Adopted December 24, 2014

Measurement of Space-Heating Emissions
Appendix H

Sierra Research Critique & OMNI Response

By request of the Fairbanks North Star Borough, this report was subject to a third-party review
by Sierra Research. A memorandum summarizing this review is included in this appendix. The
critique includes an analysis of the testing data, an enumeration of minor errors and errata
found in the report draft reviewed, and general criticisms about the testing and reporting
process. The minor issues and errata have all been addressed in the final version of the report,
but the broader criticisms warranted further response. This response, in the form of a letter to
Dr. James Connor of FNSB, is also included in this appendix.
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Memo to: Dr. James Conner, FNSB Fax: (916) 444-8373
Ann Arbor, M|

) Tel: (734) 761-6666

From: Sierra Research Fax: (734) 761-6755

Su bject: Critical Review of Draft Report “Measurement of Space-Heating
Emissions,” dated December 23, 2011, by OMNI-Test Laboratories, Inc.

Between March 8 and August 18, 2011, Omni-Test Laboratories, Inc., under contract to
FNSB, conducted a series of 35 tests on nine space heating appliances, using six typical
Fairbanks fuels. The main purposes of this study were to measure emissions and to
provide detailed source profiles for chemical mass balance modeling. This memorandum
summarizes the results of a review by Sierra Research of OMNI’s draft report and data.
Consistent with Borough priorities and SIP planning needs, our review has focused on
PM, s emission factors and the data collected by OMNI to develop those emission factors
and corresponding source profiles.

Summary of Sierra’s Findings and Recommendations

Testing, Analysis and Reporting Shortcomings

In several areas, OMNI’s testing, analysis and/or reporting were, in our opinion,
inadequate to meet Borough needs. These areas are outlined below and discussed in
detail in the later sections entitled “Issues with OMNI Testing/Analysis/Reporting” and
“Other Issues/Errata.”

1. OMNI tested one emission control device installed on two different heating
appliances. However, because of a failure to test the retrofit control device with
the feedback air control attached, this supplemental control device testing did not
meet the Borough’s need for testing that is representative of Alaskan (or other
“real world”) conditions. Those test results, from run nos. 27 and 34, are of no
use to the Borough.

2. OMNI’s approach to measuring cold start effects using one integrated filter
sample to capture ignition+kindling+coldstart preburn+hotstart testburn was
flawed, in our opinion, because it did not provide the measurement of cold start
emissions (only) required by the Borough. OMNI’s initial analysis of its “cold
start” test data was also flawed, in our opinion, for the same reason. Because of
these problems, the results from OMNI’s (5) cold start tests are of limited use.
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3. OMNI found in its testing that the non-qualified (i.e., non-phase 2 certified)
OWHH produced “an extreme amount of PM and heat in the flue...far beyond the
capabilities of the sampling equipment.” OMNI’s steps to address the resulting
problems were extensive. But OMNI did not, in our opinion, demonstrate that
those measures were fully successful. Furthermore, in certain cases the test
results were counterintuitive, raising further questions about their validity. For
these reasons, Sierra does not believe that the results from nonqualified OWHH
testing (run nos. 25-27 and 30-33) should be relied upon for regulatory purposes
without further validation.

4. OMNI’s analysis and review of its data and its reporting were insufficient to meet
the Borough’s needs. OMNI was selected by the Borough to perform this
contract in part due to its anticipated understanding, experience, and qualifications
in testing and interpreting test results for wood-burning and other space heating
appliances. However, OMNI’s analysis, interpretation, and reporting of test
results, did not, in several areas, produce and properly identify much of what was
critically needed by the Borough from the testing results. In particular, although
OMNII’s testing involved a specified matrix of fuels, appliance types, and other
factors, and OMNI collected potentially valuable data, OMNI did little more than
report the data—missing were the analysis and the insights.

Sierra has attempted to develop this information from an analysis of data in the report
along with additional information provided by OMNI. Our summary of these insights is
presented in the subsection below. Details are presented in the “Key Findings” section
later in this memo, and reflected in the figures and tables appended to this memo.

Insights Gained from OMNI’s Test Results

Notwithstanding the shortcomings described earlier, OMNI’s testing of space heating
appliances produced a dataset from which we were able to make several findings that
should be useful to the Borough for its SIP planning and emission reduction strategy

development. These include those outlined below.

1. EPA-certified wood stoves have a significantly lower PM emission factor (lbs of
PM per ton of wood burned, dry basis) than non-certified stoves (see Figure 1,
attached). This is important for two reasons. First, it confirms that the Borough’s
current strategy of providing incentives to remove non-certified wood stoves is an
effective approach, even if such stoves are replaced by EPA-certified woodstoves
(which were found to emit 70% less PM). Second, the developed emission
factors allowed the quantification of the emission benefits per unit of fuel burned
as well as per unit of useful heat output; this quantification provides support for
the Borough’s PM emissions inventory and for the evaluation of potential future
emission reduction strategies that involve space heating.

2. EPA qualified (phase 2) OWHHSs have a significantly lower emission factor than
nonqualified OWHHSs (see Figure 2). Although OMNI’s testing of the
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nonqualified OWHHSs requires further validation in our opinion, a qualitative
finding of much lower emissions is, we believe, supportable.

3. Emission factors for cordwood burned at” low” firing rate (about 35% of full
load) are higher or much higher than at “high” (appliance maximum) firing rate, a
result that has been reported by OMNI and others from previous measurement
studies with other fuels. Emission factors were also found to be higher for birch
than for spruce, which is contrary to the expectation of lower emissions for
hardwoods compared to softwoods. These findings, which are detailed later and
reflected in the 16 test runs shown in Figures 1 and 2, inform decisions about how
and what to burn to minimize PM emissions and will assist both in the refinement
of the Borough’s emissions inventory and in providing guidance and technical
support for the SIP.

4. Emission factors for coal in various forms (wet/dry, lump/stoker, low/high firing
rate) resulted in a range of emission factors with no obvious systematic variation
(results for six test runs, shown in Figure 3). While less satisfying than the
simple, more systematic patterns observed for cordwood, these findings help to
quantify the magnitude and variability of PM emissions from residential coal
combustion. This is valuable because residential coal combustion is not explicitly
represented in EPA’s AP-42 emission factor compilation. The measurements
shown also help to illustrate the substantial emission reduction possible when
using augerfed coal compared to a conventional coal stove or coal-fired hydronic
heater. (This and other comparisons of emission factors across fuel and appliance
types are shown in Figures 4 and 5.)

5. The current OMNI study is the first systematic attempt to identify emission
factors from Alaska-specific fuels and popular Alaska heating appliances, and
results showed that emission factors with Alaska-specific fuels and appliances
tend to be lower than EPA’s AP-42 emission factors (see Attachment A). Better
understanding and documenting the differences between the two will help guide
the development of an effective and technically defensible SIP.

6. Firing with more homogeneously burned fuels—Ilike oil, augerfed coal, and wood
chips—tends to produce lower or dramatically lower PM emissions than
cordwood. This observation, which was made by OMNI, lends credibility to the
measurements because it is very reasonable to expect that more uniform fuel air
mixtures will result in reduced emissions of unburned or partially burned fuel,
which contribute to PM; more importantly, however, it is indicative of the large
potential benefit of fuel switching. For example, on the basis of grams of PM
emitter per megajoule of useful heat provided, OMNI’s emission factors indicate
that one conventional wood stove emits about 175 times as much PM as an oil
burning appliance that produces the same amount of useful heat.

7. OMNI’s speciated PM source profiles represent the first systematic sampling of
the elemental composition of Alaska-specific fuels and space heating devices and,
pending further review and comparisons with existing EPA profiles, they are
expected to be used for CMB analysis as part of the SIP. However, at least one
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profile (Run No. 1, the pellet stove test, which is discussed later) showed
problems and should not, in our opinion, be relied upon without further analysis.

Waste lubricating oil, burned in a special purpose burner, was tested and found to
have relatively low PM emissions compared to the non-homogenous fuels.
However, the emissions profile for waste oil shows high concentrations of
chlorine, phosphorous, potassium, and zinc, as well as a higher sulfur level than
the conventional fuel oils, as shown later.

All of the mass profiles provided by OMNI have been compiled by Sierra into
percentage mass profiles, and a subset of nine of those has been provided to the
University of Montana for review. The subset was selected by Sierra to represent
each major appliance type and fuels, as described in Table 1, below. In lieu of
replicate tests (which are not available), the last two profiles were selected to
provide backup for wood and coal burning in case problems were identified with
the corresponding primary profiles above. All of these profiles are currently
undergoing review.

Table 1
OMNI Profiles Selected to Represent Specified Source Categories

Run No. Representation (and rationale)

5

EPA-certified Woodstove
(low firing rate is most common, birch is highest emitting)

9

EPA-qualified OWHH (low firing rate, birch)

15

Conventional woodstove (low firing rate, birch)

17

Oil burner (no.2 fuel oil is most common)

18

Waste oil burner (only test of this source)

23

Coal stove (wet stoker coal and low firing rate are believed most common)

29

Coal OHH (wet stoker coal most common, augerfed showed low PM EF)

6

Backup profile for wood burning (EPA woodstove, spruce, low firing rate)

38

Backup profile for coal burning (coal stove, dry lump coal, low firing rate)

10.

Emissions measurements for NH3 collected by OMNI have no direct counterpart
in EPA’s AP-42 compilation of emission factors. However, Sierra has extracted
the emission factor measurements from the OMNI testing and compared them
(Table 2, below) with the most closely corresponding estimates contained in the
preliminary emissions inventory for the SIP, which are based on estimates by
Pechan® using molar ratios to CO. As the table shows, OMNI’s emission factors,
expressed as Ibs of NH3 per ton of fuel burned, tend to be less than the values
estimated by Pechan but are generally within a factor of 4-5.

! Roe, Stephen, et al, “Estimating Ammonia Emissions from Anthropogenic Nonagricultural Sources -
Draft Final Report)”, prepared for Emission Inventory Improvement Program, by E.H. Pechan and
Associates, Inc., April 2004.
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NH; Emission Factors by OMNI (draft report) Compared to

Table 2

Estimates by Pechan based on molar ratio to CO

(All emissions in Ib/ton)

Pechan category and EF OMNI description and EFs*
Residential Wood, 1 conventional, noncatalytic
non-catalytic 170 woodstove, avg (and range) of 4 tests: 0.386
woodstoves, ' high and low firing rate, spruce and (0.039 - 0.747)
conventional birch cordwood
Residential Wood, 1 advanced (EPA-certified)
non-catalytic 0.90 noncatalytic woodstove, avg (and 0.156
woodstoves, low- ' range) of 4 tests: high and low firing | (0.053 - 0.322)
emitting rate, spruce and birch cordwood
Residential wood,
non-catalytic 0.30 1 pellet stove, Alaskan wood pellets, 0.072
woodstoves, pellet ' low firing rate (~35%) '
fired
1 non-qualified and 1 qualified
Residential wood, 18 OWHH, avg (and range) of 8 tests: 0.202
boilers and furnaces ' 2 units, high and low firing rate, (0.058 - 0.425)
spruce and birch cordwood

* OMNI’s measurements are based on M28 (hot start) tests and are expressed on the basis of dry tons
burned; Pechan does not specify whether their measurements are on a dry basis.

The remainder of this memorandum provides additional background on the OMNI testing
program and Sierra’s review, including the limitations of our review; more detail about
testing and reporting issues and about insights from the testing; and other issues/errata.

Background

Between March 8 and August 18, 2011, Omni-Test Laboratories, Inc., under contract to
FNSB, conducted a series of 35 tests on nine space heating appliances, using six typical
Fairbanks fuels. The testing matrix was specified by the Borough to meet its highest
priority needs for preparation of the State Implementation Plan for PM,s. (A brief
description and listing of results from each test is included in Attachment B.)

As specified by the Borough, filters were analyzed by RTI and liquid fuels were analyzed
by SWRI. Solid fuels were analyzed by Twin Ports Testing. As of this writing, all of the
planned testing has been completed, and essentially all test results have been received by
Sierra® for review.

Previously, at the Borough’s request, OMNI provided (partially complete) draft reports to
the Borough dated September 1, 2011, and October 14, 2011, which described those

2 As of this writing, we are still awaiting final minor formatting changes to the profiles for test runs that
were reanalyzed by RTI and clarification of several items by OMNI and RTI.
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portions of the test results from RTI and others that were available at the time. In
November and December, OMNI provided the remainder of the test results and other
requested information to Sierra, including a draft report dated December 23, 2011.

Limitations of This Review

Although Sierra received excellent cooperation from OMNI staff, our review has been
limited by several factors, including the following: Sierra did not witness any of the
testing; replicate testing was not conducted (or practical) for this limited test program;
and, while OMNI performed many procedures and checks that are commonly a part of
quality assurance, there was no quality assurance plan per se for the test program.

Issues with OMNI Testing/Analysis/Reporting

1. OMNI’s supplemental testing of the retrofit control device did not meet the
Borough’s need for testing that is representative of Alaskan (or any other “real
world”) conditions.

A major focus of the Borough’s contract with OMNI was to produce emissions
measurements that represent typical Alaskan fuels, space heating appliances, and normal
operations (consistent with standard measurement techniques, as specified). As part of
this effort, OMNI received supplemental funding from the Borough in an amount of more
than $25,000 to conduct two tests using a specified retrofit control device. Two
supplemental tests were reported as reflected by the data and our conversations with
OMNI, but there is essentially no description in the narrative portion of the report of
either how tests were set up and conducted or what the results mean. Notably, the report
does not state whether the feedback air control system for the retrofit control device was
installed and operating during the tests.

It is Sierra’s understanding, based on telephone conversations with both OMNI and the
control device manufacturer,® that the control device manufacturer and/or its
representative performed the control device installations and was present during both
tests of the device, but that the feedback control system for the subject retrofit device was
not connected or operating during the tests. If our understanding is correct that the air
control system is, in fact, an integral part of the retrofit control device,* the associated test
results would not be expected to represent any normal operating condition, nor would
they be consistent with the pertinent objective of the project and OMNI’s stated intent of
measuring “real world” emissions. For these reasons, the results should not be used for
emission inventory development, control technology assessment, or other regulatory
purposes.

® Personal communications with OMNI and the control manufacturer, November and December 2011.
* The control device manufacturer has told Sierra that the furnace air control system is a part of the retrofit
control system, and that they were instructed, either by the Borough directly or through OMNI, not to
connect it. In contradiction, OMNI has told Sierra that the control device manufacturer was afforded all the
time they required to install the control device completely and was present to witness the emissions testing
that involved the control device.
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2. OMNI’s approach for measuring the effect of cold start on emissions represented
a compromise between adherence to standard test methods, including Method 28
(which has no provision for cold-start testing) as specified by the Borough, and
using a multi-test approach that, unavoidably, is subject to greater uncertainty.
However, we believe the measurement as used and analyzed by OMNI to
determine cold-start effect was flawed.

Briefly, OMNI used one integrated filter to capture emissions from four test phases: the
cold start ignition, a kindling phase (which used a small charge of birch kindling), a high
firing rate preburn charge (to prepare the hot coal bed for a Method 28 test), and a low
firing rate test fuel charge. OMNI then used a modeling approach (initially suggested by
Sierra after the testing was completed) of subtracting the emitted PM mass from the
individual phases of the test to estimate the cold start effect. We view this approach as
less than ideal because it requires taking differences from several tests, each of which
unavoidably introduces additional (g/hr) uncertainties.

Subsequent to our most recent discussions with OMNI on this, we have a slightly revised,
and we believe superior, approach to offer, whereby emissions for the ignition+kindling
phase (together) are estimated by difference of the composite and two controlled (preburn
and test) phases. However, neither this approach nor the one used by OMNI is able to
fully compensate for the problematic integrated sampling approach used, which
confounds the cold-start, high firing rate phase with the low firing rate main test phase.

Figure 6 provides an illustration of how we interpret the “cold start” tests. The two bars
shown in the figure represent grams of PM emissions for the actual composite test (on the
right), which had emissions of 38.73 grams, and an attempted reconstruction of that mass
on the left, using emission factors from other low and high firing rate tests of the same
unit and same fuel type, but using the fuel masses from the composite test. The
difference of the reconstructed mass and the measured mass, which is shown lightly
colored in the figure, is the mass attributed to the cold start—in this case, 4.67 grams out
of the total of 38.73 grams, or 12.1% of the mass.

One may then ask, how do the mass emissions compare for a birch cordwood, low firing
rate stove that is cold-started vs. one that is hot-started? The answer, from the figure, is
that the hot start stove emits just 30.40 grams (time after time), whereas the cold started
stove (after subtracting the preburn high firing rate charge, from the left hand bar), emits
35.07 (4.47+30.40) grams from start/kindling plus low firing rate test charge.

Similarly computed percentages are shown in Figure 7 for three other cold start tests, all
of those 3 representing coal firing. The first two of those show relatively larger start
effects, which may be real and caused by the relatively higher emission factor of the birch
kindling compared to the coal pre-charge and test charge. In the case of augerfed coal
(far right bar), the starting emissions are shown as negative, which is not true, but is a
reflection of the uncertainty of the estimate showing them to be indistinguishable from
zero. However, while not apparent from the figure, that also appears to be the case with
the EPA certified wood stove (first bar), where the magnitude of the start effect is such
that it likely is within the uncertainty of the measurement, and therefore indistinguishable
from zero. This measurement is also far less than the several-fold difference suggested in

Appednix I11.D.5.6-891



Adopted December 24, 2014
Dr. James Conner -8- January 24, 2012

OMNI’s 2009 report for Environment Canada.” OMNI’s explanation of this to Sierra is
that the Ontario report actually combines low firing rate and cold start and contrasts that
result with high firing rate and hot start; thus, it too confounds the cold start effect. Sierra
recommends that OMNI make a slight revision to its approach (as outlined above),
include a more complete and detailed explanation in its report of how it analyzed the
results, and provide a comparison of the current results with the results of Ontario (which
appear to be the closest available comparison), explaining why the results are different.

One last interesting observation from Figure 6 is that it also permits an estimate of the
effect of cold start upon mass emissions for a unit that burns birch cordwood at high
(rather than low) firing rate. Here, we simply ignore (i.e., subtract out) the large
contribution from the low firing rate main test charge and treat the preburn high firing
rate phase as the main test charge. For this case, the mass emissions for a hot start are
3.66 grams and those for a cold start are 8.33 (4.67+3.66)—this represents a 128%
increase, but results in relatively low emissions in either case because the relatively high
emission factor associated with the low firing rate is eliminated.

3. Flow rates and filter loadings for the non-qualified OWHH testing (Run nos. 25-
27 and 30-33, as listed in Attachment B) exceeded OMNI’s testing system
capabilities, requiring adaptations and non-standard test methods.

According to OMNI’s assessment (p. 13):

The non-qualified OWHH used for testing required substantially modified
procedures in order to generate meaningful results. This unit produced an
extreme amount of particulate matter and heat in the flue. Combined with a low
dilution factor, this resulted in excessively high particulate concentrations and
temperatures in the dilution tunnel — far beyond the capabilities of the sampling
systems described in Section 2.3.

OMNI was required to take extraordinary steps (some, but not all of which are detailed in
the report®) to address condensation problems, filter plugging, and filter overloading, yet,
in the end, concluded that all of the provided test results, including those for the non-
qualified OWHH, are valid.” We are less confident in this conclusion for the non-
qualified OWHH results, in part because RTI found that filter overloading clearly did
invalidate at least some of the XRF analyses (which had to be redone, as discussed in
footnote 6), and also because of the somewhat surprising results for firing at low vs. high
firing rate (discussed under the Cold Start issue, below), which tend to contradict the
general pattern observed by OMNI and others in wood appliance testing.2*°

> Pitzman, Lyrik, et al, “Verification of Emission Factors USEPA Certified Wood Heaters (Volume 1)”,
prepared for Environment Canada, by OMNI, September 8, 2009.

® OMNI should identify in the report which runs had filters that were overloaded to the point that RTI
concluded that XRF analysis required calibration for individual elements. OMNI should also document in
the report that spare duplicate filters were used for the reanalysis and which elements were reanalyzed. If
not already done, the emission profile results for any elements that were not reanalyzed in this way for
overloaded filters should be removed from the report.

" Personal communication with OMNI, December 2011.

& For example, in a 2005 study prepared for the Hearth and Patio Association (“PM2.5 Emission Reduction
Benefits of Replacing Conventional Uncertified Cordwood Stoves with Certified Cordwood Stoves or
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Accordingly, we recommend that test results for the non-qualified OWHH not be relied
upon for regulatory purposes.

4. The amount of potassium in the PM emissions from the pellet burner was
extraordinary—about 1/3 of the PM mass—and investigation into this by RTI
revealed other significant problems with the pellet stove profile, namely “clearly
low” mass reconstruction and “very poor” ion balance, according to RTI.*

These and other aspects of the Run 1 (pellet burner) test profile should be documented in
a stand-alone section of the appendix that includes RTI’s assessment. For the main report
volume, it should suffice to say that quality control checks on the results for the pellet
burner indicate that the profile cannot be relied upon for regulatory analysis, although the
relatively high potassium measurement may be sound and is not without precedent,
according to RTI.

Additional Detail on Insights Gained from OMNI’s Test Results

1. Four tests were conducted with a conventional wood stove and four with an EPA-
certified wood stove. Both were reported by OMNI to be popular and
representative models in interior Alaska. Each model was tested with two
permutations of firing rate (high and low) and with two fuels (birch and spruce),
allowing for evaluation not only of the conventional vs. certified factor, but also
the birch vs. spruce factor and low vs. high firing rate. A brief description of
each test, and the corresponding emissions data are shown in Table 3.

