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Power Authority (VVAPA) and the Virgin Islands Energy Office (VIEO). Although there are 
too many to acknowledge individually, we would be remiss in not mentioning key people. 
At WAPA, Albert0 Bruno-Vega] the Executive Director, and Donald Francois, the Chief 
Operating Officer, facilitated the collection of information by making themselves and their 
staff available throughout the study. Special thanks go to Glenn Rothgeb and George 
Shepherd who coordinated visits to the generating sites on St. Thomas and St. Croix, 
respectively, At VIEO, Director Claudette Young-Hinds’s enthusiasm and interest in 
energy conservation and integrated resource planning set the over-all tone for the 
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the course of the study. Finally, we thank Onaje, Beth Richards of Sandia National 
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As with other island-based, insular power systems, the avoided cost of power for 
the Water and Power Authority PA) of the U S  Virgin Islands (USWI) is high relative 
to that of US.  mainland electric utilities. First, the need to produce potable water requires 
that WAPA’s electric generating system operate at efficiency levels lower than would result 
in the absence of the need to jointly produce water and power. Second, the inability to 
purchase power from n ~ ~ g ~ ~ o r ~ n g  utilities necessitates higher reserve margins than would 
be required if WAPA had sources from which to purchase power. 

These two operating conditions suggest that integrated resource planning (IRP) 
should be especially attractive to WAPA. IRP is a planning paradigm that gives electric 
utilities more options to choose from when making resource selections and, therefore, 
generally results in lower costs. That is, rather than choosing from among conventional 
generating alternatives to satisfy future load requirements, utilities also look to the 
demand side as a source of resources--i.e., demand side management (DSM)-in this 

process, They then select the least-cost mix of resource options. 

In this study, we take the first steps toward implementing an IRP process in the 
USVI. Using its existing resource base and the supply and DSM options that it has in the 
future, we simulated WAPA’s resource selection process over a 20-year planning horizon 
using Safeplan, an IRP planning model. The results suggest that WAPA can significantly 
reduce its cost of providing electricity by implementing DSM programs. For example, 
under external conditions most favorable for generating electricity with fossil fuels--Le., no 
increase in the real price of fuel input costs over the 20-year period--the cost of 
generating electricity and the amount of kWh needed over that period can be reduced 
nearly nine percent by implementing cost-effective DSM programs. Cost and kWh 
savings are greater under less favorable assumptions about (1) the input costs for 
generating electricity and (2) ather conditions that WAPA will confront in the future. The 
results also indicate that DSM programs targeted at the residential sector can save 500 
gallons of water annualiy for participants in the program. 

These dollar and energy savings are only indicative of the potential. Although 
they include savings for the types of DSM programs that have proved cost-effective for 
mainland utilities (e.9. load management and commercial and industrial lighting 
programs), data limitations prevented development of other DSM programs that have also 
proved cost-effective on the mainland-especially for industrial customers. Therefore, a 
major recommendation of the study is that this data gap be closed. One way to 
accomplish this is to survey WAPA’s customers to find out the penetration levels of 
appliances and characterize the consumption behavior of WAPA’s customers. Information 
gained in the survey can supplement data obtained from running pilot DSM programs. 
The renewable energy district in Frederiksted created by the USVI Energy Office is a good 
place to conduct pilot studies because of the wealth of information already collected on 
its electricity customers. 
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In this study, we show that, by implementing cost-effective demand-side manage- 
ment ( ~ S ~ ~  programs, the Water and Power Authority (WAPA) of the US.  Virgin Aslands 
(USVI) can meet its future energy service needs at costs lower than constructing and/or 
operating electric generating units. The DSM activities include (1 ) setting cost-based 
prices and (2) implementing programs to improve the efficiency of electricity-using 
durables used by WAPA's customers. The dollar and kWh savings from implementing 
DSM programs under various assumed conditions are summarized in Table S. l ,  

Table S.1 
Summary of Effects of lrnpkmenting DSM Programs 

Five scenarios 
USVl Water and Power A 

(In Percentages) 

Savings Resulting from BSM 

cost" Energyb 
~ Scenario 

No Fuel Price Increasesc 
EIA Fuel Price Forecastsd 
High Fuel Price increasese 
High Peak Load Growth' 
Environmental Externalitiesg 

8.9 
8.8 

10.0 
13.1 
9.0 

8.5 
8.9 
8.9 

10.0 
8.7 

SOURCE: Section 5 in text. 

"The cost savings (Le., net present value) in 1992 constant dollars over the next 20 years resulting from 
implementation of cost-effective DSM programs. See Table 10 in text for additional detail. 

?he percentage of kWh provided by cost-effective DSM programs in the year 2002. See Table 11 in text for 
more detail. 

CAssurnes that real fuel prices do not increase over the forecast period. 

dAssumes that fuel prices increase at the rates projected by the Energy Information Administration (EIA). 

'Assumes that fuel prices increase at two times the rate of growth forecasted by EIA. 

'Assumes that peak laad grows at. one percentage point higher than that projected by WAPA. 

glncllJdes a cost for environmental externalities, effectively increasing the cost of producing electricity using 
fossil fuel generating units. 
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The results in Table S.1 suggest that the conclusions are robust, prevaiaing over 
a wide range of conditions that WAPA cesuld esnceivably confront over the next 20 years. 
As Footnote a indicates, cost savings are the percentage reduction in costs over a 20- 
year planning horizon from imp~ernenting cost-offective DSM p r ~ g  
DSM programs are those for which the estimated costs of impieme 
their estimated benefits (see Table 9 in text far costbenefit ratio 
under the five scenarios). Likewise, as Footnote b indicates, the e 
amount of kWh sawed as a result af implementing BSM programs (see Table i 1 in text). 

The resu!ts in Table S i  were obtained by applying She principles of integrated 
resource planning (IRP) to WAPA's electric power delivery system. IRP is a ~ ~ ~ ~ ~ ~ ~ ~ n t  
tool that allows utilities to cansistea~lily compare the cost-effectiveness of all their resource 
options-those on bath the demand and supply side- taking into account the financial, 
economic an3 reliability differences of those resources. Si 
increases the choices available to an electric utilily in rneetiw 
thew selects the mix of options with the lowest cost. U.S. utiliti 
can cost-effectiwly lower capacity requirements by more than 25 percent using the IW 
process. This occurs while simultancously meeting all customer service needs, an 
generally with lower costs per kWh. 

options included in the simulations were compared to a 22-Mi 
combustion turbine generating urnit, WAPA's av~ided unit. Because of data limitations, 
it was not possible to quantify the parameters for every potentially cost-effective QSM 
measwe. Based on experiences elsewhere, it is expected that some of the most 
prominent savings lie in measures whose parameters cannot. be qu ntified without further 
study. Therefore, the dollar and kWh savings shown in Table S.1 understate the cost- 
effective potential for DSM programs. The six DSM programs and corresponding 
measures that were included in the simulations (with results in Table S.1) are: 

BR residential time-of-retirement program 
6 solar water heating 
Q cooling 

B residential retrofit program 
e lighting 
8 other, including such  measures as low-flow faucets and showerheads, 

increased insulation, and the like 

8 ~ i  co m in e r c i ai an ci i n d II s t r i al i i m e -of- I e t i re rn e n'r p r o g ram 
Q cooling 

1 ~ w  commercial and industrial retrofit program 
Q lighting 

B new construction 
B residential 

a laad management program 
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e commercial 

Measures that were not part of the simulations (and, therefore, their savings are not 
included in Table S.l ) I  but which should prove cost-effective after quantifying the 
parameters of the program include: 

cost-based electricity pricing 

a residential time-of-retirement program 
0 refrigeration 

commercia! and industrial time-of-retirement program 
0 solar water heating 
e motors 
a other, including refrigerators, stoves, ovens, and the like 

commercial and industrial retrofit program 
0 other, based on custom energy audits 

new construction 
0 commercial 

a load management program 
0 industrial 

Other conclusions emerging from the assessment include: 

Because of declining operating costs experienced over time in applications 
elsewhere, electricity generated from wind could be competitive in the USVl in the medium 
term if land can be made available at a reasonable price. Government-provided land,can 
be used for other high-value purposes--Le., it has a high opportunity cost. 

a An offer from the Amerada-Hess Corporation to supply up to 15 MW of 
capacity on an interruptible basis on St. Croix has financial merit from WAPA's standpoint. 
However, from an economic point of view, DSM activities are more attractive because of 
the environmental externalities associated with the Hess power, 

a Waste management is a pressing need in the USVI, but the energy potential 
from a waste to power operation is not sufficient for WAPA to expend its scarce 
resources. However, the plant($) may be attractive to the private sector. 

The ocean thermal energy conversion (OTEC) proposition should only be 
considered if WAPA bears no risk beyond agreeing to buy the electricity and water at its 
avoided cost. 

The combination of small land mass, geological features, and relatively small 
total demand limits the cost-effectiveness of other central-station, supply-side renewable 
energy options on WAPA's system. As a result, options such as mini-hydro, solar 



thermal, ai;d geothermal were rat  cisnsidered in this study. Their cost-effectiveness in 
the USVl awaibs furlher technological development andlor experience elsewhere. 
However, there are inany decentralized and demand-side applicatians sf sc~kii 
phOtoVQh iCS OP the ISlandS. 

a On the water side, the paodw.iion facilities hava a satisfactory performance 
record. Leaky distribution systems are the ftmdamental cause of water-supply problems 
to end users AlthoLJgh an effcrrt to remedy this is underway, there can be no real relief 
until funds are made available Bo repair these distribution systems. 

The prirmry iecomn-iendation of this study is that this initial IRP as.t;essment be 
convveded into an ERP process at WAPA. That is, as Table S.1 suggests, changing 
conditions external to WAPA (e.g., changing fuel input prices, higher electricity demand 
growth rates) can change the cost-effectiveness of different iesource options. This 
suggests that IRP is no? a one-time asscssrneat, but rather a continuing process 
Recognizing the dynamics of this process, it is irnportant that IRP be institutionalized at 
WAPA. One approach used by mainland utilities is to use a team concept with 
represertatiwes from all dcpartrnents of WAPA. The eentcr of the process, an inte 
team, takes input from demand-side and supply-side teams. The integration team is 
ultimately responsible for developing the it-itcgra'ied plan arid rnaking resource acquisition 
recommendations to upper management. 

Also, data colleckisn on electricity customers is a frsb-order priority in 
institutionalizing the lRP process. 
residential, commercial, and industrial customers on St. Th 
supplementir,g the energy amlit data being collected in the F 
energy district. Another complementary approach is to conduct pilot programs of 
potentially the mast cost-effective DSM programs such as soad management and 
commercial and industrial lighting programs. A good piace to conduct the pilot progaa 
is in the renewable energy districts created by the Virgin islands Energy Office. Data 
collected from these pilots can be used to develop island-wide BSM programs. 

One approach is to conduct suwe 

Finally, to implement the IW$ process in the USW, w e  recommend that appropriate 
parties fainiliarime themselves with its phases and con-iponcnis. Fer commissioners of the 
USVl's PSC, the WAPA governing board, and upper-level WAPA management, we 
recornmerid an executive familiarization session, lasting three or four hours. For staff of 
WAPA and the VIEO, we recommend lengthier sessions, running for three to five days 
and using this r e p ~ r l  as the reference paint fer the sessions Any additional training can 
be provided by general OSM and SRP workshops conducted on the mainland. 
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1 .I D PURPOSE OF THE STUDY 

The U.S. Virgin lslands (USVI) has a number of electric power resource options 
available to it on the demand side to meet future load growth in addition to Constructing 
and operating combustion turbine generating plants. The purpose of this study is to 
determine the most cost-effective mix of those demand and supply options over the next 
20 years. To accomplish this, the principles of integrated resource planning (IRP) were 
applied to the electric power delivery system of the USVl’s Water and Power Authority 
(WAPA), the sole public utility in the islands. The assessment was coordinated by Oak 
Ridge National Laboratory for the USVl Energy Office (VIEO) and WAPA. 

1.2. A PRIMER ON IRP 

1.2.1. M a t  is IRP? 

Spurred by the rising costs of constructing new electric generating planis, high 
fuel costs, and increasing environmental concerns over emissions from fossil fuel plants, 
electricity producers in many countries are iooking to the demand side as a source of 
resources for meeting energy (Le., kWh) and load (Le., kW) requirements. That is, 
changing the pattern and level of electricity demand (Le., demand-side management 
(DSM)) is weighed as a resource option on an equal footing with traditional supply 
resources (e.g., building new generating stations, extending the life of old ones, or 
purchasing power from other sources). The process of selecting a resource mix on the 
basis of comparing the benefits and costs of demand and supply resources is referred 
to as integrated resource planning (IRP). The IRP process is a combination of (1) 
traditional least-cost planning, a process by which utilities minimized the cost of 
generating a given amount of electricity and (2) demand-side planning. Its goal is to 
provide needed electricity at the lowest possible economic, social, and environmental 
cost. 

In Figure 1, we place DSM planning in the context of a dynamic electric utility 
pianning framework, including (1) factors that motivate utilities to consider DSM planning, 
(2) the relationship between demand-side planning and the IRP process, and (3) the 
implementation and evaluation of both DSM and supply resources (Hill, Hirst, and 
Schweitzer, 1991). The process is dynamic not only because planning by its very nature 
is evolutionary but also, as we show in Figure 1, because the effectiveness ab DSM 
programs has feedback effects on both the process of selecting the programs and the 
way in which they are implemented. The effectiveness of DSM programs, of course, can 
be determined only by systematic program evaluation (Hill, Hirst, and Schweitzer, -1 992a). 

