CASE STUDY 8 PELLET FIREPLACE INSERT

ATLANTIC ECOWORKS, JANUARY 2011

SUMMARY

A pellet fireplace insert is a thermally-efficient
and aesthetically pleasing way to retrofit an
existing open fireplace to heat a room or
potentially part or all of a home. From an
environmental perspective, burning wood
pellets releases less new carbon dioxide into the
atmosphere than burning oil (i.e., most of the
carbon dioxide will have been recycled from the
atmosphere as the trees grew).

This case study provides details on the
performance of a pellet fireplace insert (see
Photo 1) installed in the existing open fireplace
of a 1,230 square foot single story home (see
Photo 2). Based on two years of operation, the
pellet fireplace insert has annually displaced an
average of 430 litres of oil and reduced the
home’s carbon dioxide emissions by 833
kilograms.

From a financial perspective, after allowances
are made for the cost of pellets, electricity for
operation, and maintenance, the pellet fireplace
insert is costing the homeowner $127 more per
year to operate than if the existing oil-fired
boiler continued to receive full use. Therefore,
as per Table 1, to the right, the pellet fireplace | Photo 2: Case Study Home|
insert is providing a return on investment of

negative 3.6 percent.

L . Table 1: Estimated Annual Financial Performance
Perhaps the most significant reason for this Description
.nega.tlve return |s_that the pellet flreplac.e insert Net Cost of Pellet Fireplace Insert $3.500
is b(.a|.ng used not |r.15t.ead (.)f, .but rather, in Estimated Annual Savings 127
addition to, the existing oil-fired boiler. Return on Investment (-$127/$3,500) x 36%
Therefore, the savings that could be gained by 100
turning the boiler off for at least part of the
heating season are not being realized.
DETAILS
1. The Home
T Single story with full basement 9 1,230 ft’ of heated area in basement
Builtin 1968 9 Pellet fireplace insert installed in living
1 1,230 ft’ of heated area on ground floor room (upstairs) in June, 2008
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2. Harman Accentra Fireplace Pellet Insert
f Maximum BTU: 42,000
f Heating Capacity: 1,400 ft
9 Hopper Size: 38 Ibs
M Net Cost: $3,500

3. Rationale for a Pellet Fireplace Insert
Although they are aesthically pleasing, open
fireplaces are generally inefficient. In addition
to potentially allowing cold air to leak into your
home during windy weather, they ¢ a actudlly
draw warm air up the chimney and pull cold air
into your home through any unsealed gaps or

openings around whénindows

use.!

A pellet fireplace insert fits snugly into the
existing open fireplace thereby eliminating any
drafts and serves as a thermally-efficient way to
retrofit an existing open fireplace to heat a room
and potentially part or all of a home.

4. Function of the Pellet Insert

The pellet fireplace insert contains a storage
hopper (bin) that is filled with wood pellets. An
auger moves the pellets from the hopper to the
burn pot where an electronic ignitor provides
the heat to initiate burning. Based on the
thermostat setting, the auger will add pellets at
a rate to ensure that they are burned efficiently.
A fan is used to supply air for the combustion
process and another fan is used to blow heated
air into the room.

5. Method

Oil delivery records (dates and volumes)
beginning one year prior to the installation of
the pellet fireplace insert and continuing for two
years after the installation were examined to
determine annual oil consumption rates.
Variance in winter temperatures was considered
by adjusting the 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.
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All data, calculations, and explanations have
been provided in Appendix A.

6. Results and Discussion

I During its first two years of operation, the
pellet fireplace insert displaced an average of
430 litres of heating oil per year. With
heating oil priced at $0.75 per litre, the pellet
fireplace insert saved the homeowner $323
annually. However, when the average cost of
pellets ($348), electricity necessary for
operation ($12), and maintenance ($90) is
taken into consideration, the pellet fireplace

an iﬁisertcha% PnktSnnual operating cost of $127

and provides a return on investment of -3.6
percent.

I There are two significant reasons why the
pellet fireplace insert is providing a negative
return on investment. First, it is being
operated in addition to (not instead of) the
existing oil-fired boiler which is used to
provide domestic hot water, heat the
basement of the home, and provide space
heating for the ground floor of the home as
necessary when the pellet fireplace insert is
turned off. Second, it is in operation less
than one third of the time during the heating
season.

9 The financial case for the pellet fireplace
insert could be improved if the boiler was
turned off (at least during the fall and spring)
during which time a stand-alone water heater
could be used for domestic hot water and if
the pellet fireplace insert was used more
during the heating season.

7. Comments

' The homeowner purchased the pellet
fireplace insert for $4,000 and was eligible
for a $500 ecoEnergy for Homes retrofit
grant thereby reducing the net cost to
$3,500.

9 The pellet fireplace insert requires
electricity to operate and some noise is
generated when the auger and the fans are
working. However, the homeowner does
not find the noise intrusive and has easily
become accustomed to it.
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I Unlike a wood stove, the pellet fireplace
insert is capable of providing a steady heat
because pellets (see Photo 3) are added in
small quantities and only when required
based on an internal preset temperature or
a connected room thermometer.
Therefore, the pellet fireplace insert will
burn more cleanly and efficiently than most
EPA rated wood stoves.