Table 3
Summary of OMNI Test Results for Woodstoves
Burn | PM Emissions | PM Emissions

Run Appliance Fuel Rate (9/MJ output) (Ib/ton)

2 |EPA Certified Woodstove Birch High 0.041 0.977

3 |EPA Certified Woodstove Spruce High 0.021 0.549

5 |EPA Certified Woodstove Birch Low 0.331 8.16

6 |EPA Certified Woodstove Spruce Low 0.079 1.90

12 | Conventional Woodstove Spruce High 0.051 0.89

13 | Conventional Woodstove Birch High 1.246 21.79

14 | Conventional Woodstove Spruce Low 0.197 4.22

15 |Conventional Woodstove Birch Low 0.581 12.13

Modern Pellet Stoves™), Houck et al of OMNI, appeared to suggest an average increase in PM emission
factors (g/kg) of 344% when comparing a high and low burn rate for ten studies.

° Differences of <5 g/hr in emission rates might be interpreted as test to test variation, but the high to low
firing rate PM emission difference observed for the nonqualified OWHH with birch was 75 g/hr.

19Sjerra believes that variation in emission factors with load may be one of the key factors contributing to
the uncertainty in the emission inventory for woodburning in Fairbanks.

' Personal communication with Dr. James Flanagan, RT1, December 2011.
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For the woodstoves, Figure 1 shows an average emission factor from the four
conventional stoves of 9.76 Ibs/ton (dry basis) and an average of 2.90 Ibs/ton for EPA-
certified stoves, which is a 70% reduction. From the eight tests, all four of the pairwise
comparisons (e.g. birch low-firing rate conventional vs. birch low-firing rate EPA
certified) show a significant reduction. Similarly, with regard to birch vs. spruce, all four
of the pairwise comparisons (e.g. birch low conventional vs. spruce low conventional)
show a significant reduction. And finally, for low vs. high firing rate, three of the four
pairwise comparisons (e.g. spruce low conventional vs. spruce high conventional) show a
significant reduction. The exception is birch low conventional vs. birch high
conventional, which shows an inversion of the usual pattern of higher emissions at low
firing rate. We see no definitive explanation for this difference, although OMNI noted
that the conventional stove had significant air leakage (which OMNI considered typical
for an older, conventional stove) and, as a result, it was difficult to maintain tight air
control for the “low” firing rate. Thus, if air could be more effectively controlled, the
“true” emission factor for birch low conventional (and spruce low conventional) may be
higher than was measured.

2. Similar to the woodstoves, four tests were run for each of two popular and
believed representative outdoor wood hydronic heaters, a non-EPA-qualified unit
and a qualified (Phase 2) unit, with the resulting Ib/ton emission factors shown in
Table 4 and Figure 2. Although we note a caution about the four nonqualified
OWHH tests shown, we see an overall reduction of 84% from the 14.3 Ib/ton 4-
test average of the nonqualified unit to the 2.32 Ib/ton average of the EPA
qualified OWHH. Also, the patterns of wood type and firing rate are essentially
identical to those observed for the woodstoves, including the inversion of the
emission factors for high and low firing rates with birch of the nonqualified
OWHH. The reasons in this case are also unknown.

Table 4
Summary of OMNI Test Results for OWHHs
Burn | PM Emissions | PM Emissions

Run Appliance Fuel Rate (9/MJ output) (Ibs/ton)

8 |EPA Qualified OWHH | Birch | High 0.057 1.61

9 |EPA Qualified OWHH | Birch Low 0.212 5.32
10 |EPA Qualified OWHH | Spruce | High 0.027 0.769
11 |EPA Qualified OWHH | Spruce | Low 0.065 1.576
25 |Non Qualified OWHH | Spruce | High 0.789 10.89
30 [Non Qualified OWHH | Spruce | Low 2.315 25.70
31 |Non Qualified OWHH | Birch | High 0.757 11.85
32 |Non Qualified OWHH | Birch Low 0.757 8.82

3. There was no replicate testing performed that would permit rigorous statistical
comparisons of the emission factors reported by OMNI. However, we view the
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relative consistency of the results outlined above as a positive measure of their
reliability. In addition, Sierra performed a simple multiple regression analysis of
the above 16 emission factor test results using a log-linear model. The results, on
average, showed the following:

e The Ib/ton emission factor (EF) for conventional models was 390%
compared to that for advanced (either qualified or certified), i.e., higher by
nearly a factor of four;

e The EF for birch was 148% that of spruce;

e The EF for low firing rate vs. high was 134% (and only marginally
significant statistically); and

e The EF for woodstove vs. OWHH was not statistically significant.

4. The emission factors for coal burning in a coal stove averaged 8.65 Ibs/ton for the
six tests shown in Table 5 and Figure 3. They ranged from a low of 2.3 Ib/ton for
dry stoker coal at low firing rate to 15.1 for wet stoker coal at a low firing rate.
However, neither the effects of firing rate, nor pulverized vs. lump coal, nor even
wet vs. dry coal were consistent. This may be due to high test variability, a more
complex pattern of interactions than can be discerned by six tests, or other factors.

Table 5
Summary of OMNI Test Results for Coal Stoves and Augerfed HH
Burn PM Emissions | PM Emissions
Run Appliance Fuel Rate (9/MJ output) (Ibs/ton)
20 |Coal Stove Dry Stoker Coal High 0.459 13.22
21 |Coal Stove Dry Stoker Coal Low 0.085 2.32
23 |Coal Stove Stoker Coal Low 0.589 15.07
29 |Augerfed HH |Coal (hot start) Single 0.030 0.96
35 |[Coal Stove Stoker Coal High 0.252 6.75
37 |Coal Stove Lump Coal Low 0.142 3.98
38 |[Coal Stove Dry Lump Coal Low 0.377 10.57

This uncertainty in the emission factor for coal stoves is not, however, of much
significance for the Borough’s emission inventory, as the number of coal stoves is much
smaller than the numbers of oil or wood-burning heating appliances. What the
uncertainty does show, both for coal stoves and wood stoves, is that there is broad
overlap of the two categories, i.e., despite the minor differences in average Ib/ton values
between woodstoves and coal stoves, there is no real difference between the two with
regard to the amount of primary (i.e., direct) PM emissions per mass of fuel burned, and
that both coal- and wood-burning produce far more PM than oil-burning.
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The one exception to this pattern was the relatively low 0.96 Ib/ton PM emission factor
for the augerfed coal OHH (also shown in Table 5), which is nearly an order of
magnitude below the average for the six coal stove test runs and only a factor of four
greater than oil burning. Figure 4 illustrates these and other comparisons between
emission factor test means, expressed as Ibs/ton for the various fuel/appliance
combinations. Figure 5, taken directly from OMNI’s draft report, extends the
comparison by showing, for each test, the g/MJ of heat output.

5. It would be difficult to overstate the significance of the OMNI study as the first
systematic attempt to identify Alaska-specific emission factors representing both
Alaska-specific fuel samples and heating appliances that were specifically
selected to be popular and representative for interior Alaska. These two simple
facts greatly increase the confidence associated with using the OMNI test results
for Alaska’s PM SIP.

It is also interesting to compare the OMNI test results, where possible, with EPA’s
compilation of emission factors as represented in EPA publication AP-42.

This comparison is attempted in Attachment A, where it may be seen that for six out of
eight comparisons shown, the current OMNI Ib/ton test results shown in column 1 are
less than the AP-42 results shown in column 3. Exceptions are the coal stove (for which
the AP-42 emission factor is really for a boiler, which is not directly comparable), and for
the waste oil burner, where results depend (according to AP-42) on the specific ash
content of the fuel.

6. There is, as demonstrated in Figure 5, a wide range of PM emissions from the
various fuels and space heating appliances that represent Fairbanks.
Furthermore, it’s clear from the listing of these same emission factors in
Attachment B that for the same useful heat output, the most extreme PM
emitters can produce as much as 1,000 times higher PM emissions than at the
cleaner end, and that even the next cleanest technology produces 3-4 times as
much PM as fuel oil. The simple conclusion from this comparison is that a
shift from burning wood to burning fuel oil would achieve PM emission
reductions as soon as possible.

Other Issues/Errata

p. 3, Table 1. EPA Methods 28 and 28 OWHH are mentioned on subsequent pages but
are not shown in Table 1. They should be.

p. 8, Section 2.4. It should be noted somewhere in the report, and this may be a logical
place, that all tests with wood burning used cordwood of the specified types, which are
popular in interior Alaska, rather than the crib wood of other types (which are specified in
the respective test methods). Furthermore, birch kindling was used for the cold starts.
Lastly, for reasons of practicality, the testing of each stove/fuel/condition used only one
or two firing rates (low and high), as specified by the Borough, rather than four as
specified in Method 28.
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p. 9, Table 2. Run 27 is identified as a cold start, which is incorrect. It was a hot start (as
implied in Table 10, pg 14).

p. 10, Section 2.4.2. The reference to Table 3 should be to Table 4, and in the same
sentence, the word “load” should be inserted after “fuel.” A sentence should also be
added to describe briefly the cold start of Run 41, which is a deviation from Method 28
and is listed in the table.

p. 15, Sections 2.5 and 2.6. Two sections should be added to describe the retrofit control
device testing and the cold start testing, respectively. For the retrofit control device, the
report should document the conditions of the device setup and testing as described above.

p. 16, Section 3.3. Regarding the number 1 fuel oil and CO concentration below
detection limit, it is suggested that the corresponding entries in Tables 12 and 16 be
changed from “0” to “ND” (not detected), which matches the other tables and better
describes the results, and that a footnote be added at the bottom of each table to describe
“ND”, “N/A” (not applicable), and “>” (exceeded instrument limit).

pp. 17-20, Tables 12-20. We understand that the data contained in the tables (and shown
elsewhere in the report) used the initial (erroneous) lab analysis results for liquid fuels,
and that these would be updated with the results from SWRI when available. Please
confirm that the updated values have been incorporated throughout the report, including
in the revised calculations of emission factors, etc. (and not just in Appendix B).

p. 25, Table 20. There is no reference or mention in the narrative of this important
summary table. It should be referred to and briefly described in Section 3.1 (pg 16) in
place of the reference to Appendix A. Similarly, the reference to Appendix B in
Section 3.2 would be more useful if it referred instead to Tables 12 through 19.

p. 26, Section 4.1. It is stated here that “Emissions from eight appliances...were
sampled...,” whereas it was stated earlier (p. 1, Section 1), “...nine heating appliances
were selected and operated...” There were nine, and p. 26 should be corrected.

p. 27. At Sierra’s suggestion, OMNI provided graphs showing PM emissions per unit of
useful heat output. Subsequently, EPA identified a problem with the measurements used
to compute the efficiency of qualified OWHHSs, and the agency removed the
corresponding reported values from its website. OMNI should note this fact in its report,
and state that it used the measurement and analysis procedures that were specified in
Method 28 as of the time of its report.

On the same page, OMNI correctly notes that spruce generally burned cleaner (g/MJ)
than birch, which Sierra also observed to be true on a Ib/ton basis. This result is contrary
to the general observation from prior testing that combustion of softwoods tend to have
higher PM emissions than from hardwoods. OMNI should address this apparent
contradiction between its test results and those in the literature.

p. 29. The reference to low amounts of particulate matter from waste oil needs to be
qualified. In particular, the large fractions of chlorine, phosphorous, potassium and zinc
on this filter, which are probably attributable to fuel oil additives, are noteworthy. The

Appednix [11.D.5.6-897



Adopted December 24, 2014
Dr. James Conner -14- January 24, 2012

resulting profile from this test (Run 18) appears to be limited to certain elements. (Is this
a rerun of a previously overloaded filter? Are there no other filter results which are a
rerun of a previous filter and therefore limited in the elements listed?)

p. 31. The emissions bars in Figure 12 should be labeled and, in Sierra’s opinion, the
results for the non-qualified OWHH should be identified as a subject to confirmatory
testing.

pp. 32 and 33. Figures 13 and 14 should instead be labeled as Tables 21 and 22,
respectively.

Appendix A. Several tests show blank fields for elemental and organic carbon for the
quartz fiber filter sample. It is understood that these are due to filter overloadings that
prevented the analyses. That explanation should be included in the report, and indicator,
e.g. “NA” (not available) should be used in place of the blank on the pertinent test
summary sheets. The same indicator should be used for those elements on the Teflon
filter samples that were not reanalyzed by XRF when backup filters were reanalyzed by
RTI due to filter overloading.

Appendix C. The real time graphs for several tests show results for several tests that are
strongly modulated periodically. This is understood to be due to the automatic OWHH
control of combustion air. For several other appliances, it is understood that combustion
air was manually adjusted in an attempt to achieve the targeted burn rates. Both
explanations should be included in the report.

Appendix E. There is conflicting information about how ignition was performed for the
five cold start tests, with one source indicating that a propane torch was used for all,
while another statement indicated that a lighter (butane) was used in at least one case.
This should be clarified.
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Figure 1

December 24, 2014

(Preliminary) PM, s Emission Factors from OMNI Testing for Conventional and EPA-Certified Wood Stoves,
Using Birch or Spruce and Low or High Firing Rates

(Ibs/ton of dry fuel)

30

21.8

20

avg 9.76 Ibs/ton
10

PM2.5 Emission Factor (Ibs/ton dry fuel)

8.2
70%
reduction
avg = 2.90 Ibs/ton
0.9 1.0 ' 05
0 - ‘ ; ; - ; ; ; - ; ; | —
Birch Low Birch High Spruce Low  Spruce High Birch Low Birch High Spruce Low  Spruce High

Conventional Wood Stove

Appednix I11.D.5.6-899

EPA-certified Wood Stove



Adopted December 24, 2014

Figure 2

(Preliminary) Outdoor Wood Hydronic Heaters PM,s Emission Factors
from OMNI Testing for “Non-Qualified” and EPA-Qualified OWHHSs using Birch or Spruce
and Low or High Firing Rates (Ibs/ton of dry fuel)
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Figure 3

(Preliminary) Coal PM,s Emission Factors from OMNI Coal Stove Testing
for Wet or Dry Stoker and Lump Coal; Low and High Firing Rates;
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PM2.5 Emission Factor {Ibs PM2.5/ton fuel).
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Figure 4

December 24, 2014

Preliminary Min, Max, and Average PM, s Emission Factor by Appliance Type from OMNI Testing

(Ibs PM; 5 emitted per ton of fuel burned)
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Figure 5

All Appliances

OMNI Preliminary Testing Results as PM, s Emissions per Unit of Useful Heat Output (grams per megajoule)
(IMPORTANT - raw measurement results, see narrative for caveats)
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Figure 6

Cold Start Emissions for EPA Certified Wood Stove Burning Birch with Estimated Contribution from Each Test Phase
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Percent of Total Cold Start Test Mass Emissions

Estimated Contribution of Start+Kindling Emissions to Total Cold Start Test Emissions
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Attachment A
Comparison of Selected OMNI PM Emission Factors Measurements (lbs/ton) with Prior Study Results & AP-42

December 24, 2014

Earlier OMNI Testing

AP-42 EFs

Appliance Current OMNI Testing of Same Model (w. assumed or measured fuel
Type Avg (range of conditions) (fuel & method may vary) properties)
Stove

e Conventional, wood 9.8(8.9-12.0) 7.1 30.6

e EPA-certified, wood 2.9(2.4-5.3) - 14.6-16.2

e Coal 8.7 (2.3-15.1) - -
OHH

e Nonqualified, wood 14.3 (8.8 - 25.7) - -

e EPA Ph2 Qualified, wood 2.3(0.77-53) 2.4 -

e Augerfed coal 0.96 - 3.8 (boiler)
Pellet Stove 3.0 - 42-8.8
Coal Stove 8.7 (2.3-15.1) - 3.8 (boiler)
Oil burner

e No.1 0.33 - 0.55

e No.2 0.12 - 0.58

e Waste oil 2.97 - 0.17
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Attachment B
List of Tests Performed by OMNI and Summary of Test Results
Run Appliance Fuel Burn Rate PM2.5 Emissions (g/hr) Emissions (g/MJ output) PM2.5 Emissions Factor (g/kg)
1 Pellet Stove Alaskan Pellets Single 3.31 0.111 1.48
2 EPA Certified Woodstove Birch High 1.84 0.041 0.49
3 EPA Certified Woodstove Spruce High 1.17 0.021 0.27
5 EPA Certified Woodstove Birch Low 6.12 0.331 4.08
6 EPA Certified Woodstove Spruce Low 1.68 0.079 0.95
8 EPA Qualified OWHH Birch High 10.72 0.057 0.81
9 EPA Qualified OWHH Birch Low 14.07 0.212 2.66
10 EPA Qualified OWHH Spruce High 5.12 0.027 0.38
11 EPA Qualified OWHH Spruce Low 4.32 0.065 0.79
12 Conventional Woodstove Spruce High 2.89 0.051 0.45
13 Conventional Woodstove Birch High 94.56 1.246 10.89
14 Conventional Woodstove Spruce Low 13.16 0.197 211
15 Conventional Woodstove Birch Low 44.02 0.581 6.06
17 Central Heating Indoor Furnace No. 2 Heating Oil Single 0.13 0.002 0.06
18 Waste Oil Burner Waste Motor Oil Single 10.41 0.021 0.67
20 Coal Stove Dry Stoker Coal High 17.45 0.459 6.61
21 Coal Stove Dry Stoker Coal Low 1.74 0.085 1.16
23 Coal Stove Stoker Coal Low 11.13 0.589 7.09
25 Non Qualified OWHH Spruce High 130.10 0.789 5.45
26 Non Qualified OWHH Coal Single 294.60 4.522 27.05
27 Non Qualified OWHH Coal w/ retrofit control Single 120.10 2.924 21.18
28 Augerfed HH Coal (cold start) Single 7.17 0.027 0.45
29 Augerfed HH Coal (hot start) Single 7.78 0.030 0.48
30 Non Qualified OWHH Spruce Low 174.00 2.315 12.85
31 Non Qualified OWHH Birch High 119.30 0.757 5.93
32 Non Qualified OWHH Birch Low 44.47 0.757 4.41
33 Non Qualified OWHH Birch (cold start) Low 34.75 0.376 2.33
34 EPA Qualified OWHH Birch w/ retrofit control Low 33.82 0.592 6.79
35 Coal Stove Stoker Coal High 7.83 0.252 3.18
36 Coal Stove Lump Coal (cold start) Low 16.32 0.453 6.48
37 Coal Stove Lump Coal Low 2.75 0.142 1.99
38 Coal Stove Dry Lump Coal Low 8.19 0.377 5.28
39 Coal Stove Stoker Coal (cold start) Low 14.49 0.431 6.36
40 Central Heating Indoor Furnace No. 1 Heating Oil Single 0.31 0.004 0.16
41 EPA Certified Woodstove Birch (cold start) Low 6.86 0.180 2.18
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2/16/12

Dr. Jim Conner
Fairbanks North Star Borough

RE: Response to Sierra Critique
Dear Dr. Conner:

The following has been prepared by OMNI in response to the critical review submitted
to you by Frank DiGenova of Sierra Research on January 25, 2012. Overall OMNI does
not strongly disagree with any of the points made in the critique, but we would like to
take this opportunity to comment on a couple of items.

Retrofit Device

The retrofit emissions control device was installed by representatives from its
manufacturer. The decision not to enable feedback control was not made by OMNI and
testing began only after the manufacturer’'s representatives indicated that their task had
been completed. Any questions on the applicability of the tested installation to real-
world usage should be directed to the device manufacturer.

Non-qualified OWHH

The uncertainly of data collected during the testing of the non-qualified OWHH was not
reported. This is an oversight by OMNI, as it leads to the conclusion that despite the
difficulties during testing, the data is as certain as that of other test runs. This is not the
case. OMNI’s calculations and comparisons to other data suggest that the reported
particulate and gas emissions data sets for the non-qualified OWHH are only accurate
to an order of magnitude. While this represents a large range, the results can still be of
utility to the borough. Hypothetically, if reported emissions were reduced by a factor of
ten, the results still show that emissions from the non-qualified unit are dramatically
higher than those of the EPA Phase Il certified OWHH. The report will be updated to
include a description of the uncertainties in the data for the non-qualified OWHH.

OMNI-Test Laboratories, Inc.
Product Testing & Certification
WwWw.omni-test.com

Mailing: Post Office Box 301367 - 97294 Phone: (503) 643-3788
Street: 13327 NE Airport Way - 97230 Fax: (503) 643-3799
Portland, Oregon - USA Email: shutton@omni-test.com

Filename: OTL Business Letter Template; Date Printed: February 16, 20éppedn1X IIID56_908
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Addressee Name
February 16, 2012
Page 2 of 2
Lack of Analysis

OMNI was contracted to perform testing, report data, and perform quantitative analysis
on those data. Neither the borough’s proposal request, nor the proposal submitted by
OMNI, included subjective analysis as a deliverable.

AP-42

OMNI urges caution when comparing data from OMNI’'s testing to the EPA’'s AP-42
emissions factors. The AP-42 report is intended to realistically report field-use
emissions. Therefore, its sources are primarily field use studies that did not use
standard operating methods. OMNI’s testing relied primarily on EPA Method 28, the
woodstove fueling and operation method. Method 28’s intent is not to provide accurate
field-use data; rather, its purpose is to ensure consistent results from one appliance to
the next.

Replicate Testing

Though not discussed in the critigue, OMNI’'s primary concern with the results of the
study is the lack of repeated test runs. Many subjective conclusions can be drawn from
the data, and much of the data makes intuitive sense. However, the fact that no two test
runs were exactly the same means that the data has no scientific or statistical
significance. The first step to improving the data for any appliance or fuel is to repeat
the test runs performed.

In addition to the critical comments, Mr. DiGenova also pointed out some errors, as well
as some opportunities for better clarification, which OMNI will work on addressing for a
final draft. If you have any questions, please let don’t hesitate to contact OMNI.

Sincerely,

Sebastian Button
Emissions Testing Manager

Filename: Sierra Response; Date Printed: February 16, 2012

Appednix [11.D.5.6-909



Adopted December 24, 2014

Wood Storage Best Practices in Fairbanks, Alaska

June 27, 2011

A project report prepared by CCHRC for:
Sierra Research

CCHRC Web Site: http://www.cchrc.org

P.O. Box 82489, Fairbanks, AK 99708 Phone; 8907)457—3454 Fax: (907)457-3456
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Executive Summary

It is a common notion that firewood takes multiple years to fully cure in Fairbanks, Alaska, however,
there is a lack of documented evidence to refute or confirm this belief. To determine the storage
methods and time necessary to fully cure firewood in Fairbanks, CCHRC studied the moisture content
of firewood stored using a variety of methods for spring and fall tree harvests. The spring harvest was
conducted in April and May 2010; the fall harvest was conducted in September 2010. All firewood was
monitored for moisture content from the harvest until May 2011, unless a full cure (20% moisture
content) was reached before that time.