As we show in Figure 1, the regulatory environment (discussed further in Section 
1.2.3) and characteristics of a utility’s power delivery system and customer 
influence decisions on whether to pursue IRP. For example, the types of generating units 
used by electric utilities can be a motivating force to consider the demand side. Based 
on statistical analysis of responses to a survey of 24 U.S. utilities, the percent of total 
peak (kW) resources projected to be met by DSM is larger for utilities with greater 
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dependence on ail and gas generating units, which have higher costs per kWh 
generated. Similar conclusions result from energy consumption ~ k W ~ ~  avoided by 
conservation programs. That is, if production costs are higher, utilities try harder to 
promote reductions in their customers’consumption (Schweitzer, Wirst, and Hill, 1991 ). 
On the demand side, utilities with low load factors are more likely to seek ways to shave 
peak load. There are several powerful DSM tools that can be used to accomplish this, 
including electricity pricing (Hill, 1990, 1991 a). The goal in all cases is to find the mix of 
supply and demand resources that lowers cost and, therefore, increases potential profits. 

The final two sets of blocks on ~ m ~ ~ e ~ e n t a t i o ~  and e ~ a ~ u ~ t ~ o n  are ~ m ~ o ~ a ~ ~ .  DSM 
programs are implemented and evahate in the same way that supply resources are. 
That is, DSM programs are treated parallel to the manner in which a utility chooses to (1) 
build a power plant, (2) construct , and (3) evaluate its performance. The problem that 
many utilities confront in treating SM and supply resources in a parallel manner is the 
lack of data on running DSM programs. The technical savings of these programs are 
generally well known, It is the marketing side where utilities are deficient because firms 
do not have enough information to know how their decisions will affect their potential 
profits. They need information on: 

a the number of customers using different types of electricity-using durables 
and, therefore, the total amount of savings available from a program; 

the possible market penetration of energy-efficient durables; 

penetration, and 
quantification of the trade-offs between marketing these durables and their 

the most effective financing mechanisms for different programs. 

1.2.2. Contribution af DSM Programs 

In Table 1,  we present some evidence on the contribution of DS 
meeting future electric energy (kWh) and peak load (kW) in the United Stat 
are based on survey responses from 24 US.  electric utilities (Schweitzer, Hirst, and Hill, 
1991). The 24 utilities represent one-third of the U.S. electric utility industry in terms of 
peak load. The survey results are presented on two bases: (1) the percentage of total 
resources (Le., energy services supplied) accounted for by running DSM programsi which 
can also be interpreted as the percentage reduction of total demand attributable to 
running DSM programs and (2) the percenta incremental resources &e,, energy 
services supplied) accounted for by running programs, which is the fraction of 
additional resources added by utilities in the l0-year period from 1990 to 2000 that are 
accounted for by DSM programs. 

To facilitate understanding these two bases, we characterize them in Figure 2 (Hill, 
Hirst, and Schweitzer, 1991 ). The No Incremental DSM curve is a reference forecast from 
the Current Year forward, a best-guess of what load is going to be before including the 
estimated effects of DSM options. The Projected Load curve is a forecast of future load 
requirements, including the effects of DSM programs. Existing Supply Resources refers 
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Energy" Peak Load" 
-......... ____ ...... ...... 

1990 200Q 2080 

-. .I_ 

Total Ress~sree Basis 0.5 3.8 1 .a 6.2 

ental Rssausce Basis NA 15.5 NA 27.7 

SOURCE: Schweifzea, Hirst, and Hill, 1931 

RWcighted average, based on responses from 21 utilities. 
depending an the denland characteristics of individual utilities. 

Peak could occur in the summer or winter 

NA - Not Available 

to the amount of generating capacity that is committed and known at the time the plan 
is being developed. That amount is shown declining over 8he forecast horizon in Figure 
2, implying a net depreciation of supply resources. 

The survey results shown in Table 1 indicate that U.S. utilities will significantly 
increase their DSM activities on a total resource basis from 1990 to 2000. In the year 
2800, peak demand, for example, is forecasted by these 24 utilities to be 6.2 percent less 
than it otherwise would be if DSM programs were not irnpiemented. The savings on an 
incremental basis are much larger, of course. Neariy 38 percent of additional peak 
electric pawes resources (kW) will come from the demand side in 2000. Projected energy 
savings (kWh) are one-half of paajected peak load savings, suggesting that load 
management programs (e.g., direct load control programs that change the time when 
electricity is used) are more pervasive and/or effective than those aimed at improving 
energy efficiency (e.g., conservation programs), This will likely incse 
initiatives and from recent passage of the Energy Policy Act of 1992 (as discussed in 
Section 1.2.4 of this report). 

The data in Table 11 are weighted averages of the 24 utilities responding bo the 
survey. Clearly, different utilities with different operating conditions ;(vi11 have different 
potentials for DSM savings. For example, all other conditions the same, utilities that 
aggressively pursued DSM programs in the past will not have the same savings potential 
ten years from now as those utilities just beginning DSM planning. Utilities with different 
climates and different lead factors will also have different DSM potentials. To demonstrate 
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Figure 2 
Characterization at %~xemental and Tatal Resources 
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different potentials across utilities, we disaggregate the survey results presented in Table 
1 to individual utilities in Figure 3 for the incremental resource projections. Some of the 
utilities are projected to get as much as one-half of their additional energy and peak load 
resources from DSM resources in the the next ten years. Other utilities, however, will not 
obtain as much as five percent of their energy requirements from DSM programs. The 
variation across utilities is large. 

1.2.3. 1RP and the Regulatory Environment 

An important feature of the resource planning environment is the ~ e l a t ~ o ~ s h i ~  
between a utility and its state regulatory commission. The nature of this relationship 
varies substantially from state to state due to a variety of factors, including the history of 
relations between utilities and their regulators, regional regulatory and political culture, 
and the nature of legal requirements imposed by legislation or administrative order. 

Studies focusing on various aspects of this relationship (e.g., Mitchell and 
Wellinghoff, 1989; Charnbeslin, Fry, and Braithwait, 1988) concluded that, while wirtually 
all states encourage resource planning, many do not require that the plan be approved 
by the state. In some eases, a long-range plan must be submitted for regulatory 
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approval, but the contenas of the plan are not prescribed. In sthers, for 
not required; but the plans must address certain issues, such as treatment of unc~rtaiirzty. 
A number of states have recently passed reg~dakions requiring that DSM resources be 
treated equally (or even prefeientiaiiy) with supply resources. Other states are in the 
process of passing similar regulations. 

Of the 24 states included a survey sf uti$itics (Sckriwsitmer, Hirst, and Hill, 1991), 
legislation or administrative order in 1 8 :squire utilities to prepare integrated resource 
plans. And, eleven of the csmmissions in the 18 states faamally approve the plans. 
Finally, approval by tho eamrnisskm for use of a resource depends on its inclusion in a 
formal resource plan in seven of the  states. Statistical analyses of the responses of these 
utilities in these 24 stzttes sug est that utilities required by ~~~~~~~t~~~~ or administrative 

are long-term integrated resource plans rely rmre  heady on DSM to meet 
additional peak demand than thass? utilities not required fs prepare a plan . 



Filing requirements vary widely. In evada, for example, utilities are required to 
file an Electric Resource Plan with the Public Service Commission every three years, 
extending 20 years into the future. Utilities in North Carolina, on the other hand, must file 
a comprehensive description documenting the planning process every three years; an 
update is required in the i ~ t ~ ~ e n ~ n ~  two years. 

A recent survey of all UGs (Cohen et a!., 1998) shows the extent to which state 
regulatory authorities require externalities to be considered in utilities' selection of 
resources.' States were placed in one of four categories, depending on the degree to 
which externalities were required ta be considered in selecting resources: (1 operational: 
approaches developed or rules passed; (2) developing approaches: not as yet 
implemented or failed to pass; (3) awareness of the problem, but no formal procedures 
established; or (4) no evidence of treatment of exiernalities. Combining the latter two 
categories into one, the results showed the following: 

17 states had operational approaches; 
E 7 states were develaping approaches; and 
E 24 states had not addressed the problem. 

Therefore, more than one-third of the states had rules for treating externalities. The study 
showed that three approaches are used to take account of externalities: 

I qualitative treatment in which externalities are assessed by relative degrees 
of environmental degradation; 

(I a percentage adder approach that either increases the cost of supply-side 
resources or decreases the cost of ones on the demand side; and 

I quantification of the cost of externalities. 

Eight of the 17 states that have rules for treating externalities require quantification of the 
environmental effects of using different resources. Also, several regulatory commissions 
indirectly incorporate externalities in the ratemaking process by permitting higher rates 
of return for resources which do not affect. the environment. For example, Connecticut 
allows up to an additional five percent rate of return for investment in DS 

1.2.4. Impact of the Energy Policy Act of 1 9 9 2  (EPAC 

EPACT is a wide-ranging piece of energy legislation that has implications for how 
energy is produced and used far many years to come. Although many provisions of 
EPACT do not directly pertain ta the USVI, certain provisions will have a significant 
impact: (i) energy efficiencpincluding those relating to electric utilities, (ii) changes to the 
Public Utility Holding Company Act, (iii) renewable energy, (iv) provisions for grants, taxes, 
and subsidies, and (v) policies directed at insular areas . The purpose here is not to go 
into detail on how each of these provisions will affect the  USVI. That already ha3 been 

'Tennessee and Nebraska, which ar E: dominaled by publicly owned utilities, were excluded from the 
Survey. 
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accomplished (L.aitr-aer and b-lsPmes, 1993). Rather, here we provide pieces of EPACT 
relating to IRP, energy efficiency, and electric utilities. 

Each electric utility shail e~nploy integrated reszaurce pianning. All plans 
or filings before a State regulatory authority ta meet the requirements of 
this paragraph must be updatsd m a regular basis, must provide the 
opportunity for public: participatican and eamment, and contain a 
reqiiirea-i-rent that the pian be implemented. 

The piofitability of investments on the dei~la~cr; side was also addressed by 
EPACT, again 3s a wggestiaa to PbJRPA's language- 

The rates allowed io be charged by a Slate regglated electsic utility shall 
bc such that the utility's investment in and expenditures for energy 
consewaticn, energy efficiency resmiceq and ottasr demand side 
management n-ieast~res are at least as profitable, giving appropriate 
consideration to income lest from reduced sales due to investments in 
and expenditures for conservation and efficiency, as its investments in and 
expenditures for the construction of new generation, transsmission, and 
distribution equipment. Such energy c~nsewation, energy efficiency 
resources and other demand side managemect measures shall be 
appaopr iately monitored arid evaluated. 

An assessment team, organized and coordinated by Oak Ridge National 
Laboratory, conducted the study in three phases. In the first phase beginning in January 
1992, the team concentrated on the power delivery system It involved disciissisns with 
WAPA staff members and on-site visits to WAPA's generating sites on bath 5%. Croix and 
St. Thomas. The purpose of the discussions and site visits was to gain 8 better 
understanding of WRPSA's power pxerating operations and to gather data on units 
presently in operation and "rose committed for the future 

The goals in this first phase were (1) to gain an understanding of the operations, 
maintenance, dispatch, and new capacity planning strategy and practices used by WAPA 
and (2) to review about 18 nlonihs worth of operations data (1 2 for St Croix) to laok at 
efficiencies and availabilities achieved, ebe The 12- and 18-mmth  periods were selected 
as the best past-Hugo periods afcr the chaos of the hurricane, and with the  coining 0f 
normal operations $re-Hugo operations were not considered relevant far the ciirrent lRP 
activity. The Beast-cost expansion plans W C ~ E  revievvedl the plants were given a walk- 
through inspection, operation and maintenance data files were examined and selected 
information copied; ORM staff were interviewed, and s~pesvisoiy and management staff 
were interviewed Finally, f tw activities were coordinated with staff af the VIEB. 
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The purpose of the second phase was to gather information on demand-side 
options. The first-order priority was to gather data to quantify the parameters sf such 
measures as improvements in residential and commercial lighting efficiency, residential 
solar water heaters, and load management programs, Data sources included ~ n ~ ~ ~ ~ a ~ ~ ~ ~  
gathered from the renewable energy district on St. Croix and WAPA’s customer billing 
data. 

The information gathered in the first two phases was combined in the final phase. 
Resource options were ranked on the basis of costbenefit ratios using SAFEPLAN, a 
flexible utility planning model designed to simulate resource selection. 

1.4. REMAINDER OF THE REPORT 

The remainder of the report has five sections. In the next section, we discuss the 
energy and water situation in general terms. After discussing the relevant institutions, we 
turn to the physical water and power supply systems and historical consumption patterns. 
In Sections 3 and 4, we discuss WAPA’s existing and future supply and demand options, 
respectively. In Section 5, we discuss the simulation of resource selection, including the 
modeling tool, the scenarios, and the results. Our recommendations are presented in the 
final section. 
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2.1. RELEVANT INST 

The U.S. Virgin Islands Water and Power Authority (WAPA) is a publicly owned, 
regulated utility responsible for the generation, transmission, and distribution (in reality 
generation and distribution) of electricity on the 3 main islands of the U.S. Virgin islands 
chain, plus the production and distribution of water through large-scale distillation 
systems integrated with the major power plants on St. Thomas and St. Croix. Prior Za 
1988, WAPA produced and sold water to the water distribution system which was also 
owned by the government, but organized separately from WAPA. On January 1 ,  1988, 
the water distribution system was transferred to WAPA‘s control. The two systems are 
separately financed. The water system is a customer of the electric system, paying for 
both electricity and other shared administrative expenses of their joint operatioq. The 
tariffs of the water and electric power systems are regulated by the Public Service 
Commission in the islands. 

Similar to mainland energy offices, the U.S. Virgin Islands Energy Office (LEO) is 
an agency of the territory’s government. For the past three years, it has offered a rebate 
program to WAPA’s electricity customers for purchases of energy-efficient appliances, 
including solar water heaters, air conditioners, and refrigerators. 

2.2. JOINT PRODUCTION OF WATER AND POWER 

The St. Thomas and St. Croix electric systems are isolated from each other and 
the power systems of neighboring islands. Therefore, each has no fall-back position 
other than its own reserve capacity. St. John relies on an underwater cable connection 
from St. Thomas. It has a diesel generator that can handle about one-half of the island’s 
peak demand. 

The isolation of these systems is an important consideration in their daily 
operation because the power system dispatch strategy must take into account the 
vulnerability of the system to both routine and catastrophic failure. There is a severe 
economic penalty to be paid for power outages. WAPA does not have the advantage of 
inter-connection with other grids as either a shock absorber, or as sources for power 
purchases should it become necessary. Therefore, in comparison with other electric 
utilities, WAPA must maintain a larger generating capacity reserve margin to prevent 
against a catastrophic failure of the system. 

