942 | 6318603
691 | 30 | 432 | 8652750 | 7360832 | 7.020319
201 | 31 | s | 8735082 | 7918088 | 7602877
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1292 | 31 | 383 | 4216910 6.975.024 6,673,843
193 31 | 476 | S5AT6258 T.681.053 7,341,133
293 | 28 | 381 | 4,464,657 6,958,623 6,659,943

developed from independently monitored data—is able to predict
monthly consumption for the period 1989-1993 with about the same
accurncy 45 the contract baseline, the effect of the eroneous vidues in
the electrical consumption does not seem 1o be large. However, in
future projects where electrical energy is provided by anumber of feed-
ers. it may be more prudent to develop baseline models for each indi-
vichuiyl feeder and o sum these models to obtain totl energy
consumption. Using total degree-days to weather-normalize monthly
feeder readings will never remove all of the vanation caused by
weather, but more of it can be removed if one avoids the mixing of
Some project partners may also prefer to collect and archive 910 12
months of 15-minute-interval  preetrofit feeder-level  electrical
consumption louse as acheck onexisting records. This can be donewith-
out interfering with existing feeder meters or their calibrtion, yet allows
newly calibrmted independent recordings. The project’s meters were
installed by applying current transducers to the secondary leads of exist-
ing meters. The current ransducers were then interfaced 1o newly cali-
brated watt-hour transducers and necorders independent of the existing
meters, A diagram of a typical installation is presented in Figure 3.
MONITORING AND VERIFICATION
OF ENERGY SAVINGS

Post-retrofit electrical energy consumption was monitored
through meter readings from the 16 feeders serving the family housing
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area in order o determine energy savings. Using the terminology of the:
Morth American Energy Measurement and Verification Protocol
(DOE 1996a) and the more specific Measurement and Verification
Guidelines for Federal Energy Projects (DOE 1996b), this is an
“Option C" manitoring and verification plan, whereby savings are
determined  from actal facility meter readings, (As an aside,
ASHRAE Guideline Project Committee 14P s also developing
“Guidelines for Measurement of Energy and Demand Savings,” a
document expected to strengthen the technical foundation of manitor-
ing and venfication.)

Given the results to date, the “Option C" approach to monitoring
and verification of savings appeass to have several advantages over
other options for large housing projects. As described above, weather
normalization is straightforward, depending only upon heating and
cooling degree-day mformation, which is collected st most National
Weather Service stations, Because feeder-level meters monitor the
entire population, savings calculations are more accurate than a system
whereby a sample of buildings is monitored. Also, as opposed to stip-
ulnted savings agreements, the use of actual energy consumption data
maintains motivation for an energy services company to sustain the
enerey-efficiency improvements over the life of the contmct.

MNevertheless, there are some disadvantages 1o using feeder-level
data for monitoring and verification in housing projects. First of all, the
feeders may include nonhousing loads such as street lighting, sewage
treatment plants, sewage lift stations, supply water pumping, and fire
stations. An accurate, up-to-dte electrical distribution diagram is
required to identify these loads, as well 8s 1o determine which housing
units ane served by which feeders. [ these loads ane significant and are
likely o change over the course of the project, it may be advisable o
mieter them separately and subtract the nonhousing loads from the total,

Ancther problem with collecting feeder-level data is that the
configuration of the electrical distribution system may change. For
example, at Fort Polk the system can be recanfigured temporarily to
perform mantenance of to supply power during outages. For this
reason, it may be advisable 10 install meters even on normally closed
connections to capilire energy use during temporary reconfiguranons.
At Fort Polk, there is reason to believe that sceme permanent changes
were made in the distribution system during the time when retrofits
were being installed.