This study shows that if firewood from a spring harvest is split, several firewood storage methods allow
for rapid curing over the summer months, achieving moisture contents equal to or less than 20% in 6
weeks to 3 months. When firewood was kept as whole logs, it was unable to fully cure over the
summer under any storage scenario. Whole logs contained between 21% and 43% moisture content by
late summer 2010; however, some storage scenarios with whole spruce logs cured fully by May 2011.
The type of wood and storage method were important variables, but less so than whether the
firewood was split or unsplit. Aspen tended to dry more slowly than birch or spruce, and uncovered
firewood was at risk of gaining moisture from rain.

In contrast, firewood harvested in fall did not cure fully by any means of storage or preparation
throughout the study period. However, it is notable that split firewood stored in a simulated wood
shed dried significantly throughout the winter.

The method of firewood storage was more significant during the winter than the summer. While all
storage methods allowed for rapid drying of the spring-harvested firewood over summer, the tarp-
covered and uncovered firewood dried slower than firewood stored in a simulated wood shed over the
winter. Some tarp-covered and uncovered firewood accumulated a significant amount moisture over
the winter. Firewood in a simulated wood shed from the spring harvest only showed a small increase
of moisture content over the winter, while firewood from the fall harvest cured significantly.

The results of this study clearly demonstrate that it is possible to dry firewood cut in the spring in
Fairbanks over a single summer to moisture content levels that optimize wood burning efficiency and
minimize emissions. This finding deserves some caution in generalizing to all locations in the Fairbanks
vicinity, as the wood was stored in an open field with minimal obstruction of solar radiation and air
movement.

Wood Storage Best Practices in Fairbanks, Alaska www.cchrc.org
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Introduction

The use of firewood for space heating is a significant contributing factor to winter-season PM2.5 in the
Fairbanks airshed. Furthermore, it is suspected that burning inadequately cured firewood is a
contributing factor that could be partially mitigated by changes in firewood storage and curing
methods. Burning dry wood provides immediate benefit for homeowners by optimizing heat output
while reducing the release of particulate air pollutants. However, ensuring an adequate supply of dry
firewood requires preparation and planning, including knowledge of appropriate storage methods and
duration of storage to achieve a full cure.

This project is designed to study the time necessary to achieve an adequate cure of firewood (i.e. 20%
moisture content) for common storage scenarios in Fairbanks, Alaska. The data generated from this
study are intended for use in an educational campaign to teach homeowners best practices for
firewood storage.

Project Structure
This report documents work conducted by CCHRC from Spring 2010 through early Summer 2011. The
primary phases completed for this project are summarized below:

Spring Harvest
This project phase simulates the practice of homeowners planning ahead for the winter by allowing the
firewood to dry over the summer months.

a. Work plan preparation;

b. Spring harvest of trees;

c. Cutting trees to length and segregation of piles;

d. Initial moisture content sampling and analysis;

e. Splitting and stacking of firewood in various storage scenarios;
f. Interim reporting (June 30, 2010);

g. Periodic sampling of storage scenarios for moisture content.

Fall Harvest / Continuation of Spring Harvest Monitoring
The fall harvest simulates the practice of homeowners who have not planned ahead for the needs of
the upcoming heating season, or are preparing for long-term storage for subsequent heating seasons.

a. Fall harvest of trees;
b. Fall firewood preparation and storage;
c. Cutting of trees to length and segregation of piles;

d. Initial moisture content sampling and analysis;

Wood Storage Best Practices in Fairbanks, Alaska www.cchrc.org
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e. Splitting and stacking of firewood in various storage scenarios;

f. Periodic sampling of storage scenarios for moisture content over the winter and spring;

g. Interim reporting (April 18, 2011);

h. Final project reporting.
CCHRC expected the moisture content of birch and aspen trees to be at a relative maximum in the
spring and early summer, and a relative minimum in fall. As discussed in the results below, this
anticipated standing tree moisture content variation was not observed. White spruce trees were not

expected to show a strong seasonal variation in moisture content, which was observed in the moisture
content data.

Wood Storage Best Practices in Fairbanks, Alaska www.cchrc.org
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Study Variables
The following variables in wood storage and preparation were included in this study to determine how
homeowners can achieve a moisture content of 20% or less of from an initial green wood condition.

Wood species
e White spruce
e Birch
e Aspen

Storage condition
e Covered on top and stacked on pallets (a simulated wood shed)
e Covered completely and stacked on the ground (covered with a tarp)
e Uncovered and stacked on the ground
e Within a solar kiln and stacked on the ground

Preparation
e Whole logs
e Split at least once

Season
e Spring tree harvest
e Fall tree harvest
e Drying over summer
e Drying over winter

CCHRC chose multiple means of storing firewood to study the effect of different storage methods on
drying rates. Because of the large number of variables identified above, only some combinations could
be studied directly. A total of 16 storage scenarios were studied from the spring harvest, and 10
storage scenarios were studied from the fall harvest, as detailed below.

Each storage scenario from the spring and fall harvests are comprised of approximately 0.75 to 1.0
cords of firewood, respectively, where a cord is defined as 128 cubic feet of stacked wood. Each of the
firewood storage scenarios have subsets for whole and split logs, stored together in roughly equal
volumes. Photographs of the storage scenarios are provided in Appendix A.

While referred to as “aspen,” the poplar trees included in this study are a mix of white and black poplar
trees. In common language, these trees are referred to as “aspen” and “cottonwood”, respectively.
Both poplar trees are common in Fairbanks vicinity, are similar in their heat content, and are
commonly less desired as a fuel wood.

Wood Storage Best Practices in Fairbanks, Alaska www.cchrc.org
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Acquisition and Storage of Firewood

Spring Harvest

CCHRC obtained a firewood cutting permit from the Environmental Division of the Fort Wainwright
Directorate of Public Works, U.S. Army Alaska on April 23, 2010. This permit allowed CCHRC to harvest
trees from specified areas on base through April 23, 2011. From April 27 through May 7, CCHRC cut
approximately 5 to 6 cords of white spruce, birch and aspen trees from Fort Wainwright, which were
brought to CCHRC'’s Research and Testing Facility. The trees cut were in the base’s northwest corner
within the lowlands and hillsides close to Birch Hill. All trees harvested were live, standing trees.

CCHRC secured an additional firewood gathering permit from the U.S. Army Corps of Engineers, Chena
Flood Control Project on May 20, 2010. Firewood freshly cut for maintenance of the Flood Control
Project was made available to the public. The permit allowed for only a single truck load of firewood,
which CCHRC acquired on May 20. Approximately 0.75 cords of white spruce was hauled to CCHRC's
Research and Testing Facility.

From mid- to late-May 2010, CCHRC prepared, sampled, and established the storage scenarios for the
spring firewood harvest. The 8 storage scenarios are summarized below in Table 1, and documented by
photographs included in Appendix A.

Table 1 - Spring Firewood Sample Scenarios*
Wood Storage Method Birch | Spruce | Aspen
Simulated wood shed X X X
Covered with a tarp X X
On ground and uncovered X X
In a solar kiln X

*Each scenario consists of approximately 0.75 cords of firewood

First, CCHRC cut the firewood into approximately 12 — 16 inch lengths and divided the accumulated
firewood into 8 roughly equal piles. These piles were then sampled to characterize the initial wood
moisture content. Approximately half of each pile was then split at least once with an electric log
splitter. The split and remaining whole logs were then stacked to be comingled. Each pile was then
covered in accordance with the storage scenario plan, comprising a total of 16 different storage
scenarios within 8 piles.

Fall Harvest

Under the same permit acquired previously from the U.S. Army Alaska, in mid-September 2011 CCHRC
harvested approximately 5 cords of white spruce, birch, and aspen from the hillside area of the former
Birch Hill Tank Farm. All trees harvested were live, standing trees. From mid- to late-September, CCHRC
prepared, sampled, and established storage scenarios for the fall firewood harvest. The 8 storage
scenarios are summarized below in Table 2, and documented by photographs in Appendix A.
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Table 2 - Fall Firewood Sample Scenarios

Wood Storage Method Birch | Spruce | Aspen
Simulated wood shed X X X
Covered with a tarp X X

*Each scenario consists of approximately one cord of firewood

CCHRC cut the firewood into approximately 12 — 16 inch lengths and divided the accumulated firewood
into 5 roughly equal piles. These piles were then sampled to characterize the initial wood moisture
content. Approximately half of each pile was then split at least once with an electric log splitter. The
split and remaining whole logs were then stacked to be comingled and covered in accordance with the
storage scenarios, comprising a total of 10 different storage scenarios within 5 piles.

Deviations from Study Plan

The birch and spruce wood piles from the spring harvest intended to be fully covered were found in
early May to be mostly uncovered due to the tarps being carried in the wind. The duration for which
these 2 wood piles were uncovered is unknown, but potentially could have extended from mid-April

through early-May 2011.
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Sampling and Analysis

Sample Collection

Throughout the process of dividing the firewood into separate piles, whole logs were collected to
characterize the initial wood moisture content. Each storage scenario was represented with a primary
sample that filled a container approximately 4 cubic feet in volume, consisting of 4 to 8 whole logs,
depending on log diameter.

Whereas the first sampling event for a harvest characterized the firewood’s initial moisture content, all
subsequent sampling events differentiated between split and whole logs stored under varying
conditions. After the initial sampling event, each primary sample from a wood pile included 2 whole
logs or 4 split logs. Final sampling events, such as August 2010 and May 2011 had larger primary
samples (3 —4 whole logs or 6 — 8 split logs). For each sampling event, logs were selected from
throughout the pile.

When a monthly sampling event indicated that the moisture content of a specific storage scenario was
at or under 20%, then the subsequent sampling event was conducted as a final sampling (i.e. more logs
in the primary sample) to ensure accurate documentation of the final firewood condition.

During sampling of the firewood piles in winter, bulk snow and frost was brushed from the logs prior to
subsampling and analysis; however, this sample preparation would not remove ice and hardened frost.
This methodology was adopted to simulate the most probable user behavior in handling firewood.

Sample Preparation

The logs collected from the firewood piles constitute the primary samples, which require subsampling
to allow for moisture content analysis. After collection, primary samples were stored as whole logs at
CCHRC’s Research and Testing Facility; subsamples were prepared from the primary samples within a
few days of sample collection. Because firewood moisture content can vary within different zones of
the wood, e.g. sapwood versus heartwood, cross-sectional discs approximately one inch thick were cut
from the logs to ensure that each zone was represented proportionally in the analysis. Two cross-
sectional discs were cut from each log in the primary sample: one from a log end and one from the log
center. For large diameter logs, these discs were halved or quartered to facilitate subsequent drying
and weighing. Subsamples were stored in a sealed plastic bag until ready for analysis. The
determination of the wood disc mass before drying took place within 10 minutes to an hour after the
discs were cut. Photographs of example firewood subsamples are provided in Appendix A.

Sample Analysis

CCHRC analyzed all firewood subsamples for moisture content following Method B of ASTM Standard
Test Method D4442-07 (Direct Moisture Content Measurement of Wood and Wood-Base Materials).
This method provides an absolute measure of firewood moisture content on a dry-weight basis. The
drying oven used was a Quincy Lab convection oven model 40 GC. The mass balance used was an
Acculab VICON with readability to 0.1 g. No attempt was made to differentiate the mass loss of water
versus that of any other volatile constituents within the wood samples. All firewood moisture content
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data presented are on a dry-weight basis. The moisture content results of individual subsamples, per
ASTM D4442-07 Method B, are estimated to have a precision of +1%.

The duration of oven time for each subsample varied based on practical considerations, such as drying
overnight during the weekdays versus over weekends. Therefore drying time was not standardized for
the subsamples, but was evaluated based on the stability of multiple mass measurements over time.
When each subsample had changed approximately 0.5 grams or less in mass from the prior mass
determination, the drying was considered complete. This provides a conservative determination of the
drying endpoint following Method B of ASTM D4442-07.

Data Analysis

Because the goal of the primary sampling is to represent the entire firewood pile, and the intent of the
subsampling is to represent the primary sample with a fraction amenable to analysis, the chosen
method for calculating the average moisture content is:

QL Initial mass;) — (O}, Oven dry mass;)

Average moisture content, = (100%)

n

v, Oven dry mass

where x = specific wood and storage scenario
n = number of subsamples

This method accounts for the contribution of each subsample towards the total sample mass, and also
allows for splitting large wood discs without over representing the disc as several subsamples. If it
were practical to weigh the entire cord of stacked wood over time, that approach would be ideal (i.e. a
census of the entire population available for sampling). Instead, the chosen approach was to collect a
fragment of the entire pile mass to represent the whole mass. In other words, the moisture content of
the individual subsamples isn’t of interest, but rather the moisture content of the subsamples in
aggregate as a representation of the entire wood pile.
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Results for Firewood Moisture Content

The results from the moisture content monitoring for the spring firewood harvest are tabulated in
Table 3 and illustrated in Figures 1a-d. The results for the fall firewood harvest are tabulated in Table 4
and illustrated in Figures 2a-b. The complete record of the moisture content data is contained in an
electronic spreadsheet provided to Sierra Research.

The findings come with the caveat that the wood was stored in an open field with minimal obstruction
of solar radiation and air movement. Wood piles stored in shade-covered areas will presumably require
more time to cure, and large continuous firewood piles (e.g. multiple cords) may dry faster on the
edges than within the pile.

Simulated Wood Shed

As shown in Figure 1a, the moisture content of spring harvest firewood stored in the simulated wood
shed dropped rapidly over the summer months of 2010. Split firewood met the 20% moisture content
criteria for a full cure within approximately 6 weeks to 3 months. Whole firewood logs dried less
rapidly during the summer and did not dry over the winter. When grouped as “split” and “whole” logs,
spruce dried most rapidly, followed by birch and aspen. The difference between the drying times for
the different wood types was accentuated for whole logs.

The moisture content of the firewood from the fall harvest dropped steadily over the winter, but at a
much slower rate than spring-harvested firewood over the summer (Figure 2a). As noted with the
spring harvest, split wood dried substantially more than wood left as whole logs. However, none of the
wood harvested in fall dried to 20% moisture content by the final sampling event in May 2011. The
significance of wood types in the drying over the winter was much less distinct than for the spring
harvest.

Fully (Tarp) Covered

The moisture content of the spring-harvest firewood covered by tarps lowered rapidly over the
summer months (Figure 1b). Split firewood met the 20% moisture content criteria for a full cure within
approximately 6 weeks to 3 months. The rate of drying was similar to the firewood stored in the
simulated wood sheds, although it appears the wood covered by a tarp dried at a slightly lower rate.
While the whole log moisture content remained approximately constant over the winter, the split
spruce firewood gained some moisture by absorption or frost accretion. There is no data for the split
birch covered with a tarp over winter, as that firewood reached a full cure by August 2010, therefore
sampling was discontinued.

As shown in Figure 2b, the moisture content of fall-harvest firewood stored under tarps over the
winter varied depending on wood type and preparation. Birch tended to decline in moisture content
slowly, and without much difference in split and whole logs until the beginning of Summer 2011.
Spruce firewood as whole logs dried over winter slightly, then regained some moisture content at the
beginning of Summer 2011, whereas split spruce showed the opposite trend. None of the wood
harvested in fall dried to 20% moisture content by the final sampling event in May 2011.
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Uncovered

This storage method was studied only for the spring firewood harvest. The moisture content of the
spring harvest firewood left uncovered fell rapidly over the summer months (Figure 1c). Split firewood
met the 20% moisture content criteria for a full cure within approximately 6 weeks. The rate of drying
was similar to the firewood stored in the simulated wood sheds. However, the uncovered firewood
was highly susceptible to absorption of moisture from rain, snow, and frost. For example, the split
birch had dried from an initial moisture content of 57% to 19% by early July, then had increased to 35%
by late August, presumably due to rain immediately prior to the August sampling event. The moisture
regained by the firewood over the late summer and winter had dissipated by the final sampling event
in early summer 2011.

Solar Kiln

This storage method was studied only for the spring firewood harvest. The moisture content of the
spring harvest firewood enclosed within a solar kiln dropped rapidly over the summer months (Figure
1d). The firewood stored in the solar kiln dried to lower moisture contents than the firewood stored in
simulated wood sheds. However, due to heterogeneity of the moisture content amongst the various
firewood piles, the initial condition of the aspen stored in the solar kiln was substantially lower than
the aspen stored in the simulated wood shed. The rates of moisture loss in the aspen were very similar
for the solar kiln and simulated wood shed storage methods.
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Table 3 - Spring Wood Harvest, Summary of Moisture Content Data

Simulated Wood Shed
Wood Type Late May | EarlyJuly | Late Aug | Jan | March | May
Birch — split (PBS -S) 52% 20% 18% Dry Dry Dry
Birch — whole (PBS — W) 52% 30% 25% 29% 28% 24%
Spruce — split (PSS —S) 86% 16% 17% Dry Dry Dry
Spruce — whole (PSS — W) 86% 28% 21% 23% 24% | 17%
Aspen — split (PAS - S) 76% 26% 20% Dry Dry Dry
Aspen — whole (PAS — W) 76% 49% 44% 40% -- | 26%

Tarp Covered
Wood Type Late May | EarlyJuly | Late Aug | Jan | March | May
Birch — split (TBS - S) 49% 21% 20% Dry Dry Dry
Birch — whole (TBS — W) 49% 28% 31% 32% - 25%
Spruce — split (TSS —S) 86% 22% 22% 35% - 18%
Spruce — whole (TSS — W) 86% 67% 30% 29% -- 23%
13
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Table 3 - Spring Wood Harvest, Summary of Moisture Content Data (continued)

Uncovered
Late
Wood Type May Early July | Late Aug | Jan | March | May
Birch — split (UBS —S) 57% 19% 35% 46% 38% 17%
Birch — whole (UBS — W) 57% 29% 32% 52% 39% 25%
Spruce — split (USS —S) 77% 17% 19% Dry Dry Dry
Spruce — whole (USS - W) 77% 29% 27% 47% 29% 17%
Solar Kiln
Wood Type Late May | EarlyJuly | Late Aug | Jan | March May
Aspen — split (KAS - S) 59% 24% 16% Dry Dry Dry
Aspen — whole (KAS — W) 59% 38% 32% 34% 31% 27%
14
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Table 4 - Fall Wood Harvest, Summary of Moisture Content Data

Simulated Wood Shed

Wood Type Mid Sept | Jan | March | May
Birch — split (PBF —S) 80% 49% 42% 30%
Birch — whole (PBF — W) 80% 55% 56% 47%
Spruce — split (PSF —S) 85% 63% 40% 37%
Spruce — whole (PSF — W) 85% 77% 72% 51%
Aspen — split (PAF - S) 83% 63% 51% 34%
Aspen — whole (PAF — W) 83% 65% - 48%
Tarp Covered
Wood Type Mid Sept Jan March | May
Birch — split (TBF —S) 78% 63% 70% 49%
Birch — whole (TBF — W) 78% 67% -- 57%
Spruce — split (TSF - S) 92% 117% - 84%
Spruce — whole (TSF — W) 92% 80% -- 89%
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Figure 1a — Moisture content of spring harvest firewood over time for the different wood types and preparation methods.
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Figure 1b — Moisture content of spring harvest firewood over time for the different wood types and preparation methods.
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Uncovered Storage Method - Spring Harvest
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Figure 1c — Moisture content of spring harvest firewood over time for the different wood types and preparation methods.

18

Appednix [11.D.5.6-927




Adopted December 24, 2014
Solar Kiln Storage Method - Spring Harvest
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Figure 1d — Moisture content of spring harvest firewood over time for the different wood types and preparation methods.
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Figure 2a — Moisture content of fall firewood over time for the different wood types and preparation methods.
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Tarp Storage Method - Fall Harvest
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Figure 2b — Moisture content of fall firewood over time for the different wood types and preparation methods.
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Appendix A - Photographs

The firewood storage scenarios initiated in May 2010 in the field west of the CCHRC Research
and Testing facility.

The firewood storage scenarios initiated in May 2010.
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Example of the simulated wood shed (top-covered and off-ground) storage scenario.

Example of the tarp-covered (fully-covered and on-ground) storage scenario.
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Example of the uncovered and on-ground storage scenario.

Simple solar kiln storage scenario with wood placed on the ground.
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The firewood storage scenarios initiated in May 2010 (left side of picture) and
September 2010 (right side of picture).

The firewood storage scenarios initiated in September 2010 (foreground) and
May 2010 (background).
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Firewood subsamples stored at CCHRC’s Research and Testing Facility

— RS R

Close-up of firewood subsamples.
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5.7. APPENDIX

5.7.1. BACKGROUND

In November 2009, Fairbanks was designated as a Moderate nonattainment area for the
2006 24-hour PM2 s National Ambient Air Quality standard.® The design value? is 44.7
pg/cubic meter.® The difference between this value and the ambient standard is 9.7
pug/cubic meter, which means that 98" percentile concentrations (the form of the
standard) need to be reduced by 22% to demonstrate attainment.

The purpose of this document is to describe the process of identification and selection of
Reasonably Available Control Measures (RACM) for the PM2 s Attainment Plan for the
Fairbanks North Star Borough (FNSB, or Fairbanks) in Alaska.

5.7.1.1. Requirements for RACM Analysis

CAA section 172(c)(1) describes the general attainment plan requirement for reasonably
available control measures (RACM). Attainment plan submissions must “provide for the
implementation of all reasonably available control measures as expeditiously as
practicable (including such reductions in emissions from existing sources in the area as
may be obtained through the adoption, at a minimum, of reasonably available control
technology) and shall provide for attainment” of the NAAQS.