The other important characteristic of the generating system is the production of 
distilled water from sea water that is normally accomplished with turbo-generator 
extraction steam in a true cogeneration fashion. That is, the electric and water systems 
share dual-purpose plants for the production of electricity and water. Soilers used to 
supply steam for the operation of water desalination units also provide steam for turbines 
used in generating electricity. The steam demand of the evaporation systems is flat @e., 
a constant demand in pounds per hour of steam), which does not allow for the turbo- 
generators to be operated in a load following mode. 
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Water production has a satisfaacliisy record, but plagued by poor distsiitPutitm 
facilities The desa!iriaiissr systems perform admirably, but new capacity is not the best 
technical choice ai this time. The distrik.ulic+n system is old and leaks badly. Between 
a marginal amaunt of water storage and the undsrgsaund losses, the supply Is almost 
always strained. Thc existing I.D.E. desal;nation systems are state-of-the-art systems. 
Experience over the years has proven that the integrated operations of water and 
electricity production equipment involves some loss of flexibility of dispatch on the 
electricity generation side. 

Bo:h the St Thoinas and St. Croix plants have a similar operations stralsgy based 
an similar equipment availability. Operations are tied directly to the paaductisan of water 
in such  8 way as to limit the operational eflicierecy of the power generatian activities for 
about 12 hours per day. The insuiar natrire of the electricity grids on bath islands also 
dictates a certain conservative operatiom! apgroact-s--;Pnd unit size selection far new 
capacity additiur1s. 

WAPA's operational strategy mcrst be considered in the context of the current and 
projected future 24-hour demand curves. The curves differ between St Thomas and St. 
Croix a littile, mainly because of the heavies commercial, tourist-oriented mid-day air 
conditioning load on St Thomas. This load extends the mid-day peak virtually fiat for up 
to 5 hours, followed a little latter by another shoder peak when the wark force 
In Warms of the ratio between the daily peak and daily minimum, there is simi 
ratio of less than 2 to 1 far both systems. This is attributable to the night-time air 
coe-aditioning load. St Thomas should have a new gas turbine on-line shortly (sitting on- 
site with installation scheduled to hnmineni.ly begin), which will give it a reasonably safe 
reserve capacity margin, plus the waking? of a combined cycle instaliation with a waste 
heat boiler addition. St. Croix, on tho other hand, has a tight reserve margin, a pressing 
need to do a major overhaul on 2 eombustion turbines, a grawing demand, and a wait 

rhiaps 12 to 18 lnsntks far the Southshore installatian of 2 X 24mW Frame 5 
ustion turbines io come on-line. 

looking at plant availability for the two sites explains the dispatch strategy. The 
steam ~ t ~ i t s  are efficiently operated throughout the day as baseload units. The extraction 
steam is prsdlactiuely used for the first stags driving heat for the lmulti-stage distillation 
~ ~ Q C ~ S S  for seawater. The combustion turbines are operated bar peaking at reasonably 
efficient load conditions during the day, and at night for outage protection at rather 
inefficient load conditions. These gas turbines are of the type that have very stccp 
reductions in efficiency as the load is reduced. Therefore, these is a penalty in terms of 
fuel cast/kWh af production. The si~myle cycle gas turbines are operating ai a heat rate 
on average a third above full load expectations. This strategy is appropriate under the 
current load conditions, and with current equipment. 

The additional cost can be approximately quantified using simple assumptions 
Of the datal generation for the last 18 months, the combustion turbines produced absut 
one quarter. Of their dispatch, about one-fifth of the hours are under poor load 
conditions. The load during these hours would is approximately 55 percent of the 
average, or a total of 15.6 MW. The ~ x f m  liteel csstJbiWh is about a fifth above the average 
cost (2 X .Q7) equals $8.01 4 per kWH. Therefore, the annual cost penalty for maintaining 
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system ~ ~ e x i b ~ ~ ~ t y  for unforeseen problems is 15,608 kVV X 2Q00 hours per year X $0.01 4 
equals $436,800 per year. That translates to an additional cast of about .1 cents per kWH 
produced, if spread out over the annual production. This is not an unreasonable burden 

urchase o ~ e r ~ ~ ~ ~ ~  security- Even if the cost is really ouble the estimate (upper 
extreme considering probability), it is still reasonable with what is currently available for 
WAPA. 

As the demand grows, and newer more efficient dispatch choices become 
available, (more efficient combustion turbines and an ability to operate in combined cycle 
mode), this penalty should be reduced. The basic problem is that at least one extra unit 
must be kept an-line all night at a fairly Sow load so that it can rapidly pick-up load with 
any other failure because of the desalination process requirement. 

2.3. ELEGTRlCrrY CONSUMPTION PAhFERNS 

in Table 2, we provide information on WAPA's electric power consumption, divided 
between St. Thomas (including St. John) and St. Croix. The two sets of data define 
WAPA's two separate power systems. WAPA's customers have increased by more than 
two percent per year on average over the past five years. For both islands, the majority 
of the increase on a percentage basis is attributable to the commercial sector. The 
growth in electric power consumption is somewhat deceiving because it includes data for 
1990, the fiscal year in which Hurricane Hugo hit the islands. Electricity demand growth 
an St. Thomas is much greater than that on St. Croix, explained in part by the effect of 
Hurricane Hugo on St. Croix. 
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St. Thomas St, Croix 
._.-...___I___I I____ ......._.. - 
198s" 1992" 1987" 199P 

94,005 1 12,008 73,810 81,032 
52,664 69,Q82 28, I 95 34,695 

108,747 144,130 94,080 64,589 

Totalb 258,353 32S1296 178,029 180,311 

Number sf Customers: 

18,i 21 19,522 18,307 
3,065 3,890 2,454 3,283 

358 442 345 357 

Total 21,544 23,854 19,179 21,867 

Residential 
Csmnnercial 
I I7 d usi r i a1 

5,227 5,789 4,541 5,096 
17,777 17,522 1 1,834 12,98 

291,123 337,541 207,230 21 2,991 

SOURCE: MWl Water and Pvwsi Authority. 

'As d June 30, the  end of WAFA's fiscal year. 

b~nc~udes amounts for street lighting. 
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3. W E  SUPPLY SIDE 

In Table 3, we summarize characteristics of WAPAs existing electric generating 
units and those for which commitments have been made. The information is divided 
between the St. Thomas and St. Croix systems, reflecting the two insular power systems 
in the USVI, As the data indicate, we provide some background information on existing 
and committed units and the recent operating experience of the units, including average 
load, average heat rate, and duel cost per unit generation. The 6-month difference in 
operating experience data between St. Thomas and St. Croix reflect the relative severity 
of problems on St. Croix since Hurricane Hugo. 

The capacity and other operating variables at each plant have not been summed 
to a total for each of the islands. This is deliberate because of the integrated operations 
of the No. 6 oil steam turbine plants and the steam-consuming seawater distillation plants. 
When the distillation plants are operated, the extracted steam is taken at the expense of 
available electric generation capacity, The water production steam demand is nearly 
constant and the availability of the desalination systems is nearly 94 percent. Therefore, 
there is a built-in capacity restriction for the electricity plants. Also, because the steam 
demand for water production is virtually flat, there is another limiting factor--the system's 
capability to foilow electricity demand changes without upsetting the stability of water 
production. A summing of capacity amounts, therefore, is without foundation, 

As the data in Table 3 indicate, St. Thomas should have a new gas turbine on-line 
shortly, which will provide a reasonably safe reserve margin, plus the prospect of a 
combined cycle installation with a waste heat bailer addition. St. Croix, on the other 
hand, has a tight reserve margin, a pressing need to perform a major overhaul on 2 
combustion turbines, growing demand, and a delay of 12 to 18 months far the 
Southshore installation of 2 X 24 MW, Frame 5 cornbustion turbines to come on-line. 

The daily operation of both systems was described in detail in Section 2.2 above. 

3.2. FUTURE GENERATING OPTIONS 

3.2.1. Combustion Turbines 

A 22-MW combustion turbine is used as the avoided generating unit in this study. 
That is, the capacity benefits of employing any resource--whether that resource is another 
type of generating unit (discussed below) or a DSM program--is based on the capacity 
cost of a 22-MW combustion turbine. The combustion turbine costs $400/kW and uses 
No2 fuel. The cost of the fuel is scenario-based and will be discussed at length in 
Section 5. The fixed Q& cost is $1 G/kW/year. The total cost of the combustion turbine, 
therefore, is assumed to be $8.8 million and its construction period is assumed to be 
three years with 20 percent completed in the first two years and 60 percent completed 
in the year prior to its coming on line. 
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3.2.2. wind Energy 

Until the actual wind resource at specific Virgin Island Ioeaticns can be defined, 
it is possibie to use same ether Caribbean Island experience plus U.S. cost standards to 
give the wind option a tangible feel. Land availability and cost are the main determinants 
after the remame is defined. The irnportar-4 facts about wind are that reliability is 
increasing whiie the capital and Q&M costs Rave been steadily dropping. Wind is a 
legitimate gtility supply option with acceptable reliability, aa?d competitive k 
cos: if both the resource and land ar8 available. In Section 5, we define the operating 
characteristics of a 250 kW wind plant. 

A short-term contract with Hess to provide some rese e margin during the next 
12 to 18 months on St. Croix s81aesld be considered. Assumin nergy sales sf 180 MWh 
for St. C r ~ i x  in 1892 and the interconnection with Hess costs $1 2 5  million, the  burden on 
WAPA customlers would be about 0.5 cents per kWH far this security. l+%e power can 
be purchased far a lower price than it costs WAPA to produce peak power, then it should 
be dispatched regularly for peaks t~ compensate for the costs born far the hook-up, and 
not be used excltasively as a back-up reserve. For example, i f  Wess uses a mix of 
commercial and non-commercial fuels (refinery gas), the fuel cost should be belo 
sf WAPA’s Assuming that Wess pays less for No2 fuel than what WAPA pays for 
distillate, the estimated incremental fuel cost per kWH for Mess can be calculated. With 
a betior heat rate (higher efficiency) than WAPA can achieve because of a better demand 
profile, Hess should profit and thetransadion can be cost-ebfectivedsr WAPA. Estimating 
Hess’ NQ. 2 fuel cast to be $0.40 per gallon, and ab a heat rate of 10,666 BTU per kWH, 
the fuel cost itwrement is approximately $0.03/kWh. With other incremental cost ekrnents 
also lower for Hess than far WAPA, this would give Hess and WAPA the  proper amount 
of negotiating room to arrive at a favorable price for Wess and a savings for WAPA. This 
ccliild substantially reduce the potential 0.5 cents per kWH customer burden by simply 
connecting ta the t-Bess capacity. 

3.3.1. Pawar from Waste 

Both St. Thomas and St. CSQ~X have municipal garbage problems that are related 
to space shodages and the environment. The volume of garbage is not large (betaw 200- 
258 tons per day per island), and the energy potential is only 1 .O to 2.0 MW pes &!and. 
The possibility of transferring garbage from one island ta the other is interesting, but not 
feasible for aesthetic reasnns. The waste problem is real, but it is an environmental 
problem. From a p o k y  standpoint, options should be pursued, but WAPA should not 
have its resource base diluted by responsibility for a complicated problem that has only 
a limited energy benefit. 

One alternative worth considering is the potential of locating the waste ta energy 
plants at or adjacent to the existing WAPA plants (extremely sensitive and politically 
volatile cowideralion), and using the steam source to displace the need for total reliance 
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on the existing conventional steam plants to drive the desalination units for potable water 
production. The steam could be produced by, and purchased from a private entity, along 
with any power produced, or power could be swapped for water from the waste-fired 
steam plant. Options such as these need to be reviewed in detail. Their viability needs 
to be verified in the public arena, and a development strategy prepared, if viability is 
indicated. 

3.3.2. Ocean Thermal Energy Conversion (QTEC) 

Some private U.S. energy companies have been soliciting WAPA for participation 
in an OTEC project off the shore of St. Croix where an excellent OTEC potential exists. 
Because no commercially operating OTEC plants exist in the world, WAPA is not in a 
position to take any position that involves risk in such a project. It can, however, 
structure an agreement that would encourage a private sector developer in assuming the 
development risk. For example, WAPA could offer a take or pay contract that only binds 
it to guarantee payment for kWh delivered, if the construction is started by a certain date, 
and the plant is commissioned by a certain date. 

Perhaps of greater importance to WAPA is the potential for an OTEC plant to 
produce distilled seawater. While this aspect of the technology needs to be carefully 
evaluated further because of the possibility of extremely low temperatures (the 
temperatures would dictate a very severe vacuum condition at some expenditure of 
energy to allow the flashing to take place). If the distillation proves feasible, then the value 
of dual production of electricity and water could overcome an OTEC plants high capital 
cost. A reasonable cost range for the first commercial, 5-MW OTEC plant producing 2 
million gallons per day of seawater is $40 million to $50 million. With a power sales price 
of $0.1 0 per kWH, and a water sales price of $1 0/1000 gallons, the private sector might 
be tempted to take the risk for a long-term take or pay sales contract. 

3.3.3. Other Renewable Supply Options 

The limited extent of the land masses, the nature of the terrain, and the relatively 
small electricity demand all serve to limit the options for other renewable energy sources. 
For example, there are no potential water sources with sufficient volume, consistency, and 
head to consider hydro as an option. The grid is essentially everywhere, and with land 
issues, this inhibits the options for solar photovoltaics, except for specialized applications. 
Total electricity demand is too low to consider solar thermal, especially within the 
constraints of the desalination plants. There are no evident geothermal resources. 
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In this section, we define demand-side possibilities for WAPA’s two delivery 
systems. We organize the discussion aroun two topics: (1) behavioral possibilities (i.e., 
a tariff structure reflecting cost-based rates) and (2) technical ones (Le.$ programs to 
improve the technical efficiency of esectricity use by WAPA’s customers). 

