CASE STUDY 6

ATLANTIC ECOWORKS, NOVEMBER 2010

SUMMARY

Conventional residential oil-fired boilers typically
maintain a high volume of water at a high
temperature (unlike cold-start boilers which are
more efficient and are becoming increasingly
common). This leads to extra heating oil
consumption because of the continual heat loss
from the boiler to the surrounding area (known
as standby heat loss).

The Boiler Jacket is an after-market commercial
grade insulation kit designed to reduce standby
heat loss. By adding insulation to the outside of
the boiler (see photos 1 and 2, to the right), less
energy is required to maintain the temperature
of the hot water stored within the boiler.

The Boiler Jacket in this case study was purchased
on September 4, 2009, for $346 (taxes included)
and was installed on a boiler in an unfinished,
uninsulated concrete basement. Based on the
heating oil delivery records during its first year of
operation in comparison to the records two years
prior to its installation, the Boiler Jacket has
saved the homeowner 369 litres of oil, and
provided a simple payback of 1.2 years and a
return on investment of 80 percent (see Table 1,
to the right).

From an environmental perspective, the Boiler
Jacket has prevented 996 kilograms of carbon
dioxide from being released into the atmosphere.

DETAILS

1. Boiler Jacket

Manufactured by Eco Home Solutions, purchased
for $346.49 (pst and gst included), installed
September 4, 2009.

2. Boiler Information

Fleetline F18-24 with Aero burner

Low Limit Temperature Setting: 160 oF

High Limit Temperature Setting: 180 oF

The boiler is located in an unfinished, uninsulated
basement measuring 23 feet by 40 feet (920 ft?).

BOILER JACKET

.

Photo 1: Without Boileracket Photo 2: With Boiler Jacket

Table 1: Estimated Annual System Economics
(with heating oil costing $0.75/litre)

Installed Cost $346
Estimated Annual Cost Savings S$277
Simple Payback ($346/(5277 per year) 1.2 yrs
Return on Investment ($277/$346) x 100 80.0 %

This is equivalent to taking a 2010 Honda Fit off
the road for four months.

The homeowner installed the Boiler Jacket in
about an hour and a half. No special tools or
skills were required. The Boiler Jacket is
maintenance-free and will continue to provide
savings to the homeowner for as long as the
boiler is in service.

3. Function of the Boiler Jacket

The Boiler Jacket is an after-market commercial
grade insulation kit designed to reduce the heat
loss from the boiler to the surrounding area (also
known as standby heat loss). By adding
insulation to the outside of the boiler, less energy
is required to maintain the hot water stored
within the boiler at its set temperature. The
Boiler Jacket has no effect on the volume or
energy content of the hot water necessary to
satisfy space heating and domestic consumption
requirements.
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4. Method

The heating oil delivery records for the two years
prior to the installation of the Boiler Jacket and
the first year after its installation were used as
the basis from which annual heating oil savings
were calculated.

Variance in winter temperatures was considered
by adjusting annual heating oil consumption rates
using heating degree day data from Environment
Canada. The heating oil consumption rates were
increased or decreased to reflect how much oil
would have been consumed if the winter was as
cold as the average winter over the last nine
years. An additional calculation was performed
to estimate the number of kilowatt-hours of
electricity saved (reducing the standby heat loss
reduces the burner run time and, because the
burner requires electricity to operate, results in
some electricity savings).

All data, calculations, and explanations have been
provided in Appendix A.

5. Results, Discussion, and Comments
e After adjusting for the variability in

“coldness” for each of the three winters
considered in this case study, the boiler
jacket saved 369 litres of heating oil during
its first year of installation. At a cost of
S0.75 per litre for heating oil, this translates
into annual savings of $277 and a simple
payback time of 1.2 years and return on
investment of 80.0 percent.

e A small portion of the heating oil savings
would have been gained by insulating the
pipes external to the boiler with most or all
of the 51 feet of commercial grade pipe
insulation of various diameters (including
premade elbows and tees) that came with
the Boiler Jacket kit.

e From an emissions perspective, the Boiler
Jacket prevented 996 kilograms of carbon
dioxide from being released into the
atmosphere. This is equivalent to taking a
2010 Honda Fit off the road for 4 months.

e By reducing the total run time of the burner
(which is powered by electricity), the Boiler
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Jacket saved 31 kilowatt-hours of electricity
(worth $4.70).

e The home featured in this case study (see
Photo 3, above) was an excellent candidate
for a Boiler Jacket not only because it had a
conventional boiler containing a large
reservoir of heated water but also because
the boiler was located in an unfinished,
uninsulated basement (meaning that the
basement, in essence, acts as a 920 ft* boiler
room with significant capacity to absorb all
the boiler’s standby heat losses).