Section 189 (a)(1)(C) requires that RACM measures in Moderate nonattainment areas be
implemented no later than four years after designation.

Guidance on the steps to be followed in making RACM determinations for PM..s were
specified in the final Clean Air Fine Particulate Implementation Rule issued in 2007.
Additional guidance was provided in a subsequent EPA guidance document.® The rule
was based on based on CAA Part D, Subpart 1. A court decision® in January 2013
remanded the PM2 s rule back to EPA to be re-promulgated to be consistent with Subpart
4. EPA withdrew the Subpart 1-based guidance document and new Subpart 4 based
guidance has not been issued.

1 74 FR 58688, November 13, 2009.

2 The design value is a statistic that describes the air quality status of a given location, for
purposes of comparison with the relevant NAAQS. The goal of the attainment plan is to
bring the design value to a level at or below the standard.

3 EPA, PM: 5 Detailed information, available at
http://www.epa.gov/airtrends/values.html (accessed September 8, 2014)

472 FR 20586, April 25, 2007

® Stephen Page, Implementation Guidance for the 2006 24-Hour Fine Particulate
(PM2.5) National Ambient Air Quality Standards, March 2, 2012

® Natural Resources Defense Council (NRDC) v. EPA, No. 08-1250 (D.C. Cir., Jan. 4,
2013)
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The steps in the RACM analysis followed in this report were developed based on a
review of CAA provisions. In addition, this analysis incorporates the requirement in
subpart 47 that RACM must be implemented within four years after designation. The
RACM analysis steps are outlined below.

5.7.1.2. Process for Identification and Evaluation of Control Measures

Listed below are the steps that were followed in evaluating control measures.

e Step 1: Identify source categories with non-trivial emissions of PMas or its
precursors.

e Step 2: For each source category, source, or activity from Step 1, develop a
list of technologically feasible emission control technologies and/or measures

e Step 3: For each technologically feasible control measure, evaluate emission
reductions and costs, identify and exclude economically infeasible measures.

e Step 4: Determine whether control measure can be implemented within four
years of designation.

e Step 5: Identify Reasonably Available Control Measures.

5.7.2. STEP 1: IDENTIFY SOURCES OF PM25 AND PRECURSORS IN FAIRBANKS

The first step in the RACM identification and evaluation process is to identify candidate
control measures. In this step, all source categories with non-trivial emissions of PM2 s or
its precursors are identified. A list of control measures potentially applicable to each
source category is then developed for consideration as RACM.

“Primary” particulates (i.e., directly emitted PM2s) are emitted directly into the air as a
solid or liquid particle (e.g., elemental carbon from diesel engines or fire activities, or
condensable organic particles from gasoline engines). “Secondary” particulates (e.g.,
sulfate and nitrate) form in the atmosphere as a result of various chemical reactions. The
main precursor gases associated with secondary fine particle formation are SOz, NOX,
volatile organic compounds (VOC), and ammonia.

Evaluation of monitoring data indicates that directly emitted PM2s is the principle
contributor to exceedances of the PM2s NAAQS in Fairbanks. Figure 5.7-1 shows that
directly emitted PM2s comprises 63.2% of the measured concentration. Sulfates
comprise 29.1%, nitrates comprise 7.6%, and secondary organic aerosols (SOAS)
comprise 0%.

’ Clean Air Act Section 189(a)(1)(C)
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The most current estimate of directly emitted PM2s and precursor emissions in the
nonattainment area is the 2015 emission inventory shown in Table 5.7-1. It shows the
average daily emissions across the two episodes (Jan-Feb, 2008 and Nov 2008) selected
to represent conditions associated with exceedances of the 24-hour ambient PMa 5
standard in Fairbanks.

Pollutant emissions from a source category were used as a proxy for its contribution to
the ambient PM2 s concentration® (e.g., a source category’s contribution to the fraction of
ambient PM2; attributed to directly emitted PM2 s was assumed to be the same as its
emissions, expressed as a percentage of the total regional PMa s inventory). Table 5.7-2
shows the contributions of each source category to ambient concentrations on the average
episode day using this simplified technique.

Source category contributions to ambient concentrations were also estimated using
photochemical modeling, and the results are compared with the results using the
simplified estimate described above in Table 5.7-3. The modeling indicates that the
contribution of wood combustion to ambient concentrations is greater than would be
estimated from emissions alone. Presumably, this is because wood smoke is emitted
close to the ground, below the mixed layer and dispersed throughout the Borough.
Similarly, the contribution of pollutants from the combustion of gasoline is greater than
share of emissions would suggest. Point sources, on the other hand, typically have tall
stacks that release emissions well above the inversion layer; as a result, their contribution
to ambient pollutant concentrations is relatively low.

Point sources are subject to Reasonably Available Control Technology (RACT)
requirements, which is a specialized subset of RACM. Point sources are evaluated for
RACT in a different part of this report.

8 This is a simplified approach, used only to identify and eliminate source categories
and/or control measures with insignificant contributions to ambient PM2 s concentrations.
The contribution of each RACM control measure to attainment is subsequently quantified
using photochemical modeling.
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Figure 5.7-1. Constituents of Ambient PMzs on High Concentration Days

Notes:

— Data are from the SANDWICH calculation spreadsheet that contains data over all winters from
2006- 2010 for the 98% days. They have been post processed through the SANDWICH method.

— Sulfates include primary and secondary sulfate + ammonium + particle bound water.

— Nitrates include primary + secondary nitrate + ammonium + particle bound water.

— Secondary organic aerosols were estimated from CMAQ.

Table 5.7-1. Average Daily Emissions by Source Category in 2015 for Episodes
Selected for Fairbanks PMzs Attainment Modeling

Emissions (Tons per day)
Direct
Source Category PM_s SOx NOx VOC NH3
Point Sources
Point Sources—all 1.59 22.97 27.39 1.15 0.00
Area Sources
Space Heating—Wood 2.72 0.09 0.00 0.00 0.00
Central Oil-Residential 0.04 2.94 0.00 0.00 0.00
Central Oil-Commercial 0.02 1.14 0.00 0.00 0.00
Other Heating 0.05 0.12 0.00 0.00 0.00
Airport 0.01 0.08 0.76 0.26 0.00
Other Area Sources 0.06 0.00 0.00 0.60 0.00
Mobile Sources
On-Road Vehicles (gasoline) 0.00 0.00 0.00 0.00 0.00
On-Road Vehicles (Diesel) 0.00 0.00 0.00 0.00 0.00
Non-Road Vehicles 0.01 0.01 0.30 0.15 0.00
-4-
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Table 5.7-2. Estimated Source Category Contribution to Ambient PMz2s
Concentration? (2015 Average Episode Day)

PMzs SOx NOXx VOC TOTAL
Weighting®| % of Weighting®| % of Weighting®| % of Weighting®| % of % of
Source Category| % 63% | Ambient| % 29% |Ambient| % 8% Ambient| % 0% Ambient| Ambient?
Point Sources
Point 31% 63% 20% |84% 29% 24% | 87% 8% 7% [19% 0% 0% 51%
Sources—All
Area Sources
Space 54% 63% 34% | 0% 29% 0% 0% 8% 0% |0% 0% 0% 34%
Heating—Wood
Central 1% 63% 1% |11% 29% 3% 0% 8% 0% |0% 0% 0% 4%
Oil-Residential
Central 0% 63% 0% 4% 29% 1% 0% 8% 0% |0% 0% 0% 1%
Oil-Commercial
Other Heating | 1% 63% 1% 0% 29% 0% 0% 8% 0% |0% 0% 0% 1%
Airport 0% 63% 0% 0% 29% 0% 2% 8% 0% |4% 0% 0% 0%
Other Area 1% 63% 1% 0% 29% 0% 0% 8% 0% [10% 0% 0% 1%
Sources
Mobile Sources
On-Road 10% 63% 6% 0% 29% 0% 5% 8% 0% |60% 0% 0% 7%
Vehicles
(gasoline)
On-Road 1% 63% 1% 0% 29% 0% 5% 8% 0% |4% 0% 0% 1%
Vehicles
(Diesel)
Non-Road 0% 63% 0% 0% 29% 0% 1% 8% 0% |7% 0% 0% 0%
Vehicles
TOTAL 100%
Notes:

2 No modeling involved. Estimated contributions of source categories to ambient concentrations were calculated by assuming
that contribution to ambient PM subspecies (PM:s, nitrate, sulfate, VOC aerosol) concentration is proportional to emissions.

b\Weighting factor for each PM subspecies (PM2s, nitrate, sulfate, VOC aerosol) is its measured fraction of the ambient PM2s
concentration across 2006 — 2010 winter period.

-5-

Appendix I11.D.5.7-10




Adopted

December 24, 2014

Table 5.7-3. Comparison of Estimated Source Category Contribution to Ambient

PMz.s Concentration with Modeling Results (Projections to 2015)

% of Ambient PM25s
Source Category Estimated? Modeled

Point Sources

Point Sources—All 51% 6%
Area Sources

Space Heating—Wood 34% 66%

Central Oil-Residential 4% 3%

Central Oil-Commercial 1% 1%

Other Heating 1% 0%

Airport 0% 1%

Other Area Sources 1% 3%
Mobile Sources

On-Road Vehicles (gasoline) 7% 18%

On-Road Vehicles (Diesel) 1% 2%

Non-Road Vehicles 0% 2%
TOTAL 100% 102%
Notes:

a. Estimated contributions of source categories to ambient concentrations were calculated by assuming that
contribution to ambient PM subspecies (PM.s, nitrate, sulfate, VOC aerosol) concentration is proportional
to emissions. The contribution of each subspecies is its measured fraction of the ambient PM 5

concentration on the episode day.

Based on the information in Table 5.7-2 and Table 5.7-3, the following source categories

were evaluated for RACM.°

e Wood burning

o Outdoor Wood-burning boilers (hydronic heater)

Wood Stoves
Fireplaces
Burn barrels
Open burning

0 O O O

e Residential Fuel Oil Combustion

° A number of control measures were not considered because emissions from this
category of sources are de minimis in Fairbanks (either the number of such sources was
too small to consider, or the seasonality of emissions means that reductions would not
contribute to attainment). A list of such sources and control measures is provided in

Appendix A.
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e Transportation
o Automobiles
o Heavy-duty Vehicle

5.7.3. STEP 2: FoR EACH SOURCE CATEGORY, IDENTIFY TECHNOLOGICALLY
FEASIBLE EMISSION CONTROL TECHNOLOGIES AND /OR MEASURES

An initial list was compiled that included all of the categories/measures identified by
EPA in various guidance documents as likely candidates for RACM. To this list were
added control measures that were suggested by public comments during Alaska’s SIP
development process. Some control measures on EPA’s list (e.g., control of emissions
from commercial charbroiling/cooking operations)*° were eliminated because emissions
from the source category make an insignificant contribution to PM concentrations in
Fairbanks.

Additionally, PM2s SIPs from other jurisdictions were reviewed for lists of control
measures. Of the 35 areas originally designated to be nonattainment for the 2006 federal
PM_ s standard, 23 also either had been or currently are an ozone nonattainment area; 6 of
the remaining 12 have acquired a Clean Area Determination for PM. s, and therefore have
not prepared a RACM analysis. The RACM analyses for each of the remaining six SIPs
were reviewed for candidate control measures.

Controls applicable to stationary sources (large industrial facilities) were also eliminated
because such facilities are subject to RACT review, and are addressed elsewhere in the
SIP.

Table 5.7-4 lists the candidate control measures that were evaluated as potential RACM.

Table 5.7-4. Candidate Control Measures Considered for RACM

Sources of
Candidate Control
Source Category Control Measure Measure(s)?
Dry Wood Measures Education and Outreach 1,2,4
Regional kiln 7
Ban on green wood sales 1

10 The estimated PM_ s emission rate from conveyorized charbroilers in FNSB is about
0.0069 tons per day during the winter season. If all of these sources were controlled, the
reduction (at an assumed 80%) would equal about 11 pounds per day.
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Sources of

Candidate Control

Appendix I11.D.5.7-13

Source Category Control Measure Measure(s)?
Hydronic Heaters Education and Outreach 1,2,4
Voluntary curtailment on air quality 1,2
advisory days
Mandatory curtailment on air quality 1,3,56
advisory days
All new units must be certified 7
All units must be certified 7
Ban new installations 5,6
Remove at time of home sale 3
Subsidize heater change outs 2
Ban use 7
Wood Stoves Education and Outreach 1,2,3,4
Voluntary curtailment on air quality 1,2
advisory days
Mandatory curtailment on air quality 1,3,56
advisory days
All new units must be certified 2,3,4,5,6
All new units must meet more 7
stringent standards
All units must be certified 3
Replace uncertified stoves at time of 3,4
home sale
Replace uncertified stoves at time of 7
significant remodeling
Replace uncertified stoves in rental 3
units
Require alternate heat source in 3
rental units
Require alternate heat source in new 7
construction
Ban new installations 7
Subsidize stove change outs 3,4
Disincentives for resale of used 7
stoves
Ban use 3
Use stove change outs to generate 3
NSR offsets
-8-
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Source Category

Control Measure

Sources of
Candidate Control
Measure(s)?

Fireplaces/Fireplace
Inserts

Education and Outreach

1,2,3,4

Voluntary curtailment on air quality
advisory days

1,2,5

Mandatory curtailment on air quality
advisory days

Subsidize fireplace insert change outs

Open Burning

Reinstate open burning ban

Burn Barrel

Prohibit use of burn barrels (seasonal
or year-round)

Residential Fuel Qil
Combustion

Provide economic incentives to
switch to low-sulfur fuel

Increase coverage of District heating
systems

Energy Efficiency
Measures

Subsidize heating upgrades and
weatherization

1,3,4,5

Transportation

Improved public transit

HOV lanes

Traffic flow improvement programs

Create non-motorized traffic zones

Restrict truck idling

Reduce cold start emissions

Employer-sponsored flexible work
schedules

RlRrlRrlRPRPRRP|F

Retrofit diesel fleet (school buses,
transit fleets)

1,3

Onroad vehicle 1&M program

Heavy-duty vehicle 1&M program

State LEV Program

1,3

a. Control Measure Sources:

1 — EPA guidance

2 — FNSB programs and proposals

3 — Klamath Falls, Oregon SIP
4 — Oakridge, Oregon SIP

5 — Provo, Utah SIP
6 — Logan, Utah SIP
7 — Other
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The identified control measures for area sources fall into four broad categories:

Education and outreach;

Voluntary curtailment;

Mandatory curtailment; and

Device upgrade and/or replacement.

Each control measure listed in Table 5.7-4 was evaluated for technological feasibility.
Listed below are the criteria used. These criteria were developed based on a review of
CAA provisions, past RACT and RACM guidance issued by EPA, the1992 general
preamble for the implementation of Title of the 1990 CAA amendments and the
addendum to the preamble..!

1. A measure is technologically infeasible if it is “absurd, unenforceable, or
impractical.”

2. A measure is technologically infeasible if it would cause severe socioeconomic
impacts.

3. A measure is technologically infeasible if, considering the availability of
mitigating adverse impacts of that control on other pollution media, the control
would not, in the State’s reasoned judgment, provide a net benefit to public health
and the environment.

4. A measure may be determined to be technologically infeasible upon consideration
of other relevant factors:

a. The capability of effective implementation and enforcement of the
measure; and

b. Local circumstances, such as the condition and extent of needed
infrastructure, population size, or workforce type and habits, which may
prohibit certain potential control measures from being implementable.

The capability of effective implementation and enforcement are relevant considerations
in the RACM analysis, even though public “unpopularity” is not. The General
Preamble?? states:

... the SIP submittal to EPA should contain a reasoned justification for partial or
full rejection of any available control measures, including those considered or
presented during the state’s public hearing process, that explains, with
appropriate documentation, why each rejected control measure is infeasible or
otherwise unreasonable.

UFederal Register, Vol. 57, No. 74, April 16, 1992.
12 page 13541 of the April 16, 1992 Preamble
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5.7.3.1. Background Information

Education and Outreach Programs and Voluntary Curtailment

Education and outreach programs are necessary for successful implementation of
curtailment programs. It is necessary that the target audience be aware of the reasons for,
and means of implementing, curtailment of the specific behavior. Education and
outreach should precede the implementation phase so that individuals may prepare for
curtailment events. Education and outreach should continue through the program, to
reinforce the message and to reach individuals who may have missed the previous
outreach efforts.

Education and outreach efforts and voluntary curtailment programs may help increase
community support for mandatory programs. Education and outreach increases the
number of people who are aware of the air pollution problem, and explains the
contribution that individuals can make to reduce the problem. Voluntary curtailment
programs can help individuals understand the level of effort and cost needed to reduce the
problem. Voluntary curtailment programs decrease opposition to mandatory programs by
reducing the number of people who must change their behavior, and by demonstrating the
feasibility of curtailment.

The State of Alaska and the FNSB have significant experience in educational programs
that help citizens reduce their emissions. Public outreach is an important component of
the Fairbanks air quality program with respect to improving residents’ use of solid-fuel
heating devices, thereby reducing PM..s emissions. Public outreach efforts focus on
measures residents can take to protect themselves and to reduce PM2s emissions from
activities like wood and coal burning. For example, the Borough and DEC have
developed and implemented an extensive outreach effort to encourage residents to
employ “best burning” practices when using wood heating devices. The Borough has
also developed and implemented a program to support and encourage voluntary efforts to
encourage residents who can to shift away from wood burning on advisory days and use
their primary fuel oil heating systems instead.

Emission reductions from voluntary curtailment are potentially significant. However,
because the reductions are not enforceable, EPA policy limits the amount of credit that
may be taken for planning purposes to 6% of the total reductions needed for attainment.*3

Mandatory Curtailment Programs

Mandatory curtailment programs that affect home heating are currently not feasible in
Fairbanks North Star Borough because the community has, on several occasions,
indicated that it would not accept such a program. The community has indicated this by

13 http://www.epa.gov/ttn/caaa/tl/memoranda/evm_ievm_g.pdf
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approving, and renewing, a referendum that prohibits the Borough from imposing or
enforcing any limits on fuels used to heat homes.*

Under Alaskan laws, voter-approved ordinances cannot be amended by local officials for
two years. In 2012, more than two years after the 2009 initiative passed, the Borough
proposed “moderate” regulations affecting home heaters. In response, the proponents of
the 2009 proposition circulated a new proposition, renewing and strengthening the
previous measure. On October 2, 2012, the voters of the Fairbanks North Star Borough
approved Proposition 3, the Home Heating Initiative:

The borough shall not, in any way, regulate, prohibit, curtail, nor issue fines or
fees associated with, the sale, distribution, or operation of heating appliances
or any type of combustible fuel.

‘Heating Appliances’ is defined as, but not limited to: oil furnaces, gas
furnaces, wood stoves, coal stoves, wood-fired hydronic heaters, wood-fired
furnaces, coal-fired hydronic heaters, coal-fired furnaces, masonry heaters,
pellet stoves, cook stoves, and fireplaces.

Continuation of the four-year voter ban against Fairbanks North Star Borough regulation
of air pollution from home heaters and fuels failed on October 14, 2014 when Proposition
2, the Home Heating Initiative, was defeated. The ban will be lifted when the vote is
certified by the Borough Assembly. Although the Borough once again has the authority
to develop local control measures, it has not had time to make decisions about any
additional control measures to be implemented in the wake of the vote.

The Borough assembly interpreted the above language to require a repeal of its ban on
open burning. This resulted in the DEC implementing its existing statewide open burning
regulations within the nonattainment area.

This October, Fairbanks voters considered another initiative renewing the ban on local
adoption of restrictions on combustion sources. And, although the initiative failed
(giving the Borough the authority to establish local regulations for home heating devices)
community opposition to limits on options for home heating is also grounded in the
economics of home heating in the far north. Fairbanks experiences extremely and
persistently cold temperatures during the winter, and the cold temperatures coincide with
strong inversions that result in high 24-hour PM2.s concentrations. In summary, although
a majority of Fairbanks voters now supports local development of home heater
regulations, the margin of that majority is slim. Opposition to such controls remains
widespread. Because effective measures that seek to change the behavior of the general
public require the cooperation and support of the public as a whole, the existing level of
opposition remains an obstacle to many mandatory measures. The resources to enforce
an unpopular regulation affecting the daily behavior of hundreds or thousands of
individuals are simply not available. This plan will develop public support for behavior

14 ENSB Code 8.21.025 “The borough shall not, in any way, regulate, prohibit, curtail,
nor issue fines or fees associated with, the sale, distribution, or operation of heating
appliances or any type of combustible fuel.”
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change through education and outreach. For this reason, such measures continue to be
considered technologically infeasible for now.

While fuel oil is the dominant source of home heating in Fairbanks, with roughly two
thirds of the market, many homes are equipped to burn multiple fuels to ensure that a
backup is available in the event of a supply disruption in an arctic environment. The cost
of fuel has risen from a low point of $2.25/gallon in Nov. 2006, to a high of $4.12 in
January 2013. Current prices are roughly $4/gallon. The increase in fuel oil prices has
stimulated a shift towards increase use of wood and coal as a way to conserve home
heating expenses. Any perceived constraint on limiting the use of lower priced fuels is a
significant concern in the community.

To illustrate the magnitude of home heating expenses in Fairbanks, information on the
cost of living associated with energy use was assembled for PM nonattainment
communities and northern tier (cold climate, high energy cost) communities located in
states with wood burning controls. The Council for Community and Economic Research
(C2ER) publishes a Cost of Living Index for 279 urban areas.'® A total of 57 indices are
provided for grocery items, housing, utilities, transportation, health care and
miscellaneous goods and services. The utility categories include those described below.

e Total Home Energy Cost — monthly cost, at current rates, for average monthly
consumption of all types over the previous 12 months for a 2,400 sq. ft. living
area new house on an 8,000 sg. ft. lot (i.e., four bedrooms and two baths)

e FElectricity — the average monthly cost for all electric homes

e Other Home Energy — average monthly cost, at current rates for natural gas, fuel
oil, coal and any other forms of energy except electricity

e Telephone — not relevant to this discussion

It is important to note that these indices do not represent the average energy cost of all
homes in each community and they do not include the cost of all fuels (e.g., wood is not
included in the cost estimates). The collection of this level of detail across 279
communities on a quarterly basis is impractical. Instead, the indices provide a consistent
metric to contrast utility- based energy costs of same size homes in each of the surveyed
communities. The concept is that while smaller and larger homes may have different fuel
use and fuel mixes, the relative cost observed in the indexes should provide a
representative estimate of the cost of utility based fuels used in homes. Thus, the
absolute value of the energy costs expressed in the index are less important the relative
cost among participating communities.

