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Economic Performance of a Glazed Flat
Plate Star Domestic Hot Water
(SDHW) System

Summary

PDHWSsystems can be an economical and
environmentally responsible way for househsld
to fulfill part oftheir demand for domestic hot
water. System performance will vary in
accordance with the physical characteristics$haf
specific installatiorfandthe degree to which the
homeowner is willingr able to work with the
systen). Economic performare; in turn, will vary in accordanagith system performancehe cost of
the system after any incentiveandthe avoided cost of fuel.

This documentanalyzes heating oil delivery records, electricity consumption for supplemental domestic
hot water heding, and heating degree days éstimate the economic performance ofSbHWsystem
duringits first year of operation After appropriate adjustmenteave beerapplied, it is estimated that

the systemrhasdisplacedB06litres of heating oil, 2,76 kilograms of carbon dioxide, and will have a
simple payback d§.8years (with oipriced at75 cents/litre) thus providing a return on investment of
17.3percentd LG Aa G2 0S5 vy #da® Bconbriid pérfoiménBe tke Besuli 3 Y Qa a A 3
several factors including almost ideal installation geometry, partial displacement of the useaif a
fired boiler, anda multitude of incentiveavailableat the time of purchase.

1. The Poblem volume of heating oitlisplacedy producinga
It can be difficulfor peopleto obtain credible LR2NIA2Y 27F doiéstich@ azies K2 f R
performanceinformation to helpthem make usinga SDHW pstemrather than an offired
decisions regarding thadoptionof renewable boiler. Byconsidering the net cost of theDHW
energy technologiesAlthough there is no system and theavoidedcost of heating oil,
shortage ofinstalled equipmentthere is a calculations are performed to yield tregmple
shortageof credibledata describingquipment paybackand return on investmenof the
performance Hence, prospective buyetan system
feel as though they are assuming a high degree
of personal financialiskwhen consideringhe 3. Background
purchase ofenewable energy equipment. OnMay 27, 2009, a Thermo Dynamigéazed
flat plate SDHWsystem(SB649PV)was
2. Purpose installed by Renewable Lifestyles limca
The purpose of this caseusly is toprovide an vdzZSSyQa /2dzyié NBaARSYyOS
estimate of the economic performance thfe adults and two children. A 246-litre Bradford
first year of operation o glazed flat plate White uprightelectric water heaterlodel

SDHWsystem. Theestimate is derived fronthe M2-HE65R6DPwas used formsolar storage
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tankand to produce
supplemental hot
water as necessary
via the upperheating
element

A bypass system was
installed so the
K2dzaSK2f RQa
Benjamin CC500

boiler could be

turned off during the summer monthttereby
allowingdomestic hot watetto be provided
entirely by theSDHWsystem angas necessary,
the upperheatingelementin the solar storage
tank. A kilowatthour meter, installed idine
between the upper
heating element and
the mainelectrical
panelallowed forthe
measurement othe
quantity of
supplemental
electricitythat was
consumed when the
householdd
domestic water
needsin the summercould not be satisfied by
the SDHWsystem alone.

Additionally,the upper heating element was
wired with an on/off switch so it could be
turned offduring thespaceheating seasofi.e.,
the winter)when theoil-fired boiler was
operating and theSDHW5system vas beingused
to preheatdomesticwater passing through the
0 2 A ftaBkieI3cDil.

4. Methodology

The following steps were takdn estimate the
economic performancef the SDHW systefor
the first summer and firsyear of operation
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9 For a period of 127 days in 2009 (May 18
to October 2), the oifired boiler was
turned off and domestic hot water was
produced mostly by the SDHW system
with supplemental heating being provided
by the upper heating element in the solar
storage tank.Thevolume of oil avoided
was calculated by a comparison to the
average oil consumption rates from six
previous summer periodsThe number of
kilowatt-hours of electricity consumed by
the heating element wasead directly
from the kilowatt-hour meter.

1 Fueldelivery recorddor the four years
preceding the installation of the SDHW
systemwere analyzedo determine the
volume of oil normally consumesghch
yearby theboiler. Because the boila&lso
providesspace heating, an adjustment was
made to the annuabil consumption
volumesto account forvariations in
outsidetemperaturethroughout the space
heating season.

1 The following supplemental step was taken
to determine the solar fraction contributed
by the SDHWsystem during the summer
and winter. For aperiod of 30 days
(December 15, 2009 to January 12, 2010)
the boiler was bypassed and domestic hot
water was produceentirely by theSDHW
system and the uppédreating element.
Readings of theilowatt-hour meter were
recordeddaily.