“Plug load creep” is another issue that may affect service compa-
nies with feeder-level monitoring and verification. As new appliances
are introcluced and adopted by the public, overall electrical consump-
tion tends 1o increase. Because savings are determined by companson
with the 1989-1993 electncal use, savings in future years may appear
smaller than they actually are (Le., the increase in nonweather-depen-
dent loads would have occurmed with or without the energy savings
performance contract). Cme way to comect for this would be to
continue to use the manually recorded monthly feeder-level electnical
consumption dat, producing new comelations periodically 1o deter-
mine the nonwéather-dependent consumption and adjusting the base-
line accordinghy

As an example, in Equation 2 above, historical monthly energy
use in Fort Polk's family housing was comelated toa quadratic function
of total degree-doys. The constart term in this equation, 4,357,719
kWh, is an estmate of the monthly non-weather-dependent consurmp-

-]

ton in family housing or among any other loads connected to the
feeder, such as street lighting. In order to check this result. the authors
analyzed pre-retrofit data from 13 oftheir level 3 all-electric apartments
to determing non-HVAC electrical conisumption. The figures are
presenied in Table 2. Weighted by apanment size, the average base

TABLE 2
Base Electrical Consumption from 13 Level 3 Sites

Site | Number of units|  Total i F"‘::;‘S;ﬁ’;;}‘“d
i I 1 794 (.0281 |
213 4 4632 00218
214 2 3456 o178
215 1 4292 00363
16 r 3196 0.0243
Weighted average: 0.0257
Family Housing-wide, kWh/month: 4356895

foad is 0.0257 (kWh/it' Vday. Multiplying by the total square feet of
family housing at Fort Polk (3,576,612) and by 30 days per month
gives & base load of 4299 568 k'Wh/month, leaving 58,151 kWh'
month (about 1.3%) for street lighting and other loads. The level of
agreemnent between the two numbers i swprising and perhiaps
misleading given the small sample size for the apartment data. Never-
theless, it does appear that analysis of monthly feeder-level data s a
valid method of estimating the base (nonweather-dependent) electrical
loads. For comparison, the averige consumption of the six lowest
months (inspection of Figure 6 justified averging six months; monthly
billed values were then cbtained from Table 1) in the historical record
154,317,797 kWh/month,

In cases where historical data do not exist, it may be possible to
determine the nonweather-dependent loads from 9to 12 months of 13-
minute-interval pre-retrofit data collected from the feeders. Our five-
parameter fitof 12 months of this data (Equation 3) predicts a base load
in family housing of 171,031 kWhiday, or §,199.342 kWh/month.
This indicates that for Fort Polk, the nonweather-dependent electrical
loasd is about 84%6 of the load seen on days with mild temperntures, the
rest being HVAC. This should be a good rile of thumb for other facil-
ities where housing is the primary load

Table 3 compares the actual K'Wh in family housing (from manu-
ally collected meter readings) with the weather-corrected baseline
predicted by our model (developed from 12 manths of |5-minute-
interval data) and by the contract model. The table also shows the
payments the company receives for 77% of the KWh savings
compared o the two baselines, assuming an electrical energy price of
80,06 per kWh; The agreement between the two over the six-month
period (o difference of less than 19%) indicates thata baseline developed
from 12 months of | 5-mmute-interval data may be Just &s accurate as
one developed from about 4.5 years of historical data.

At Fort Polk, thers is another method of monitoring enenzy
consumption in family housing While, in general, the U.S. military
does not monitor electrical use from individial residences, watt-hour
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TABLE 3
Comparison of Energy Payments to ESCO
using ORNL Baseline and Contract Baseline

i Dayy Mm.rrd - ORNL Baseline | Contract Baseline

Month | kWh KWH | Payment| kWH | Payment
07796 | 31 | 5954810 | 607 | 8041738 | $96.416(8770467] $130,083
0896 | 31 | Ss31792| 508 | 7ass011 | 88853|B161637] 121.49%
096 | 30 | 4245368 | 351 | 7210381 | 136984 6T06459) 113,702
196 | 31 [ 4200899 | 194 [ 6115453 | 84294/5371975 45046
116 | 30 | J478709 | 237 | 5978458 | 115490| 56430521 9599
1296 | 31 | 4733698 379 | 7143831 | 11),348|7173576] 112922
Total 2WIIS2TH 633385 627,945

