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Figure 4 Time-series plot of the supply water temperature for each heating event of site exist 07

The combination of the emitter sizing, outdoor reset, and supply water control lead to low
return water temperatures in each of the as-found Phase I boilers. The low water temperatures
resulted in the high space heating efficiencies shown in Figure 1and Table 3. Figure 2 shows the
average performance across the range of return water temperatures for exist 7, a typical site. At
the lowest return temperatures, between 80 and 90 °F, the boiler saw its highest efficiencies of
97.5%. These low heating return water temperatures were found across all of the Phase I boilers
(Figure 3).
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Figure 2. Average heating efficiency per return water temperature bins at Site exist 7
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Figure 3. Outdoor air temperature and its impact on heating water temperatures.
Optimization Performance

Opportunities for both space heating and water heating performance improvements were
evaluated as part of Phase I of this project (Olson and Schoenbauer Upcoming). In general the
identification and optimization process were time consuming and required specific knowledge or
measurement of parameters in each system. For example, the space heating optimization required
a full measurement and calculation of the emitter capacity at a range of operating conditions.
These measurements and calculations are not difficult, but are time consuming.

While difficult to do, the optimization did show improved efficiency and reduced energy
consumption in all cases. However, the effort, time, and measurements needed to make these
optimizations did not justify the amount of energy savings they delivered. This was because the
improvement was relatively small at 2% to 3%, but also because these systems already had very
good energy efficiency performance without optimization, limiting the opportunity for impact.

Phase I1: Quality Installation Performance

Seven sites were selected and had condensing boilers installed following a QI procedure
based on the lessons learned from Phase I of this project. The same instrumentation and data
collection package used for Phase I was also used in Phase II. Data was collected and analyzed
for one full heating season and the performances of the newly installed boilers were compared to
the results from Phase I and baseline systems.

The quality installation procedure was developed based on the as found and optimized
performance of the boilers from Phase I. The project team found that the best practice would be
to follow the manufacturer’s installation requirements and ensuring that:

o The maximum firing rate of the boiler should be sized according to ACCA Manual J

(Rutkowski and Air Conditioning Contractors of America 2006), while minimizing the
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minimum firing rate. This should be achieved by selecting a boiler with a reasonable
turn-down rate.

o The outdoor reset control has been installed to the manufacturer’s specifications.
Specifically ensuring that the exterior temperature sensor has the required clearances and
is installed so that it will make a reasonable measurement of the outdoor temperature.

o The outdoor reset curve is set for the appropriate distribution system in the home. Figure
4 shows a generic version of the outdoor reset guidance used for this project. The coldest
day set point should be based on the installation location and design temperatures and the
minimum and maximum supply water temperatures should be set according to the emitter
type. Most manufacturers provide specific guidance in the installation documentation.

3

180

160
140
120

OOH
& 8

Factory Default
= === 0ptimized In-Floor
——— Optimized Radiator

Supply Water Temperature [F]

(o))
o

-20

0

20

-
-
-
-

40

Outdoor Air Temperature [F]

-
Cmmm-

60

Figure 4. Generic outdoor reset curve guideline

Phase II monitoring and results had nearly identical performance to Phase I boilers. For
Phase II, the average annual space heating efficiency was 89.3% compared to 90.0% for Phase 1.
This characterization validates the QI measures for ensuring installed performance capable of
achieving the expected savings above baseline. Table shows the measured results for each newly
installed boiler. As expected, the operating costs increase proportionally with the homes’ load,
but efficiency remains consistent.

Table 4. Annual performance results from Phase II monitoring (new installations)

Sites

new 01
new 05
new 08
new 10
new 11
new 12
new 16

Heating Load
(therms/yr)
1033

616

656

549

740

778

1259

DHW Load Space Heating

(therms/yr)

N/A
N/A
44

N/A
N/A
N/A
N/A

Efficiency
89.0%
89.5%
88.2%
89.9%
88.2%
89.1%
91.1%
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DHW
Efficiency
N/A

N/A
76.8%
N/A

N/A

N/A

N/A

Operating Cost*
($/year)

$938

$551

$641

$488

$671

$699

$1,106
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Comparing All Modes

Both as-found and optimized boiler space heating performance was compared to the
installed performance of the Phase II newly installed systems. Figure 5 compares the efficiency
for all these systems. The figure shows that all the measured efficiencies were fairly consistent,
ranging from 86% to 96% with an average annual efficiency of 90%. Additionally the
performance of a typical baseline system was also included for comparison. This baseline was
created from the average estimated performance of the typical baseline system and validated
against a billing analysis for the systems prior to the Phase II installations.

Only three of the as-found systems were optimized. Both Exist 05 and Exist 06 were
already set up for the lowest return water temperatures possible. Exist 06 had the highest annual
efficiency (95.1%) measured across all sites. Exist 05 had slightly higher return water
temperatures than Exist 06, but emitter capacity, existing supply temperature settings and house
load were such that further optimization was unlikely to result in significant changes in system
performance. Exist 03 was optimized for DHW performance and not space heating performance.
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Figure 5 . Space heating efficiency for all sites
Savings Results

All of these systems had space heating efficiencies near 90% and showed annual energy
savings between 10% and 18% over a baseline boiler. Table 5 shows the annual cost and
percentage savings.

Table 5. Summary of annual results
Design Load (BTUs/HR) Annual Savings over

Site (Outdoor Temp of -11 °F)  Baseline ($/year) Percent Savings
exist 01 — as found 49,123 $108 10%
exist 02 — as found 32,581 $95 12%
exist 03 — as found 23,606 $69 14%
exist 05 — as found 19,762 $59 14%
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exist 06 — as found 29,490 $117 18%

exist 07 — as found 27,670 $82 12%
new 01 46,230 $122 12%
new_ 05 25,492 $81 13%
new 08 26,397 $88 12%
new 10 25,727 $74. 13%
new 11 31,746 $88 12%
new 12 32,354 $100 12%
new 16 43,332 $185 14%

Cost Effectiveness Conclusions

According to our savings analysis above, the average heating savings for the participant
households with condensing systems over non-condensing systems is 13%, with an average
yearly cost savings of $97.54. So, in order to have a simple payback of 25 years or less (typical
lifetime of boilers), the price difference between condensing and non-condensing boilers needs
to be around $2,500. In order to have a 10 year payback, the price difference needs to be around
$1,000

This cost analysis shows that, on average, the difference in installation price is close to
the 23 year simple payback mark, but an individual bid for a particular homeowner may prove to
be a shorter or longer payback, due to the wide range of the price difference in the market.

Research on supplier cost data shows the cost differences between non-condensing and
condensing boilers (just equipment costs) points to a fairly small hard cost difference of $1,000
and also suggests that the larger cost difference is in the labor/soft costs side of things.

Our savings results for side arm or integrated DHW over a baseline power vented DHW
unit is quite small if present at all. So, as long as the side arm or integrated tank cost is similar to
a power vented unit (around $2,000 installed), it may make sense to replace an existing separate
DHW with a combined unit for space saving or venting reasons. However, this does not appear
to be cost effective for energy savings at the current average cost of $2,800.
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