5. Results

Oil SavingsSummerof 2009

Based orfuel consumptiorrecordsfor six
previous summer periodsee Table 1 on the
following page), the boiler would normally
consumean average of &8litres of oil per day
to provide household occupants with domestic
hot water. (During this timethe room




thermostats were turned down as far as they
would ga)

Table 1: Summer Oil Consumption

Year | Time Period Litres| Days| L/Day

2001 | June 3@o 451.5 93 4.85
September 13

2002 | May 21to 361.0 76 4.75
August 5

2003 | Ventwhistle not working

2004 | June 220 656.3| 114 5.76
October 13

2005 | May 3to 359.9 94 3.83
August 5

2006 | April 21to 585.3| 125 4.68
August 23 3.75

2007 | April 18to 413.2 99 417
July 25 3.34

2008 | Tank not completely filled

Average Summer Ofonsumption | 4.38

Note: The summer oil consumption rates for 2006

and 2007 have been reduced by 20 percent to

account for the periods starting late Aprilwhen

some space heatingasstill required.

Net Cost SavingsSummerof 2009

During the 127 dagummer period in 2009
when the boiler was turned off, the SDHW
system displaced 556 litres of oil (127 days x
4.38 litres/day = 556 litres). However, 118
kilowatt-hours of electricity were consumed to
maintain the temperature of the water in the
solar sbrage tank at the set point temperature
of 120 degree FahrenheitSée Appendix A.1
for data and calculations.)

The net cost savings of turning the boiler off
during this periodandthe cost of supplemental
electricity) are summarized in Table 2.

Tabk 2:Net Cost Savings for Summer 2009

Description (%)

Value of Oil Displaced (127 days x 4.38 | 417
litres per dayx $0.75 per litre)

Less Cost of Supplemental Electricity (1] 18
kWh at $0.15 per kWh)

Net CostSavings 399
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It should be noted thabecausehe circulating
pump for theSDHWsystem is powered byma
18-watt photovoltaic module, nadditional
electricityis required for theoperation of the
system.

Annual Al and Net CosBavingsFirst Year of
Operation (May 28, 2009 to May 22010)
Based orfuel consumption rates for the four
years preceding the installation of the SDHW
system and accounting for several variables
including the intensity of the winters, it has
been estimated that in its first year of operation
the SDHW system gad 806 litres of heating oll
(and 2,176 kilograms of carbon dioxide).
Calculations are provided ippendix 2.

Table 3, belowsummarizes the net cost savings
for the first year of operation of the SDHW
system.

Table3: Net Cost Savings for First Year of Operati

Description $)
Value of Oil Displace®@6 litres X$0.75 605
per litre)

Less Cost of Supplemental Electricity3 18
kWh at $0.15 per kwh)

Net CostSavings 587

Net Cost othe SDHWSystem
The net cost of the system (taxes included) is
summarized in Table 4, on the following page.




Table4: 2009 NetCost of ®HWSystem (SB6APV)
Description (%)
Installed Cost of 7,386
System

Less ecoEnergy for 1,250
Homes Grant

Less Home 958
RenovationTax Credit

Less PEI Energy 1,108
Efficiency Grant

Less Provincial Sales 671
Tax Exemption

Net Cost 3,399

The cumulative effect of federal and provincial
incentives that were available in 2009
contributed to a fiftyfour percent reduction in
the cost of the system.

Estimated Annual System Economics
The estimated annual system economiéshe
SDHW systerare summarizedbelowin Tables.

Table5: Estimated Annual System Economics

Description

Estimated Annual Cost Savings $587

Simple Paybad$3,399/($B7/year)) 5.80
yrs

Return on Investment ($/$3,399) x 100| 17.3%

Solar Fraction

The star fraction provided by the SDHW system
is defined as the percentage of hot water
produced by the system compared to the
amount of hot water consumedThe solar
fraction for each season will vary becaude
differences in sunlight intensity and duration,
and seasonal weather patterns.

Appendix A.3 provides data and calculations to
support the seasonal solar fractions provided in
Table 6, below.

Tabk 6: EstimatedSolar Fraction

Season %

Summer 86

Winter 7
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While the solar water heating system is most
effective in the summer, it still provides a
significant volume of hot water in the spring
and falland even some in the winter. (For
example, at 3 p.m. on FebruaryZ010, after a
day of full sun and with no hot water having
been drawn from the solar storage tank since
two early morning showers were takethe
water temperature at the top of theola
storagetankwas 130 degrees Fahrenheit while
the temperatureat the bottom of the tank was
105 degrees Fahrenheit.)

5. Discussion

Economic Performance

Since the economic performance of using a
SDHWsystem to provide domestic hot water is
based on the cost avoided by not using (or
reducing the use of) other methods, it stands to
reason that the more inefficient the former
methods, the greater will be the avoided cost
and the more favourable will be ¢heconomic
performance of theSDHWsystem.

