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L INTRODUCTION

In June 1990, FPL filed a petition with the Florida Public Service Commission
("Commission®) to conduct a Commercialindustrial Hot Water Storage Research
Project. The project was approved by the Commission, and FPL proceeded with
the research project. FPL identified and evaluated various design concepts,
developed storage water heater prototypes and conducted laboratory testing of
those prototypes. This report is a summary of the results of the research as well as
FPL's conclusions and recommendations.

I DESCRIPTION OF COMMERCIAL/INDUSTRIAL HOT WATER STORAGE RESEARCH
PROJECT

iLA. Purpose of Research Project

The purpose ol this project was o assess the viability and feasibility of heating water
during off peak hours and storing it until needed during the day as a potential means
of reducing on peak electicity usage, and thus becoming a demand side
management program. More specifically, the project aimed at developing compact
electric storage water heaters for use in residential and commercial applications. In
order for FPL to evaluate this technology and make a program development
decision for implementing of such a program, a residential and a commercial water
heater prototype had to be developed. This research project evaluated potential
demand and energy savings as well as customer savings and paybacks associated
with the different options available. The scope of this research project did not
include research of market potential,
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Background

In June 1980, FPL petiioned the Commission for approval of is
Commercialindustrial Hot Water Storage Research Project. Subsequently, FPL's
Commercialindustrial Hot Waler Storage Research Project was approved in
Octaber 1990 as part of the company's DSM Pian for the 80s. A copy of this is
shown in Appendix A.

The proposed development of an electrdc storage water heater was based on
certain constraints such as capacity, size, temperature, maximum allowable cost
and applicable codes and standards. The constraint imposed on the size required
the volume of the new water heater to be no more than 150% of the volume of a
conventional water heater of the same thermal storage capacity. The allowable cost
constraint, based on avoiding the peak load due to water heating for an average
residential customer, fell in the $400 to $500 range. This constraint was based on
an orginal assumption of avoiding 311 watts during peak periods at an avoided
penerating cost of $1000/KkW.

The project was conducted in four phases: (1) thermal energy storage materials
were identified and (2) evaluated, (3) various design concepts were developed and
evaluated, and (4) laboratory testing of systems based on the cocepls was
conducted. Based on the work completad in the first two phases of the project, two
off peak water heater concepts were selected for further development and testing. In
Phase Ill of the project, prototypes of two water heaters, the HDPE (High Density
Polyethylene) storage heater and the high temperature sensible heat storage
heater, were built in the laboratory. The prototypes were tested for themmal
performance, accelerated kfetime, and intermediate-term performance according to
adocumented test plan agreed upon by all parties assodiated with the project.

At the end of Phasa lll, two patent applications were filed for the water heaters
developed. The concepls were disclosed lo two manutacturers on a confidential




basis, for the purpose of soliciting their input on the manufacturability of the water
heaters. The result of the studies showed that the HDPE storage water heater had
better overall thermal performance than the high temperature sensible heat storage
water heater. Therefore, the HDPE water heater was selected for further study, and
its design was finalized in collaboration with Vaughn Manutacturing Inc. Based on
the thermal performance and the manufacturability potential of this design, it was
concluded that it was the design bast suited for commercialization.

Field testing of the residential and the commercial prototypes manufactured by
Vaughn was conducted at the Energy Research and Education Park of the
University of Florida under Phase IV. The lest results show that the two water
heaters worked effectively in providing all of the dally hot water needs of their
respective applications with only one off peak charge. Detalls of the water heater
design, experimental test plan and procedures, and results are presented in this
report.

Theory of Operation and Scope of Research

An elactric storage water heater is charged once a day during the off peak period
and stores the hot water for use throughout the day. Although the required capacity
of a water heater depends on the application, a thermal storage capacity of 15 kWh
(B0 gallons) is sufficient for the daily water requirements of an average residential
cusiomer. Considering two or more charging periods between peak periods, and
the actual average supply water temperature for Florida (~ 72°F, instead of the
national average of 59°F), then the assumed €0 gallons capacity provides an
additional cushion of 20% o 80% more hot water for an average residential
customer. In the commercial sector the most common size of water heater is the
100 galion size. Therefore, a water heater with a storage capacity of 30 kWh (110
galions) was selected as the unit to be developed.