15 Council for Community and Economic Research (C2ER),Cost of Living Index,
Comparative Data for 279 Urban Area, Second Quarter 2014, August 2014
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A summary of the Other Home Energy and Total Home Energy indices for the second
quarter of 2014 is presented below in Table 5.7-5 for 24 urban areas. The table also
shows the percentage of each listed community’s index relative to Fairbanks. It shows
that Fairbanks had the highest energy costs of any of the listed urban areas. The C2ER
data also show that Fairbanks has the highest home energy costs in the U.S. Juneau,
Alaska had home energy costs closest to those of Fairbanks at roughly 50% (i.e., one
half). Outside of Alaska and Hawaii®, the community with the highest energy costs

Table 5.7-5. Comparison of the Cost of Living Indices for Other Home Energy and

Total Home Energy for Communities with Home Heating Particulate Control
Measures

16 Hilo and Honolulu, Hawaii have the second and third highest Total Home Energy cost
in the U.S. (96.0% and 81.3%, respectively). While the State of Hawaii has outdoor
burning restrictions, neither Hilo nor Honolulu community has wood burning restrictions
and they have no PM nonattainment designations, so their values were not included in the
Fairbanks comparisons.
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Other Energy Total Energy
% Relative to % Relative
Urban Area & State Index Fairbanks Index to Fairbanks
Fairbanks, AK 426.93 100.0% 566.36 100.00%
Juneau, AK 223.11 52.3% 309.99 54.7%
Anchorage, AK 79.57 18.6% 162.30 28.7%
Phoenix, AZ - - 184.66 32.6%
Fresno, CA 79.30 18.6% 223.83 39.5%
Los Angeles, CA 70.71 16.6% 184.89 32.6%
Sacramento, CA 38.28 9.0% 215.80 38.1%
Denver, CO 69.21 16.2% 165.84 29.3%
Stamford, CT 129.19 30.3% 247.60 43.7%
Boise, ID 58.52 13.7% 148.85 26.3%
Boston, MA 122.55 28.7% 229.83 40.6%
Portland, ME 53.35 12.5% 136.28 24.1%
Detroit, Ml 67.25 15.8% 183.32 32.4%
St. Paul, MN 71.76 16.8% 149.01 26.3%
Bozeman, MT 90.47 21.2% 154.02 27.2%
Manchester, NH 97.64 22.9% 205.55 36.3%
Newark, NJ 78.11 18.3% 206.39 36.4%
Buffalo, NY 70.01 16.4% 160.36 28.3%
Ithaca, NY 80.40 18.8% 179.24 31.6%
Manhattan, NY 148.24 34.7% 277.18 48.9%
Portland, OR 74.95 17.6% 158.73 28.0%
Burlington-Chittenden, VT 133.58 31.3% 234.60 41.4%
Salt Lake City, UT 76.03 17.8% 146.75 25.9%
Seattle, WA - - 173.47 30.6%
Tacoma, WA 79.94 18.7% 135.66 24.0%

(both categories) is Manhattan, NY, with 34.7% of the Other Home Energy index and
48.0% of the Total Home Energy index. Stamford, CT is second with 30.3% of the Other
Home Energy index and 43.7.0% of the Total Home Energy index. Burlington-
Chittenden, VT is third with 31.3% of the Other Home Energy index and 41.4.0% of the
Total Home Energy index. Boston, MA is in fourth place, with 40.6% of the Total Home
Energy index and 28.7% of the Other Home Energy COSts.

Four communities (Fresno, Sacramento, Manchester, and Newark) had Total Home
Energy indices falling between 33% and 40%. The rest of the listed communities had
had energy costs that are one third or less than those incurred in Fairbanks. This
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information demonstrates that home heating expenses are two to three times higher in
Fairbanks than any other community with wood burning controls. The magnitude of this
expense directly influences the public’s willingness to comply with controls that increase
the cost of home heating. The cost data also demonstrate the limited economic impact of
wood burning controls in the other PM nonattainment areas, which influences public
willingness to bear the cost of those controls.

Finally, in addition to the economic issues described above, some residences that are
equipped with alternative sources of heat may find those sources inadequate on some of
the coldest days of the year. In these cases, supplemental heating with a wood-fired
device may be necessary when the fuel oil-fired heater does not provide enough heat.

For this reason, control measures that require the use of an alternative fuel source to
wood have a much greater cost to the consumer in Fairbanks (a factor of two or three)
than to consumers in other parts of the United States. The magnitude of this expense
directly influences the public’s willingness and ability to comply with controls that
further increase the cost of home heating. A ban on use of woodstoves during high
pollution days in Fairbanks has a dramatically different effect than such a ban in
Sacramento.

As demonstrated by the Home Heating Initiative described above, the community
resistance in Fairbanks to measures that would increase home heating costs has been
carried over to other measures affecting the fuel supply, such as prohibitions on the use of
wet wood.

While the initiative failed in October 2014, it will take some time to establish locally
effective controls. For the reasons outlined above, such a program would still face
resistance by many in the community, which remains opposed to limits on residential fuel
use. Because of this opposition, candidate control measures that fall within the scope of
the referendum’s ban have been determined to be not practically enforceable at this time.

5.7.3.2. Dry Wood Programs

The Cold Climate Housing Research Center estimated in 2009 that residential wood
burning accounted for slightly over 560 tons of PM2s emissions per year in the FNSB.’
As shown in Table 5.7-2, emissions from wood combustion are responsible for 2.99 tons
per day of direct PM2 s emissions on episode days. Based on photochemical modeling,
wood combustion is responsible for 66% of the ambient PM2 s concentration on episode
days.

Dry wood programs reduce emissions from all categories of wood burning equipment by
reducing the moisture content of the wood fuel mix. Reducing wood fuel moisture
content reduces emissions of PM2s and its precursors by (1) improving combustion,
burning more cleanly and reducing emissions on a per pound of fuel basis; and (2) by
burning more efficiently. Less moisture means less water needs to be evaporated, and

17 Cold Climate Housing Research Center, Reducing PM2.5 Emissions from Residential
Heating Sources in the Fairbanks North Star Borough, February 23, 2009. p. 14.
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therefore more heat is available as useful heat. Because less fuel is required to provide
the same amount of useful heat, emissions of all combustion pollutants is reduced. A
secondary effect is that less energy is required to transport fuel, resulting in a modest
reduction in onroad emissions.

Fuel wood can be dried actively in kilns. It can also be dried by letting cut wood season
before being burned. Freshly cut “wet” wood may contain as much as 40% to 60%
moisture, depending on the type of wood.*® Wood that has been allowed sufficient time
to dry (usually six months or more, for split wood that is air-dried) typically contains
20% moisture or less.'® According to a 2008 report by the Northeast States for
Coordinated Air Use Management (NESCAUM), for every 10 percentage point increase
in the moisture content of wood, the PM2 s emissions increase by 65% to 167%.2° Part of
this increase is due to the increased amount of wood fuel needed to evaporate the extra
water, but a larger part of this increase is due to poor combustion conditions that lead to
reduced heat transfer efficiency and to more particulates in the smoke.

If only wet wood is burned, the total wood volume used for an entire winter may be as
much as 100% more than if seasoned wood were used.?

Education and Outreach

The State of Alaska and the FNSB have significant experience in educational programs
that help citizens reduce their emissions.?? The agencies publish a brochure, Split Stack
Store and Save!, that encourages the use of only dry wood, explains methods for ensuring
that wood is dry (seasoning after cutting,), and explains some of the benefits (less wood
needed, cleaner burning). EPA publishes a similar brochure, Wet Wood is a Waste, as
part of its Burn Wise program. Burn Wise materials are also available from the FNSB
and Alaska DEC. Because it involves voluntary efforts on the part of the public, and is
implemented as a state program, community resistance to the FNSB and Alaska DEC’s
outreach programs has been minimal.

A more comprehensive program that encourages the use of only dry wood, explains the
methods for ensuring that wood is dry (seasoning after cutting, use of inexpensive
moisture meters), and explains the benefits (less wood is needed, wood is lighter/easier to
carry, less creosote is formed) has been developed and is in the process of being
implemented.

18 EPA, Subpart AAA—Standards of Performance for New Residential Wood Heaters,
Revised Draft Review Document, December 30, 2009, p. 35

Y EPA, Subpart AAA—Standards of Performance for New Residential Wood Heaters,
Revised Draft Review Document, December 30, 2009, p. 35

20 NESCAUM, Source Characterization of Outdoor Wood Furnaces, September 9, 2008,
p. 4-1

21 Bureau of land Management, Wood Heat as a Comparison
http://www.blm.gov/ca/st/en/fo/alturas/woodheatcomparison.html “‘Wet wood alone can
reduce the efficiency of a wood stove by an additional 50%.”)

22 As discussed in the introduction to this Section.
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Examples of other elements that may be included as part of this control measure include:
e Certifying dealers who commit to providing dry wood for sale.
e Making free or inexpensive wood moisture sensors to consumers

Overall effectiveness of voluntary measures as an emission reduction measure depends
upon the extent of implementation, as well as the actual steps taken by the public.
Education and outreach measures can reduce opposition to future efforts to implement
mandatory measures.

This control measure is technologically feasible.

Increased availability—reqional kiln

Of the wood burned in FNSB, 26.2 % is purchased from firewood dealers (the rest is
harvested by the user).Z Less than 20% of the wood sold in FNSB is dry wood; the rest
is sold green, or self-cut, and contains a considerable amount of moisture.?*

As discussed above, wet wood does not burn as efficiently as dry wood. One of the
barriers to use of dry wood is availability. Construction of a regional kiln is one way to
increase the availability of dry wood. A regional kiln would allow wet firewood to be
dried quickly. Depending on the source of heat? for drying, substantial reductions in PM
emissions could be achieved. The source of drying heat would also affect the cost of the
process, and therefore the premium charged for kiln-dried wood.

This measure would reach only a portion of the wood supply. More than 75% of the
wood burned in residential heaters is self-cut or comes from unlicensed wood suppliers;
this wood could not be processed in a regional kiln.

As discussed above, dry wood provides several advantages for the consumer: it burns
hotter and cleaner, each log weighs less, and less fuel is needed for the same amount of
heat. Depending upon the cost of drying heat, the premium for dry wood may be less
than the consumer’s savings due to the reduced need for fuel.?® Economic incentives
from government agencies may therefore be necessary to kickstart construction of a
regional kiln.

232013 Tag survey.

24 Most wood sold in the area comes from trees that have been cut down, but not
sectioned and split until purchased by the consumer. As a result, the wood is still wet
when sold.

25 Sources of heat could include kiln-dried firewood produced in the facility, fuel oil or
LNG, or low pressure steam or recovered heat from an industrial process.

26 The current premium for dry vs. wet wood is $50 per cord ($375 per cord vs. $325 per
cord). The moisture content of kiln-dried firewood must be similar to that of air-dried
firewood in order for certified stoves to work properly.
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There is no evidence that the current demand for sales of dry firewood is sufficiently high
to require construction of a regional kiln.?” As discussed below, adoption of a ban on the
sale of green wood would increase demand, possibly justifying construction of a kiln;
however, such a ban has not been feasible in FNSB. Furthermore, regional emissions
from kiln-dried firewood are much higher than from air-dried firewood, because of the
fuel needed to operate the kiln.

This measure is not technologically feasible.

Ban on green wood sales

A ban on the sale of green wood would require wood vendors to have access to facilities
to dry wood. This would be either a kiln (such as a regional kiln described in the
previous section) or sufficient storage space to store and dry all of the fuel wood to be
sold in the following year. The amount of dry wood storage needed for one year of wood
fuel sales in FNSB is 42,300 cords.?®

This measure would reach only a portion of the wood supply. As discussed in the
previous section, more than 70% of the wood burned in residential heaters is self-cut or
comes from unlicensed wood suppliers; this would not be affected by a ban on sale of
green wood.

As discussed above, the referendum prohibiting the Borough’s regulation of home
heating and fuels has prevented the Borough from implementing this program. Any such
program would have to be implemented by the State, in the face of opposition from the
local community.

This measure is not technologically feasible.

5.7.3.3. Residential Wood Burning: Outdoor Wood-burning Boilers
(hydronic heaters)

A hydronic heater (also called an outdoor wood heater or outdoor wood boiler) burns
wood to heat liquid flowing through pipes in the combustion chamber. The hot liquid is
then piped to provide heat and hot water to occupied buildings. The number of units in

27 At least one firewood vendor is constructing a kiln, based either on current demand or
anticipation of demand. If this venture is successful, other vendors may choose to do the
same. A much larger unmet demand for dry wood would be needed to justify a regional
kiln, however.

28 A 2011 home heating survey (Sierra Research, June 10, 2011) indicated average wood
fuel use of 3.57 cords/year per installation for stoves and inserts, and 1.80 cords/year for
fireplaces. The SIP inventory for 2015 projects a total of 11,510 stoves, inserts, and
hydronic heaters, and 660 fireplaces. Total estimated annual wood fuel consumption =
3.57 * 11,510 + 1.80 * 660 = 42,300 cords
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FNSB has been estimated?® at about 480: 380 are uncertified, and 100 are Phase 2
Qualified units (see below).

Emissions from wood boilers are currently not regulated at the national level, but EPA
has initiated a voluntary program for manufacturers of hydronic heaters.3® The program
encourages manufacturers to produce and sell cleaner, more efficient devices. Hydronic
heaters that are “Phase 2 Qualified” under the EPA program must meet an emissions limit
of 0.32 Ibs per million BTU output.3* This represents a reduction of about 90%
compared to unqualified units.

Direct PM2s emissions from hydronic heaters are estimated to be 350 tons per year.®2

Education and Outreach

The State of Alaska and the FNSB have significant experience in educational programs
that help citizens reduce their emissions.® The agencies publish a brochure, Split Stack
Store and Save!, that encourages the use of only dry wood, explains methods for ensuring
that wood is dry (seasoning after cutting,), and explains some of the benefits (less wood
needed, cleaner burning). EPA publishes a similar brochure, Wet Wood is a Waste, as
part of its Burn Wise program. Burn Wise materials are also available from the FNSB
and Alaska DEC. In order to maximize the effectiveness of this control measure,
additional materials that target hydronic heaters should be developed, containing the
information currently available on the EPA website.3*

Because it involves voluntary efforts on the part of the public, and is implemented as a
state program, community resistance to the FNSB and Alaska DEC outreach programs
has been minimal.

Examples of other elements that may be included as part of this control measure include:
Making free or inexpensive wood moisture sensors to consumers
Use wood sellers to distribute outreach materials (either voluntary or required)
Use wood burning appliance vendors to distribute outreach materials
Use agency resources to distribute outreach materials
Make information available to consumers

o Advantages to burning dry wood

o How to tell if wood is dry

o How to dry wood

o Restrictions on burning (no burn days)

29 Sierra Research, projected 2015 (attainment year) inventory based on 2011 home
heating survey
2(1) EPA, EPA’s Phase 2 Voluntary Partnership Program: Hydronic Heaters
Ibid.
32 Cold Climate Housing Research Center, Reducing PM- s Emissions from Residential
Heating Sources in the Fairbanks North Star Borough, February 23, 2009. p. 14.
3 As discussed in the introduction to this Section.
3 http://www.epa.gov/burnwise/woodboilers.html.
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o How to improve operation and maintenance
o Use a certified installer
o Resources for more information

Overall effectiveness of voluntary measures as an emission reduction measure depends
upon the extent of implementation, as well as the actual steps taken by the public.
Education and outreach measures can reduce opposition to future efforts to implement
mandatory measures.

This control measure is technologically feasible.

Voluntary curtailment on air quality advisory days

Under a voluntary curtailment program, owners of wood burning devices are asked to
voluntarily reduce or avoid operation of the devices on days when air quality is poor.
Such a program relies on agency efforts to predict poor air quality days, agency efforts to
make the public aware of predictions, agency efforts to educate the public about reducing
emissions, and public cooperation with requests to minimize emissions.

The FNSB Air Quality Division provides daily air quality information on its website and
by telephone. Alaska DEC also provides air quality advisories when circumstances call
for them. FNSB has developed a voluntary burn cessation program that includes direct
notification of participants when an advisory is called. Advisories are called when PM2 s
concentrations above 35 micrograms per cubic meter are predicted.

Under this control measure, the agencies will develop and distribute additional
educational materials. They will increase efforts to publicize the program, beginning
with links on the existing Air Quality Index webpages to the FNSB’s existing AQ
Advisory program webpages.

In February, 2014, the FNSB adopted an ordinance® to create a voluntary burn cessation
program with the following elements:

e Provide incentives (sign-up bonus, yard sign, or other form of public
acknowledgment) to households that agree to voluntarily avoid use of wood-
burning appliances during air quality advisories.

e Establish methods, such as automated phone calls, to notify participants when an
advisory is called.

e Allow the Borough to contract with an agency to promote the program.

This control measure is technologically feasible.

3 http://co.fairbanks.ak.us/meetings/ordinances/2014/2014-11.pdf
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Mandatory curtailment on air quality advisory days

Mandatory curtailment on air quality advisory days would prohibit use of some hydronic
heaters on days of poor air quality. This prohibition could be implemented to affect all
hydronic heaters, or only those that do not meet EPA qualification standards. An
exemption from the ban for units that are the sole source of a residence’s space heating
would be included in either case. Approximately 4% of households in Fairbanks use
wood as the sole source of heat.

State law currently prohibits the operation of wood-fired heating devices on episode days:

18 AAC 50.075 (b) A person may not operate a wood-fired heating device in an
area for which the department has declared an air quality episode under 18 AAC
50.245.

The criteria for declaring an air quality episode do not currently include PM2s
concentrations. Alaska DEC has proposed®® to revise the criteria for declaring an air
quality episode to include PMzs, but at a concentration well above the federal standard.
At the same time, Alaska DEC proposed a revision to Section 50.075 to give the agency
discretion about declaring an episode. The revision would benefit public health by
reducing PM2 s concentrations on the worst episode days. Advisories are called when
PM: 5 concentrations above 35 micrograms per cubic meter are predicted.

As discussed above, the Borough has not been able to implement this measure because of
the referendum prohibiting the Borough’s regulation of home heating and fuels. Any
such measure would have to be implemented by the State, in the face of opposition from
the local community and would not be practically enforceable.

This measure is not technologically feasible.

All new units must be certified

Alaska DEC has already proposed a more stringent standard. See next section.
This control measure is technologically feasible.

All new units must meet a more stringent state standard of 2.5 gram/hour

EPA has initiated a voluntary program for manufacturers of hydronic heaters. EPA’s
primary intent is to first encourage manufacturers to produce cleaner hydronic heater
models. EPA also wants those who buy a hydronic heater to buy the cleanest models

% Alaska DEC, Proposed Regulation changes Pertaining to: Open Burning, Wood-fired
Heating Device Visible Emission Standards, Solid Fuel-Fired Heating Device Fuels,
Wood Fired Heating Device Standards, & Fine Particulate Matter (PM-2.5) Air Episode
and Advisories, Public Review Draft, September 19, 2013.
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available, which are those that qualify for the EPA voluntary program. EPA maintains a
list of qualifying models, of which there are many.

Many local agencies have developed ordinances that ban unqualified hydronic heaters
and establish minimum distances to neighbors and minimum stack heights. EPA has
provided technical and financial support for the NESCAUM to develop a model rule that
state and local agencies can use to regulate hydronic heater emissions.

Alaska DEC has proposed®’ to adopt a new regulation, 18 AAC 50.077(b)(1), that would
require that all new hydronic heaters meet an emission limit of 2.5 gm/hr. While this
measure cannot be implemented by the Borough because of the referendum prohibiting
the Borough’s regulation of home heating and fuels, the State could implement the
measure. Since it would only affect the supply of wood stoves offered for sale and not
impact homeowner fuel choice decisions, enforceability limitations and concerns would

not apply.
This measure is technologically feasible.

All units must be certified, requiring retrofits/replacement of existing units

Adoption of a performance standard for all hydronic heaters would require replacement
or retrofit of existing heaters that do not meet the standard (e.g., qualified under the EPA
program described above).

As discussed above, this measure cannot be implemented by the Borough because of the
referendum prohibiting the Borough’s regulation of home heating and fuels. Any such
measure would have to be implemented by the State, in the face of opposition from the
local community and would not be practically enforceable.

This control measure is not technologically feasible.

Ban on new installations

A ban on new installations would not reduce emissions from hydronic heaters in the near
term, but would ultimately reduce emissions as hydronic heaters were retired. However,
this approach could have the negative effect of prolonging the use of existing, dirty units
because replacing them with newer, much cleaner units would not be allowed. As a
result, this measure would not result in quantifiable reductions in the four years after
designation.

As discussed above, this measure cannot be implemented by the Borough because of the
referendum prohibiting the Borough’s regulation of home heating and fuels. Any such

37 Alaska DEC, Proposed Regulation changes Pertaining to: Open Burning, Wood-fired
Heating Device Visible Emission Standards, Solid Fuel-Fired Heating Device Fuels,
Wood Fired Heating Device Standards, & Fine Particulate Matter (PM-2.5) Air Episode
and Advisories, Public Review Draft, September 19, 2013.
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measure would have to be implemented by the State, in the face of opposition from the
local community and would not be practically enforceable. Since the measure has been
recently defeated in October 2014. This information became available after the
preparation of this document, there is insufficient time to prepare revisions and meet the
schedule for delivering the SIP to EPA by the end of 2014. Moreover, the Borough has
not had time to make decisions about any additional control measures to be implemented
in the wake of the vote.

