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1. Introduction
This report is an analysis of the potential for Block Island Power Company (BIPCO) to
use renewable energy and clean distributed resources to supply power to its customers.
The report is only a preliminary evaluation; it does not make a final recommendation as
to the action that BIPCO should take.  Rather, its purpose is to indicate whether or not
further analysis is warranted.

Block Island is located approximately 10 miles off the cost of the Rhode Island mainland.
BIPCO currently supplies power to its customers using diesel generators.  For a variety of
reasons, BIPCO will make major investments in new capital to provide power to its
customers.  The two basic alternatives that have been suggested are: (1) to install a
submarine cable to provide electricity from the mainland to the island; and (2) to
purchase new cleaner power generators.  This work evaluates the feasibility of a third
alternative: (3) to invest in clean distributed resources.

2. System Description
It is proposed that the clean distributed resources be composed of: energy efficient lights
and refrigerators; photovoltaic (PV) systems distributed to where power is consumed;
two wind turbines; and commercial and residential cogeneration.  The energy efficient
lights and refrigerators will reduce electrical consumption.  The PV systems will convert
sunlight into electricity.  The wind systems will convert wind into electricity.  The
cogeneration units will use fuel to simultaneously produce electricity and also heat for
hot water.  The investments could be made according to the following time frame.

1999
• Replace 20,000 incandescent light bulbs with fluorescent lights (compact fluorescent

lights or the equivalent) in residences, hotels, and restaurants; this corresponds to 2
lights for each person during the peak summer months

• Replace existing refrigerators with high efficiency refrigerators for all year round
residential customers

• Install two 500-kW wind turbines (1 MW of wind)
• Install fifty 20-kW PV systems at or near demand service customer premises (1 MW

of PV)
• Install six 250-kW cogeneration generators to supply hot water to demand service

customers (1.5 MW of cogeneration)
• Operate the existing diesel generators to provide 15 percent of the power sold and to

provide emergency peaking power1

2004
• Install 1-kW cogeneration fuel cells in year round customer residences in place of

their water heaters (0.3 MW of residential cogeneration)

                                                
1 This corresponds to less than 350 hours per year of full operation for units #13, #19, and #20 (combined
capacity of 3,836 kW).
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• Operate the existing diesel generators to provide 5 percent of the power sold and to
provide emergency peaking power

3. Energy Production

It is estimated that this system will need to produce 8.3 Million kWh to provide 7.7
Million kWh to the customers.2  Table 1 presents the distribution of electricity production
(and savings) on an annual basis.

Since the some of the technologies are non-dispatchable, the match between supply and
demand on a finer time scale is an important consideration. The data available at the time
of the analysis was monthly.  Figure 1 suggests that there is a good match between supply
and demand on a monthly basis.3

Table 1.  Percent of annual energy production and savings by source.

Efficiency Wind Commercial
Cogeneration

Residential
Cogeneration

PV Diesel
Backup

Total

25% 19% 29% 8% 21% 5% 107%

                                                
2 It is anticipated that the system will have fewer losses because the technologies will be located nearer the
customers’ premises.  8.8 and 7.7 Million kWh of electricity were produced and sold in 1996, respectively;
it is estimated that the use of distributed resources will reduce the system losses from 15 percent to 7
percent.
3 The monthly production of electricity was determined as follows.  The energy efficiency savings were
assumed to be proportional to the demand since these type of energy efficiency investments tend to have
stable reductions throughout the year.  The PV output was based on the percentage of horizontal insolation
by month from NREL’s solar database.  The wind output was obtained from Tony Jimenez at NREL.
Residential cogeneration was assumed to be constant throughout the year since the heat load is for water
heating needs.  Commercial cogeneration was the residual of demand minus the other components; no
monthly data were available to verify the commercial cogeneration.  This pattern of production, however,
appears to be reasonable because the demand customers will have hot water demand that is highly
correlated with the number of people on the island.
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Figure 1.  There is a good monthly match between supply and demand.

4. System Cost
Table 2 indicates that this system would have a capital cost of $8 Million dollars.
Including the other annual costs, this translates to a total annual cost of about $2 Million
starting in 1999.4  Figure 2 presents the annual cost of the system from 1999 to 2028; two
cost estimates for the cable alternative (one included in the BIPCO Power Requirements
Study, April 1998 and the other from Booth & Associates, May 1997) are included for
comparison.