meters were installed on a group of 130 apartments at Fort Polk at the
time of their construction. The energy services company has been
collecting monthly readings from these meters for more than two
years. As shown in a companion paper (Shonder and Hughes 1997h),
when scaled up to the entire facility, these monthly readings predict
energy savings within 2% 1o 3% of the value derived from feeder-level
data. The meter readings have also been used in negotiating baseline
adjustments. While the cost of reading the meters is very low, they
provide valuable informanon that can be used to supplement the infor-
mation derived from feeder-level meter readings. In future housing
projects where meters are already installed, it may be worthwhile to
collect such readings from a group of residences.

MAINTENANCE SAVINGS

Although reduced maintenance costs represent a significant
portion of the Anmy's savings in this contract, the original cost of main-
tining HVAC equipment in family housing was difficult © obtun.
This is often the case in environments where maintenance i unfunded
or deferred from vear to year, Published values for HVAC mainte-
nance (ASHRAE 1995; BOMA 1995; Mancini et al. 1996) often
provide only & range of figures, Because the historical cost of mainte-
nance of the HYAC equipenent in Ft. Polk's family housing could not
be separated from the total facility maintenance costs, the Anmy devel-
oped an estimate based on bids received on a request for proposals
(Aldridge 1995). The baseline maintenance cost was determined to be
$335.83 per housing unit per year, or about 24.1 cents per square foot
et year.

Although the Anmy s maintenance records were incomplete, the
energy services company assumed responsibility for maintaining
existing family housing HVAC equipment approximately one year
prior to the begnning of retrofit constuction; the company s records
allowed the authars to develop an independent estimate of the Army's
baseline maintenance costs (Shonder and Hughes 1997a). Examining
the maintenance recards for a random sample of 175 of the 4.003 resi-
dences, the authors tabulated the frequency of maintenance activities
abserved foreach residenice (¢.g., charge system with refrigerant, clean
indoor coil, replace outdoor fan motor, etc.) and obtained estimates of
the time and materials required for each activity from an HVAC
service technician,
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This information, along with labor and overhead costs, provided
an estimate of what it was costing the company 10 maintain existng
equipment. However, it was reasoned that this maintenance was not
typical; because the company was planning to replace the equipment
with geothermal heat pumps in the near finure, no instances of
complete outdoor unit replacement were observed. [n order to correct
fuor this, the authors surveyed 3,879 of the outdoor units to determine
their year of manufacture. Comparison of the date of manufacture of
the outdoor unit with the vear in which the residence was constructed
allowed the suthors to determine whether the onginal curdoor unit had
been replaced and, if so, its approximate age at replacement. From this
the authors derived & figure for the relinbility of the ageregate of the
outcdoor units and determined how many would require replacement
each vear,

Based on this analysis, the authors developed a 20-year-average
maintenance cost of $369,05, or 26.5 cents per year per square foot,
which agrees well with the Army's figure. This indicates that the
Army's method of estimating costs using bids on a maintenance RFP
was valid, However, in future projects, such bids may not be available,
and facility owners may have to rely on their own records or published
figures 10 develop cost estimates.

ENGINEERING THE PROJECT

Developing models of energy consurmption for 4,003 residences,
engneenng the retrofits for each one, and estimating overall energy
savings represented & major undertaking on the part of the company,
However, unlike most private housing, military family housing is
centrally managed, and existing technical records and plan vauls
enable economies of scale in the engineering of retrofit projects. The
archived information enables the identification of a relatively small
group (64 in this case) of unique “building block™ housing units that
describe the entire housing population. All housing units represented
bydtm”hﬂﬂingbhck"miduﬁmlﬁwﬂumnfmuf
heating and cooling design load calculations (same floor plan, same
wallrooffloor/window/door  constructions, same  wall/roofffloor!
window/door exposures to outside air) except for compass anentation.
Precalculation of design loads for each building block and orientation
creates the equivalent of a spreadsheet-based lookup table for any of
the 4,003 units.