The standby heat loss from the boiler is a
function of the boiler’s wall area, the
difference in temperature (AT) between the
heated water in the boiler and the air in the
basement, and the thermal conductivity of
the boiler wall. Adding external insulation
(i.e., the Boiler Jacket) to the boiler has no
effect on the wall area of the boiler, some
effect on AT (which may increase because
less heat is being lost from the boiler to the
basement), and a great effect on reducing
the thermal conductivity of the boiler wall.

e One of the nice features about installing a
Boiler Jacket (as is the case with most home
energy upgrades involving insulation) is that
it is a non-recurrent action, that is, it only
has to be done once and the benefits will
automatically accrue year after year.

6. Conclusion

The Boiler Jacket is a very cost-effective means to
improve the efficiency of a conventional boiler
and reduce heating oil consumption and carbon
dioxide emissions.
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Appendix A: Data and Calculations

This appendix provides the data and calculations necessary to provide an estimate of the avoided oil
consumption for the boiler jacket’s first year of operation (September 4, 2009 to September 3, 2010)
compared to the two years prior to its installation (September 4, 2007 to September 3, 2009).

Heating Oil Consumed

Table 2, below, provides the heating oil delivery dates and volumes for this three year time period. (Note: Qil
volumes occurring in heating oil delivery periods coinciding with the beginning and end of any of the years
have been prorated into the appropriate year or years.)

Table 2: Heating Oil Delivery Records
Sep. 4/07 C Sep. 4/08 C Sep. 4/09 ¢

Days in Sep. 3/08 Sep. 3/09 Sep. 3/10
Heating Oil Delivery Periods Litres Period Litres/Day | Days/Total Litres | Days/Total Litres | Days/Total Litres
Aug. 30/07 — Nov. 12/07 450 75 6.0 70/420
Nov. 13/07 — Dec. 19/07 603 37 16.3 37/603
Dec. 20/07 — Jan. 23/08 629 35 18.0 35/629
Jan. 24/08 — Feb. 20/08 528 28 18.9 28/528
Feb. 21/08 — Mar. 25/08 603 34 17.7 34/603
Mar. 26/08 — May 6/08 472 42 11.2 42/472
May. 7/08 — Sep. 24/08 578 141 4.1 120/492 21/86
Sep. 25/08 — Nov. 19/08 402 56 7.2 56/402
Nov. 20/08 — Dec. 22/08 491 33 14.9 33/491
Dec. 23/08 — Jan. 21/09 607 30 20.2 30/607
Jan. 22/09 - Feb. 18/09 580 28 20.7 28/580
Feb. 19/09 — Mar. 21/09 487 31 15.7 31/487
Mar. 22/09 — Apr. 28/09 430 38 11.3 38/430
Apr. 29/09 — Aug. 28/09 477 122 3.9 122/477
Aug. 29/09 — Nov. 10/09 460 74 6.2 6/37 68/423
Nov. 11/09 — Dec. 19/09 453 39 11.6 39/453
Dec. 20/09 - Jan. 26/10 619 38 16.3 38/619
Jan. 27/10 - Feb. 18/10 366 23 15.9 23/366
Feb. 19/10 — Mar. 31/10 499 41 12.2 41/499
Apr. 1/10 — May 28/10 456 58 7.9 58/456
May 29/10 — Oct. 18/10 432 143 3.0 98/294
Total Litres Consumed 366/3,747 365/3,597 365/3,110

Adjustments for Differences in Number of Heating Degree Days

In considering the reduction in oil consumption that can be attributed to the boiler jacket, it is necessary to

recognize that the boiler consumes oil not only for the purpose of providing space heating but also for the

purpose of providing domestic hot water. It will be assumed that there is no variation in annual domestic hot

water usage.

When comparing annual oil consumption due to space heating, it is necessary to account for variation in

outside temperature which, in turn, affects heating load and therefore oil consumption.

An adjustment can

be made to space heating oil consumption by considering the number of heating degree days occurring within

each time period. Heating degree days are calculated by subtracting the average daily outside temperature

from 18 degrees Celsius.