                                                
4 The calculations make the following assumptions: the discount rate is 5.75%; there is no inflation with
capital costs when the technologies need to be replaced (it appears that the costs of the renewable
technologies are declining over time); there is 4% inflation for fuel and O&M costs; property taxes are
0.5% of capital cost; insurance is 0.75% of capital cost; and the base cost for operations is $929,351.  It is
also assumed that, while the energy efficiency investments have a 10 year life, BIPCO will need to make
the investment in efficiency only once; customers will make the investment in subsequent years.
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Table 2.  1999 system cost.5

Efficiency Wind Com.
Cogen.

Res.
Cogen.

PV Diesel
Backup

Total

Capital Cost ($) $500,000 $1,000,000 $2,000,000 $500,000 $4,000,000 - $8,000,000
Size (MW) 1.0 1.5 0.3 1.0 -
Life (years) 10 15 15 15 30 -
Elec. Prod. (GWh/y) 2.0 1.5 2.2 0.6 1.6 0.4 8.3
O&M cost ($/kWh) - $0.02 $0.05 $0.05 $0.01 $0.02
Fuel Cost ($/kWh) - - - - - $0.08
Annualize Factor 0.1343 0.1013 0.1013 0.1013 0.0707

ANNUAL COSTS
Cap. Cost ($/yr) $67,132 $101,288 $202,575 $50,644 $282,865 $0 $704,503
Property Tax ($/yr) $5,000 $10,000 $2,500 $20,000 $0 $37,500
Insurance ($/yr) $7,500 $15,000 $3,750 $30,000 $0 $56,250
O&M Cost ($/yr) $29,692 $111,526 $32,073 $15,768 $7,671 $196,730
Fuel Cost ($/kWh) - - - - $30,685 $30,685

Annual Cost $1,025,668
Base Cost $929,351
Total Cost $1,955,019

There are several things to notice in the table:
1. The total capital cost is $8 Million and the annual cost is starts out at about $2 Million

per year in 1999 (the costs increase slowly over time); these costs are comparable to
the cost of power using the submarine cable.

2. While there are O&M costs for the cogeneration, there are no fuel costs.  The reason
for this is as follows.  Customers currently purchase and burn fuel to heat their hot
water. Rather than having the customers purchase the fuel for their hot water and
BIPCO purchase fuel for its generating units, BIPCO will purchase the fuel for the
cogeneration units, run the cogeneration units to generate both heat and electricity,
and then sell the heat to the customers.  The money that BIPCO will spend on fuel
will be offset by the revenue from customers for the hot water because this is the
amount customers would have had to spend on fuel without the cogeneration.6

3. The two cable cost estimates differ in later years.  The major reason for the difference
is because the estimate in the BIPCO Power Requirements Study assumes that there
is no inflation in electricity costs while the Booth & Associates estimate assumes that
there is 4 percent escalation. This emphasizes one risk that BIBCO faces with
providing power using the cable: BIPCO may need to increase rates if its suppliers
increase its electricity prices.  If this happens, the distributed resources will make it
increasingly attractive for customers to self-generate and BIPCO could lose
customers.

                                                
5 This table includes the cost of the residential cogeneration even though it is not installed until 2004.
6 The average efficiency of hot water heating units in the U.S. is around 60 percent.  It is assumed that the
cogeneration units have a thermal efficiency of 60 percent and an electrical efficiency of 25 percent.
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4. The system with clean distributed resources may offer customers more rate stability
over time because a much smaller portion of the overall cost is due to fuel costs.
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Figure 2.  Annual costs.

5. Conclusions
The preliminary conclusion of this work is that a system composed of clean distributed
resources has the potential to be a technically and economically feasible alternative for
BIPCO.  This conclusion suggests that a more detailed analysis of such a system is
warranted.

The subsequent analysis should address these, as well as other, issues:
1. The costs for the various technologies were estimated in this report.  These estimates

need to be verified by obtaining bids from suppliers.
2. No discussion was included in this report about the impact on rates.  That is, while the

total cost of this system may be comparable to the cost of the cable based system, less
electricity will be consumed.  Thus, while the average bills ($ per year per customer)
will remain the same, rates ($ per kWh) may increase.

3. This work assumed that the output from the cogeneration units that supply hot water
to the commercial customers will peak in the summer because there will be a high
correlation between the use of hot water and the number of people on the island.  The
hot water usage pattern needs to be confirmed.