~RR

Photo 3: Wood Pellets

I Burning wood pellets releases less carbon
dioxide into the atmosphere than burning
oil and most of the carbon dioxide that is
released has been recycled from the
atmosphere as the trees from which the
wood pellets were made grew. Burning oil,
on the other hand, introduces new carbon
(fossil carbon) into the atmosphere that
had previously been |
crust and adds it to the active carbon cycle
on the Earth’s surface.

I The hopper capacity of the pellet fireplace
insert (see Photo 4) is based on the height
of the fireplace opening. The 38 pound
hopper capacity for this particular
installation is somewhat smaller than the

Photo 4: Hopper ‘

oc k

T
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48 pound and 57 pound capacities that
would be available if the fireplace opening
was higher. However, the hopper will still
hold most of a full bag (40 pounds) of
pellets.

During times when maximum space heating
isrequired,t he homeowner
the hopper three or four times per day and
the pellet fireplace insert will burn a little
more than a full bag of pellets in a 24 hour
period.

The

Wi

homeowner i s abl e

worth of wood pellets in the basement of
the house (see Photo 5). A pail is used to
carry the pellets upstairs to fill the hopper
and very little, if any, dust or dirt is
generated around the pellet fireplace
insert.

Photo 5: Stored Wood Pellets

A=)

T T C 11T C

Once a year, the homeowner has the pellet
fireplace insert professionally serviced,
which includes a cleaning of the flue and
fans, at a cost of approximately $90. Once a
week, the homeowner cleans the glass door
and removes the ashes from the ash pan.
Although it is recommended to clean the
burn pot once a week, the homeowner has
made it a habit to clean it before each use.

On a per unit of heat output basis, wood
pellets are a more expensive fuel than
cordwood but less expensive than oil. (See
Table 7 in Appendix A for details.)
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Appendix A: Data, Calculations and References

This appendix provides the data and calculations necessary to provide an estimate of the avoided oil
consumption for the first two years of operation of the pellet fireplace insert (September 1, 2008 to May 31,
2010) compared to the year prior to its installation (September 1, 2007 to May 31, 2008).

Heating Oil Consumed

Table 3, below, provides the heating oil delivery dates and volumes for this three year period. (Note: Oil
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.)

Table 3: Heating Oil Delivery Records
Sep. 1/07 ¢ Sep. 1/08 C Sep. 1/09 ¢

Days in May 31/08 May 31/09 May 31/10
Heating Oil Delivery Periods Litres Period Litres/Day | Days/Total Litres | Days/Total Litres | Days/Total Litres
May 12/07 —Sep. 27/07 474 140 3.39 27/92
Sep. 28/07 —Dec. 7/07 474 71 6.68 71/474
Dec. 8/07 —Jan. 11/08 424 35 12.11 35/424
Jan. 12/08 —Feb. 21/08 506 41 12.34 41/506
Feb. 22/08 — Apr. 6/08 497 44 11.30 44/497
Apr. 7/08 —Sep. 8/08 625 155 4.03 55/222 8/32
Sep. 9/08 — Dec. 4/08 406 87 4.67 87/406
Dec. 5/08 —Jan. 20/09 477 47 10.15 47/477
Jan. 21/09 —Feb. 25/09 289 36 8.03 36/289
Feb. 26/09 — Apr. 29/09 470 63 7.46 63/470
May. 1/09 —Oct. 15/09 482 168 2.87 31/89 45/129
Oct. 16/09 —Dec. 21/09 482 67 7.19 67/482
Dec. 22/09 —Feb. 10/10 462 51 9.06 51/462
Feb. 11/10 — Apr. 21/10 502 70 7.17 70/502
Apr. 22/10 —Oct. 14/10 560 176 3.18 40/127
Total Litres Consumed 273/2,215 272/1,763 273/1,702

Adjustment for Differences in Number of Heating Degree Days

In considering the reduction in oil consumption that can be attributed to the pellet fireplace insert, it is
necessary to recognize that variation in outside temperature from year to year affects heating load and,
therefore, oil consumption. An adjustment can be made to 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.
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Table 4, to the right, summarizes heating degree day data from
Environment Canada for the space-heating seasons
corresponding to the heating oil delivery records 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 5, 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 baseline

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

Airport over the last nine years. By

considering how much warmer or

colder a particular 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

2007/08 (L)
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Table 4: 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
Table 5: Adjustments to HDDs and Annual Oil Consumption Rates
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) 2,215 1,763 1,702
Consumption Adjustment (L) -32 -39 +80
Adjusted Oil Consumption (L) 2,183 1,724 1,782
Adjusted Oil Savings Compared to 2007/08 (L) 459 401
Average Adjusted Oil Savings Compared to 430

degree days.

Here are the calculations from Table 5 for the 2007/08 heating season.