In this case study, an dited boilerwasthe
original means of providing domestic hot water.
While boilers can be reasonably efficient in
producing domestic hot water during the winter
season when theynustrun to provide hot
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water for space heatig, they can be very the longevity d the system is generallgreater
inefficient (as low as 25%) in producing than for other waterheating equipment
domestic hot water in the summer when hot
water for spae heatingis not required. Hence, Miscellaneous Points
turning them offduringthe summer months 1 Using asSDHWsystem displaces the use of
and relying on &DHV system with an fossil fuel and results in less carbon dioxide
appropriate backup (electricity in this case) being released into the atmosphere. In
makes for an attractive economic case. this case study, thavoided consumption

of 806 litres of heating oitranslates into
The economic performance of tt&DHW the displacement o2,176kilograms of
system wilimprovefurther as the cost of carbon dioxidevhich is equivalent to
heating oilrises. In this case study, a# priced taking a Honda Accord or Chevrolet Malibu
at $0.75 per lire. However, it is worth off the road for six months.

remembering that in the fall of 2008, oil prices
rose above $1.20 per litre and that in the near
future, it is expected that oil costs will risgain
as the world economy recovers. Because
sunlight is free, th&&DHWsystem haso
operating costind higheril costs simply mean
higher avoided costs whichn turn, leadto a
shortersimplepaybackand a higher return on
investment.

1 Typically, boilers run 365 days per yeada
are never turned off. Turning a boiler off
and allowing the water in its reservoir to
cool to ambient temperatures may result
in some leakage as sedaaskets contract.
With regard to the Benjamin boileg small
amount of leakage was observed and
continued until the cold watesupplyto
the boiler was closed. ThH®meowner
was not concerned about the leakage as
the boiler was located in a garage with a
sloped floor leading to a drain.

The other element of economic performance is
based on the net cost of th@eDHWsystem A
lower net costshortens thesimple payback

time andincreases theeturn on investment. 1 Thehomeownerhadreadthat turning a
The yeai2009 was amxcellenttime during steelboiler off in the simmer could create
which to invest in 8 DHWsystem in thafour condensation within the boiler that would
external incentives were available to reduce the lead to corrosiorthus reducing the life of
net cost of the system.Additionally,at the boiler. Thehome2 gy SNRa f A0Sy as
time the SDHWsystem was purchased, the technician and the licensed plumber who
dealer was offering an internal discount that installed the solar water heating system
further reduced the installed cost of the system. both felt this would not be aissue.The
homeowner subsequently contacted a
SystemOperationand Maintenance licensed HVAC (heating, ventilation and air
As previously mentioned dgausethe conditioning) technician who also felt this
circulating pumpuns a sunlight, theSDHW would not be an issue.
systemprofiledin this case study has no 1 In the summer, additional efficiency can be

operating costs.There will be maintenance
costs (such as replacing the water/glycol
mixture ¢ possibly every five years) and some
parts may eventually have to be replaced, but

obtained from the SDHW system by
deferringdemand for hot water to the late
morning or early afternoon. This way, the
system carstill provide the required




domestic hot water andeave thesolar
storage tanKully chargedy thelate
afternoonwhen the system would turn off.

To allow the SDHW/stem to bypass the
boiler in thenon-space heating season
(late springto early fall) the homeowner
has toturn off the boiler,oper/close two
valves and turn on the upper heating
element in the solar storage tankn the

fall, this process is reverde However,
having the boiler turned offrom late

spring to early fall @hinates the standby
losses that normally occur when the boiler
has tocontinuallymaintain water at a
preset temperature for domestic use. The
springand fallalsoserve as conveaant
timesto drainany sediment from the
bottom of thesolar storage tank and
backflush the heat exchanger.

Thehomeownerhasadjusted the high
temperature limit of the solar storage tank
to 180°F (80°C) which is ihigher than
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the factory setting o158 °F 70 °C). The
higher setting allows for morenergy to be
transferred from the solar collectors to the
solar storage tankut can increase the
probability ofdischarge from thgressure
temperature relief valve on the solar
storage tank activatingHowever, after 14
months of operation including a teday
absence from the home in July, 2010, the
homeowner has not seen any evidence of
discharge froneither the pressure
temperature relief valve on the solar
storage tank or thepressure relief valve on
the heat exchanger.

The two solar collectors are orientate°1
east of south and armounted on a roof
with a 10 in 12 pitcltherebyproviding a
tilt angle of39.8’ above the horizontal.
Both the orientation and tilt anglell
well within accepable limits.




Appendix 1- Supplemental Electricity Requireduring the Summerof 2009
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