This control measure is not technologically feasible.

Remove at time of home sale

A requirement to replace hydronic heaters at the time of home sale would not reduce
emissions from hydronic heaters in the near term, but would ultimately reduce emissions
as hydronic heaters were retired when residential property changed hands. As a result,
this measure would not result in quantifiable reductions in the four years after designation.
The cost of the measure would be borne by the seller, because the home’s sale price
would be diminished by the value of the heater that must be removed.

As discussed above, this measure cannot be implemented by the Borough because of the
referendum prohibiting the Borough’s regulation of home heating and fuels. Any such
measure would have to be implemented by the State, in the face of opposition from the
local community would not be practically enforceable.

This control measure is not technologically feasible.

Subsidize heater change outs

FNSB has a solid fuel burning appliance (SFBA) change out program. Qualifying
residents can be reimbursed for replacing, removing, or repairing solid fuel burning
devices (wood and coal-stoves, wood and coal-fired furnaces, hydronic heaters, fireplace
inserts, etc.). FNSB offers reimbursement of 100% of the cost (up to $10,000) of a new
qualifying hydronic heater. There is also a bounty program for dismantling an old device
without replacement.

This control measure is technologically feasible.
Ban use

A ban on the use of hydronic heaters would require those with access to alternate heat
sources to use them. Unless an exemption were offered, those with no alternate heat
source would be required to install one. As discussed above, on very cold days some
residences with alternate heat sources find those sources to be inadequate, and need to
supplement with heat from wood combustion. An enforcement mechanism is required to
implement this measure. Such a mechanism does not currently exist.
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As discussed above, this measure cannot be implemented by the Borough because of the
referendum prohibiting the Borough’s regulation of home heating and fuels. Any such
measure would have to be implemented by the State, in the face of opposition from the
local community would not be practically enforceable.

This control measure is not technologically feasible.

5.7.3.4. Residential Wood Burning: Wood Stoves

The number of units in FNSB has been estimated>® at about 11,000: 3,645 (33%) are
uncertified; 3,811 (35%) are EPA-certified non-catalytic units; 2,497 (23%) are EPA-
certified catalytic units; and 412 (4%) are pellet stoves

Direct PM_.s emissions from wood stoves are estimated to be 214 tons per year.>°

Education and Outreach

The State of Alaska and the FNSB have significant experience in educational programs
that help citizens reduce their emissions.*® The FNSB and State of Alaska have programs
focused on woodstoves. Program materials include brochures on woodstoves, catalytic
woodstoves, and non-catalytic woodstoves; Split Stack Store and Save!, that encourages
the use of only dry wood, explains methods for ensuring that wood is dry (seasoning after
cutting,), and explains some of the benefits (less wood needed, cleaner burning). EPA
publishes a similar brochure, Wet Wood is a Waste, as part of its Burn Wise program.
Burn Wise materials are also available from the FNSB and Alaska DEC. Because it
involves voluntary efforts on the part of the public, and is implemented as a state program,
community resistance to the FNSB and Alaska DEC outreach programs has been minimal.

Examples of other elements that may be included as part of this control measure include:
Making free or inexpensive wood moisture sensors to consumers
Use wood sellers to distribute outreach materials (either voluntary or required)
Use wood burning appliance vendors to distribute outreach materials
Use agency resources to distribute outreach materials
Make information available to consumers
o Advantages to burning dry wood
How to tell if wood is dry
How to dry wood
Restrictions on burning (no burn days)
How to improve operation and maintenance
Use a certified installer
Resources for more information

O O O O O O

38 Sierra Research, projected 2015 (attainment year) inventory based on 2011 home
heating survey

39 Cold Climate Housing Research Center, Reducing PM2.5 Emissions from Residential
Heating Sources in the Fairbanks North Star Borough, February 23, 2009. p. 14.

40 As discussed in the introduction to this Section.
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Overall effectiveness of voluntary measures as an emission reduction measure depends
upon the extent of implementation, as well as the actual steps taken by the public.
Education and outreach measures can reduce opposition to future efforts to implement
mandatory measures.

This control measure is technologically feasible.

Voluntary curtailment on air quality advisory days

Under a voluntary curtailment program, owners of wood burning devices are asked to
voluntarily reduce or avoid operation of the devices on days when air quality is poor.
Such a program relies on agency efforts to predict poor air quality days, agency efforts to
make the public aware of predictions, agency efforts to educate the public about reducing
emissions, and public cooperation with requests to minimize emissions.

The FNSB Air Quality Division provides daily air quality information on its website and
by telephone. Alaska DEC also provides air quality advisories when circumstances call
for them.

In February, 2014, the FNSB adopted an ordinance*! to create a voluntary burn cessation
program with the following elements:

e Provide incentives (sign-up bonus, yard sign, or other form of public
acknowledgment) to households to agree to voluntarily avoid use of wood-
burning appliances during air quality advisories.

e Establish methods, such as automated phone calls, to notify participants when an
advisory is called

e Allow the Borough to contract with an agency to promote the program.
This measure is technologically feasible.

Mandatory curtailment on air quality advisory days

Mandatory curtailment on air quality advisory days would prohibit use of some
woodstoves. This prohibition could be implemented to affect all woodstoves, or only
those that do not meet EPA certification standards. An exemption from the ban for units
that are the sole source of a residence’s space heating would be included in either case.

State law currently prohibits the operation of wood-fired heating devices on episode days:
18 AAC 50.075 (b) A person may not operate a wood-fired heating device in an

area for which the department has declared an air quality episode under 18 AAC
50.245.

1 http://co.fairbanks.ak.us/meetings/ordinances/2014/2014-11.pdf
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The criteria for declaring an air quality episode do not currently include PM2s
concentrations. Alaska DEC has proposed*? to revise the criteria for declaring an air
quality episode to include PMzs, but at a concentration well above the federal standard.
At the same time, Alaska DEC proposed a revision to Section 50.075 to give the agency
discretion about declaring an episode. The revision would benefit public health by
reducing PM2 s concentrations on the worst episode days.

As discussed above, this measure cannot be implemented by the Borough because of the
referendum prohibiting the Borough’s regulation of home heating and fuels. Any such
program would have to be implemented by the State, in the face of opposition from the
local community would not be practically enforceable. Since the measure has been
recently defeated in October 2014. This information became available after the
preparation of this document, there is insufficient time to prepare revisions and meet the
schedule for delivering the SIP to EPA by the end of 2014. Moreover, the Borough has
not had time to make decisions about any additional control measures to be implemented
in the wake of the vote.

This control measure is not technologically feasible.

All new units must be certified

Alaska DEC has proposed a more stringent measure. Please see next section.
This control measure is technologically feasible.

Only stoves meeting more stringent state standards (2.5 gram/hr) may be sold

Alaska DEC has proposed* to adopt a new regulation, 18 AAC 50.077(b)(2), that would
require that all new woodstoves meet an emission limit of 2.5 gm/hr and be certified by
EPA. The short-term effectiveness of this measure is low, as the turnover of wood stoves
built before 1992 is very slow; however, the measure would stop the projected growth in
the number of uncertified wood stoves (~1.3% per year).** Changeover to newer units
could be accelerated with a wood stove change-out program.

This control measure is technologically feasible.

42 Alaska DEC, Proposed Regulation changes Pertaining to: Open Burning, Wood-fired
Heating Device Visible Emission Standards, Solid Fuel-Fired Heating Device Fuels,
Wood Fired Heating Device Standards, & Fine Particulate Matter (PM-2.5) Air Episode
and Advisories, Public Review Draft, September 19, 2013.

43 Alaska DEC, Proposed Regulation changes Pertaining to: Open Burning, Wood-fired
Heating Device Visible Emission Standards, Solid Fuel-Fired Heating Device Fuels,
Wood Fired Heating Device Standards, & Fine Particulate Matter (PM-2.5) Air Episode
and Advisories, Public Review Draft, September 19, 2013.

44 Sierra Research, projected 2015 (attainment year) inventory based on 2011 home
heating survey
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Replace uncertified stoves at time of home sale

A requirement to replace uncertified stoves at the time of home sale would not reduce
emissions from wood stoves in the near term, but would ultimately reduce emissions as
wood stoves were retired when residential property changed hands. As a result, this
measure would not result in quantifiable reductions in the four years after designation.
The cost of the measure would be borne by the seller, because the home’s sale price
would be diminished by the value of the stove that must be removed.

As discussed above, this measure cannot be implemented by the Borough because of the
referendum prohibiting the Borough’s regulation of home heating and fuels. Any such
measure would have to be implemented by the State, in the face of opposition from the
local community would not be practically enforceable. Since the measure has been
recently defeated in October 2014. This information became available after the
preparation of this document, there is insufficient time to prepare revisions and meet the
schedule for delivering the SIP to EPA by the end of 2014. Moreover, the Borough has
not had time to make decisions about any additional control measures to be implemented
in the wake of the vote.

This control measure is not technologically feasible.

Replace uncertified stoves at time of significant remodeling

This measure would require replacement of stove when significant remodeling occurred.
It would probably be enforced during the building permit review and issuance process.
The scope and impact of this measure could be controlled by definition of “significant;” it
could also be limited to situations where the remodeled room contains a stove. A
requirement to replace uncertified stoves at the time of significant remodeling would not
reduce emissions from wood stoves in the near term, but would ultimately reduce
emissions as wood stoves were retired when residential property was remodeled. As a
result, this measure would not result in quantifiable reductions in the four years after
designation. The cost of the measure would be borne by the homeowner.

As discussed above, this measure cannot be implemented by the Borough because of the
referendum prohibiting the Borough’s regulation of home heating and fuels. Any such
measure would have to be implemented by the State, in the face of opposition from the
local community would not be practically enforceable. Since the measure has been
recently defeated in October 2014*°. This information became available after the
preparation of this document, there is insufficient time to prepare revisions and meet the
schedule for delivering the SIP to EPA by the end of 2014. Moreover, the Borough has

4551.57% to 48.43%. Election Summary Report, 2014 Regular Election, October 30,
2014
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not had time to make decisions about any additional control measures to be implemented
in the wake of the vote.

This control measure is not technologically feasible.

Replace uncertified stoves in rental units

A requirement to replace uncertified stoves in rental units would result in emission
reductions upon replacement. The cost of the measure would be borne by the landlords,
and presumably passed on to the renter.

As discussed above, this measure cannot be implemented by the Borough because of the
referendum prohibiting the Borough’s regulation of home heating and fuels. Any such
measure would have to be implemented by the State, in the face of opposition from the
local community would not be practically enforceable. Since the measure has been
recently defeated in October 2014. This information became available after the
preparation of this document, there is insufficient time to prepare revisions and meet the
schedule for delivering the SIP to EPA by the end of 2014. Moreover, the Borough has
not had time to make decisions about any additional control measures to be implemented
in the wake of the vote.

This control measure is not technologically feasible.

Require alternate heat source in rental units

Emission reductions occur to the extent that the renter uses the alternate heat source
during air pollution advisories. The availability of an alternate heat source allows the
renter to participate in curtailment programs. It is not clear what fraction of the rental
housing stock is physically able to install an alternate heat source. The cost of the
measure would be borne by the landlords, and presumably passed on to the renter.

As discussed above, this measure cannot be implemented by the Borough because of the
referendum prohibiting the Borough’s regulation of home heating and fuels. Any such
measure would have to be implemented by the State, in the face of opposition from the
local community would not be practically enforceable. Since the measure has been
recently defeated in October 2014. This information became available after the
preparation of this document, there is insufficient time to prepare revisions and meet the
schedule for delivering the SIP to EPA by the end of 2014. Moreover, the Borough has
not had time to make decisions about any additional control measures to be implemented
in the wake of the vote.

This control measure is not technologically feasible.

Require alternate heat source in new construction
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A requirement to include alternate heat sources in new construction would not reduce
emission; it would, however, potentially reduce the magnitude of new emissions
associated with population growth. Emission minimization occurs to the extent that the
resident uses the alternate heat source during air pollution advisories. The availability of
an alternate heat source allows the resident to participate in curtailment programs. This
measure would not result in quantifiable reductions in the four years after designation.

As discussed above, this measure cannot be implemented by the Borough because of the
referendum prohibiting the Borough’s regulation of home heating and fuels. Any such
measure would have to be implemented by the State, in the face of opposition from the
local community would not be practically enforceable.

This control measure is not technologically feasible.

Ban on new installations

A ban on new installations would not reduce emissions from wood stoves in the near
term, but would ultimately reduce emissions as wood stoves were retired; however, this
approach could have the negative effect of prolonging the use of existing, dirty units
because replacing them with newer, much cleaner units would not be allowed. This
measure would not result in quantifiable reductions in the four years after designation.

An alternative proposal would be to limit the number of new installations allowed in new
homes or under construction (i.e., construction of new homes or remodeling of existing
homes) to some number greater than zero, and prohibit any more. This would allow the
agency to effectively control the number of wood stoves in the area, rationing the number
of new stoves that would be allowed. This would require a method for determining what
the quota would be; how it would be distributed between developers and homeowners;
and a significant enforcement effort.

Another alternative proposal would allow new installations, but only if one or more
existing stoves were retired first. This would either be replacement of the existing stove
with a new one, or would require the contractor to locate and buy the existing stove of
another homeowner. Reduction in the inventory of stoves would be achieved by
requiring more than one stove to be retired per new installation. This variation would
almost certainly require a registration or permit system for existing stoves to be
enforceable.

The short-term effectiveness of this measure is low, as the turnover of wood stoves built
before 1992 is very slow. Changeover to newer units could be accelerated with a wood
stove change-out program.

As discussed above, this measure cannot be implemented by the Borough because of the
referendum prohibiting the Borough’s regulation of home heating and fuels. Any such
measure would have to be implemented by the State, in the face of opposition from the
local community would not be practically enforceable. Since the measure has been
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recently defeated in October 2014. This information became available after the
preparation of this document, there is insufficient time to prepare revisions and meet the
schedule for delivering the SIP to EPA by the end of 2014. Moreover, the Borough has
not had time to make decisions about any additional control measures to be implemented
in the wake of the vote.

This control measure is not technologically feasible.

Subsidize woodstove change outs

FNSB has a SFBA change out program. Qualifying residents can be reimbursed for
replacing, removing, or repairing solid fuel burning devices (wood and coal-stoves, wood
and coal-fired furnaces, hydronic heaters, fireplace inserts, etc.). FNSB offers
reimbursement of 100% of the cost (up to $4,000) of a new certified wood stove. There
is also a bounty program for dismantling an old device without replacement.

This control measure is technologically feasible.

Discourage the resale of used stoves through taxes, fees, or other disincentives

This control measure would impose a financial penalty on the sale of a used stove to
another user. This measure could apply to all sales of used stoves, or limited to
uncertified stoves. There is little environmental benefit to discouraging the sale of a used
certified stove; most of the incremental benefit of stove changeout is the difference
between uncertified and certified stove emissions.

Enforcement of this measure would be much more difficult than enforcement of the
requirement that all new stoves be certified. Enforcement of the latter measure requires
that vendors be monitored. Enforcement of a penalty on resale would require that
transactions involving individual sellers be monitored. This, in turn, might be addressed
using a permit or registration system for stove owners.

The short-term effectiveness of this measure is low, as the turnover of wood stoves built
before 1992 is very slow.

As discussed above, this measure cannot be implemented by the Borough because of the
referendum prohibiting the Borough’s regulation of home heating and fuels. Any such
measure would have to be implemented by the State, in the face of opposition from the
local community would not be practically enforceable. Since the measure has been
recently defeated in October 20144, This information became available after the
preparation of this document, there is insufficient time to prepare revisions and meet the
schedule for delivering the SIP to EPA by the end of 2014. Moreover, the Borough has

46 51.57% to 48.43%. Election Summary Report, 2014 Regular Election, October 30,
2014
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not had time to make decisions about any additional control measures to be implemented
in the wake of the vote.

This control measure is not technologically feasible at this time.
Ban on all use

A ban on the use of woodstoves would require those with access to alternate heat sources
to use them. Unless an exemption were offered, those with no alternate heat source
would be required to install one. As discussed above, on very cold days some residences
with alternate heat sources find those sources to be inadequate, and need to supplement
with heat from wood combustion.

An enforcement mechanism is required to implement this measure. The mechanism
would need to be much larger than needed to enforce a ban on hydronic heaters, due to
the larger number of stoves and the fact that stoves are less conspicuous. Such a
mechanism does not currently exist.

This control measure is not technologically feasible.

Incentive program: use stove change outs to generate New Source Review (NSR) offsets

Incentive programs provide cash incentives to equipment owners to retire or replace old,
dirty equipment. Proposals for incentive programs focus on the source of funds, the
amount of subsidy per transaction, and the amount of funds available.

This measure would allow applicants for new major industrial sources to obtain emission
offsets by funding stove change outs. Emissions from woodstoves would be reduced, and
some fraction of the reduction would be made available to offset emissions from the new
industrial source.

Based upon discussions with Alaska DEC permitting staff, the likelihood of an industrial
project in FNSB triggering PM offset requirements is small. Because no projects have
been proposed that might find this option useful, no reductions will occur in the four
years following designation.

This measure is not technologically feasible.

5.7.3.5. Residential Wood Burning: Fireplaces

The number of units in FNSB has been estimated*’ at about 1,275; 610 (48%) do not
have inserts; 234 (18%) have uncertified inserts; 245 (19%) are EPA-certified non-
catalytic units; 160 (13%) are EPA-certified catalytic units; and 24 (2%) are pellet-
burning inserts.

47 Sierra Research, projected 2015 (attainment year) inventory based on 2011 home
heating survey
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Education and Outreach

The State of Alaska and the FNSB have significant experience in educational programs
that help citizens reduce their emissions.*® The agencies publish a brochure, Split Stack
Store and Save!, that encourages the use of only dry wood, explains methods for ensuring
that wood is dry (seasoning after cutting,), and explains some of the benefits (less wood
needed, cleaner burning). EPA publishes a similar brochure, Wet Wood is a Waste, as
part of its Burn Wise program. Burn Wise materials are also available from the FNSB
and Alaska DEC. Because it involves voluntary efforts on the part of the public, and is
implemented as a State program, community resistance to the FNSB and Alaska DEC
outreach programs has been minimal.

Examples of other elements that may be included as part of this control measure include:
Making free or inexpensive wood moisture sensors to consumers
Use wood sellers to distribute outreach materials (either voluntary or required)
Use wood burning appliance vendors to distribute outreach materials
Use agency resources to distribute outreach materials
Make information available to consumers
o Advantages to burning dry wood
How to tell if wood is dry
How to dry wood
Restrictions on burning (no burn days)
How to improve operation and maintenance
Use a certified installer
Resources for more information

O O O O O O

Overall effectiveness of voluntary measures as an emission reduction measure depends
upon the extent of implementation, as well as the actual steps taken by the public.
Education and outreach measures can reduce opposition to future efforts to implement
mandatory measures.

This control measure is technologically feasible.

Voluntary curtailment on air quality advisory days

Under a voluntary curtailment program, owners of wood burning devices are asked to
voluntarily reduce or avoid operation of the devices on days when air quality is poor.
Such a program relies on agency efforts to predict poor air quality days, agency efforts to
make the public aware of predictions, agency efforts to educate the public about reducing
emissions, and public cooperation with requests to minimize emissions.

The FNSB Air Quality Division provides daily air quality information on its website and
by telephone. Alaska DEC also provides air quality advisories when circumstances call
for them.

48 As discussed in the introduction to this Section.
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In February 2014, the FNSB adopted an ordinance*° to create a voluntary burn cessation
program with the following elements:

e Provide incentives (sign-up bonus, yard sign, or other form of public
acknowledgment) to households that agree to voluntarily avoid use of wood-
burning appliances during air quality advisories.

e Establish methods, such as automated phone calls, to notify participants when an
advisory is called.

e Allow the Borough to contract with an agency to promote the program.
This program is technologically feasible.

Mandatory curtailment on air quality advisory days

Mandatory curtailment on air quality advisory days would prohibit use of some fireplaces.
This prohibition could be implemented to affect all fireplaces, or only those that do not
meet EPA certification standards (e.g., certified inserts; chimney abatement systems). An
exemption from the ban for units that are the sole source of a residence’s space heating
would be included in either case.

State law currently prohibits the operation of wood-fired heating devices on episode days:

18 AAC 50.075 (b) A person may not operate a wood-fired heating device in an
area for which the department has declared an air quality episode under 18 AAC
50.245.

The criteria for declaring an air quality episode do not currently include PMa 5
concentrations. Alaska DEC has proposed®° to revise the criteria for declaring an air
quality episode to include PM2s, but at a concentration well above the federal standard.
At the same time, Alaska DEC proposed a revision to Section 50.075 to give the agency
discretion about declaring an episode. The revision would benefit public health by
reducing PM2 s concentrations on the worst episode days. However, because the
proposed threshold for calling an advisory is well above the federal standard, this revision
will not result in emission reductions on many violation days, and therefore will not
contribute to attainment in FNSB.

This control measure is not technologically feasible.

49 http://co.fairbanks.ak.us/meetings/ordinances/2014/2014-11.pdf

%0 Alaska DEC, Proposed Regulation changes Pertaining to: Open Burning, Wood-fired
Heating Device Visible Emission Standards, Solid Fuel-Fired Heating Device Fuels,
Wood Fired Heating Device Standards, & Fine Particulate Matter (PM-2.5) Air Episode
and Advisories, Public Review Draft, September 19, 2013.
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Subsidize fireplace insert change outs

FNSB has an SFBA change out program. Qualifying residents can be reimbursed for
replacing, removing, or repairing solid fuel burning devices (wood and coal-stoves, wood
and coal-fired furnaces, hydronic heaters, fireplace inserts, etc.). FNSB offers
reimbursement of 100% of the cost (up to $4,000) of a new certified fireplace insert.
There is also a bounty program for dismantling an old device without replacement.

This control measure is technologically feasible.