4.1. ELECTRICITY PRICING 

4.1 . l .  The Current Situation 

?he USVl’s Public Service Commission (PSC) approves all changes in electricity 
rates proposed by WAPA. In this process, the overall level of electricity rates is set to 
ensure that WAPA generates a 1~25 interest coverage ratio. Defined as the ratio of 
earnings to debt service costs, the coverage ratio is an indication of WAPA’s ability to 
service its fixed interest charges. It is part of the covenant between WAPA and its debt- 
holders. 

Partially to ensure that WAPA achieves this coverage level, in August 1981 the 
PSC approved a levelized energy adjustment clause (LEAC) for the rate structure. ?he 
LEAC establishes the level of fuel costs to be recovered by WAPA for six-month periods. 
It is based on projections of those costs and is adjusted for any prior period’s over or 
under recovery of actual fuel costs. From July through December 1991, the LEAC rate 
was $.016152 per kWh. 

In addition to LEAC, in April 1991 the PSC allowed WAPA to petition for a 
temporary increase in the LEAC rate in excess of fuel costs to satisfy any deficiency in 
funds necessary to acquire the St. Thomas waste heat recovery boiler. The increase was 
limited to a maximum two mills per kWh of electricity sales. 

Finally, a Maintenance and Capital Fund Surcharge was allowed by the PSC in 
August 1982 to compensate WAPA for increases in the cost of producing electricity. In 
April, 1991, the PSC ordered the Maintenance and Capital Fund Surcharge to be a part 
of WAPA’s base rates, The surcharge is currently $0.01 6897 per kWh of electricity sales. 

WAPA’s current electricity rate stnrcture was implemented in July, 1979 by PSC 
Order No. 23-1 979. The order established five classes of electric service: residential, 
commercial, large power (demand-metered), street lighting, and private security lighting 
service. 

Residential users pay a fixed, customer charge of $2.73 or $7.45 per month, 
depending on the type of service. The variable charge is $0.09 per kWh for consumption 
less than 200 kWh and $0.0741 per kWh for consumption exceeding 200 kWh per month. 
Similarly, all commercial customers pay a monthly fixed charge: $2.68 for single phase 
and $9.71 for three phase service. The kWh charge for the amount of electricity 
consumption also varies: 11.59 @//kwh up to 1,000 kWh per month, and 9.74 (E/kWh 
thereafter. 
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C~irrently, the 'average' residential custonwr ow St. Thamas--cansuming 393 
kWh/msntk and wing a single-phase system-paid $48.02 %os elechfic sewice (i&, 
$2.68 +-200*$O.Q9+% 93*$9 0941). On, SI. Croix, the average residential customer with 297 
kWh pes month pays $34.50. Because the 'average' customer on St. Thomas uses more 
electricity than thc average an Sit. Cssix, the average price paid by the typical St. Thomas 
customer is higher. Similarly, the 'average' commercial C I ~ S ' B Q P ~ I B ~  on St. Thomas 
consuming 1,321 kWh per month and using a single-phase system--paid $1 93.50 per 
month far electric service. On St. Croix, the corresponding amsi.ant is $124. 
because of higher usage by the average cusbomes, the average price per customer is 
lower for St. Thomas' commsrclal customers 

WAPA's residential, commercial, and industria! tariffs are block rates, consisting 
of a fixed customer charge and declining energy ekarges--i,e., declining block rates. That 
is, the more consumption that a customer has in succeeding rate 'blocks,' the io 
average rate paid. OF, alternatively, the marginal price charged for succeeding bllscks of 
electricity consumption declines as more ekcdricity is used. 

Deciining block rates are addressed by the Public Utility Regulatory Policies Act 
Of 1978: 

- 
I he etsesgy csrnponent of a rate, or the amaunt, attributable to the energy 
component in a rate, charged by any electric utility for providing electric 
service during any period 'io any class of electric CQ~ISU 
decrease as kilowalt-hoi.ir consumption by such class increases during 
such period except to this extent fkai such utility demonstrates that the 
costs which are attributable to such  energy component decrease as such 
consumptisn increases diiring such period. 

These is ample room for WAPA to use electricity pricing as a DSM strategy by 
devising cast-based eicctrlcity rates The costs of serving different customer classes 
depends on the pattern of cuslomer loads. Ideally, a tarifd could be devised to capture 
the custorner hahYts of each individual customer. In practice, of course, this is infeasible. 
An option to aggiegate WAPA's customers into broad categories is the use of black rates, 
as WAQA has currently irnplernented Wsv~eve!, their current tail block rate structure was 
devised in 1979; consuming habits have changed dramatically sirce then. 

In other jut isdictisns, oost-based electricity pricing has proved a powerli.rl tool lo 
manage electricity demand. Using electricity pricing as a DSM strategy is a behavioral 
complement used by many Western hitilities as part of their technical DSM strategies. 1'1 
can be used both b y  itself 2nd 8s a financial incentive for other dernand-side measures 
(Hill, 1990, 1991 a). 
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To influence the pattern of electricity demand, the most widely adopted pricing 
strategy by Western utilities other than block rates is time-of-use (TOU) pricing, which 
refers generally to electricity rates which vary over the course of a year: hour-by-hour, 
day-by-day, or season-by-season (Hill, 1990). Time-of-day (TOD) pricing, a form of the 
general class of rates, has generally been effective in shifting electricity 
consumption from to off -peak periods. And, at least for higher volume users (high- 
volume residential and higher-voltage commercial and industrial users), it has proven to 
be cost-effective in the United States. Western utilities have also used another form of 
a TOU tariff, an interruptible or curtailable (I/C) one, t reduce demand on days when 
capacity utilization is approaching its limit, usually offeri rate incentives to large-volume, 
high-voltage consumers in return for shedding load for a limited amount of time on short 
notice. From every indication, these tariffs have been successful in reducing bath US. 
and Western European capacity requirements, 

In the immediate future, time-of-day pricing does not seem to be cost-effective for 
the residential sector in the USVI. For it to be cost-effective, average Consumption levels 
should be around 1200 kWh per month, typically caused by the penetratior of air 
conditioners and swimming pools (Hill, 1991 c ) ~  With average consumption levels less 
than 500 kWh in the USVl’s residential sector, devising a residential TOD rate structure 
does not seem to be worthwhile. 

Cost-based electricity pricing does seem to be cost-effective in the commercial 
and industrial sectors. However, to devise cost-based prices for these two customer 
classes, a cost-of-service study must be undertaken. The most recent cost-of-service 
study was completed in 1987 (Beck and Associates, 1987).’ 

4.2. TECHNICAL DSM PROGRAMS 

We consider six technical DSM programs, cutting across different end uses and 
sectors of WAPA’s customers: 

a residential time-of-retirement program, including solar water heating, 
cooling, and refrigeration measures. 

I a residential retrofit program, including lighting and other, miscellaneous 
measures; 

m a commercial and industrial time-of-retirement program, including water 
heating, cooling, electric motors, and other measures; 

I a commercial and industrial retrofit program, includ,ing lighting and other 
measures; 

I a commercial and industrial load management program; and 

Beck and Associates was completing an updated cost-of-service study at the  time this report was being 1 

prepared. 
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In the next ttirec seclims, w e  discesss assumptions of the: BSM programs for (1) 
residential customers, (2) a~~mlaierc~al and industrial eust.r~mers, ai-;& (3) new c:onstsuction 
programs, respectively. 

4.2.1. Wesidentiai Prsgrams 

In Table 4, we summarize characteristics of five residential DSM measures. The 
rneaswes fall into one of two yroyan-i categories: time-of-retirement (TOR) or retrofit 
programs. The TOR measures are targeted at ~ustornsrs when they replace their air 

program, bulbs aa?d lighting ~ R X ~ U E S  are installed by WAkA directly because customers 
lack sufficient information on lighting techncfagiss and their applications. The 'sther' 
measure sf the retrofit program is related to the lighting measure It is imglennented 
sirnultaneeusDy with the lighting measure. As the note Bo Table indicates, staned entries 
(ie., '***') far the  refrigeration measure in the TOR program indicate ";hat sufficient data 
to quantity the parameters of this measure are not availabie. The data in Table 4 are 
divided betwssn those specific to Si. Thomas (incleadiq St. John) and SC. Croix and those 
eeimmsn to both islands. Detail on common prcigmrrr data are in Appendices A.1 and A.2 
for the TOR and retrofit programs, respectively. 

conditioners, water heaters, and refrigerators. For the lighting measure of the seiroait 

Total customers for each of the five measures are total residential customers as 
of June 1992, the end of WAPA's fiscal year. They are the same for e ch measure. The 
customer program base is the number of custamers asslimed to have the durable under 
eonsidesat';an. For example, we assume that all residential customers have lighting 
fixtures and bulks. Hawever, we assume that only three-quarters of households have 
water heaters (footnote e in Table 4), one-fifth have room air-conditioners (footnote a), and 
90% have electric refrigerators (factnote g). Also, we oniy consider room air conditioners 
because sf insufficient data on the penetration of central air conditioners in i.tauseholds, 

For comm~n pqrarrm characteristics in Table 4, the dollar cost and energy 
savings per participant are based on specific features of each measure lhey will be 
discussed ii? detail below. Maximum participation rates asad the number sf years 
required "no 'ramp up' to the maximum vary across measures. That is, given 
characteristics of customers such as hx -me and education IoveSs, a relationship exists 
between the (1) percentage sf an electricity-using diiiabk's cost financed by the utility, 
(2) utility spending far promotion of She program. (3) maximum customer pWicipation, 
and the (4) 'ramping' rate to r-naximum pshticipation. For example, if WAPA were to 
finance more of the cost of an energy-efficient air conditioner, it is likely that more than 
50 percent of the customers would purchase the efficient one after three years--Le., the 
maximum participation rate would be greater than 58 percent. Tar the  rneasiiires listed 
in Table 4, we assume conservative ramping rates and maximurn participation levels, 
IaoseDy based on tine experie~ces of other a~tilities sunning similar programs. The year-by- 
year participation fer each of the measures is provided in Appendices A.1 and A.2. 

- 

The conservation load factor (CLF) for each of the measures in Table 4 defines 
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Table 4 
Key Variables for Residential DSM Programs 

us. Virgin klands 

Category 
Time-of-Retirement Programa 

Water Heating Cooling Refrigeration 

Retrofit Programb 

Lighting Other" 

St. ThomaslSt. John 
Total Customersd 
Customer Program Base 

St. Croix 
Total Customersd 
Customer Program Base 

Common Program Ckmcteristics 
Cost per Participant 
Savings per Participant (kWh) 
Maximum Participation (%) 
Years to Attain Maximum 
Conservation Load FactorP 
Cost of Conserved Energy (cikwh) 

m 

19,522 
14,642' 

18,137 
13,603' 

$98d 
1,698' 

75 
3 
60 
4.2 

19,522 
3,904' 

18,137 
3,627' 

$64' 
400'" 

50 
3 

40 
1.4 

19,522 
17,5709 

18,137 
1 6,323g 

*** 
*** 
*** 
**+ 
*** 
*** 

19,522 
19,522 

18,137 
18,137 

$1 7d 
304" 
60 
19 
40 
3.3 

19,522 
19,522 

18,137 
18,137 

$4Ok 
233' 
60 
10 
50 
3.3 

An entry of I***' means that reliable data are not currently available to quantify the parameters of this portion of the program. 

"The DSM measures under time-of-retirement programs a n  i M ~ l e m e ~ e ~  when a new replacems~ durable is purchased--e.g., at the time the durabfe is 
depreciated. 

bA retrofit program refers to house-to-house, direct installation of appropriate DSM measures by r e p ~ ~ s ~ ~ ~ t ~ e ~  of WAPA. 

'Refers to audit-based, custom energy retrofits on a hsuse-by-house basis. The data In the celurnn rafI6-a amounts for timers, showerheads, low-flaw 
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the relationship between the energy savings of a program (Le., kWh) and the demand 
savings (Le., kW) at the time of WAPA’s peak. The CLF is used primarily for modeling 
purposes, defining the amount and timing of a measure’s savings. As the data in Table 
4 indicate, the CLF varies far each measure. Finally, the cost of conserved energy (CCE) 
for each of the programs is listed in Table 4, indicating the relative attractiveness of the 
DSM measures. The CCE for each of the measures is calculated in Appendices A.1 and 
A.2 and shown for information purposes only. In comparing DSM measures with 
generating capacity alternatives in the odeling simulations (Section 5 below), the 
components of CCE are used: the annual osts of the measures and the total amount of 
energy saved annually relative to respective amounts for generatin 

The USVl appears to have the climate to support a cost-effective residenlial solar 
water heating program, These programs are cost-effective in regions with similar climates 
such as Jamaica (Conservation Law Foundation, 1990). WAPA could use a number of 
different financing and promotion mechanisms for this program. One would be to 
subsidize local solar water heater dealers to reduce the retail price of units so that they 
will be competitive with other types of water heaters. Another would be to finance the 
price difference between a solar water heater and other types with no financing charges 
for buyers. Another method would be to pay the total cost of installing solar water 
heaters. In this study, we assume that WAPA pays the ifference between a solar heater 
and a conventional one. 

We further assume that 14,642 households on St. Thomas and 13,603 on St. Croix 
have water heaters (Table 4). We further assume that a conventional water heater has 
an eight-year life. Therefore, the number of customers requiring solar water heaters each 
year is 1,830 on St. Thomas and 1,700 on St. Croix. After running the program for three 
years, 75 percent of the customer base participate (Table 4). To attain this penetration 
rate, WAPA must pay one-half the additional cost of a solar heater in comparison with a 
conventional one, As footnote h in Table 4 indicates, that amounts to $850 per heater. 
Assuming 15 percent administration, WAPA must expend $980 on each participant, 

Given conditions in the USW, a number of possibilities exist to improve the 
efficiency of room air conditioners used in households. One possibility would be to 
establish progressive performance standards for new room air conditioners that are sold 
and/or imported into the USVI. This results in a phase-in time for the air conditioners to 
reach the maximum technical potential of energy efficiency. However, based on a 
preliminary analysis, it seems that most air conditioners are imported from the US. 
mainland which already has energy efficiency standards. 