Various storage concepts involving sensible hea!l storage, latent hea!l storage,
combination of sensble and latent heat storage, and chemical reactions can be
used {0 store hot water. For this project, chemical reaction storage was abandoned
from this research project in favor of the sensible and latent heat because of the
tachnical complexity of chemical reactions.

Conventional water heaters are of the sensible heat water storage type, consisting
of an insulated tank with one or more immersion heating elements. For residential
water heating applications, 30 gallon and 40 gallon storage tank water heaters are
most commeon and sell in the range of $100 to $250 per unit. However, these water
heaters do not have sufficient capacity to provide the necessary storage for off peak
operation. A larger tank operating at higher temperatures is needed to meet the
demand during peak hot water usage.

Larger capacity off peak water heaters are available as non-pressurized and
pressurized water storage units. Water is typically heated to 203°F in non-
prassurized units, and to 280°F in pressurized units at a pressure of about 50 psig.
However, the main disadvantages of large capacity water storage water heaters are
the large size of the unit and the large standby losses from the storage tank. Since
one of the objectives of this research project was to develop a water heater that”
reduced the volume of the storage unit by at least half the volume of a conventional
water heater, large capacity water storage units dropped from consideration.
Therelore, two water heater concepts became the main focus of the research, the
sensible heat slorage in solids at high temperature and the latent heat storage in
Phase Change Materials (PCMs).

Thermal energy storage in solids has historically been used for space heating
applications by introducing an air-water heat exchanger in a conventional space
heating systam or by running stainless steel tubes through the solid and directly
passing water through the tubes. These units usually utiize ceramic storage
materials that are electrically heated during off peak periods o very high
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temperatures. To achieve the lowest volume, it is necessary to use the storage
medium with the highest possibla energy density. This leads to a choice of either a

ceramic material or cast iron. However, since cast iron has high electrical
conductivity, which requires special materials for the heating element, and high cost,
its use as a storage material is not preferred. Ceramic materials necessitate the
addition of an airwater heat exchanger or the running of a stainless steel tube
through the solid. Due 1o the complexity of the blower arangement in the heat
exchanger and the tubing in the other solid heat storage method, the research
concentrated on the latent heat storage water heater concepl.

The advantage of storing thermal energy in the form of latent heat is that a high
volumetric energy density is achieved over a namrow temperature range. Several
PCMs that undergo solid-iquid and solid-solid phase transformation meeting this
criterion were identified. These PCMs can be dassified into various categaories such
as: salt hydrates, organic paraffin's, non-paraffin organics, solid-state PCMs and
eutectics of organic andfor inorganic compounds. For water heating applications,
those PCMs that have transition temperatures in the range of 140° to 211°F are
most suitable for thermal storage. Although many materials showed the appropriate
characteristics, six were selected for further consideration since the others are very

expensive or not commercially available. In general, the materals selected for
analysis were those with volumetric energy densities higher than 100 kWh/m'.

Based on extansive testing in Phase lIl, the HDPE storage water heater design was
finalized and two prototypes, a residential and a commercial unit, were fabricated.
The residential storage tank is made of 1/8 inches thick steel plate, 18 inches in
diameter and 40 inches in height. The tank is filed with HDPE and propylene glycol
up to 35 inches from the bottom to leave room at the top for thermal expansion of
the oll. A 4 kW electrical resistance element is suspended from the centler of the top
cover. The heating element is designed to provide more heat at the bottom than at
the top so that thermal stratification can be minimized. A 5 inch diameter open
mash cylinder around the electrical element separates the element from the HOPE
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peliets. The heat exchanger is a long finned copper tubing wound into three colls of
different diameters, which are immersed into the HDPE pellets and propylene glycol
solution, The tank Is insulated with four layers of 1 inch thick fiberglass insuiation. A
thermostat automatically tums the heating element off when the storage bed
temperature reaches the preset upper mit of 284°F, For safe operation, a pressure
refief valve is set at the lop of the tank and set to 40 psig. to prevent excessive
pressure build-up. The commercial unit uses the same design, but it has more
volume, and it incorporates a circulating pump to reduce stratification,