For example, an average daily outside temperature of 3 degrees would result in 15 heating degree days (18

degrees — 3 degrees = 15 heating degree days).
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Table 3, to the right, summarizes heating degree day data from
Environment Canada for the last three space-heating seasons

based on temperature readings from the Charlottetown

Airport. Data for the months of July and August have been

omitted from the table as there is little need for space heating

during these months.

Table 4, below, summarizes the adjustments that must

be made to annual oil consumption to account for the

differences in the number of heating degree days that occur

during each space-heating season. A heating degree day
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Table 3: Celsius Heating Degree Days
(Charlottetown Airport)

Month 2007/08 2008/09 2009/10
Sep 120.3 121.3 134.8
Oct 247.7 300.6 345.1
Nov 446.6 421.2 392.1
Dec 730.7 619.6 642.9
Jan 728.0 865.6 686.4
Feb 686.1 663.9 607.9
Mar 694.0 674.6 543.3
Apr 418.4 419.5 366.5
May 285.7 245.0 262.3
Jun 95.1 101.8 1135

Total 4,452.6 4,433.1 4,094.8

baseline was established using the average number of heating
degree days occurring at the Charlottetown Airport over the

last nine years. By considering how

Table 4: Adjustments to HDDs and Annual Oil Consumption Rates

warm or cold each year is relative to

the nine-year average, it is possible to

adjust oil consumption (by adding litres

of oil for a warmer than average winter

and subtracting litres of oil for a colder

than average winter) to reflect what it

would be for a winter with an average

number of heating degree days.

2007/08 2008/09 2009/10
Heating Degree Days (OC) 4,452.6 4,433.1 4,094.8
9 Year HDD Average (°C) 4,369.6 4,369.6 4,369.6
Difference Relative to Average (%) 1.90 1.45 -6.29
Adjusted Difference (%) 1.43 1.09 -4.72
Unadjusted Oil Consumption (L) 3,747 3,597 3,110
Consumption Adjustment (L) -54 -39 +147
Adjusted Oil Consumption (L) 3,693 3,558 3,257
Average Adjusted Oil Consumption 3626
for Previous Two Years (L) !
Adjusted Oil Savings Compared to Previous Two Years (L) 369

Here are the calculations from Table 3

for the 2008/09 heating season.
Heating Degree Days (°C) = 4,433.1
9 Year HDD Average (°C) = 4,369.6

Difference Relative to Average (%) = (4,433.1 —4,369.6)/(4,369.6) x 100 = 1.45

Adjusted Difference (%) = 1.45 x 0.75 = 1.09

Note: The factor of 0.75 is used to recognize that approximately 75% of the oil consumed in the

household is used for the purpose of space heating and is therefore influenced by differences in the

number of heating degree days. This helps ensure that only the portion of oil consumed for space

heating will be adjusted for temperature variations during the heating season (i.e., heating degree

days).
Unadjusted Oil Consumption (L) = 3,597
Consumption Adjustment (L) = 3,597 x (1.09/100) = -39.

Note: Since the 2008/09 heating season was colder than the 9-year average, the consumption

adjustment is negative. This means that consumption will be reduced by 39 litres.

Adjusted Oil Consumption (L) = 3,597 —39 = 3,558
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Average Annual Savings of Heating Oil

From Table 4, the adjusted heating oil savings for the first year since the installation of the boiler jacket is
estimated to be 369 litres.

Average Annual Financial Savings

369 litres x $0.75 per litre = $276.75

Simple payback = cost of Boiler Jacket/annual savings = $346/5277 per year = 1.2 years

Return on Investment = (annual savings/cost of Boiler Jacket) x 100 = ($277/5346) x 100 = 80.0%

Average Annual Avoided Carbon Dioxide Emissions

Savings of 369 litres of heating oil per year corresponds to avoided emissions of 996 kilograms (369 litres of
heating oil x 2.7 kg of CO, per litre of heating oil = 996 kg.). This is equivalent to taking a 2010 Honda Fit off the
road for four months.

Reduced Electricity Consumption:
Reducing the boiler’s standby heat loss also reduces the length of time the oil-fired burner (which uses
electricity) operates. Therefore, less burner usage also saves electricity.

The amount of electricity saved has been calculated below.
Burner motor: 115 volts, 2.8 amps
Watts = volts x amps = 115 volts x 2.8 amps = 322 watts

Assume a nozzle flow rate of 1.0 US gallons per hour = 3.79 litres per hour
369 litres/3.79 litres per hour = 97.4 hours of burner operation

97.4 hours x 322 watts/1000 = 31.3 kWh of electricity consumption
31.3 kWh x $0.15 per kWh = $4.70