Another mechanism for increasing the penetration of more efficient air conditioners 
would be to provide financial incentives to customers purchasing efficient models. Here, 
we assume that financial incentives are provided to customers at the time of retirement 
of their old air conditioners. As footnotes i and m to Table 4 indicate, we assume that 
one-half of residential customers purchase Japanese mini-split air conditioners and the 
other half purchases high-efficiency window units. Assuming that WAPA pays one-half 
of the incremental cost of these air conditioners over conventional ones, this results in 
an out-of-pocket expenditure of $388 per participant by WAPA including 15 percent for 
administration (Table 4). We further assume that one-tenth of the air conditioners are 
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replaced each year. This means that 390 asnd 363 are replaced annually on St. Thomas 
and St. Croix, rsspectiwc;y. AAer three yesrs, one-half of these customers are assumed 
to participate in the program--i.e., 50 percent maximum participation. The parameters of 
this measure are detimd further in Appendix A.1. 

The aXiOUni Qf savings and coSi-Sk?Ck?neSS Qf a DSM meaSUrt? to increase 
refrigeration M c i e ~ c y  depends, of course, en the  seun-sbsr, typel and energy-efficiency of 
refrigerators cwrently used in the USVI. As iwdkxtad in Table 4, data were not available 
bo seasonably estimate the parameters of a refrigeration measure in the residential TOR 
progr%m. 

A DSM measure to increase the penetrat'sn of efficient hausehold lighting in the 
USVi could achieve signiiicapt energy savings for WAPA whik Iswering energy costs for 
kouseQaald customers. There are many different types of emxgy-efficieqt campact 
fluorescen'ik bulb and ballast carntsiiM,Trns that could be used hi USVI households. 
Selection should be made on a house-by-house basis as part of a direct-installation, 
retrofit program to provide the required amount sf lighting and to fit existing fixtures in 
USVl homes. An example would be to replace incandescent buibs with barlasts that have 
screw-in adapters so Ahat lighting fixtures w o ~ l d  not have to be replaced. In cases in 
which screw-in replacements are not appropriate, fluorescent fixtures would be used as 
replacement lighting I 

Although the initial cos1 of energy-efficient fluorescsnts is si nificantly higher than 
their incandescent counterparts, a f%uossscent bulb will outlast 1 3 incandescents 
Because of high up-front cssls, bowever, this measure milst be made attractive ts 
clastesmers when designing a DSM prayam. The most appealing option is to provide the 
energy-efficient lights and fixtures 21 no cost to C L ~ S ~ G ~ W S .  And, because it is difficult far 
the average customer to identify the appropriate lighting retrofits, the measure should be 
part of a direct-instailation program. In this program, representatives of WAPA visit 
customers' haines an?d install the aqpropriate lighting retrofits in high-use locations. 
Becalise sf limited data on lighting in the USW, we use features of the Jamaican 
experience (Canservation Law Foundation, 1990) in developing the residential lighting 
measure in this study. As Footnates j and 1-1 to Table 4 indicate, we assume that two- 
thirds of residences are sinall -usage and the other two-thirds are high-usage. 

As pard of the direct-instal!ation lighting retrofit, an a d i t  of other end-uses of 
households can be conducted. As footnotes c, k, and o in Table 4 indicate, other 
measures in the retrofit program include low-flow showerheads, low-flow faucefts, and 
water hea?er tank wraps for those cusbaniers that da not P L I I C ~ ~ S G  solar water heaters. 
Although the energy savings is fairly smaU (i.e., 233 kWh/yeasj but financially attractive 
(3.3 c/kWh CCE), a significant aspect of this program is the water savings that can be 
obtained. Conservatively estimating that 500 gallons of water can be saved annually by 
each pat-lricipact translates into over 1 1 tniliion gaBkms annl~ally. 

In Table 5, we provide informati~t~ for commercial and indusiria! BSM programs 
ilar to that provided for residential programs in Table 4- with two major differences. 



Table 5 
Key Varii%bles for Commercial and Industrial Programs 

US. Virgin Islands 

Category 
Time-of-Retirement Programa Retrofit Programb 

Load 
Water Air Electric Commercial Industrial Mgmt 

Heating Conditioning" Motors Othet' Lighting Lighting Other" Program 

St Thomas 
Total Customers' 
Customer Program Base 
Cost per Participant 
Savings per Participant jkwh) 

st. croix 
Total Customers' 
Customer Program Base 
Cost per Participant 
Savings per Participant (wh) 

Common Program Characteristics 
Maximum Participation I%) 
Years to Attain Maximum 
Conservation Load Factor 
cost Of COrPSf3fVed Energy (clkwh) 

4,332 
*** 
*** 
*** 

3,531 *** 
*** 
*** 

*** 

4,332 
3,896 
$3Wh 
430h 

3,53 1 
3,1779 
$352h 
sooh 

75 
3 

40 
6-0 

*** 
*** 
*** 

*** 
*** 
*** 

3,s *** 
*** 
*** 

*** 

4,332 4,332 
*** 
*** 
*** 

3,531 
*** 
*** 
*** 

*** 
*** *** 
*** *** 
*** *** 

3,890 
3,890 
$526' 
1,752' 

3,177 
3,177 
$390' 
1,299 

90 
10 
40 
2.5 

442 4,332 
442 *** 

$1 0,126' *** 
33,754' *** 

354 3,531 
354 *** 

$6,389' *** 
21,298' *** 

*** 
*** 
*** 
*** 

90 
10 
40 
2.5 

4,332 
3,8909 
$500 
5 kW 

3,531 
3, I 7P 
$500 
5 kW 

50 
10 
10 
NA 

An entry of '***I means that reliable.data are not currently available bo quantify the parameters of this pottion of the program. 

ures under t j ~ ~ ~ f - ~ ~ ~ i r 0 ~ e n t  programs are i r n ~ l e ~ e n t ~ d  when a new r e p l ~ c ~ ~ ~ n ~  durable is pureh ec]-e.g., at the time 
the durable Is depreciated. 

'A retrofit program refers to house-to-house, direct installation of appropriate DSM measures by r ~ p ~ ~ e ~ ~ ~ ~ ~  of WAPA. 
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First, the cost and amount of savings for the lighting measure are based on 
experiences elsewhere, rather than on specific retrofits. That is, as footnote j indicates, 
we assume that lighting accounts ?or 25 percent of the electricity consumed in the 
commercial-industrial sector and that a d~re~t- jnstal~at io~ lighting measure can save 40 
percent of this amount. Therefore, the lighting program can save 10 percent of %he total 
electricity consumption of commercial and industrial customers that participats in the 
program. 

Second, our knowledge of the penetration of electricity use in the commerciai- 
industrial market and, therefore, the potential for energy savings is limited, accounting for 
the large number of starred entries in Table 5. A good example is the penetration of 
electric motors ?or industrial customers. On the U.S. mainland, electric motors account 
for two-thirds of electricity consumption in the industrial sector with a large potential for 
energy savings through use of more efficient electric motor systems. Using this as a 
reference, we surmise that there is a large potential for energy savings in the 
However, current data limitations preclude approximation o? a program for this study. 

Therefore, as shown in Table 5, we only quantify two measures for the 
commercial-industrial sector--one each for TOR and retrofit programs--recognizing that 
this vastly underestimates the potential for cost-effective DSM measures for these 
customers. For the cooling measure, we assume that one-tenth of conventional air 
conditioners are replaced each year. Therefore, 389 and 318 are replaced annually on 
St. Thomas and St, Croix, respectively. At 75 percent maximum participation after three 
years (Table 5), 292 and 238 customers are assumed to participate in the program 
(Appendix A.3). We conservatively assume that the average commercial customer has 
one window air conditioner. Again, as with the residential cooling measure, we only 
consider room air conditioners because the penetration of central air conditioners cannot 
be accurately estimated. And, we do not have information on the types of air 
conditioners used by WAPAs industrial customers. 

Based on experiences elsewhere, commercial and industrial lighting measures 
rank toward the top in terms of financial attractiveness to electric utilities. Based on the 
CCE for these measures in Table 5 ,  there is reason to believe that that should also be the 
case in the USVI. As noted above, we do not use a fixed number of bulbs or fixtures to 
estimate savings from the lighting measure. Rather, based on experiences elsewhere, we 
assume that a lighting program will save 10 percent of average electricity constimption 
in the commercial and industrial sectors. For the commercial sector as Table 5 shows, 
this amounts to an annual savings of 1,752 and 1,299 kWh per customer for St, Thomas 
and St. Croix, respectively. The corresponding amounts are 33,754 and 21,298 for 
industrial customers. Again, based on experiences elsewhere, we assume that it will cost 
WAPA $300/MWh/year to achieve this savings. Given this expenditure, we assume that 
90 percent of WAPA’s commercial and industrial customers will participate in the program 
after 10 years (Table 5). 

The load management program described in Table 5 is defined conservatively to 
cost $1 00 per saved kilowatt. Assuming that 5 kW can be obtained from each participant 
on average, the total cost is $500/participant. e assume that it takes IO years of 
program operation to reach maximum participation of 50 percent. ’Ramping rates’ and 
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total program savin s are defined in detail in Appendix A.5. 

The programs defined in Tables 4 and 5 apply to existing customers as of June 
1992. In Table 6, we quantify key variables for a DSM program that applies to new 
construction after June 11992 far the residential and csmmercial rate classes. As 
Footnotes b and c iridicate, we assume that the growth rate sf new e nstructisn is one- 
half of the annual average rate over the five-year period from 1987 through 1992. Far the 
residential sector, the cost per participant and energy savings far WAPA noted in Table 
6 are the surnis of the amounts ?si the solar wa?er heating and cooling portions of the 
residential TOR program (Table 4). Again, quantities for the camnaercial sector are difficult 
to estimate with data currently available. 
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Category Residential" Corn mercial 

St 7Mms/Sts J Q ~  
Total Customers 
Customer Program Base 

s. cmix 
Total Customers 
Customer Program Base 

CClmmn tWiStit.3 
Cost per Participant 
Savings per Participant (kWh) 
Maximum P ~ ~ ~ ~ ~ p ~ ~ i Q ~  ("h) 

Years to Attain Maximum 
Conservation Load Factor' 
COSt Of ConSeWed Energy (c/kWh) 

1 4sb 
145 

1 85c 
1 85 

$1 ,68Qd 
1 , 2 9 8 O  
75 
3 
510 
4.7 

9 9  
93 

%2c 
82 

*** 
*** 
*** 
*** 
*a* 

*** 

An entry of '****' means that reliable data are not currently available to quantify the parameters 07 this 
portion of the program. 

The solar water heating and cooling portions of the residential time-of-retirement program ar8 
included for newly constructed residences. 

bAssumption. the growth rates of new construction in the residential and commercial sectors are 
assumed to be one-half the average annual five-year historical rate over the years 1987 to 1992. The 
historical rates for the residential and commercial sectors over that five-year period are 1.5% and 
4.8%, respective I y . 

'Assumption: the growth rates of new construction in the residential and commercial sectors are 
assumed to be one-half the average annual five-year historical rate over the years 1987 to 1992. The 
historical rates for the residential and commercial sectors over that five-year period are 2.Q% and 
5.204 respectively. 

?he sum of costs of the solar water heating and cooling portions of the residential time-&-retirement 
program shown in Table 5, plus a 15% administration fee. 

The s u m  of the savings from the solar water heatirig and cooling portions of the residential time-of- 
retirement program shown in Table 5. 

'The ratio of average annual load savings to peak load savings of the DSM measure. 
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A number of models have been developed to assess DSM and supply resources 
with varying degrees of analytical complexity and data requirements. Examples include 
the Multiobjective Integrated Decision Analysis System (MIDAS) developed for the Electric 
Power Research Institute (Temple, Barker, and Sloane, 1988), UPlan developed by the 
Lotus Consulting Group (1 W8), the Decision Impact Assessment Model (DIAMOND) 
developed by Oak Ridge National Laboratory (Gettings, Hirst, and Yourstone, 1991 ), and 
Scenario Analysis Framework for Expansion Planning (SAFEPLAN) (Policy F’lanning 
Associates, 1990). The more important characteristics of these models include (with 
possibilities) : 

capacity expansion capability (yes, no); Le., the capability to determine the 
optimal set of generating plant options, given assumptions about future load growth, fuel 
prices, and the like. 

treatment of time-of-use variations in demand (load duration curve, 
chronological); Le., the extent to which the model allows the user to provide detail of 
changes in the load aver 8,780 hours of the year on an houriy basis (chronological) or 
a more aggregated basis (an annual load duration curve). 

rn production costing routine (yes, no); Le., the ability of the model to determine 
the optimal generation mix (loadin order), given characteristics of existing generating 
units (e.g., the types and amount of capacity, fuel type, cost of fuel, hourly load). 

financial simulation module (yes, no); Le., the model’s ability to provide 
primary financial statements (Le., the income statement, balance sheet, and flow-of-funds 
statements) and calculate important financial ratios (Le., interest coverage ratio, present 
value of revenue requirements). 

m treatment of uncertainty (yes, no); i.e., the model’s capabilityto provide ranges 
for forecasts or expected values of important outputs. 

The degree of complexity of a p l a n n ~ n ~  model--and user unfriendliness--is related to the 
manner in which each of these characteristics is treated. A model that has capabilities 
to: 

RI select an optimal mix of resources, 

characterize demand for 8,760 hours in every year of the planning horizon, 

determine the variable costs of employing supply-side resources, 

simulate the financial performance of the utility, and 

R include uncertainties in resource selection 
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Actual energy costs for a project are determined by economic dispatch in the 
production costing model. For resources not included in the current plan, energy costs 
are estimated from units that were ~ n c ~ u ~ e ~  in the dispatch. The capaci utilization factor 
of the next more expensive unit in the dispatch is used to determine the mount of energy 
assigned to the project. If a candi ate resource IS more expensive than the last unit, it 
is assigned the capaci u t i l ~ ~ a t i o ~  factor of the Iast unit. To determine energy costs, 
these running rates a ~ u i t ~ p l ~ e ~  by the variable costs of the candidate resources 
provided by the user. For that combustion turbine, we assumed a fixed O& 
$2.00 per kilowatt of installed capacity. The fuel cost is scenario-based and discussed 
in detail below. 