L.  R&DPROJECT COSTS

The total enargy conservation cost recovery dollars approved by the Commission for this research

v.

project was $225,000. These expenditures were based on FPL's best estimate for
the four phase research and development process, which is included as Exhbit Il
within the petiion. The primary expenditures associated with this research project
included the following:

=  Contract 1o conduct a four phased feasibility study, and
. FPL expenses associated with project management.

FPL's total expenditures to complete the Commercialindustrial Hot Water Storage
Research Project were $ 228,039. FPL has only recovered $225,000 through the
ECCR Clause for this project.

RAD EVALUATION

VA, Method of Evaluation

Residential Water Heater
A residential water heater prolotype was compietely instrumented and installed at
the University of Florida solar house. Themmocouples were installed to monitor the

6




alw,

IV.B.

temperatures at selected positions of the system. In the charging process, the
storage material was heated 10 an average bed temperaturc of 284°F during the
nighttime (off peak perod). The bed temperatures at different heights were
recorded every 30 seconds and the total electricity inpul was measured by a kWh
meter.

In the first group of discharge tests, water was continuously drawn through the
heater at a constant flow rate. Three different flow rates, 1.5, 2, and 3 gpm were
used for testing. These flow rates are typical of various residential applications,
such as showers, dish washers, dothes washers, elc. The temperatures of the hot
water entering and exiting the mixing valve were recorded.

In the second group of tests, water was drawn from the storage system according to
a simulated test plan which closely resembled the daily hot water consumption in a
typical household. The test plan followed a plan recommendad by ASHRAE in the
ASHRAE Applications Handbook 1987, The discharge operation was manually
controlied.

Commercial Water Heater

The instrumentation satup and test procedures were the same as the ones used for
the residential water heater. Tests, included charging, discharging at various
continuous draw rates and discharging according to a simulated field test plan,
which was similar to the one used with the residential water heater except that the
time required for each event was doubled.

Evaluation of Results

Residential Water Heater

The residential storage water heater took approximately two hours to fully charge
the storage unit from an average bed temperature of 122° to 284°F. Thermal
stratification was low untl the HDPE peliets at the top have changed phase

7
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completely. The maximum temperature difference is 77°F to B6°F, which is
acceptable.

Based on discharging the water heater al 1.5, 2 and 3 gpm, the temperature of
direct discharge at the end of each test was still 185°F, which means additional
useful hot water could be drawn. Thus, the prototype water heater has sufficient
capacity to meet the typical hot water needs of a residential household with a single
charge during the off peak period.

Commercial Water Heater

The temperature profiles for the commercial water heater showed a temperature
stratification of 122°F to 140°F between the top and the bottom of the storage bed.
The bottom portion of the HDPE pellets is about 104°F lower than the phase
change temperature of 259°F. These results prompted the modification of the
design for the commercial water heater to include a circulating pump to distribute the
ol from the bottom to the top of the tank for a short period of time to reduce
stratification. Tests with the modified design showed that after the oll circulating
pump is operated for 30 minutes, the temperature difference decreased significantly
from 46° to 50°F.

The resulis of the test showed the water heater was able to meet all of the water
heating requirements with a single off peak charge.

Petition Comparisons

When FPL filed its Commerdialindustrial Hot Water Storage Research Project
Petition, FPL projected an average non-coincident participant demand of
approximately 3.38 kW for both summer and winter with no annual energy
reduction.