4. The cogeneration investments assume that customers will be willing to participate;
this needs to be verified.

5. The analysis assumed that there is a good potential for electricity savings using
energy efficiency investments on the island and that customers will allow BIPCO to
install the new efficient technologies (at no cost to them).  This needs to be verified.
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6. While there is a good monthly match between supply and demand, the match needs to
be examined on a fined time scale, such as on an hourly basis.  It needs to be
determined whether or not the wind output plus the PV output exceed demand,
particularly during the winter months.

6. Appendix
This appendix describes some of the calculations in more detail.

Efficiency Investments
Suppose that the utility purchases and installs 2 compact fluorescent lights (CFL) for
every person on the island.  At the peak time, there are about 10,000 people on the island
Table 3 suggests that this would result in the installation of 20,000 CFLs and have a total
energy savings of 1.3 Million kWh hours.  If each bulb cost $10 to purchase and $2.50 to
install,7 the capital cost of this investment is $250,000.  Since the CFLs have a rated life
of 10,000 hours, the bulbs will last about 10 years.

In addition, suppose that the utility purchases a high efficiency refrigerator for each of its
year round residential customers.  Table 4 shows that this would result in an annual
savings of 666,000 kWh.  The cost of this savings would be about $250,000 if each
refrigerator cost $750.

Table 5 suggests that investing in high efficiency lights and refrigerators will cost
$500,000 and save 2 Million kWh or about 26 percent of Block Island's electricity
consumption.  Due to the type of efficiency investments, it is assumed that the energy
savings are proportional to the load throughout the year.  We will assume that the utility
makes the energy investments once and pays for them over 10 years and then the
residents and businesses pay the replacement costs of these units in the future.

                                                
7 The utility could hire two people for a year at $25,000 per year per person to install the lights.  Each
person would need to install 5 lights per hour (or the equivalent of about one house per hour) to accomplish
this task.
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Table 3.  Annual electricity savings from fluorescent lights.

Number of
people8

Number of
lights per
person

Annual
hours of

operation9

Savings per
light per hour
(kWh/hour)10

Total
savings
(kWh)

Year Round
Residential

800 2 1,460 0.07 163,520

Summer
Residential

1,700 2 487 0.07 115,906

Visitors 7,500 2 975 0.07 1,023,750

Total 1,303,176

Table 4.  Annual electricity savings from high efficiency refrigerators.

Number of
residences11

Annual savings
per refrigerator

(kWh)12

Total savings
(kWh)

Year Round
Residential

333 2,000 666,000

Table 5.  Energy efficiency cost and savings.

Savings Installed Cost
Lights 1,303,176 kWh $250,000

Refrigerators 666,000 kWh $250,000

Total 1,969,176 kWh $500,000

                                                
8 There are 1,017 residential customer accounts.  It is estimated that there are about 333 active accounts in
the winter (average of 2.4 people per house).
9 The annual hours of operation is based on the following: 4 hours per day for year round residential
customers, 4 hours per day from June through September for Summer residential customers, and 8 hours
per day from June through September for visitors (i.e., in hotels, restaurants, etc.)
10 This savings is based on a 30 Watt fluorescent replacing a 100 Watt incandescent.
11 This assumes that there average number of people per house on Block Island is the same as the Rhode
Island's average of 2.4 people per house.
12 This assumes that the existing refrigerators consume about 2,500 kWh per year and that the new
refrigerators will consume 500 kWh per year.
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PV and Wind Output
Table 6 presents the estimated electricity output from PV and wind units on Block Island.
The data are presented in units of kWh per kW of investment.

Table 6.  Monthly electricity production for PV and wind

PV Output
(kWh/kW)

Wind Output
(kWh/kW)

Jan 63 250
Feb 91 148
Mar 126 150
Apr 160 85
May 189 93
Jun 204 82
Jul 200 41
Aug 178 36
Sep 144 80
Oct 104 112
Nov 65 183
Dec 53 224

Cogeneration
Assume that the population of Block Island is 800 people for 8 months of the year and
10,000 for 4 months of the year.  Assume that the average person uses 10 gallons of
propane per month for water heating.  This suggests that about 464,000 gallons of
propane are used per year on Block Island for water heating.  Since the average gas water
heater in the U.S. has about a 60 percent thermal efficiency, these units could be replaced
with cogeneration units that have 60 percent thermal and 25 percent electric efficiency
and would produce electricity with no additional consumption of fuel.  If BIBCO could
provide all of the hot water needs of its customers, it would produce about 3.1 Million
kWh per year as well as the heat for the hot water.13

                                                
13 3.1 Million kWh = 464,000 gallons of propane * 91,220 BTU's/gallon * 0.000293 kWh/BTU * 0.25