Heating Degree Days (°C) = 4,452.6
9 Year HDD Average (°C) = 4,369.6

Difference Relative to Average (%) = (4,452.6 —4,369.6)/(4,369.6) x 100 = 1.90

Adjusted Difference (%) =1.90x 0.75=1.43

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) = 2,215
Consumption Adjustment (L) = 2,215 x (1.43/100) = -32.

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 32 litres.

Adjusted QOil Consumption (L) =2,215—-32 =2,183
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Average Annual Savings of Heating Oil
From Table 5, the annual adjusted heating oil savings for the two years since the installation of the pellet
fireplace insert is estimated to be 430 litres.

Cost of Pellets

A total of 88 bags of pellets were consumed during the 2008/09 heating season. The homeowner received 20
bags free with the pellet fireplace insert and subsequently purchased an additional 68 bags at a cost of $5.25
per bag (gst included) for a total cost of $357. A total of 58 bags were consumed during the 2009/10 heating
season at a cost of $5.85 per bag (gst included) for a total cost of $339. Therefore, the average cost for pellets
for the two years of operation is $348.

Electricity Consumed During Heating Season

The pellet fireplace insert requires electricity to operate (e.g., for the electronic controls, auger motor, fans,
and ignitor). According to the manufacturer, the pellet fireplace insert will consume an average of 255 watts
of electricity.

The homeowner has estimated that the pellet fireplace insert is turned on for 46 hours per week over a 6
month period and that it normally operates at the lowest fan speeds. If it draws electricity at 50 percent of the
manuf act ur er Wwienitdswperatiaggtiee anhual eletricity consumption of the pellet fireplace
insert would be 152 kWh (255 watts x 46 hours/week x 26 weeks x 0.50 /1,000 = 152 kWh).

When the pellet fireplace insert is operating, the boiler in the basement does not have to provide heat to the
ground floor of the home. Therefore, some electricity will be saved because the burner on the oil boiler will
not have to fire as often. It will be estimated that the burner consumes 240 watts when in operation and that
it will fire for 10 fewer minutes (0.16 hours) per hour when the pellet fireplace insert is in operation.
Therefore, 46 kWh of electricity will be saved (240 watts x 0.16 hours/hour x 46 hours/week x 26 weeks/1000
=46 kWh). Also, the circulating pump that moves the heated water through the baseboard radiators on the
ground floor will not operate as much. With an estimated electricity consumption of 60 watts and an
operating time of 20 minutes (0.33 hours) per hour, the circulating pump would otherwise consume 24 kWh
(60 watts x 0.33 hours/hour x 46 hours/week x 26 weeks/1000 = 24 kWh).

Therefore, the net amount of electricity consumed by the pellet fireplace insert is 82 kWh (152 kWh —46 kWh
—24 kWh = 82 kWh). The cost of this electricity is $12 (82 kWh x $0.15 per kWh = $12).

Average Annual Net Savings

Table 6, to the right, indicates an average annual net savings | Table 6: Average Annual Net Savings

of negative $127 which indicates that it costs the homeowner | Gross Savings Value ($)

more to operate the pellet fireplace insert than to rely Heating Oil Avoided 323
. . . . (430 litres x $0.75 per litre)
exclusively on the existing oil-fired boiler.

Expenses
Return on Investment Cost of Pellets 348
From a financial perspective, the pellet fireplace insert is Cost of Electricity 1
providing a return on investment of -3.6 percent Cost of Maintenance 20
((-127/3,500) x 100 = -3.6). Total Expenses 450

Net Savings -127
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Comparative Cost of Fuels

Although, on a per unit of energy basis, wood pellets cost more than cord wood, they still represent a savings
compared to oil (see Table 7, below). As the price of oil continues to rise (likely more quickly than the cost of
wood pellets), the financial case for using wood pellets will improve.

Table 7: Fuel Cost Comparisons
Fuel Type Unit Cost per Energy per Unit Annual Fuel Cost per GJ of Energy
Unit (S) (M) Utilization Efficiency ($)
Cord Wood Full Cord 175 24,000 0.70 10.42
Wood Pellets 40-lb Bag 5.50 355 0.75 20.66
Heating Oil Litre 0.85 38.2 0.70 31.78

Average Annual Avoided Carbon Dioxide Emissions

Savings of 430 litres of heating oil per year equates to avoided emissions of 1,161 kilograms per year (430 litres
of heating oil x 2.7 kg of CO, per litre of heating oil = 1,161 kg.). However, even though burning wood pellets
may be considered by some to be carbon-neutral, fossil fuel is used to manufacture the pellets and to
transport them to retail outlets. Therefore, the average annual avoided emissions will be reduced by 25
percent to 871 kilograms.

Since the 82 kilowatt-hours of net electricity used by the pellet fireplace insert has carbon emissions of 38
kilograms (82 kWh x 0.46 kilograms of carbon dioxide per kWh of electricity® = 38 kilograms), the average
annual avoided emissions will be reduced to 833 kilograms. This is equivalent to taking a 2010 Pontiac Vibe
(with a 1.8 litre engine and an automatic transmission) off the road for three months.
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