Calculating the two avoided cost components is more complex. Avoided capacity 
costs are the product of a ~se r -s~pp~ ied  avoided ca acity value (in this case, a 
combustion turbine) and effective avoided capacity. The latter is the product of several 
factors as shown in Figure 4 and is important in determining the capacity contribution of 
DSM resources. That is, because DSM resources reduce capacity requirements, they 
also reduce corresponding reserve requirements. In our simulations, we assume that 
WAPA requires a 33 percent reserve margin because of its inability to purchase power 
from neighboring utilities. Therefore, from Figure 4, the reserve multiplier is 1.33 for an 
DSM resource: a kilowatt of supply capacity is worth 1.33 kW if obtained from a DSM 
program. Similarly, avoiding construction of one kW of capacity throug 
reduces technical losses of transmitting and distributing electricity. assume a 15 
percent loss factor; therefore, from Figure 4, the loss; multiplier is 1 , I  5. 

Avoided energy costs are estimated as the cost of supplying energy with other 
resources in the plan, They are the weighted average of the costs of units that have 
available generation and are more expensive than the candidate resource. Each 
candidate resource, therefore, has a unique avoided cost. For avoided energy costs of 
supply resources, the "first more expensive unit" in Figure 4 is the utilization-weighted 
average cost of under-utilized, more expensive units. The avoided energy costs of 

resources are estimated using their effects on the load duration curve. 

5.2. FNE SCENARIOS 

In Table 7, we provide the growth in fuel prices, the growth in peak load, and the 
treatment of environmental externalities for five scenarios that were simulated in the study. 
For each of the five scenarios, the assumed values of two important variables did not 
change: the system load factors and the capacity cost of the avoided generating unit (Le., 
the combustion turbine). The system load factor is defined in a manner similar to the 
Conservation load factor defined in Tables 5, 6, and 7: it is the ratio of average load (Le., 
kWh generated divided by 8,760 hours) to peak load. The capacity cost of the avoided 
generating unit is important. In determining the cost-effectiveness of different resource 
options, it determines the avoided capacily costs of the benefits of employing a resource 
(see Figure 4). Throughout this study, we use a combustian turbine as the avoided unit. 
That combustion turbine costs $409 per kW (1 992 dollars) and, therefore, has an annual 
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cost af $ ~ o / J ~ w . ~  ~ i e  file! costs for this avoided mi l ,  of coeme, are the same ones lased 
for existing units. 

Scenario 
Fuel Peak 

Prices Load Externalities 
(%/Year) (% Growth) (Scenario) 

No Fuel Price hIcreasesa 
EIA FWI price Forecastsb 
High Fuel Price Increasesc 
High Load Growah" 
Environmental Externalities" 

0 2.3 None 
2.0 2.3 N0ns 
4.8 2.3 N0ne 
2.0 3.3 NOW2 

2.0 2.3 15% Adder 

aAssumss that real fuel pric@s do not increase over the forecast period. 

b A ~ ~ u m e ~  that fuel prices increase at the fossil fuel rate increase projected by the Energy Information 
Administration (EIA). 

C A ~ ~ u m e ~  that fuel prices increase at two times the rate of g ~ ~ ~ t h  forecasted by EIA. 

dAssurnes that peak load grows at one percentage point higher rate of growth than thBt projected by WAPA. 

elricludes 15% additional cost for environmental externalities, increasing Rhe cost of producing eloclricity using 
fossil fuel generating units. 

"The five scenarios were devised to look at the effects of three factors on resource 
selection: (1) the cost of fuel prices for generating electricity, (2) the projected growth in 
electric load, and (3) the effect of accounting for externalities in resource selection. The 
base scenario is the the second one' fuel prices increase at the  real rate of 2.0 percent 
per year, electric load liar both St. Thomas and St. Crsix grows at WAPA's forecasted rate 
(2.3 percent per year on average), and environmental externalities are not considered. 

The major feature of the first scenario is that the real price of No. 2 and No. 6 fuel 

. . ._. 

This annual charge can be viewed as delaying the construction of a combustion tiitbine for one year 
indefinitely into the future. Therefore, it is tht? difference between the net present value Qf revenue requirements 
far a combusiion turbine placed in operation this year and that same unit placed in operation next year. To 
see the importance of this value in determining the cost-effec2iveness of resources under consideration, a 600- 
MW coal plant at $1,600 per kilowatt has an annual capacity cast of $i2Q/kW. 

2 
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for generating el s not increase. Peak load owth over the ne is 

of DSM programs for this scenarb are provided in Tables 5 through 7. 
that provided by . Energy Information Admi tration, 1991). C cs 

e look at the effec4: of rising fuei prices on the cost- 
effectiveness of different resources. Therefore, we use the Energy information 
Administration’s forecast of fossil fuel price increases over the 20-year planning horizon. 
Under this forecast, the prices of these fuels grow at the annual rate of 2.0 percent over 
the planning horizon. For the third scenario, we examine very high fuel price growth 
rates, doubling EIA’s forecast to a 4.0 percent annual rate over the 20-year horizon. 

In the foudh scenario, we keep EIA’s fuel price forecasts, but increase WAPA‘s 
projected load growth figures. For St. Thomas, we use an annual average load growth 
of 2.3 percent for the summer peak from 66.0 
and 2.3 percent for the winter peak from 5 
February 201 3, These growth rates were used for the first three scenarios. In the fourth 
scenario, we increase St. Thomas”0-year summer peak growth to 121.4 MW (3.3 percent 
average annual growth) and the winter peak to 11 4.8 MW (also a 3.3 percent average 
annual growth). The average annual percentage increases for St. Groix are similar. 
Summer peak load is 74.2 MW in September 2012. The corresponding amount for the 
winter peak in December is 71 .a. 

in June 1992 to 97.8 MW in l u n  
MW in February 1993 to 92.1 

The fifth scenario addresses the question of environmental externalities. Were, we 
add environmental costs to the operating costs of existing and future fossil fuel plants. 
Rather than q u a n t ~ ~ i ~ g  the cost of each of the effluents, we use a ’percentage adder’ of 
15 percent. As discussed in Section 1.2.3, the adder approach is one of three used by 
electric utilities. The 15 percent is one that has been used in Wisconsin (Wisconsin 
Electric Power Company, 1988). The effect of including environmental externalities, of 
course, is to increase the operatin cost 5f fossil units, making them relatively more 
unattractive in the resource selection process in comparison with alternatives that do not 
use fossil fuels. 

In Table 8, we provide the cost:benefit ratios of the DSM measures that were 
calculated in SafePJam3 Several conclusions emerge from the data in the table. 

measures were defined similarly for each of the islands 
(see Tables 5 through 7), their cost-effectiveness differs on St. Thomas and St. Croix. The 
reasons, of course, are due to differences in the operating characteristics of the two 
islands. 

Second, cost-effectiveness varies across scenarios, For example, the residential 

3For details of the calculation, see the discussion in Section 5.1 in the coritext of Figure 4. 
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St. Thomas is Lander the 'no fuel 
I prices are assumed 
n turbine increases-- 
sine option under the 

o ~ t : ~ e ~ e ~ ~ t  ratio of 1.2 
to increase--i.e,, as the cost af p 
the residential cooling option be 
'EIA fuel increases' scenario (cost:benefit of 
'high fuel increases' scenario. Similar argum 
under different scenarios. 

measLares--i.e., no increa 

uel-price and load-growth assumptions are 
n more attractive from the standpoint of 

ese three measures is generally 
relaxed, these three 
resource acquisition. 
consistent with that which is found in the experiences of other u t ~ j i t ~ ~ s .  

In Table 9, we summarize the s ~ ~ u ~ ~ t ~ ~ n  results for St. omas and St. Croix far 
the five scenarios. The dollar values are the present value the costs of satisfying 
WAPA's electric load from 1993 to 20 ith cost-effective DSM programs included in the 
analysis and with cost-effective D programs excluded. In the 'without DSM' 
simulations, combustion turbine to satisfy WAPA's projected load. 
In the 'with ~ ~ p ~ e r n e n t  ~ o s t - e f f ~ c t i v ~  Q S M  programs in 1993 (Le., 
based on the ratios in Table 8) until all eight programs are exhausted or capacity and 
energy requirements are met--whichever comes first. Any remaining load requirements 
are met by constructing combustion turbines. 

The results in Table 9 show that inclu 
future load requirements has a significant 
services, irrespective SO the assumptions ade about fuel pric 
environmental externalities. Put sim ly, this means that, und 
conserved energy for the cost-effe e measures is less th 
power. The avoided cost, of course, is 
SafePlara. The cost savings are greater on 
customers and electricity 
therefore, the potentia! for 

on simulations of the system using 
omas because there are ,more electric 

urnption is iarger on these islands than St. Croix and, 
programs is greater. The largest amount of savings are 

From Table 9, the difference between pr 
the value of costs with DSM measures is ear planning horizon. 

measures and their 
able 10. One of the 
measures from 2002 
asures declines over 

main reasons for the ~ ~ c ~ ~ n ~  in the percen 
to 2012 is the assumption that the initial 
the 20-year planni 
assumption is that initial market. 

ent durable ex 
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Scenario 
St. Thomas Sf. Croix TC9tal 

No Fuel Price Increases 
Without DSM 
With DSM 

663.” 238,4 902.1 
61 2.1 21 0.0 22” 1 

Savings 51.6 28.4 80.6 

EM Fuel Price Forecasts 
Without BSM 
With DSM 

795.7 284.4 1,080.1 
723.6 261.7 985.3 

Savings 72.1 22.7 94.8 

High Fuel Price Increases 
Without DSM 
With DSM 

348.9 1,329.5 
878.2 31 8.4 1,196.6 

Savings 102.4 30.5 132.9 

High Load Growth 
Without DSM 
With DSM 

924.5 321 “5 1,246.0 
785.2 297.2 1,082.4 

Savings 139.3 24.3 163.6 

Environmental Externalities 
Without BSM 900.6 320.6 1,221.2 
With DSM 81 7.3 294.6 1,111.9 

Savings 83.3 26°C) 109.3 
.--. 

“The net present value of tho incremental cost of servicing electric load over the 20-year planning horizon. 
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Table 10 
Energy and C of DSM Programs 

mix 
2002 and 2012 
On ii"~centages) 

Scenario1 
Region 

Energy" Capacity" 
-1- __ 

2002 201 2 2002 201 2 

No Fuel Price Increases 
St. Thomas 
St. Croix 

Total 

EIA Fuel Price Increases 
St. Thomas 
St. Croix 

Total 

High Fuel Price Increases 
St. Thomas 
St. Croix 

Total 

High Load Growth 
St. Thomas 
St. Croix 

Total 

Environmental Externalities 
St. Thomas 
St. Croix 

Total 

9.4 
6.9 

8.5 

10.2 
6.9 

8.9 

10.2 
6.9 

8.9 

9.0 
11.8 

10.0 

9.7 
6.9 

.a 

5.6 
3.6 

4.8 

6.5 
3.6 

5.4 

6.5 
3.6 

5.4 

5.1 
7.3 

5.9 

6.5 
3.6 

5.4 

100.0 
100.0 

108.0 

100.0 
100.0 

100.0 

100.0 

100.0 

100.0 
100.0 

100.0 

100.0 
100.0 

1 00.0 

53.5 
1 Qo.0 

65.1 

55.6 
100.0 

66.3 

55.6 
100.0 

66.3 

38.1 
50.9 

43.1 

55.6 
100.0 

66.3 

"Me portion of total energy and capacity accounted far by DSM programs. 
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run programs over the 26-yeas planning horizon. The savings for each of the DSM 
measures on each of the islands is provided in detail in Appen 

The results in Table 10 are consistent with the cost savings grovid 
Fer example, the largest amount of energy savings comes under 
scenario where cost-effective DSM programs have a better app 
because of higher energy and capaci requirements. Again, Its in Tab!@ 10 
understate the energy savings and c acity contributions of D rams because 
many expected cost-effective BSM programs were not defined.4 

Wind as an electric generating resource option was not compared with a 
combustion turbine and DSM measures in all of the simulations. 8 
reasons was data limitations. Ideal wind generation sites were not dete 
of running of the simulations. Those sides are crucial far cost ~ ~ t ~ r ~ i ~ ~ t ~ o ~  because of 
the high cost of l a d  in the USVl relative to other regions where the data has bee 
gathered on wind generation. 

However, based on experiences elsewhere, the parameters of a wind generating 
resource were quantified and varied to look at the potential for wind as a future 
generating option. The wind iesource under consideration was 250 k 
installed capacity cost of $253,250. Net annual energy from the aurbines is 438 MWh. 
It has a fixed O&M cost of $8.00/kW and 8.3 @/kWh variable O&M cast. A wind turbine 
with 125 kW capacity is assumed to require 8.95 acres of land. The capacity factor of the 
plant is 28 percent. The plant has a 20-year life. 

The cost:benefit ratio for this wind system on St. Tho as was simulated to be 
0.66 under the  base scenario (ESA fuel price increases). Doubling the capital cost makes 
the system cost ineffective: 1.27 cost:benefit ratio. Doubling the O&M cost, but holding 
capital cost constant results in a 6.71 ratio. Doubling bath the capital and operating cost 
ccamponenfs, of course, results in ?a 1.32 cast:benedit ratio. 

See the starred entries in Tables 5 through 7 for details of the DSM measures that were not considered 4 

in the simulations because of data limitations. 

44 



In this study, we suggested some alternatives to constructing and operating 
combustion turbine electric generating plants to satisfy future efectric energy and loa 
requirements in the USVI. The economic attractiveness of the suggested alternatives was 
based on a rigorous comparison of their costs and benefits. 

The key point to remember is that IRP is not a one-time study. Rat 
continuing process, the exact procedures of which for a given utility evolve 
Although undertaken with the cooperation and assistance of WAPA staff, t 
was largely conducted at ORNL. It should be viewed as the s p r ~ ~ g b o a r ~  
not an end in itself. Three types f activities should be pursued to 
capability to properly compare DS and supply resources: 

rn Familiarization with IRP, 
Information gathering, 

rn Resource comparison. 