5.7.3.6. Residential Wood Burning: Burn Barrels, Open Burning

Reinstate seasonal open burning ban

Open burning is currently banned between November 1 and March 31 in Wood Smoke
Control Areas (18 AAC 50.065(f)). FNSB is not currently a Wood Smoke Control Area.
Alaska DEC has proposed adding PM2 s non-attainment areas to the areas covered by this
regulation as a proactive measure to prevent additional smoke during winter months.>!

Alaska DEC’s regulation 18 AAC 50.065(e) prohibits open burning during an air quality
advisory. Advisories are called when PM2 s concentrations above 35 micrograms per
cubic meter are predicted.

Since the 1970s, the Fairbanks North Star Borough had an ordinance to restrict
wintertime open burning. In 2013, the Borough Assembly repealed that ordinance in
response to a voter initiative that restricted the Borough’s authority to regulate fuel
burning.

Although the voters of FNSB have clearly indicated opposition to local regulations
affecting home heating, there is no indication of similar widespread opposition to the
FNSB’s historical open burning control program.

The cost of such a program is the increased administrative cost of enforcing the ban.
Most of this cost can be recovered through fines imposed on violators.

This control measure is technologically feasible.

Burn barrel prohibition

Although the voters of FNSB have clearly indicated opposition to local regulations
affecting home heating, there is no indication of similar widespread opposition to the

%1 Alaska DEC, Proposed Regulation changes Pertaining to: Open Burning, Wood-fired
Heating Device Visible Emission Standards, Solid Fuel-Fired Heating Device Fuels,
Wood Fired Heating Device Standards, & Fine Particulate Matter (PM-2.5) Air Episode
and Advisories, Public Review Draft, September 19, 2013.
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FNSB’s historical open burning control program. Burn barrels are used by some
residents to dispose of combustible waste, not to provide useful heat.

Many states and localities ban the use of burn barrels, mostly because these devices are
prone to creating a nuisance. If used only to burn clean, dry wood, they can be operated
in a smokeless, odor-free manner. Combustion of almost any other materials will result
in both smoke and odors.

Burn barrels are covered by the State’s open burning regulation, which bans open burning
between November 1 and March 31 in Wood Smoke Control Areas (18 AAC 50.065(F)).
FNSB is not currently a Wood Smoke Control Area. Alaska DEC has proposed adding
PM2 5 nonattainment areas to the areas covered by this regulation as a proactive measure
to prevent additional smoke during winter months.>?

Alaska DEC’s regulation 18 AAC 50.065(e) also prohibits open burning during an air
quality advisory. Advisories are called when PM..s concentrations above 35 micrograms
per cubic meter are predicted.

This control measure is technologically feasible.

5.7.3.7. Residential Fuel 0il

The number of units in FNSB has been estimated at about 27,000. °* Direct PM2s
emissions from fuel oil combustion in residential heaters are estimated to be 42 tons per
year.>* Additionally, fuel oil combustion contributes to secondary particulate formation
because virtually all (99%) of the sulfur in fuel oil is oxidized to SO, when combusted,
and a portion of the SO, reacts to form sulfate aerosols, a form of PM.s. SOx emissions
from fuel oil combustion are estimated to be about 770 tons per year,* equivalent to 130
tons per year of direct PM25 emissions.

Economic incentives to switch to low sulfur fuel

The most effective strategy for reducing SO. emissions from residential oil use is
lowering the sulfur content of heating oil. Currently in the U.S. (and in the FNSB),

%2 Alaska DEC, Proposed Regulation changes Pertaining to: Open Burning, Wood-fired
Heating Device Visible Emission Standards, Solid Fuel-Fired Heating Device Fuels,
Wood Fired Heating Device Standards, & Fine Particulate Matter (PM-2.5) Air Episode
and Advisories, Public Review Draft, September 19, 2013.

%3 Sierra Research, projected 2015 (attainment year) inventory based on 2011 home
heating survey

% Cold Climate Housing Research Center, Reducing PM2.5 Emissions from Residential
Heating Sources in the Fairbanks North Star Borough, February 23, 2009. p. 15.

% Cold Climate Housing Research Center, Reducing PM2.5 Emissions from Residential
Heating Sources in the Fairbanks North Star Borough, February 23, 2009. p. 15. SOx
emissions are calculated by dividing the reported sulfate formation (232 TPY) by the
assumed conversion rate (30%).
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heating oil for residential use has an average sulfur content of about 0.20-0.25% (about
2,500 ppm). Switching to low sulfur content fuel (500 ppm) could eliminate 75-80% of
the SO2 emissions generated by residential oil heating systems, as well as 80% of direct
PM2 s emissions.

The American Society for Testing and Materials (ASTM), an international voluntary
standards development organization, has approved a Low-Sulfur No. 2 Heating Oil
specification. Also, the Oilheat Manufacturers Association has been promoting low-
sulfur heating oil, both to improve air quality and to reduce equipment maintenance costs.
Low-sulfur heating oil reduces the level of residue build-up on the surfaces of boilers and
furnaces, improving equipment performance and reducing maintenance costs.

The control measure would consist of providing an economic incentive (in the form of a
cash rebate®®) to consumers to purchase low-sulfur fuel oil instead of their current supply.
Because participation in the program would be voluntary, it would not conflict with the
fuel regulation ban in the Home Heating Initiative.

This control measure is technologically feasible.

5.7.3.8. District Heating System

Many residential, commercial, and institutional buildings within the FNSB are connected
to district heating systems that supply low pressure steam or hot water for space heating
and domestic hot water use. Use of the district heating systems allows for the widespread
use of energy produced by a central steam generating unit that is well controlled. These
systems essentially eliminate the need for the operation of individual fuel combustion
units by the facilities connected to them.

Even considering transmission losses, a well maintained and operated central unit can be
much more efficient that individual combustion units, especially those that burn wood,
coal, or oil. Pollutants from a central unit are emitted at a much higher elevation, and as
a result are more dispersed.

Increased usage/coverage of district heating systems

Individual combustion units—especially those that burn wood, coal, or oil—are often
much less efficient than a well maintained and operated central power plant. Individual
combustion units also produce pollutants that are emitted to the atmosphere very near
ground level, rather than from tall stacks. Because of the difference in release points,
pollutants from individual combustion units have a greater impact on ground-level PM2 s
concentrations.

% Because Alaska has no state income or sales tax, a tax credit or exemption would not
work as a mechanism for implementing this program. A property tax offset is another
possible mechanism, but would not be available to renters.
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An increase in the coverage of the district heating systems would therefore result in a
decrease in measured PM_ s concentrations.

This control measure is technologically feasible.

5.7.3.9. Energy Efficiency and Weatherization

Home Improvement Rebate Program

EPA recognizes the benefits of including energy efficiency programs in SIPs as a low
cost means of reducing emissions.

The Alaska Housing Finance Corporation (AHFC) implements several energy programs
that are designed to make homes more energy efficient. As homeowners make energy
efficiency improvements, they reduce the amount of fuel and electricity needed for power
and heat, leading to corresponding air quality benefits due to the reduced fuels being
burned for space heating and power generation.

This control measure is technologically feasible and already implemented.

5.7.3.10. Transportation

Listed below are the transportation-related programs currently being implemented in
Fairbanks.

e Expanded availability of plug-ins; electrical outlets were installed on 1,500+
parking spaces between 2008 & 2015

e Ordinance mandating—for employers with 275+ parking spaces—electrification
of outlets at temps < 21° F between November 1 and March 31

e Public education focused on the benefits of plugging-in and using the transit
program called Metropolitan Area Commuter System (MACS)

e Expanded transit service includes improved service frequency on high ridership
routes, new routes and better bus stop facilities; ridership increased 61% between
2008 & 2013

e Commuter Van Pool program, includes VVan Tran program for elderly and
disabled

e Anti-idling program for heavy-duty diesel vehicles started as a ADOT&PF
program focused on dump trucks and tractors and has been expanded to a
CMAQ-funded pilot program focused on the purchase and installation of auxiliary
heaters to reduce idle time

e Federal Motor Vehicle Control Program
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With the exception of the anti-idling program, the programs listed above have been in
place for well over a decade and are working to reduce motor vehicle emissions under
extreme winter operating conditions.

Measures focused on reducing traffic congestion offer limited benefits as the Fairbanks
road network has few roads operating at Level of Service (LOS) levels D, E, or F.

Community-wide ridesharing programs offer few potential emission reduction benefits
because of the low population and employment density in the nonattainment area
(employer programs are operated where sufficient density supports participation).

Travel reduction programs have been found to have limited benefits on a national basis,
with principal reductions coming from commute trips, which require high density
employment to be successful.

EPA’s motor vehicle emissions model MOVES, including the recently released version
MOVES2014, does not provide a PM benefit for either light- or heavy-duty I/M
programs. Thus, there is no way to quantify a particulate benefit from I/M, and EPA
clearly does not recognize I/M as an appropriate PM control measure.

Given these constraints, no additional TCMs appear viable for Fairbanks. Because TCMs
are not expected to provide additional reductions, all TCMs are classified as “not
technologically feasible.”

5.7.3.11. Measures Deemed Technologically Infeasible

A summary of the assessment of technological feasibility for candidate control measures
is presented below in Table 5.7-6. It shows that a number of candidate control measures
are not technologically feasible at this time: two of those—construction of regional kilns
and use of stove change outs to generate NSR credits—are not feasible because there is
no evidence of demand, so no emission reductions are expected; the remainder are
infeasible because they are not practically enforceable in the Borough at this time.

Table 5.7-6. Candidate Control Measures Considered for RACM

Technologically
Source Category Control Measure Feasible?
Dry Wood Measures Education and Outreach Yes
Regional kiln No
Ban on green wood sales No
Hydronic Heaters Education and Outreach Yes
Voluntary curtailment on air quality advisory Yes
days
Mandatory curtailment on air quality advisory No
-39-
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Technologically
Source Category Control Measure Feasible?
days
All new units must be certified Yes
All new units must meet more stringent Yes
standards
All units must be certified No
Ban new installations No
Remove at time of home sale No
Subsidize heater change outs Yes
Ban use No
Wood Stoves Education and Outreach Yes
Voluntary curtailment on air quality advisory Yes
days
Mandatory curtailment on air quality advisory No
days
All new units must be certified Yes
All new units must meet more stringent Yes
standards
All units must be certified No
Replace uncertified stoves at time of home No
sale
Replace uncertified stoves at time of No
significant remodeling
Replace uncertified stoves in rental units No
Require alternate heat source in rental units No
Require alternate heat source in new No
construction
Ban new installations No
Subsidize stove change outs Yes
Disincentive to sell used stoves No
Ban use No
Use stove change outs to generate NSR offsets No
Fireplaces/Fireplace Education and Outreach Yes
Inserts Voluntary curtailment on air quality advisory Yes
days
Mandatory curtailment on air quality advisory No
days
Subsidize fireplace insert change outs Yes
Open Burning Reinstate open burning ban Yes
Burn Barrel Prohibit use of burn barrels (seasonal or year- Yes
round)
Residential Fuel Oil Provide economic incentives to switch to low- Yes
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Technologically

Source Category Control Measure Feasible?
Combustion sulfur fuel
Increase coverage of District heating systems Yes
Energy Efficiency Subsidize heating upgrades and weatherization Yes
Measures
Transportation Improved public transit Yes
HOV lanes No
Traffic flow improvement programs No
Create non-motorized traffic zones No
Restrict truck idling Yes
Reduce cold start emissions Yes
Employer-sponsored flexible work schedules No
Retrofit diesel fleet (school buses, No
transit fleets)
Onroad vehicle I&M program No
Heavy-duty vehicle 1&M program No
State LEV Program No

5.7.4. STEP 3: EVALUATE EMISSION REDUCTIONS AND COSTS FOR EACH
TECHNOLOGICALLY FEASIBLE CONTROL MEASURE

In this section, technologically feasible control measures are evaluated for emission
benefits and cost effectiveness. Measures with negligible potential for emission
reductions were screened out in previous steps.

The process used to evaluate the economic feasibility of candidate control measures is
outlined below. Some of the control measures determined to be RACM in this analysis

are already implemented in the FNSB. Because the economic feasibility of these
measures does not need to be established, a qualitative analysis has been performed.

1. For each technologically feasible emission control technology or measure
provide best estimates of the following:

the control efficiency by pollutant;

the possible emission reductions by pollutant;

the estimated cost per ton of pollutant reduced; and

the date by which the technology or measure could be reasonably
implemented.

oo o

2. Determine if any technologically feasible control measures are economically
infeasible:
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a. Consider the cost of reducing emissions and the difference between the cost
of an emissions reduction measure at a particular source and the cost of
emissions reduction measures that have been implemented at other similar

Sources.

b. Economic feasibility of RACM/RACT is thus largely determined by
evidence that other sources in a source category have in fact applied the
control technology, process change, or measure in question.

c. For each technologically feasible control measure or technology, a state
must determine the capital costs, annualized costs, and cost effectiveness
(i.e., cost per ton of pollutant reduced by that measure or technology).®’

d. A state may not reject a technologically feasible control measure or
technology as being economically infeasible if such a measure or
technology has been implemented at other similar sources, unless the state
provides a detailed justification that clearly explains the specific
circumstances of the source or sources in the nonattainment area that make
such a measure or technology economically infeasible.

Table 5.7-7 presents the list of candidate control measures that were determined to be
technologically feasible.

Table 5.7-7. Technologically Feasible Control Measures

Potential
Economically Implementation
Source Category Control Measure Feasible? RACM? Date
Dry Wood Education and Yes RACM Already in
Measures Outreach place
Hydronic Heaters Education and Yes RACM Already in
Outreach place
Voluntary Yes RACM 1 Qtr 2016
curtailment on air
quality advisory
days
All new units must Yes RACM 1t Qtr 2016
be certified to more
stringent standards
Subsidize heater Yes RACM Already in
change outs place

5" Note that this is not a cost/benefit analyis. The health benefits (reduction in number of
premature deaths and/or avoided health costs) are not quantified or considered in this

analysis.
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Potential
Economically Implementation
Source Category Control Measure Feasible? RACM? Date
Wood Stoves Education and Yes RACM Already in
Outreach place
Voluntary Yes RACM Already in
curtailment on air place
quality advisory
days
All new units must Yes RACM 1t Qtr 2016
be certified
Subsidize stove Yes RACM Already in
change outs place
Fireplaces/Fireplace Education and Yes RACM Already in
Inserts Outreach place
Voluntary Yes RACM Already in
curtailment on air place
quality advisory
days
Subsidize fireplace Yes RACM Already in
insert change outs place
Open Burning Reinstate open Yes RACM 1%t Qtr 2016
burning ban
Burn Barrel Prohibit use of burn Yes RACM 1t Qtr 2016
barrels (seasonal or
year-round)
Residential Fuel Oil | Provide economic No No Not cost
Combustion incentives to switch effective
to low-sulfur fuel
Increase coverage No No Not cost
of District heating effective
systems
Energy Efficiency Subsidize heating Yes RACM Already in
Measures upgrades and place
weatherization
Transportation Improved Public Yes RACM Already in
Transit place
Restrict Truck Yes RACM Already in
Idling place
Reduce Cold Start Yes RACM Already in
Emissions place
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5.7.4.1. Dryv Wood Programs

As shown in Table 5.7-2, residential wood combustion in Fairbanks is responsible for
2.72 tons per day, or 60% of total direct PM2.s emissions on episode days. About 60% of
the wood burned in residential wood combustion units is green wood, on a volume
basis.>® According to a 2008 NESCAUM report, for every 10 percentage point increase
in the moisture content of wood the PM2.s emissions increase by 65% to 167%.°° If dry
wood (20% moisture content) is burned instead of all of the wet wood, a reduction of
between 1.2 and 1.8 ton/day of PM2 s could result.

Education and Outreach

The overall effectiveness of voluntary measures depends upon the extent of
implementation, as well as the actual steps taken by the public. Actual quantification of
emission reduction is difficult to do. However, these programs are considered pivotal to
the acceptance of any wood smoke control program.®°

Costs associated with this measure are small. Costs include the cost to the State and/or
Borough to develop educational materials (small, because educational materials for this
purpose have already been developed) and the cost to homeowners to store wood for a
season. (In order to have dry wood all year, a full year’s supply of wood would need to
be purchased at least six months before it is to be used, and split and stored in a manner
that would allow it to dry. The average amount of wood burned per year in Fairbanks is
3.57 cords/year per household,®* which would require 460 cubic feet of storage.

Although construction of this much storage would not be a trivial expense, the cost would
go down after the first year by as much as 30% because less dry wood is needed for the
same useful heat production.®?)

e Control efficiency by pollutant: N/A

%8 Based on a 2011 sample of 20 households, 40% of the households sampled had
moisture contents at or below 20%.

%9 NESCAUM, Source Characterization of Outdoor Wood Furnaces, September 9, 2008,
p. 4-1

60 Hearth, Patio and Barbecue Association, Clearing the Smoke: The Wood Stove
Changeout in Libby, Montana, January 2008, p. 20; see also Canadian Council of
Ministers of the Environment, Code of Practice for Residential Wood Burning
Applicances, 2012, p. 28.

61 A 2011 home heating survey (Sierra Research, June 10, 2011) indicated an average
wood fuel use of 3.57 cords/year per installation for stoves and inserts, and 1.80
cords/year for fireplaces.

62 Useful heat energy from a typical wood fuel is 5,000 btu/lb at 20% moisture, and 3,500
btu/lb at 40% moisture (the difference is due to the heat required to evaporate the extra
water). The fuel savings due to burning dry wood (20% moisture) is 30% [(5,000-
3,500)/5,000].
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e Possible emission reductions by pollutant: Potentially large. However, EPA
guidance allows only a small amount of SIP credit for voluntary measures.

e Estimated cost per ton of pollutant reduced: small

e Date by which the measure could be reasonably implemented: already
implemented

This measure is economically feasible.

5.7.4.2. Residential Wood Burning: Outdoor Wood-burning Boilers
(hydronic heater)

Education and Outreach

Overall effectiveness of voluntary measures depends upon the extent of implementation,
as well as the actual steps taken by the public. Costs associated with this measure are
small. Costs include the cost to the State and/or Borough to develop educational
materials (small, because educational materials for this purpose have already been
developed).

e Control efficiency by pollutant: N/A

e Possible emission reductions by pollutant: Potentially large. However, EPA
guidance allows only a small amount of SIP credit for voluntary measures.

e Estimated cost per ton of pollutant reduced: small

e Date by which the measure could be reasonably implemented: already
implemented

This measure is economically feasible.

Voluntary curtailment on air quality advisory days

Under a voluntary curtailment program, owners of wood burning devices are asked to
voluntarily reduce or avoid operation of the devices on days when air quality is poor.
Such a program relies on agency efforts to predict poor air quality days, agency efforts to
make the public aware of predictions, agency efforts to educate the public about reducing
emissions, and public cooperation with requests to minimize emissions.

The FNSB Air Quality Division provides daily air quality information on its website and
by telephone. Alaska DEC also provides air quality advisories when circumstances call
for them

Under this control measure, the agencies will develop and distribute additional
educational materials. They will increase efforts to publicize the program, beginning
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with links on the existing Air Quality Index webpages to the FNSB’s existing AQ
Advisory program webpages.

e Control efficiency by pollutant: N/A

e Possible emission reductions by pollutant: Potentially large. However, EPA
guidance allows only a small amount of SIP credit for voluntary measures.

e Estimated cost per ton of pollutant reduced: not estimated because already
implemented

e Date by which the measure could be reasonably implemented: 1% Qtr 2016
This measure is economically feasible.

All new units must meet 2.5 gm/hr

This control measure reduces the rate of growth of emissions due to the increased number
of installations by minimizing the emissions from new equipment. In addition, it reduces
emissions as old units are retired and replaced by new ones.

Because of the small rate of projected growth, and the low rate of replacement of old
units, emission reductions from this measure are small. Cost of control is also small,
because there is no incremental cost between a certified unit and a non-certified unit.

Alaska DEC has proposed® to adopt a new regulation, 18 AAC 50.077(b)(2), that would
require that all new woodstoves meet an emission limit of 2.5 gm/hr and be certified by
EPA.

e Control efficiency by pollutant: small

e Possible emission reductions by pollutant: small.

e Estimated cost per ton of pollutant reduced: small

e Date by which the measure could be reasonably implemented: 1% Qtr 2016

This measure is economically feasible.

Subsidize hydronic heater change outs

The FNSB’s hydronic heater change out program is a voluntary program initiated by
FNSB to promote the use of cleaner-burning heating appliances. It uses a cash rebate,
combined with public outreach and education, to encourage consumers to replace their

%3 Alaska DEC, Proposed Regulation changes Pertaining to: Open Burning, Wood-fired
Heating Device Visible Emission Standards, Solid Fuel-Fired Heating Device Fuels,
Wood Fired Heating Device Standards, & Fine Particulate Matter (PM-2.5) Air Episode
and Advisories, Public Review Draft, September 19, 2013.
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old, inefficient, and high-polluting woodstoves with new clean-burning EPA-certified
woodstoves, or other heating appliances such as pellet stoves or gas/electric stoves.®
EPA has provided estimates of control effectiveness and costs for such a program.®
These are summarized below.

Control efficiency by pollutant: 60%

Possible emission reductions by pollutant: small

Estimated cost per ton of pollutant reduced: $10,000

Date by which the measure could be reasonably implemented: already
implemented

This measure is economically feasible.

5.7.4.3. Residential Wood Burning: Wood Stoves

Education and Outreach

Overall effectiveness of voluntary measures depends upon the extent of implementation,
as well as the actual steps taken by the public. Costs associated with this measure are
small. Costs include the cost to the State and/or Borough to develop educational
materials (small, because educational materials for this purpose have already been
developed).

e Control efficiency by pollutant: N/A

e Possible emission reductions by pollutant: Potentially large. However, EPA
guidance allows only a small amount of SIP credit for voluntary measures.

e Estimated cost per ton of pollutant reduced: small

e Date by which the measure could be reasonably implemented: already
implemented

This measure is economically feasible.