The housing characteristics of the “building block™ are deter-
mined by carefully overlaying the construction contract history deter-
mined from the technical records and plan vaults. The starting point is
the construction documents for cach phase of the original constrction
(as mentioned above, family housing at Fort Polk was built in nine
different phases). Older housing often has already had energy-related
retrofits since the orginal construction (attic insulation, window
upgrades, etc.). When creating characteristics files for each "building
block™ housing unit, the objective is to establish the currently existing
characteristics first and then make any modifications related lo energy
conservation menasures that will be installed along with the geothermal
heat pumps (in this case, lighting upgrades 1o compact fluorescent
lights affiected heating/cooling load calcularions in all cases and attic
insulation and window eaiments sometimes).

‘The characteristics are docurnented in the form of input filestothe
heating/cooling design load calculations used to size the geothermal
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heat pumps. The design load caleulation ool outputs are documented
in the spreadsheet-based lookup table for each building block and
orientation. The spreadsheet defines each of the 4,003 apartments by
building block and orentation, design loads, geothermal heat pump
size, building number, and the serving electric feeder (in the normal
electric distribution configuration)

The design team did everything that is normally recommended
for ground heat exchanger design and came face to face with the limi-
tations of the state of the art of ground heat exchanger design as of
1993-84, On-site short-term tests were conducted on ground heat
exchangers installed ar three locations (north, middle, and south fort
housing), specifically to determine the conductivity of the soil forma-
tion. The soil properties indicated by these tests were similar to whar
ASHRAE lists for heavy damp soil, and heavy damp soil was used as
adesign input. The designer was also aware of the diversity of sizes that
available ground heat exchanger sizing methods recommend and had
utilized several different methods. The decision was made w install the
larger of the recommended sizes because of the severs consequences
of undersizing (potentially 4,003 separmte ground heat exchangers
needing add-ons).

Mevertheless, this evaluation indicates that the ground heat
exchangers were somewhat oversized (Thomton et al. 1997). Data
collected during the evaluation were used to calibrte an engineering
model of the residential vertical geothermal heat pump system. As part
of model calibration, the properties of the soil formation that enabled
the ground heat exchanger component model to track data were deter-
mined to be similar o what ASHRAE lists for heavy saturated soil.
Using heavy saturated soil and a vanety of practical ground heat
exchanger sizing methods, one still obtains a diversity of recom-
mended sizes, but they are shorter than for heavy damp soil (Thomton
etal. 1997). Assuming the soil properties at the test apartment, and the
apartment itsell are representative of the entire housing, feet of vertical
bore could have been decreased by about 20%%, from 1,834,652 1o
1AG7, 722 feet (from 275 to 220 bore feet per ton excluding bore within
3 fieet of the ground surface).

The design team also did everything that is normally recom-
miended for enerzy estimating. although in hndsight some of the steps
might have been camied out differently. Using pre-retrofit housing
characteristics, engineering models of the building block apartments
were assembled and weighted to create a model of all housing that was
calibrated to the available baseline monthly electric consumption data.
Savings were estimated by changing the inpats to the engineering
models to reflect all of the enerpy conservation mesures o be
installed

This approach might have been more effective if done feeder by
feeder, 5o that all-electric and gas'electnic feeders and feeders buil ar
different times could have been isolated and calibrated separately.
Also, with an hourly building energy model and a modest amount of
daily teeder data (derived from | S-mimue-mterval data), rather than a
muenthly bin model and monthly feeder data, o better calibration to base
loads on days with litle or no heating and cooling could have been
performed (no month at Fort Palk has Litte or no space conditioning),
Isofaring feeders and fully using the available dota results in betier esti-
maies of pre-retrofit base loads relative to heating/cooling. This is
important in projects of this type because the most important energy
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conservation measure (geothermal) primarily impacts hesting/cool-
ing—if pre-retrofit heating/cooling is overestimated, savings will be
oversstimated. The authors found the models available 1o estimae
waler-heating savings due to desuperheaters to be crude or 1o require
far more inpur data than is typically available o a desien team. This
problem is being addressed with ongoing wark.