6.1. FAMILLARIZATION WITH IRP 

It would be beneficial to have two separate levels of familiarization: one at the 
executive level and the other for staff members of WAPA and other government agencies. 
The executive presentation should last a maximum of one-half day and should include an 
overview of the two components of the IRP process--least-cost planning and demand-side 
planning--and how they are used together as an analytical tool. The benefits to the USVl 
from achieving lower-cost electricity services should be identified, and their prospective 
magnitudes presented so that decisionmakers can understand the potential contribution 
IRP could make to achieving their goals. The presentation should also include a 
discussion of the social costing of resources. It should also include the experience of 
other utilities with IRP: motivation for IAP, reporting requirements, the extent of usage, and 
the benefits obtained from its use. Ideally, there would be several speakers at the 
session, representing research, utility, and regulatory experiences. 

Once the IRP process is adopted, there should be an intensive series of sessions 
on detailed aspects of its implementation. These sessions should be attende 
practitioners and their managers, rather than executives, Phis portion of the ~ r a i n j ~ g  
would last no more than one week, and again include both utility and regulatory 
perspectives. The IRP familiarization would ideally be organized around five topics: 

rn Least-cost planning 

This session would discuss conceptual and pragmatic issues in analyzing the 
optimal mix of supply resources. 

rn Demand-side management 

This session would cover three areas: ( I )  methods to develop DSM programs, 
including data requirements; (2) the process of implementing DSM programs; and (3) the 
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B B ~  Social costing of resources 

The environmental (and ather) exterrmlity debate is introduced in this session. 
The discussion includes the types af approachss that can be used ta incorpora&? 
externalities into decisionmaking, along with the experiences of electric firms in other 
parts of the world. 

m Integrated resource p\anwing 

This portion will cover two areas: (1) existing models to cumpare DSM and supply 
resources and (2) important factors to consider when corn aring them, including 
differences in their financial, economic, and reliability characteristics. 

EB Gonsewation Technologies 

This portion of the training would introduce the engineering aspects af energy- 
efficiency improven-rerrts, ineluding the types of off-the-shelf t~~~~~~~~~~~ that are currently 
available and the  energy savings likely to result from their use. 

In Section 4, we pointed out the types of data needed to implement the lRP 
process and data requirements for designing, implementing, and evaluating DSM 
programs, In fact, a good starting point in understandin the types of data needed is the 
information provided in Tables 5, 6, and 7 of Section 4, especially the program 
assumptions provided in the footnotes to those tables. 

Ideally, data are needed on electricity consumption by end use (e.g., lighting, 
refrigeration). Data are also needed an the customer base of the programs. How many 
potential customers will particpate in a commercial li hting program? A residential solar 
water heating program? Data is also required on the resource ba or ~ e ~ ~ w ~ ~ ~ ~  supply 
options. Besides quantities, many other types of information are ired. Many of them 
relate to the institutional structure of the USVI. For exarnp!e, information on the ~~~~~~~~~~ 

of using different financing mechanisms for DSM programs is required. The ownership 
of the housing stock must also be considered (e.g., public vs. private housing). These 
types of data, however, are not routinely collected by government agencies in the USVl 
or WAPA. 

Several methods cara be used to collect the type of information required to 
implement an IRP process. First, customers can be metered to accurately quantify end- 
use consumption. The on-going metering in the renewable energy district in Frederiksted 
should provide important informatian here. hacking funds or time ta meter, another 
method is a survey of elec2ricity customers on their consumption patterns and durable 
ownership Finally, a controlled expesirneriit in the form of a pilot program has been used 
extensively by many mainland utilities. The information obtained from the pilot is then 
used Bo develop a program for the entire island. 
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6.3. RESOURCE iMTE 

The third activity is the heart of the process: resource co 
involves procuring and ~ ~ a p t i n g  a model to s~~ temat~ca i~y  asses 
economic, and reliability dimensions of DSM and supply resources. utcorne of the 
process is a plan or strategy for e m ~ ~ ~ ~ ~ ~ g  resources in the future. re should be a 
short-term action plan produced which requires the immediate 
other policymakess. The second output of the process is a long-term integrated resource 
pian spanning a 15- to 20-year period. This plan provides a resource road n a p  for 
policymakers. 

Changing conditions external to WAPA (e.gsl changing fuel input prices, electric5 
demand growth rates, and t costs of financing) suggest that IRP is not a 
study, but rather a continui process, An appreciable ch 
variables can alter the relativ st-effectiveness of resources. 
of this process, another recommendation is that IRP be i n s t i t u t ~ ~ ~ ~ l ~ 2 e d  
method is to have regular plan updates. For example, a common pra 
on the mainland is to perform a full-scale, j n t e ~ r ~ t e d  resource plan e 
However, in the intervening two years, the utilities are required to update the plan based 
on changing external circumstances. 

Because IRP is a continuing process, we also recommend that changes be made 
in the organizational structure of WAPA to accommodate the process. One approach 
used on the mainland is to organize around the IRP process using a team concept, 
drawing upon appropriate st from all departments within the utility. 
process, an integration tea akes input from a demand-side team 
team. The integration team is ultimately responsible for developing t 
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A . 1 ~  RESIDENTIAL TIME-OF-RETIREMENT PROGRAM 
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Residential Mater Heating Program--St. Thomas 

4 993 '1 
1 994 2 
z w5 3 
'I 994 4 
1597 5 
4 9 8  6 
995% 7 
2000 8 
2QQ7 9 
2002 40 
2003 t t  
2006 42 
2305 33 
2606 94 
2007 15 
2008 16 
2089 13 
201 0 38 
201 '1 19 
2012 20 

C u s t m r  Base 
Ceat/Cust. 
Savings/Cust. 

CL F 

x 

25 
50 
75 
75 
K 
K 
75 
75 
75 
75 
75 
75 
75 
75 
K 
75 
75 
a5 
75 
75 

1,830 
5980 

1,698 

9.6 

NSV 

458 
945 

1,373 
1, ,373 
1,393 
1,373 
1,373 
1,3133 

0 
Q 
0 
0 
0 
0 
0 
0 
0 
I) 
0 
0 

TOPi3t 

458 
4,373 
2,745 
'p.118 
5,499 
6,863 
8,236 
9,609 
9,609 
9,609 
S,609 
9,609 
9,609 
9,609 
9,609 
9,409 
9,609 
9,609 
9,609 
9,609 

Total 
Huh 

Savings 

m 
2,339 
4,662 
4,982 
9,323 

11,654 
33,985 
16,346 
16,316 
14,396 
16,344 
96,315 
35,345 
16,376 
94,316 
34,316 
96,316 
96,316 
46,315 
16,396 

Tota l  
Cost 

(O500) 

448 
897 

3,345 
1,345 
4,345 
1,345 
4,345 
1,345 

8 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

448 
897 

1,345 
9,345 
4,345 
1,345 
1,345 
1,345 

0 
0 
0 
Q 
0 
0 
0 
0 
0 
0 
0 
0 

5.997 

448 
897 

1,345 
7,345 
1,345 
4,345 
I ,345  
1,345 

0 
0 
0 
0 
0 
0 
0 
0 
0 
Q 
0 
Q 

Tote\ 
MW 

Sevi ngs 

0.15 
0.44 
0.69 
'i .33 
1.74 
2.22 
2 . 6  
3.10 
4.40 
3.10 
3.18 
3.90 
3.90 
3.10 
3.1u 
3.10 
3.70 
3.10 
3.96, 
3.90 

5,444 ---Met Present V a i w  

545 ---SO00 Savings 

73,099 ---Avg. nut? Savings 

4.2 - - -CCE 
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Residentiai Cooling Program--St. Croix 

1993 
195'4 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
201 1 
2012 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 

Customer Ease 
CostfCUSt. 
Savi ngs/Cust . 
C l F  

9: 

20 
40 
50 
50 
50 
50 
50 
50 
50 
50 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

New 

73 
145 
181 
181 
181 
181 
181 
181 
181 
181 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Total Savings 

73 29 
218 87 
399 160 
580 232 
762 305 
943 3 n  

1,124 450 
1,306 522 
1,487 595 
1 1 -  667 
1,668 653 
1,668 624 
1,668 588 
3,668 55 1 
1,668 515 
'I ,668 479 
1,668 442 
1,668 406 
1 1 -  370 
1,668 334 

363 (4,429*4/10 deprec. per year) 
$64 
400 kuh 

0.4 

cost 
($000) 

5 
9 
12 
12 
12 
12 
12 
12 
12 
12 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

CCE Total 
nu 

Current Deferred Savings 
_ _ _ - _ _ _ _ _ _ _ - - _ _ _ _ _  

5 
9 

12 
12 
12 
72 
12 
12 
12 
12 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

63 

0.01 
5 0.02 
9 0.05 

12 0.07 
12 0.09 
12 0.11 
12 0.13 
12 0.15 
12 0.17 
12 0.19 
12 0.19 
0 0.18 
0 0.17 
0 0.16 
0 0.15 
0 0.14 
0 0.13 
0 0.12 
0 0.11 
0 0.10 
0 

57 ---Net Present Value 

6 ---SO00 Savings 

419 ---Avg. MUh Savings 

1.4 - - -CCE 





A.2. RESIDENTIAL RETROFIT PROGRAM 
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Residential Retrofit Program--St. Thomas 

1993 1 
1994 2 
1995 3 
1 996 4 
1997 5 
1 998 6 
1999 7 
2000 8 
ZOO? 9 
2002 10 
2003 11 
2004 12 
2005 13 
2006 14 
2007 15 
2008 16 
2009 17 
2010 18 
201 1 19 
2012 20 

Customer Base 
Cost/Cust * 
Sevings/Cust. 

CLF 

x 

4 
6 
8 

12 
18 
24 
32 
44 
50 
60 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

19,522 
$219 
537 

0.4 

New Total 

781 731 
390 1,171 
390 1,562 
701 2,343 

1,171 3,514 
1,171 4,685 
1,562 6,247 
2,343 8,590 
2,733 11,323 

390 11,713 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

Total 
Huh 

Sevi ngs 

419 
629 
839 

1,250 
1,387 
2,516 
3,355 
4,613 
6,080 
6,290 
6,080 
5,976 
5,871 
5,661 
5,347 
5,032 
4,613 
3,964 
3,250 
3,145 

Total M&r of Custaners 

kUh 

Total 
Cost 

( SO50 ) 

171 
86 
86 

171 
257 
25 7 
342 
513 
599  
36 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

CCE 

Current Deferred 
- - - - - _ - _ - _ _ _ _ _ _ _ - -  

171 
86 
86 

171 
257 
257 
342 
593 
599 
36 
0 
5 
0 
0 
0 
0 
0 
0 
0 
0 

1,413 

171 
a6 
86 

171 
257 
257 
342 
5 13 
599 
36 
0 
0 
0 
0 
0 
0 
0 
0 
I) 
0 

Total 
nw 

Savings 

0.12 
0.13 
0.24 
0.35 
0.54 
0.72 
0.96 
1.32 
1.74 
1 -80 
1.74 
t .7'1 
1.68 
'I .62 
1.59 
1.44 
1.32 
1.14 
0.93 
0.90 

1,234 ---Net Present Yelw 

128 ---SO00 Savings 

3,842 ---Avg. MWh Savings 

3.3 ---CCE (c/kUh) 
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A.3. COMMERClAUlNDUSTRlAL TIME-OF-RETIREMENT PROGRAM 
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C m r c i a l - I n d u s t r i a \  A i r  Conditioning Program--St. Thomas 

1993 
1994 
1995 
1095 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
201 1 
2012 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
I3 
14 
15 
16 
17 
18 
19 
20 

Customer Base 
Cost/Cust. 
Savings/Cust. 

CL F 

x 

25 
50 
75 
75 
75 
75 
75 
75 
75 
7s 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

389 
5352 
5 00 

0.4 

Heu 

97 
195 
292 
292 
292 
292 
292 
292 
292 
292 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Total 

97 
292 
584 
875 

1,167 
1,459 
1,751 
2,042 
2,334 
2,626 
2,626 
2 626 
2,626 
2,626 
2,626 
2,626 
2,626 
2,626 
2,626 
2,626 

Total 
MWh 

Savings 

49 
146 
292 
438 
584 
729 
875 

1,021 
t1167 
1,313 
I 289 
1,240 
1 167 
1,096 
1,021 
948 
875 
802 
729 
656 

(3,890*1/10 per year) 

kWh 

CCE Totet 
WW 

($000) Current Deferred Savings 
cost - - - - - - - - - - - - - - - - - -  

34 34 
68 68 

1 03 103 

103 103 
103 103 
103 103 
103 103 
103 103 
1 a3 103 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

103 103 

540 

0.01 
34 0.04 
68 0.08 
103 0.12 
103 0.11 
103 0.21 
103 0.25 
103 0.29 
103 0.33 
103 0.37 
103 0.37 
0 0.35 
0 0.33 
0 0.31 
0 0.29 
0 0.27 
0 0.25 
0 0.23 
0 0.21 
0 0.19 
0 

491 ---Net Present Value 

49 ---SO00 Savings 

822 ---Avg. MWh Savings 

6.0 ---CCE (c/kWh) 



C m r c i a l - l n c d u s t r i a i  A i r  Codclitioning Program-St. Ctoix 

4 993 1 
4 994 2 
4 995 3 
4 906 4 
195V 5 
199% 5 
4999 7 
2000 8 
2001 9 
2002 10 
2003 11 
2004 12 
2005 I3 
2006 44 
2007 15 
2008 46 
2009 37 
2010 113 
209 1 19 
2012 20 

Customer Base 
Cost/Cust. 
Sevi ngs/Cust . 
CLF 

x 

25 
50 
75 
7!i 
75 
Zi 
75 
75 
75 
75 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

348 
$352 

500 

0.4 

Mew 

79 
4 55, 
238 
238 
238 
238 
238 
238 
238 
238 
0 
0 
0 
0 
B 
0 
0 
0 
0 
0 

Total Savings 

79 40 
238 4 19 
477 238 
715 357 
953 477 

1,493 596 
1,430 ?I 5 
1, 834 
1,906 953 
2,142 3,072 

a 1,052 
0 1,012 
0 953 
dl 893 
0 834 
0 774 

0 555 
0 595 
0 536 

0 715 

cost 
($000) 

28 
56 
84 
84 
84 
86 
a4 
M 
84 
8-4 
0 
0 
0 
0 
0 
0 
0 
0 

5 
0 

28 
56 
84 
84 
84 
$4 
84 

84 
8.4 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

44 1 

0.01 
28 0.03 
56 0.07 
84 0.10 
86 0.14 
M 0.77 
84 0.20 
B4 0.24 

84 0.34 
84 0.30 
0 0.29 
0 9.27 
0 0.25 
0 0.24 
0 0.22 
0 0.20 
0 0.19 
0 0.17 
0 19.15 
9 

84 0.27 

461 ---Met Present Vabw 

40 ---SO00 Savings 

6.0 - - -CC€ (c/kWh) 



A.4. COMMERCIAUINDUSTWIAL RETROFIT PROGRAM 
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C m r c i a l  Lighting Program--St. T h m s  

1993 1 
1994 2 
1995 3 
1996 4 
1997 5 
1 998 6 
1999 7 
2000 8 
2001 9 
2002 10 
2003 1 1  
2004 12 
2005 13 
2005 14 
2007 15 
2008 16 
2009 17 
2010 18 
2011 19 
2012 20 

Customer Base 
Cost/Cust. 
Savings/Cust. 