Al the time the petition was filed, the project had a benefit to cost ratio, with
generation deferral credits, of 1.70 based on the above savings. However, based
on the R&D results and additional research results, FPL estimates that typical
residential and commercial customers energy and demand savings are as shown in

Table 1.
Table 1
Summer Demand | Winter Demand Energy
(kW) (kW) (kWh)

Saving (Increase) | Saving (Increase) | Saving (Increase)
Residential 0.19 0.42 0
Small commercial 0.20 0.13 0
(non-demand)
Medium commercial 128 0.50 (3486)
(demand)

V. COST EFFECTIVENESS TESTS

Based on the savings for a typical customer installing a storage water heater and
additional inputs shown in Table 2, cost effectivenass analyses was performed for
the scenarios shown in Table 3. These analyses assumed that customers curmently
,on TOU rates were stil operating their conventional water heaters during on peak
periods. Installation of a storage water heater allows them o move all water heating
usage to off peak periods.

A copy of a representative cost effectiveness test is in Appendix B.




Table 2

Customer Life of Storage |Incremental Cost -| Incremental Cost -
Water Healer | New Construction Retrofit
Residential 15 years $225 $550
Small commercial 15 years %225 $550
(non-demand)
Medium commercial 15 years $1.711 $2,000
(demand)
Table 3
Customer Baseline | Revised | New/ RIM | Participant
Rate Rate Retrofit Ratioc | Test Ratlo
Residentlal Standard TOU New B85 1.77
Standard TOU Retrofit 65 J2
TOU TOU New 63 1.83
TOU TOU Retrofit B3 J5
Small commercial Standard [ TOU New 68 1.18
Standard | TOU | Retrofit 68 48
TOU TOU New 57 142
TOU TOU Retrofit 57 58
Standad | TOU | Retoft | 1.00 56
TOU TOU New 1.00 J2
TOU TOU Retrofit 1.00 62
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A major contributor to the reduced cos! effectiveness of this technology as compared to the
original cost effectiveness done as part of the program petition Is the cost of generation. In
the original analysis a cost of §1,000 per kw was used as compared to a cument cost of
$28S per k. Based on this avoided cost, the demand and energy savings and the relatively
high incremental cost related to this emerging technology, hot water storage is not cost
effective for either FPL or its customers.

CONCLUSION

The Commercialindustrial Hot Water Storage Research Project has led to the development
of two electric storage water heaters, both using cross linked HDPE pellets as the storage
material and propylene glycol as the heat transfer oll. The water heaters wera built in
partnership with Vaughn Manufacturing Corp. Tests under simulated field conditions
showed that both water heaters were able to meet the intended hot water needs.
Technically, these designs could be used for off peak storage of hot water.

Thermal efficdencies were found to ba 88-89% for the residential water heater and B0-83%
for the commercial unit. These efficiencies could be impraved by increasing the thickness
or the quality of the insulation.

Thermal stratification of up to 122°F was found in the commercial water heater design,
which is undesirable. One solution is to use a circulating pump to alleviate the stratification.
Another solution is to limit the height of the water heater to between 40 and 44 inches.

Both laboratory and field tests have shown that compact HDPE storage water heaters can
meet all the daily hot water needs for commercial and residential applications with one full
charge during off peak periods, which is one of the two constraints set at the stant of the
project. However, the water heaters developed have not met the cost constraint. The main
stumbling block is the cost of the non -standard electrical resistance element. The element
used in the prototypes cost $1,300. Although the cost of the heating element could be
brought down 1o about $150 per unit when ordered in quantities of 10,000 units, the cost is

stil too high to meet the cos! constrainis of residential and commercial water heaters.
11




Additional efforts need to be focused on commercialization of this technology in order to
reduce first costs. FPL will continue to monitor this technology in order to determine when it
is a commercially viable technology.