Thedesign team also perfirmed short-term monitoring on a small
sample of apartment installations both before and affer the retrofits.
However, true power measurements were nod taken (amps were
mieasured rather than warts), no weather data were collected, the pre/
post data collection period was modest, the sample size and spartment
selection technique could not support a direct savings estimate for the
housing population, and the data set was ill-suited for calibrmtion of
engineering models, The data did provide a concrete (relative to
models) demonstration of svings sufficient 10 secure construction
funds for the project from a private investor, when considered along
with the creditworthiness of the customer (the Army) and the expen-
ence of the energy services company.

For future projects, some project partners may prefier asmall pilot
test of the comprehensive set of retrofits fisst. Data collection and anal-
ysis should be designed to determine the soil properties as described
elsewhere (Thomton et al, 1997) toenable economical vet safe and reli-
able ground heat exchanger sizing. The same pilot provides data that
supplements the monthly baseline data on feeders, so that a better job
be done. Although pilot tests could be conducted to estimate housing
population energy savings directly, the cost ofthe required sample st
and duration would likely be prohibitive if it must be funded as part of
the project mvestment

The nature of the site data collection during project development
that some project partners may prefer is summarized here because it is
significantly different from what was done by the developers of the
Fort Polk project orby the project evalustors. First, the feeder-level data
S I

The three vears or so of manually recorded monthly electric
consumption by feeder is still desired. However, it may be desimble to
have these same datn recorded at 1 5-minute intervals for a period of 9
to 12 months before retrofit construction and perhaps during and after
construction (27 1o 36 months) using the nonobtrusive interfiace
described above and presented in Figure 3. This 15-minute-interval
data serves several purposes. First, the pre-retrofit period provides
ambient temperature and power data in convenient electronic form for
calibrting engineering models of housing population energy
consumpition during the pre-retrofit period in a way that properly deter-
mines the relative imporance of base loads and space conditioning.
Then the calibrated moded provides one means of estimating savings of
the enerzy conservation measures across the housing population.
Second, the pre-retrofit data support development of pre-retrofit elec-
tric consumption models by feeder that reference daily averages of
k'Wh and ambient temperature and provide a more rellable means of
estimating savings in the early davs of the project than monthly read-
ings (30 data points each month mther than one). Third, the post-retrofit
data support the development of the same sort of consurmption miodel
for the post-retrofit period
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Before

Maintenance :
$1.5 mill/yr ESCO
$2.4 mill/yr
L] 0 oulliyr
gas 4
$0.1 Electricity
milllyr $4.8 mill/yr Electricity Electricity
$3.2 mill/yr $3.2 mill/yr

Figure 8 Financial structure of the project from the Army s standpoint.

Having both the pre- and post-retrofit daily average models
archived may also be useful in the event of future disputes. For exam-
ple, as mentioned above, if savings decline over tme, reinstalling 15-
minute data collection equipment for a short period might indicate a
significant rise in post-retrofit kWh consumption on mild (baseload)
clarys, which could bead o an amicable agreement on a baseline adjust-
ment for plug load creep. Such data could also help the parties agree on
the impacts of changes in cccupancy mies and total occupancy, or
indoor temperature setpomts, if thess become issues over the term of
the contract. I no disputes arise during the contract, the need to record
1 5-minute dota after the initial 27- 1o 36-month period will never arise.