CtF 

x 

6 
9 
12 
18 
27 
36 
48 
66 
87 
90 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

3,890 
$526 

1 ,E2 

0.4 

New 

233 
117 
117 
233 
350 
350 
467 
700 
817 
117 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Total Savings 

233 409 
350 613 
467 818 
700 1,227 

1,050 1,840 
1,400 2,454 
1,867 3,271 
2,567 4,498 
3,384 5,929 
3,501 6,134 

0 5,930 

0 5,725 
0 5,521 
0 5,214 
0 4,907 

0 5,827 

0 4,498 
0 3,885 
0 3,169 
0 3,067 

(Tota l  Comnercial Customers) 
(S3OO/W/Y r. } 
kUh 

Cost 
( M O O  1 

123 
61 
61 
123 
184 
184 
245 
368 
429 
61 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

CCE Total 
MU 

Current Deferred Savings 
- - - - - - - - - - - - - - - - - -  

123 
61 
61 
123 
184 
184 
245 
368 
429 
61 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1,014 

0.12 
123 0.18 
61 0.23 
61 0.35 
123 0.53 
184 0.70 
134 0.93 
24 5 I .28 
368 1.69 
429 1.75 
61 1.69 
0 1.66 
0 1.63 
0 1.58 
0 1.49 
0 1.40 
0 1.28 
0 1.11 
0 0.90 
0 0.88 
0 

921 ---Net Present Value 

92 ---SO00 Sevings 

3,747 ---Avg. MI Savings 

2.5 ---ccE 



C m r c i a i  Lighting Program--St. Craix 

1993 1 
t994 2 
9 995 3 
1995 4 
'I 497 5 
1998 6 
49!B 7 
2000 8 
2007 9 
2002 10 
2003 s a  
2004 12 
2005 13 
2006 14 
2007 15 
2008 46 

2010 18 
204 1 19 
201 2 20 

2009 ir 

customer ~ e s e  
Cost/Cmt. 
SavingsdCust . 
CLF 

$: 

5 
9 

I 2  
18 
27 
38 
48 
66 
37 
90 

0 
0 
0 
0 
0 
0 
0 
0 
0 
a 

3,177 
$390 

i , 2 w  

6.4 

Mew 

499 
95 
95 

494 
266 
2% 
384 
5 72 
667 

95 
a 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Total Savings 

191 248 
286 371 
381 495 
5 72 743 
858 1,114 

1 , 144 1,486 
1,525 1,989 
2 I 097 2 , 724 
2,764 3,590 
2,859 3,714 

0 3,590 
0 3,528 
0 3,466 
0 3.343 
0 3,157 
0 2,971 
0 2.724 
0 2,352 
0 1,919 
0 1,857 

Cost 
(SODO> 

74 
37 
37 

111 
111 
4 49 
223 
260 
37 

0 
0 
0 
0 
Q 
0 
0 
0 
0 
0 

74 

CCE Tota i  
MU 

Current Deferred Savings 
_ _ _ _ _ _ _ _ _ - _ - - _ _ _ _ -  

74 
37 
37 
74 

111 
141 
149 
223 
250 

3J 
0 
0 
0 
0 
0 
0 
0 
0 
a 
0 

614 

0.07 
74 0.11 
37 0.94 
37 0.21 
74 0.32 

117 0.42 
141 6.57 
149 0.78 
223 1.02 
260 I .06 
37 1-02 

0 1.61 
0 0.99 
0 0.95 
0 0.90 
0 0.85 
0 0.78 
0 0.67 
0 0.55 
0 0.5% 
0 

558 ---Yet present Veiw 

56 ---SO00 S ~ i n g s  

2,269 ---Avg. #Idh savings 

2.5 ---CCE 



I ndustr i e l  Lighting Program- - S t .  T h m s  

1993 1 
1994 2 
1995 3 
1996 4 
1997 5 
1998 6 
1999 7 
2000 8 
2001 9 
2002 10 
2003 11 
2004 12  
200s 13 
2006 14 
2007 15 
2008 16 
2009 17 
2010 18 
201 1 19 
2012 20 

Customer Base 
Cost/Cust. 
Savings/Cust. 

CL F 

x 

6 
9 

12 
18 
27 
36 
48 
44 
87 
90 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

442 
S I  0,126 
33,734 

0,4 

New 

27 
13 
13 
27 
40 
40 
53 
80 
93 
13 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Total 

27 
40 
53 
80 

119 
159 
212 
292 
385 
398 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Totat 
MUh 

Savings 

8% 
1,343 
1,790 
2,685 
4,028 
5,371 
7,161 
9,847 

12,980 
13,427 
12,979 
12,756 
12,532 
12,084 
11,413 
10,742 
9,846 
8,504 
6,937 
6,713 

(Total lndustr ie l  Customers) 
(0300/mrh/Yr. ) 
(ka) 

cost 
(MOB 1 

269 
134 
134 
269 
403 
403 
537 
806 
940 
134 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

269 
134 
134 
269 
403 
403 
537 
806 
940 
134 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2,219 

CCE Tota l  
MU 

Current Deferred Savings 
_- - - - - - - - - - - - - - - - -  

0.26 
269 0.38 
134 0.51 
134 0.77 
249 1.15 
403 1.55 
403 2.04 
537 2.81 
806 3.78 
940 3.83 
134 3.70 

(3 3.66 

0 3.45 
0 3.26 
0 3.07 
0 2.81 
0 2.43 
0 1.98 
0 1.92 
0 

0 3.58 

2,017 ---Net Present Vatw 

202 ---SO00 Savings 

2.5 ---CCE 



industrial Lighting Progrsm--St. Clroix 

1993 
1994 
1995 
4 996 
1997 
1998 
1439 
2000 
2001 
2502 
2503 
2004 
2005 
2006 
2007 
2058 
2059 
2010 
201 1 
2012 

x 

1 6 
2 9 
3 12 
4 18 
5 27 
6 35 
7 48 
8 65 
9 87 

10 90 
' I7 0 
12 0 
13 5 
14 0 
15 0 
16 0 
37 0 
98 0 
19 0 
20 0 

curtomE?r Base 354 

Sevings/Cust. 21,298 
Cost/Cust. ~ , 3 8 9  

Rlau 

21 
If 
11 
21 
32 
32 
42 
64 
74 
9 9  
0 
0 
0 
0 
0 
0 
0 
0 
0 
I] 

Total 

21 
32 
42 
44 
94 

127 
I70 
234 
308 
319 
0 
0 
0 
0 
0 
0 
0 
0 
5 
0 

Total 
HWh 

Sevings 

452 
679 
905 

1,357 
2,036 
2,714 
3,619 
4,976 
6,559 
6,785 
6,560 
6,447 
6,334 
6,107 
5,7 
5,429 
4,977 
4,298 
3,508 
3,393 

cost 
($000) 

4 36 
68 
bs 

136 
204 
204 
277 
407 
475 
68 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

136 
68 
68 

134 
204 
204 
271 
407 
475 
68 
0 
0 
0 
0 
0 
5 
0 
D 
0 
0 

1,721 

0.13 
136 0.99 
$8 0.25 

0.39 
136 0.58 
254 5.77 
2 04 1.03 
274 9.42 
407 1.87 
47!i 1.94 
68 1.87 

0 '1 .a 
a 'I .%I 
0 1.74 
0 1.65 
0 f .55 
0 1.42 
0 9.23 
0 1 .OO 

0 
0 0.97 

1,019 ---Wet Present Value 

102 ---SO00 Savings 

CLF 5.4 4,145 ---Avg. Wh Savings 

2.5 - - -CCE 



A.5, COMMERCIAUINDUSTRIAL LOAD MANAGEMENT PROGRAM 
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Load Management Program--St. Thcmes 

1 993 
1994 
1995 
1 996 
t 997 

1p99 

2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
201 1 
2012 

iwa 

1 
2 
3 
4 
5 
4 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

C u s t m r  Bese 
cost/custOmer 
Savings/Cust. 

x 

2 
4 
7 

13 
21 
29 
37 
43 
47 
SO 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

3,890 
$5 MI 

5 

New 

78 
78 

117 
233 
311 
31 1 
31 1 
233 
156 
117 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Total Savings 

78 0.39 
156 0.78 
272 1.36 
506 2.53 
81 7 4.08 

1,126 5.64 
1,439 7.20 
1,673 8.36 
1,828 9.14 
1,945 9.73 
1,945 9.73 
1,945 9.73 
1,945 9.73 
1,945 9-73 
1.945 9.73 
1,945 9.73 
1,945 9.73 
1,945 9.73 
1,945 9.73 
1,945 9.73 

(Total CsmnerciaL Customers) 
($5 OO/kU/Y r. ) 
kW 

cost 
($000) 

39 
78 

136 
253 
408 
564 
720 
836 
914 
973 
973 
973 
973 
973 
973 
973 
973 
973 
973 
973 



Load Management Program--St. Thoanas 

1993 
1994 
1995 
1996 
1997 
1898 
499!7 
2000 
2009 
2002 
2003 
2004 
2005 
2006 
2007 

2009 
2010 
201 1 
2Ot2 

200s 

1 
2 
3 
4 
5 
6 
7 
3 
9 

30 
11 
12 
13 
14 
15 
16 
47 
18 
99 
20 

x 

2 
4 
7 

13 
29 
29 
39 
43 
47 
50 
0 
5 
19 
0 
0 
0 
0 
0 
Q 
0 

3,177 
$500 

5 

hew 

64 
44 
95 

191 
254 
254 
254 
191 
4 27 
95 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Total Savings 

64 0.32 
127 0.64 
222 1.71 
413 2.07 
667 3.34 
92 1 4.6’0 

4 , 9 7 5  5.88 
1,366 4.83 
1,493 7.47 
1,589 7.94 
1,589 7.95 
1,589 7.95 
1,589 7.95 
1,589 7.95 
1,589 7.95 
1,589 7.95 
1,589 7.95 
1,589 7.95 
1,589 7.95 
1.589 7.95 

cost 
(E000) 

32 
64 

311 
207 
334 
441 
588 
883 
747 
794 
795 
795 
795 
795 
795 
795 
795 
795 
795 
795 



A.6. NEW CONSTRUCTION PROGRAM 





Residendisl New Construction Program--St. Thewnes 

1993 
1994 
4995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
201 0 
201 1 
201 2 

1 
2 
3 
4 
5 
4 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Totat  

19,81S 
20,112 
20,414 
20,720 
21,031 
21,346 
21,666 
21,991 
22,321 
22,656 
22,996 
23,341 
23,691 
24,046 
24,407 
24,773 
25,145 
25,522 
25 , 905 
26,293 

Homes 

146 
149 
151 
153 
155 
158 
160 
162 
165 
167 
170 
172 
175 
1 78 
180 
183 
186 
189 
191 
194 

36 New 

25 37 
50 74 
75 1 I 3  
75 115 
75 117 
75 118 
75 3 20 
75 122 
75 124 
75 126 
75 127 
75 1 29 
75 131 
75 133 
75 135 
75 137 
75 139 
75 141 
75 144 
K 146 

Total 

37 
111 
224 
339 
655 
574 
694 
816 
939 

1,065 
1,192 
1,322 
1,453 
1,586 
1,721 
1,859 
1,998 
2,139 
2,283 
2,429 

Custaner Base One-half Historical Annual Growth 
CostlCust. $1,368 
Savings/Cwt. 2.128 (kUh) 

CL F 0.5 

Total 
MUh 

Savings 

78 
236 
477 
72 1 
969 

1,221 
1,476 
1,736 
1,999 
2,266 
2,537 
2,812 
3,092 
3'3K 
3,663 
3,955 
4,252 
4,553 
4,858 
5,168 

Totall 
Cost 

($000) 

50 
102 
155 
157 
159 
162 
164 
147 
169 
I72 
174 
1n 
180 
182 
185 
188 
191 
193 
196 
199 

50 
102 
155 
157 
159 
162 
164 
167 
169 
172 
174 
477 
180 
182 
f 85 
188 
191 
193 
196 
199 

1,280 

50 
102 
155 
157 
159 
162 
164 
167 
169 
172 
1 74 
17? 
180 
182 
185 
188 
191 
193 
1 96 
199 

Total 
MU 

Savings 

0.02 
0.05 
0.11 
0.16 
0.22 
0.28 
0.34 
0.40 
0.46 
0.52 
0.58 
0-64 
0.71 
0.77 
0.84 
0.90 
0.97 
7.04 
1.11 
1.18 

1,564 ---Net Present Value 

116 ---SO00 Savings 

2,472 ---AvQ. Mwh Swings 

4.7 ---CCE 
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