12




|

i

AT
5

3

T

Ve




BEFORE THE FLORIDA PUBLIC SERVICE COMMISSION

In re: Conservation Plan ) Docket No. 900091-EG
of Flerida Power & Light )
Company ) Filed: June 12, 1530

FPETITION FTOR APPROVAL OF FLORIDA POWER & LIGHT COMPANY'S
COMMERCIAL/INDUSTRIAL BHOT WATER STORAGE RESEARCH PROJECT
FLORIDA POWER & LIGHT COMPANY ("FPL"), pursuant to Section
366.82(2), Florida Statutes (1989), hereby petitions the Commission to
approve the Commercial/Industrial Hot Water Storage ("CIHWS™) Research

Project, to be conducted in connection with FPL’s Demand Side Management

Plan for the 90's, and to allow FPL to recover its reascnable and prudent
expenditures on the CIHWS Research Project through FPL's Energy
Conservation Coat Recovery ("ECCR"™) Clause. The grounds for this
Petition are as follows:
la FPL is an investor-owned electric utility regulated by
the Commission pursuant to Chapter 366, Florida Statutes. FPL is subject
to the Florida Energy Efficiency and Conservation Act ("FEECA®), Section
366.81 et seq., Florida Statutes (19689), and its ECCR Clause is subject
to the Commission’s jurisdiction. FPL is substantially affected theceby.
2. FPL's address is 9250 West Flagler Street, Miami, Florida
33174. Correspondence concerning this Petition should be sent to:
"John T. Butlesx
Steel Hector & Davis
4000 Southeast Financial Center
Miami, Florida 33131-2398
-and-
Steve E. Dickinson
Florida Power & Light Company

8700 West Flagler Street, Suite 200
Miami, Florida 33174




3. The CIHWS Research Project is an approach to reduce the
peak demand impact of electric resistance water heating among FPL’s
commercial/industrial customers. By means of a viable, cost-effective
storage system, hot water needed during the peak hours would be heated
during off-peak hours. The CIHWS Research Project 4is intended to
evaluate the technical feasibility and customer acceptance. If CIHWS is
shown to be economically and technically feasible and is well lcclptid
by FPL's customers, FPL will develcp a permanent program for the CIHWS
technology and propose the program to the Commission for approval. The
CIHWS Research Project is described in more detall in Appendix I,

attached hereto.

4. As described in Section 2 of Appendix I, FPL intends to
limit parzticipation in this CIHWS Research Project to commercial
customers., The Project is scheduled to be completed by dth Quarter, 1993
and total expenditures for the research project will not exceed 5225,000.
If the research project approach, which is described in Exhibits I and
II, fails to meet any of FPL's criteria for the research and development
process, no further ECCR money would be spent for the development of this
technology.

- A program promoting CIHWS would help advance the policy
objectives set forth in Rule 25-17.001, Florida Administrative Code and
FEECA. As further explained in Appendix I, FPL projects that such a
program could provide up to 54.73 MW of peak demand reduction by the year
2008. The CIHWS Research Project ia necessary in order to make a

business decision for the development of such a program.




6. FPL projects that a program promoting CIHWS would be
cost-effective. Appendices II and III, attached hereto, are the results
of the cost-effectiveness analysis of such a program using the
Commission’s mathodology prescribed in Rule 25-17.008, Florida
Administrative Code and EPRI‘s Load Management Strategy Testing Model
("ILMSTM"). The cost of thes research prodect is Lincludesd in these
analyses. Of course, the demand and energy reduction assumptions are
necessarily apeculative at this time, and FPL would have to review and
revise them, based cn the results of the CIHWS Research Project, before
submitting 4 permanent program promoting CIHWS. FPL intends to evaluate
and documant the results of the CIEWS Research Project and use a

monitoring plan which is described in Section J of Appendix I.

WHEREFORE, FPL respectfully petitions the Commission to
approve the CIHWS Research Project to be conducted in connection with
FPL's Demand na nt Plan for the 90’'s, and to allow FPL to
recover its reasonable and prudent expenditures on the research project

through FPL's ECCR Clause.