I addition to the feeder datn, some project partners may prefier
thaz pre/post deta be collected on a small sample of apartments receiv-
ing installations of the comprehensive package of energy conservation
measures. [Feollected properly, these data will provide a better indica-
tion of soil propertics than the currently available short-term on-site
tests. These datn also provide an opportunity 1o calibrte engineering
models to detailed data on a few apantments. Building enenzy analysis
engineering models have many inputs, some are best calibrated
global ( feedler) datn as described above and others are best calibrated to
detiled data from individual apartments (Thomton et al. 997}
Having bath pre” feeder data and " pre/post” aparment data during the
project development phase will significantly increase the reliability of
prior estimates of energy savings. If periodic comrections for plug load
creep are 1o be made, the apartment-level data can also be used 1o
provide a check on baseload calculations derived from the feeder-level
datn. Perhaps after a few more projects, customers and project devel-
opers and funders will be confident enough to pursue these mega-
projects without any pilot testing, Some may have that level of confi-
dence now

POTENTIAL ECONOMIC IMPACTS
OF LESSONS LEARNED

The Jessons leamed in this evaluation can be used to improve the
economics of future energy savines performance contracts: To illus-
trate this, the authors examined how the economics of a contract like
the one at Fort Polk can change under various scenarios. [t should be
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noted that the numbers presented here are based on energy savings for
a typical meteorological year as determined from the pre- and post
retrofit models developed in the course of the evaluation. Maintenance
costs and savings are based on authors” estimates as well, and energy
prices are average values. The figures presented here are for illustrative
purposes only and do not cormespond to the actual costs and payments
in the Fort Polk contract, which vary by vear according to weather and
other factors stipulisted in the contract and its amendments.

The financial structare of the energy savings performance
contract from the sandpoint of the Army is presented graphically in
Figure 8, Before the contract, with energy prices of $0.06 per kWh of
clectricity and $0.50 per therm of natural gas, the Army's total energy
eost for family housing ina typical year was about $4.9 million (31,223
per year per living unit). Maintenance costs were about $ 1.5 million per
year (8369 per year per housing unit). Over the 20-year life of the
contract, the Ammy will pay about $2.4 million per year to the energy
services company and §3 2 million for electricity, saving 508 million
per year. After the contract expires, the Anmy will realize a savings of
about $2.2 million per vear, assuming it is able toextend amaintenance
contract i the same cpst as IS mamtenance payments 1o the company
during the 20-year performance contract. Using a standard 7% annual
discount rate over the 20-vear life of the contract (DOC 1982), the net
present value of the contract to the Army is about $9.1 million dollars.
‘This figure does not include the salvage value of the geothermal heat
pumps at the end of the 20-year period. Upon termmation of the
contract, the Army will own the 4,003 heat pumps and ground loops.
At 20 years, the heat pumps may be approaching the end of their useful
service life, but the ground loops will likely outlive several mone heat
pumps. This will reduce the Ammy's cost of installing new GHPs,
should it desire w do s0.

While the figures above are representative of the contract as ong-
inally signed, negotiations are currently under way to adjust the base-
line enerzy consumption formula, The onginal RFP specified heating
and cooling setpoints of 68°F/78°F in all of the housing units, but as a
result of tenant complaints, these setpoints are now controlled by the
occupants. Because the Army was unable 10 operte the family hous-
ing according 1o the agreement, this change may result in an addition
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of § million kWh per year to the baseline formula. This would bring the
Army’s annual savings down to about $0.4 million. With this adjus:-
ment, the net present value of the contract to the Anmy would fall to
$4.5 million—again, exclusive of the equipment’s salvage value.

From the standpoint of the energy services company, the financial
picture is somewhat different. Exclusive of costs to maintain equip-
ment in family housing, their primary lisbility is debt service on the
$18 9million borrowed to purchase and install the energy conservation
measures and recover the working capital required o develop the
project. At 5% interest compounded monthly, this is approximately
$2.0 million per year. Payments from the Army will total $2.4 million
per year, leaving $0.4 million per year to perform maintenance on the
GHPs and other equipment installed in the 4,003 housing units.
Assuming zero operation and maintenance phase profit and ignoring
the CPl escalator on the maintenance payment, this comes 1o about
5100 per housing unit per vear, or $0.07 per square foot per vear for
mamntenance. With the baseline adjustment, payments to the company
increase to $2 8 million per year, leaving $200 per housing unit per year
(about S0.14 per square foot per year) for maintenance, Because
published figures for maintenance costs of GHP equipment (Geother-
mal Heat Pump Consortium 1996) are in the range of $0.10 to $0.22
per square foo per year, the figure of $0.14 per square foot per year for
maintenance leaves little room for profit on the part of the company
unless it mkes further action. One option would be for the company to
refinance its debt at a more favorable interest rte. At 8% interest, the
annual debt service drops to $1.9 million, leaving $0.16 per year per
square foot for mamntenance,

Research has also shown that the ground heat exchangers were
oversized in this project, possibly by as much as 20%. At $3.50 per bore
foot, the up-front cost of the project could have been reduced by about
$1,300,000. In future efforts of this kind, some project partners may
wish to perform the measurernents required to develop more accunite
estimates of soil properties to support refined loop sizing. A rough esti-
mate for the data collection required is $100,000. Assuming the
remaining savings deduct from principal, at 8% interest the annual debt
service drops 1o §1.765 million, leaving 0.1 85 per square foot per vear
for maintenance. Other ground heat exchanger design refinements,
such a5 thermally enhanced grout, may also improve the economics of
future projects,

Several other minor design refinements will be possible in future
projects. The next smaller ground loop pump would have been ample
for the application. This pump costs $20 less and draws 40 less waris.
Because each GHP runs about 2,500 hours annually, this change cosis
$80.000 less and saves about $24,000 annually in electricity costs.
Evenwith the smaller pump, 0.75-inch rather than 1.0-inch circuit pipe
in the bores would have provided adequate water flow 1o the heat
pumps. It would also have cost less, even though slightly more vertical
bore is required than for 1.0 inch pipe, and would have had negligible
performance impact. Experienced industry participants could likely
identify a number of other cost-effective design refinements.

While the economics of the Fort Polk energy savings perfor-
mange contract ane somewhat different from the representative fgures
preserited here, they show that the energy services company has a
strong incentive tiy seek out other opportunities for energy savings in
family housing. Examples inclhude hot water tank wimps and weather
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stripping (both of which were identified as potential energy conservy.
tion measures in the contract but hiave not vet beer camied out), duct
leak: repairs, and educational programs for family housing residents.
ﬁmrﬁngmﬁmmmmcmmnyﬁllmcciwmﬁﬂfmw
dollar savings it manages to achieve,

CONCLUSIONS

When carried out properly, the feeder-level approach to moniter-
hgmﬂmiﬁmﬁmofma'g}'mvmg:hpmﬁcﬂlfuta:gchqm
projects of this type. However, manual monthly readings overthe base-
line period of three years or so, duning retrofit construction, and
throughout the term of the contract may not be enough to ensure project
success for all combinations of customer, project developer (energy
services company ), and funders. Where the three-vear baseline data do
not exist, | S-minute-interval recordings over a 9- to 12-month period
can be used to establish a baseline. Even where historical daty exist,
some project partners may prefier to supplement monthly manual read-
ings with | S-minute electronic recordings overa9- to | 2-month period
before retrofit construction. This will improve the prior estimates of
energy savings and is relatively inexpensive because the housing popu-
lation is captured by only a few feeder meters, Other project partners
may elect to continue 15-minute data through retrofit construction and
for9 1o 12 months after construction is complete. This additional 18 10
24 months of datia (for a total of 27 1© 36 months) has modest cost and
several benefits. At the beginning of the project, savings are known
sooner and with greater confidence than with only monthly pre-post-
retrofit data, and the archived |5-minute data can support the amicable
resolution of several types of savings measurement disputes that may
occur in the future. Last, existing inexpensive data sources should be
utilized wotheir fullest. [fsome apartments have existing meters, it costs
almost nothing to record the readings and obtain an indication of
savings sooner than is possible with any type of feeder-level monitor-
ing.