Respectfully submitted,

STEEL, HECTOR & DAVIS

§000 Southeast Financial Center
Hiami, Florida 33131-2398
{305)577-2800

Attorneys for Florida Pgwer & Light Company

T. Butler




Appendix I
TPL' s COMMERCIAL/INDUSTRIAL HOT WATER STORAGE RESEARCE PROJECT
TECHNICAL DESCRIFPTION
Section 1 - Project Technology:

Among the various approaches to alleviating the peak demand impact
is commercial/industrial hot water storage. Hot water required during
FPL's aystem peak would be supplemented by hot water which was heated and
stored during off-peak hours. By means of a wviable, cost-effective
storage system, hot water needed during the peak would be heated during
off-peak hours and this reduction in demand from conventional electric
resistance water heating is consistent with FEECA goals.

Section 2 - Project Description:
FPL's hypothesis is chat a 5 to 15 percent penetration of HWS

technology exists in the commarcial water heating market for restaurants,
hotels, hespitals and other large hot water users. The CIHWS Research
Project would not only evaluate the installation of additicnal storage
capacity but investigate the feasibility of alternatives such as high
temperature and pressure storage tanks which may reduce the amount of
storage required. This type of HWS technology may be the most beneficial
since customers are often concerned with the additional spacing required
with conventional HWS.

This technology will not only provide individual customer savings,
but will also act to lower FPL's system peak demand by as much as 54.73
MW by the year 2008. Based on the projected average participant, the
expected peak demand reduction per customer would be approximately 3.38

KW for the summer and 3.38 for the winter and no annual energy reduction




is expected. To confirm these benefita to individual commercial
customers, and quantify the peak reduction achievable, FPL proposes CIHWS
research project installations in various commercial segments as
mentioned above. The design and cost of these experiments are more fully
described in Exhibits I and II.

If tha research projects confirm FPL's projected peak demand
reductions and a permanent program continues to appear cost-effective,
then a system-wide commercial CIHEWS program would be developed and
brought before the Commission £or approval. If the results from the
resaarch project fail to meer any of FPL’s criteria, including cost-
effectiveness, the CIHWS concept would be discontinued and no further
Energy Conservation Cost Recovery ("ECCR") money would be spent on this
projece.

Customers who participate in the research project will be approached
on an individual basis and incentives may be required for customar
participation. FPL may seek a research facility to manage and perform
tha CIHWS research project on a turnkey basis. Payments and all cother
identifiable costs associated with the project will be limited to the
project cost amount shown in Exhibit II. Any deviation in costs will be
reported to the Commission as part of FPL's semi-annual ECCR Factor True-
up. Further, FPL may seek funding for this project from sources such as
EPRI, U,S5. Department of Energy (DOE), Governor’'s Energy Office (GEO)
and/or other entities interested in electric energy conservation
research. If successful, such funds would be used to lower ECCR costs

and/or expand the scope of the research project if justifiable.




Section 3 - Project Monitoring and Analysis:

FPL would target those customers most likely to benefit from the

technology as candidates for the research project. The objective cof the
research project would be to demonstrate and quantify the demand and
energy impact as well as customer savings when compared with a
conventional system, FPL anticipates ths total monitoring phase of the

project would be lor a period of 29 to 32 months. That is:

Site Selection/Installation 4-6 months
Monitoring 24 months
Analysis 1-2 months

Project results would be reviewed monthly during the monitoring phase of

the project.

Section 4 - Cost-Effectivensss:
A fvlly implemented CIHWS program is projected to be cost-effective

using the Commission’s approved cost-effectiveness methodology and EPRI's
Load Management Strategy Testing Model ("LMSTM"). Appendices II and III,
attached hereto, contain these results. The cost of the research project
is included in these analyses. For a hypothetical future CIHWS program,
FPL estimates a total utility cost per customer of approximately 351,300
with administzative costs of 5500 and incentive costs of $1,000 and

15,000 participants by ths year 2008.




EXHEIBIT I
FPL'S COMMERCIAL/INDUSTRIAL HOT WATER STORAGE RESEARCE PROJECT

Hypothesis:

Commercial/Industrial Hot Water Storage ("CIHWS") will provide individual
customer savings as well as reduce FPL's system peak demand,

Purpose of the Research:

To make a business decision for the development and implementation of a
CIEWNS program in 1593 estimated to provide 54.73 MW of peak demand
reduction by the year 2008.

Cbiecti Study:
o To develop the most viable and feasible method for this technology
o To compare KW reduction and cost differential of a hot water storage
system over a conventional hot water system
o To discover and overcome potential barriers that may be asscciared
with this technology
-] To test acceptance of the technology with architects and engineering
consultants
- To make a qualitative assessment of customer acceptance as a base
for a market research study to determine target markets and expected
penatrations '
o To quantlify the data used for EPRI's Load Management 5Strateqgy
Testing Model (LMSTM)
- Seasonal Load Shapes
- Seasonal KW Impact
- Seasonal KWH Impact
Mathod:

Conduct Research and Development Frocess as described in Exhibitc II.




EXHIBIT I

DEVELOPMENT PROCESS FOR FPL'S COMMERCIAL/INDUSTRIAL
HOT WATER STORAGE
RESEARCH PROJECT

Stage | - Establish Research Concept Prolgcted Costs
ey

3) Institute Search (EPRI, EEI, elc...)

Objective: Gather Data and Define Research $ 15,000

Objective and Scope

Objective: Determine Benefit'Cost Ratio for Viability $ 7,500

Stage IIl - Technical Evaluation

1 m’w
Laboratory Tests
351 Technical Analysis
Objective: Identify Feasibility and Risk Factors $ 42,500

MILESTONE - Management Rgvigw

Objective: Confirm Economic and Technical Assumptions $135,500

$ 24,500
Total Projected R&D Costs = $225,000
8
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T=1I1

SUMMARY OF INL..IDUAL AND COMBINED « _.MAND-SIDE OP HIONS
BENEFIT/COST RATIOS
(NPV - 1990 MILLION §)

Prasent Presoanl Value LMSTM
Valueol Present  Prasent  Value ol LMST™ of Net ac
Program  Valveol  Valueol  Net Bonelis B/C Ratio Benalls Ratko
Cogts  Royenue NetCosts (W/IOGenDel (WNOGenDel GenDel  (WiGen Del (WiGan Def
DEMAND SIDE OPTIONS: (Gen) Losses  (Total) Crodds} Crodits) Credit Credits) Crodijs)
1. Rasidoniial Ceiling lnsutation 14.07 BR26 23 G041 arn - F ) 99.80 128
2 Conservalion Window Treatment .2 1.1 a0 182 an 1087 2912 1.18
3. Residential High Eficiency HVAC * 8170 WATS 23045 14340 o062 130.06 27346 1.18
4. 'Water Haaling HRU an 240 512 285 056 2490 525 1.03
5. CA Chitler Ratrolits 402 17558 218.60 12938 064 5280 2215 1.08
& CA Thermal Energy Siorage 14.66 b 1T 14,1 042 £3.09 79.80 200
7. CaEmclent Lighting 1068 sa.or 6T 44.20 o064 2838 T258 1.05
8. CACentral Chillas Systam 299 1.9 10.68 7.00 064 8.12 1312 119
9. CA Hot Water hnrql a7 1752 26.89 14.18 053 47 45.65 1.70
10, CA Cokd Al Distribution System 1.05 408 510 a6 oan 250 &N 1.20
11. CAHaal Pipe 4.18 65T 63.852 4654 as7 67.04 11358 1.62
12 CAWaler Heating Heat Pump 1.10 4.608 570 452 ] .70 822 1.08
12. Raesidential Theemal Energy Siorage 504 0.00 584 0or 013 522 5895 1.02
14. ANl Conservation Programs 198.18 506 45 T8 .63 502.00 0el 481.00 8831.00 1.24
15. On Call (ALC) 4TE.10 21.42 49752 002 48 18 NA DO2.46 LAl
168 CA Load Managament 252 17084 17338 22825 1] MIA 226.25 1]
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