Some project partners may also wish to inchude more rigorous
pilat tests in their project development phase than were done at Fort
Polk. This involves installing the comprehensive package of energy
conservation measires in a small sample of aparmments three or so
months after initiating 1 5-minute end-use metering on them but six to
nine months prior to nitiation of general construction, This metering
can oceur simultaneously with the % to 12-month period of feeder-
level pre-retrofit data collection described above. Done properly, this
pilor test will determine soil properties for fine-tuning of ground heat
exchanger sizing. The pilot test will also improve prior estmates of
energry savings and help secure project financing.

Probably all project parners will want 1o benefit from site
measurements of soil properties so thit ground heat exchangers can be
sized as economically as passible. Short-term fests on installed ground
leops, conducted from & porable railer, were not up 1o this challenge
during the development of the Fort Polk project. However, active
programs to improve these methods may bear fruit in the pear term,
Until that happens, calibration of detailed ground heat exchanger
models against data from operating pilot test heat purnp units remains
an altemative.

Design teams should also revisit the basic application design
parumeters in every larze project. Choices that should be reconsidered
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include conventional or thermally enhanced grout, circuit pipe size,
and loop pump size.

Establishing the HVAC maimenance expenditure baseline and
estimating savings relative to that baseline remain difficult but are
essential for geothermal heat pump projects to demonstrte themselves
to be self-funding (1e., tohave positive cash flow). This is importint for
LIS, federal sector projects because the statutory authority allowing
federnl agencies to enter into energy savings performance Contracts
reguires them o be selffunding from energy-related operating
accounts. Historical maintenance expenditure records Kept by federal
facilities generally are not adequate 1o establish a baseline, particularly
in a budget environment where maintenance may be unfunded and
deferred from year to year. Fort Polk was no exception. The approach
to establishing a mamtenance baseline taken by the evaluation team,
which relies on service incidence histonies and namepiate dam, may be
as good as any. [tresulted in a baseline of 26.5 cents per square foot per
year, similar to the 24.1 cents per square foot per year estimated by the
Army while developing the project. As forwhat itwill actually cost the
ENETEY Services company 1o maintain the systems over the 20-vear
contract life, only time will tell. However, the relevant price to the
Anmy is what the company agreed to do it for, which was 1 8. | cents per
sqquare foot per vear. HVAC maintenance for geothermal heat pump
systems in schools his been reported to be 13 cents per square foot per
year (Mancini et al. 1996).
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DISCUSSION

Donald M. Brandage, Engineer, Southern Company Service,
Atlanta, Ga.: You mentioned that the drillers of the water loop mn
behind schedule. What were the reasons for this: poor estimates by
drilling contractors, unexpected soil conditions, eic.?

Patrick J. Hughes: The function of the dnilling contractors on this
project was o dnill 4,125 inch bores to depths of 190 1 250 f., with-
draw the drill stem, insent U<ubes of nominal | inch dinmeter
SDR11 high density polvethylene pipe, and backfill and the bore
from battom to top with bentonite-based grout. Several of the con-
tractors were not experienced at drilling in the local conditions and
their rigs were not optimally configured. Also, several contractors
were not experienced at installing U-tube ground heat exchangers.
The outside dimension of the U-bend a2 the bottom of the U-tube was
about 3.8 inches leaving modest clearance in the 4,125 inch bore. The
expansive clays encountered sometimes made it difficult to insert the
Ll-ubes after the drill stem was removed.
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