Voluntary curtailment on air quality advisory or alert days

Under a voluntary curtailment program, owners of wood-burning devices are asked to
voluntarily reduce or avoid operation of the devices on days when air quality is poor.
Such a program relies on agency efforts to predict poor air quality days, agency efforts to
make the public aware of predictions, agency efforts to educate the public about reducing
emissions, and public cooperation with requests to minimize emissions.

64 Guidance for Quantifying and Using Emission Reductions from Voluntary Woodstove
Changeout Programs in State Implementation Plans.
8 EPA, Menu of Control Measures (8/6/2013), p. 52
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The FNSB Air Quality Division provides daily air quality information on its website and
by telephone. Alaska DEC also provides air quality advisories when circumstances call
for them. Advisories are called when PM2 s concentrations above 35 micrograms per
cubic meter are predicted.

Under this control measure, the agencies will develop additional educational materials.
They will increase efforts to publicize the program, beginning with links on the existing
Air Quality Index webpages to the FNSB’s existing AQ Advisory program webpages.

e Control efficiency by pollutant: N/A

e Possible emission reductions by pollutant: Potentially large. However, EPA
guidance allows only a small amount of SIP credit for voluntary measures.

e Estimated cost per ton of pollutant reduced: small

e Date by which the measure could be reasonably implemented: already
implemented

This measure is economically feasible.

Only certified stoves may be sold

This control measure reduces the rate of growth of emissions due to the increased number
of installations by minimizing the emissions from new equipment. In addition, it reduces
emissions as old units are retired and replaced by new ones.

Because of the small rate of projected growth, and the low rate of replacement of old
units, emission reductions from this measure are small. Cost of control is also small,
because there is no incremental cost between a certified unit and a non-certified unit.%®

Alaska DEC has proposed®’ to adopt a new regulation, 18 AAC 50.077(b)(2), that would
require that all new woodstoves meet an emission limit of 2.5 gm/hr and be certified by
EPA.

Control efficiency by pollutant: small

Possible emission reductions by pollutant: small.

Estimated cost per ton of pollutant reduced: small

Date by which the measure could be reasonably implemented: 1% Qtr 2016

This measure is economically feasible.

% An analysis of the 2012 List of EPA Certified Wood Stoves shows there is essentially
no correlation between retail price and the EPA certification emission rate, with a R2 of
0.023. The List was accessed at
(www.Irapa.org/downloads/publications/certifiedwood.pdf )
%7 Alaska DEC, Proposed Regulation changes Pertaining to: Open Burning, Wood-fired
Heating Device Visible Emission Standards, Solid Fuel-Fired Heating Device Fuels,
Wood Fired Heating Device Standards, & Fine Particulate Matter (PM-2.5) Air Episode
and Advisories, Public Review Draft, September 19, 2013.
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Subsidize stove change outs

The FNSB’s woodstove change out program is a voluntary program initiated by FNSB to
promote the use of cleaner-burning heating appliances. It uses a cash rebate, combined
with public outreach and education, to encourage consumers to replace their old,
inefficient, and high-polluting woodstoves with new clean-burning EPA-certified
woodstoves, or other heating appliances such as pellet stoves or gas/electric stoves.®
EPA®® has provided estimates of control effectiveness and costs for such a program, as
summarized below.

Control efficiency by pollutant: 60%

Possible emission reductions by pollutant: small

Estimated cost per ton of pollutant reduced: $9,900 (20103%)

Date by which the measure could be reasonably implemented: already
implemented

This measure is economically feasible.

5.7.4.4. Residential Wood Burning: Fireplaces

Education and Outreach

Overall effectiveness of voluntary measures depends upon the extent of implementation,
as well as the actual steps taken by the public. Costs associated with this measure are
small. Costs include the cost to the State and/or Borough to develop educational
materials (small, because educational materials for this purpose have already been
developed).

e Control efficiency by pollutant: N/A

e Possible emission reductions by pollutant: Potentially large. However, EPA
guidance allows only a small amount of SIP credit for voluntary measures.

e Estimated cost per ton of pollutant reduced: small

e Date by which the measure could be reasonably implemented: already
implemented

This measure is economically feasible.

88 Guidance for Quantifying and Using Emission Reductions from Voluntary Woodstove
Changeout Programs in State Implementation Plans.
8 EPA, Menu of Control Measures (8/6/2013), p. 52
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Voluntary curtailment on air quality advisory days

Under a voluntary curtailment program, owners of wood burning devices are asked to
voluntarily reduce or avoid operation of the devices on days when air quality is poor.
Such a program relies on agency efforts to predict poor air quality days, agency efforts to
make the public aware of predictions, agency efforts to educate the public about reducing
emissions, and public cooperation with requests to minimize emissions.

The FNSB Air Quality Division provides daily air quality information on its website and
by telephone. Alaska DEC also provides air quality advisories when circumstances call
for them. Advisories are called when PM_ s concentrations above 35 micrograms per
cubic meter are predicted.
Under this control measure, the agencies will develop additional educational materials.
They will increase efforts to publicize the program, beginning with links on the existing
Air Quality Index webpages to the FNSB’s existing AQ Advisory program webpages.

e Control efficiency by pollutant: N/A

e Possible emission reductions by pollutant: Potentially large. However, EPA
guidance allows only a small amount of SIP credit for voluntary measures.

e Estimated cost per ton of pollutant reduced: small

e Date by which the measure could be reasonably implemented: already
implemented

This measure is economically feasible.

Subsidize fireplace insert change outs

The FNSB’s fireplace change out program is a voluntary program initiated by FNSB to
promote the use of cleaner-burning heating appliances. It uses a cash rebate, combined
with public outreach and education, to encourage consumers to retrofit fireplaces with
devices that reduce emissions.

EPA’® has provided estimates of control effectiveness and costs for such a program, as
summarized below.

e Control efficiency by pollutant: 70%

e Possible emission reductions by pollutant: small

e Estimated cost per ton of pollutant reduced: $9,500 (2012%)

e Date by which the measure could be reasonably implemented: already
implemented

O EPA, Menu of Control Measures (8/6/2013), p. 43
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This measure is economically feasible.

5.7.4.5. Residential Wood Burning: Burn barrels, open burning

Open burning (including the use of burn barrels) is currently banned between

November 1 and March 31 in Wood Smoke Control Areas (18 AAC 50.065(f)). FNSB is
not currently a Wood Smoke Control Area. Alaska DEC has proposed adding PM2s
nonattainment areas to the areas covered by this regulation as a proactive measure to
prevent additional smoke during winter months.™

Alaska DEC’s regulation 18 AAC 50.065(e) prohibits open burning (including the use of
burn barrels) during an air quality advisory. Advisories are called when PM2 s
concentrations above 35 micrograms per cubic meter are predicted.

Open burning ban

Open burning is not considered a large contributor to air pollution episodes. However, a
ban on open burning on air quality advisory days could prevent such activities from
contributing to unhealthful air, and is relatively inexpensive to implement. Because the
expected reductions are small and variable, they are difficult to quantify.

Control efficiency by pollutant: N/A

Possible emission reductions by pollutant: small

Estimated cost per ton of pollutant reduced: small

Date by which the measure could be reasonably implemented: 1% Qtr 2016

This measure is economically feasible.

Burn barrel prohibition

Burn barrels are not considered a large contributor to air pollution episodes. However, a
ban on burn barrels could prevent such activities from contributing to unhealthful air,
could avoid nuisance situations, and is relatively inexpensive to implement. Because the
expected reductions are small and variable, they are difficult to quantify.

Control efficiency by pollutant: N/A

Possible emission reductions by pollutant: small

Estimated cost per ton of pollutant reduced: small

Date by which the measure could be reasonably implemented: 1% Qtr 2016

This measure is economically feasible.

"t Alaska DEC, Proposed Regulation changes Pertaining to: Open Burning, Wood-fired
Heating Device Visible Emission Standards, Solid Fuel-Fired Heating Device Fuels,
Wood Fired Heating Device Standards, & Fine Particulate Matter (PM-2.5) Air Episode
and Advisories, Public Review Draft, September 19, 2013.
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5.7.4.6. Residential Fuel Qil

Economic incentives to switch to low sulfur fuel

The sulfur in fuel oil is emitted as SOx when the fuel is burned. SOx emissions
contribute to the formation of secondary particulate matter in the form of sulfate aerosols.
Ambient sampling and modeling in FNSB indicates that reduction of six tons of SOx
emissions result in the same reduction in ambient PM2s concentration as the reduction of
one ton of directly emitted PM2s."? Additionally, fuel oil combustion contributes to
secondary particulate formation because virtually all (99%) of the sulfur in fuel oil is
oxidized to SO> when combusted, and a portion of the SO> reacts to form sulfate aerosols,
a form of PM_s.

Reducing six tons of SOx emissions results in the same ambient PM concentration that
would result from about a one ton reduction of directly emitted PM. SOx emissions from
fuel oil combustion are estimated to be about 770 tons per year,”® equivalent to 130 tons
per year of direct PM2 s emissions.

Using low-sulfur fuel (500 ppm sulfur) instead of current fuel oil (2,000 ppm sulfur)
would reduce SOx emissions from this source category by 1500/2000 = 75%, or 580 tons
per year. This is equivalent to 96 tons per year of PM2 s reductions.

The incremental cost of low sulfur fuel oil is assumed to be $0.10 per gallon;” the
resulting reduction in SO, emissions is 0.011 Ib/gal. The cost effectiveness of control is
therefore $0.10/0.011 Ib of SO, or $18,000 per ton of SO2. Because SO- reductions are
1/6 as effective as PM2 s reductions as a control measure, this is equivalent to more than
$100,000 per ton of PM2s.

In addition to the increased cost of fuel, there are potentially capital costs involved in
switching fuels as well. Because the physical characteristics of low-sulfur fuel oil are
different, changes may be needed to storage, pumps, and burners to accommodate the
new fuel.

Control efficiency by pollutant: 75% reduction of SO>

Possible emission reductions by pollutant: 580 tons per year of SO-

Estimated cost per ton of pollutant reduced: $18,000

Date by which the measure could be reasonably implemented: Not cost effective

This control measure is not cost effective, and is therefore not RACM.

2 Appendix 111.D.5.7 Precursors
73 Ibid.
74 personal communication, Sourdough Fuel, October 2, 2014
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5.7.4.7. District Heating System

Increased usage/coverage of district heating systems

The costs and benefits of potential increases in the coverage of the district heating
systems are highly variable and depend on the number and types of individual
combustion units replaced.

Aurora Energy operates a coal-fired power plant that cogenerates steam for heating use.
Aurora Energy also provides district heating (in the form of low-pressure steam or hot
water) to approximately 180 customers. Customers range in size from small residential
to large commercial/institutional loads. In the last nine years, Aurora Energy has added
35 new district heat customers, with a total load of approximately 45 million btu/hr.

Aurora Energy has prepared a study of the feasibility of increasing the size of the district
heat program by 210 MMBtu/hr, to serve an additional 1,989 individual buildings.”™ The
increased cost associated with this measure is the capital cost of constructing the steam
distribution infrastructure; no additional capital costs are needed for the heating plant.
The total cost of the expanded distribution system and building conversions to hot water
heat exchanger is estimated to be $238 million. The resulting cost per connection is
estimated to be $120,000.

The average amount of wood used for home heating in a home that relies on a wood
stove for home heating in Fairbanks is 3.57 cords/year.”® The emission factor for burning
air-dried wood in an uncertified wood stove is 20.3 Ib PM2s per cord. The emissions
from each household would therefore average 72.5 Ib/year. Over 30 years, the emissions
would total 2175 Ib, or 1.1 tons.

Even without taking into consideration increased emissions at the power plant, the cost
effectiveness of this proposal would be no less than $120,000/1.1 tons, or $109,000/ton
of PM2s.

This control measure is not cost effective.

5.7.4.8. Transportation

Improved Public Transit

While Fairbanks has expanded its transit service in recent years and continues to
experience increased ridership, a review of the MOVES-based emission factors for transit
buses and motor vehicles operating in Fairbanks conditions shows that PM and NOx

> PDC, Inc. Engineers, Aurora Energy District Heat Capacity Study, Phase 2, December
2008

6 A 2011 home heating survey (Sierra Research, June 10, 2011) indicated an average
wood fuel use of 3.57 cords/year per installation for stoves and inserts, and 1.80
cords/year for fireplaces.
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emissions from buses are higher than passenger vehicles. Thus, new bus routes need to
take enough passenger vehicles off the road to offset the emissions associated with
increased bus operations. Information on the transit program operations obtained from
the Borough’’ indicates that current average winter ridership over the entire transit
system is 1,725 passengers per day at a cost of $16,370 per day (this cost includes the
cost of both bus service operation and ADA-required para-transit services).’® Using an
estimated average trip length of 6.9 miles per trip replaced (i.e., for passenger vehicles
trips), an average 1,800 miles of transit VMT per day, and 2014 MOVES-based emission
factors, it is estimated that 1 Ib of PM2 s is eliminated through transit operations each
winter day service is provided (i.e., Monday through Saturday, transit service is not
provided on Sundays). The cost per ton of this reduction is $32.7 million dollars.

The control measure is not cost effective.

Restrict Truck Idling

Alaska DEC recently received approval for a CMAQ program that is intended to reduce
heavy-duty diesel emissions through anti-idling, maintenance, and other emission
reduction opportunities. The focus of the program is to expand the use of auxiliary
heaters to reduce idle time, thereby reducing emissions and providing an associated cost
savings due to less diesel fuel needed. The program has the following elements:

e Provide support for the existing anti-idling pilot project currently underway at
DOT in Fairbanks by assisting with Telemetric purchase and installation,
installing additional heaters, and assisting with education and training. With
assistance from this program, the DOT pilot program will be fully functional and
will be able to provide additional information to assist in expanding anti-idling
programs to others.

e Expand anti-idling to other heavy-duty vehicles within the FNSB nonattainment
area: state fleets, local government fleets, private fleets, and commercial fleets.
This includes working with the heavy-duty fleet owners by providing education
material and training; contracting for installations of auxiliary heaters; and
providing incentives for participation, including purchasing of heaters and
auxiliary equipment.

e During installation of program auxiliary heaters, conduct an inspection of the
vehicle to identify where implementation of additional emission reductions may
be possible, such as maintenance (filter, tune-up), retrofit technologies or
repower, and/or additional emission reduction equipment (particulate matter
traps). Partnership and incentive opportunities with vehicle fleet owners will be
explored to further emission reduction benefits while the vehicle is in shop.

" Email communication from Glenn Miller to Bob Dulla, October 7, 2014.
8 http://www.ecfr.gov/cgi-bin/text-
idx?SID=3387a7533c3134e09c52acl 170al85d7 &tpl=/ecfrbrowse/Title49/49tab 02.tpl
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CMAQ funding in the amount of $750,000 has been approved for the program, which
will be implemented by Alaska DEC. While CMAQ funding will not support continued
operation of a project, the bulk of the funding cover the cost of procurement and
installation of equipment which can continue to operate after the project has ended.

This program is economically feasible.

Reduce Cold Start Emissions

The Borough recently received approval for CMAQ project funding that continues a
long-standing practice of expanding the number of parking spaces in both public and
private lots equipped with electrical outlets. This program will add a total of 975 outlets
to four community facility parking lots.

CMAQ funding in the amount of $2,912,000 has been approved and the Borough will
implement the program.

Since the project will cover the cost of the outlet installation and the Borough Plug-In
Ordinance® requires parking lot owners with 275+ parking spaces to supply electricity to
outlets at temperatures below 21° F, the outlets will continue to operate after the CMAQ
project has ended.

This program is economically feasible.

5.7.5. STEP 4: DETERMINE WHETHER CONTROL MEASURES CAN BE
IMPLEMENTED WITHIN FOUR YEARS OF DESIGNATION

Five of the technologically feasible and cost effective control measures have not
already been implemented.

Hydronic heaters: voluntary curtailment on air quality advisory days
Hydronic heaters: All new units must be certified to 2.5 gm/hr
Wood stoves: All new units must be certified to 2.5 gm/hr

Open burning: Reinstate open burning ban

Burn barrels: Prohibit use of burn barrels (seasonal or year-round)

All of these measures may be implemented within four years of designation, with a
target implementation date of 1 Qtr 2016.

5.7.6. STEP 5: IDENTIFY REASONABLY AVAILABLE CONTROL MEASURES

http://yosemite.epa.gov/r10/airpage.nsf/283d45bd5bb068e68825650f0064cdc2/fa36e96
da9630a5588256da20070d1c1/$FILE/Ordinance%20N0.%202001-17.pdf
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Table 5.7-8. Reasonably Available Control Measures

December 24, 2014

Source Category

Control Measure

Potential
Implementation
Date

Dry Wood Measures

Education and Outreach

Already in place

Hydronic Heaters

Education and Outreach

Already in place

Voluntary curtailment on air quality 15t Qtr 2016
advisory days
All new units must be certified to 2.5 1%t Qtr 2016

gm/hr

Subsidize heater change outs

Already in place

Wood Stoves

Education and Outreach

Already in place

Voluntary curtailment on air quality
advisory days

Already in place

All new units must be certified to 2.5
gm/hr

15 Qtr 2016

Subsidize stove change outs

Already in place

Fireplaces/Fireplace
Inserts

Education and Outreach

Already in place

Voluntary curtailment on air quality
advisory days

Already in place

Subsidize fireplace insert change outs

Already in place

Open Burning Reinstate open burning ban 1%t Qtr 2016

Burn Barrel Prohibit use of burn barrels (seasonal 1%t Qtr 2016
or year-round)

Energy Efficiency Subsidize heating upgrades and Already in place

Measures weatherization

Transportation

Restrict truck idling

Already in place

Reduce cold start emissions

Already in place

Note:

a. Implementation dates are targets for planning purposes, not commitments.
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APPENDIX A

CONTROL MEASURES NOT CONSIDERED

e Stationary Diesel Engine (prime) retrofits (insignificant contribution to ambient
concentrations)

e Charbroilers (insignificant contribution to ambient concentrations)

e Reduced solvent usage or solvent substitution (insignificant contribution to
ambient concentrations)
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Appendix II1.D.5.7

Individual Emission Unit RACT
Determinations

Introduction

This appendix provides the detailed Reasonably Available Control Technology (RACT)
analyses performed to support the RACT determinations contained in the Fairbanks PMz s
SIP. All facilities with emissions exceeding 100 TPY of PM2s, or one of its precursors
SO, and NOy, were included. An individual RACT determination was made for each
emission unit with emissions equal to or exceeding 5 TPY of one of these pollutants, for
that pollutant.

The U.S. EPA has defined RACT as “the lowest emission limitation that a particular
source is capable of meeting by the application of control technology that is reasonably
available considering technological and economic feasibility.”* EPA has also defined
“presumptive RACT” as the norm achievable by the source category.? EPA interprets the
term “reasonably available” to allow consideration of both the costs and benefits of
applying the measure.®

RACT and RACM are those measures that a State finds are both reasonably
available and contribute to attainment as expeditiously as practical in the specific
nonattainment area.*

The individual RACT analysis in this document follows the steps outlined below.

1. Identify baseline RACT® for the source category. This involves a review of
current practice within the category.

2. Determine whether the emission unit meets baseline RACT.

3. If the emission unit does not meet baseline RACT, determine whether site-specific
considerations preclude implementation of baseline RACT.

The emission units, and affected pollutants, are shown in Table 1.

144 FR 53762 (September 17, 1979)
272 FR 20610 (April 25, 2007)
372 FR 20610 (April 25, 2007)
472 FR 20612 (April 25, 2007)
> “Baseline RACT,” as used in this analysis, is intended to be conceptually similar to “presumptive
RACT”—it is the norm achievable by the source category, and serves as the starting point for the individual
RACT evaluation. However, because it has not been established with the rigor utilized by EPA to determine
presumptive RACT in the ozone and NO; programs, the term “presumptive RACT” is not utilized in this
report.
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Table 1. Emission units, located at major stationary sources, with actual emissions of
PMo_, or a precursor, greater than 5 TPY.

Actual Emissions?

Source Current
Facility Source Category Unit Size? PM2s| SO; NOx | Controls | Proposed RACT
Fort Boiler 3  [Coal-fired 230 MMBtu/hr - |2 109 101 Baghouse |Baghouse
\Wainwright boiler
Fort Boiler4  [Coal-fired 230 MMBtu/hr - |2 101 99 Baghouse |Baghouse
Wainwright boiler
Fort Boiler5  [Coal-fired 230 MMBtu/hr - |2 126 117 Baghouse |Baghouse
Wainwright boiler
Fort Boiler 6  |Coal-fired 230 MMBtu/hr - |1 87 91 Baghouse |Baghouse
\Wainwright boiler
Fort Boiler 7 |Coal-fired 230 MMBtu/hr |3 171 197 Baghouse |Baghouse
Wainwright boiler
Fort Boiler 8  |Coal-fired 230 MMBtu/hr - |2 122 168 Baghouse |Baghouse
Wainwright boiler
Aurora Boiler 1, 2, |Coal-fired 5 MW each 7.81 |(838.9 |792.7 |Baghouse |Baghouse
Energy, 3,5¢ boiler (Boilers 1,2,3);  [(total)|(total) |(total)
Chena 20 MW (Boiler 5)
North Pole |H-2001 Liquid Fuel  |325.6 MMBtu/hr |5.1  |3.3 62.0 Ultra low | No additional
Refinery  |Crude Fired Process NOx controls
Heater Heater burners
North Pole |H-241 Liquid Fuel  |120 MMBtu/hr  |2.0 |1.0 44.6 Note (d)
Refinery  |Crude Fired Process
Heater Heater
North Pole |H-1001 Liquid Fuel |62.5 MMBtu/hr 0.3  |0.8 20.6 Note (d)
Refinery  |Crude Fired Process
Heater Heater
North Pole |B-401 Liquid Fuel |25 MMBtu/hr 03 |01 11.8 Note (d)
Refinery  |Steam Fired Boiler
Generation
North Pole |Gas Gas Turbine |60.5 MW 155 |42.3 |50.3 Continued use of
Power Plant |Turbine #1 HAGO
Gas Gas Turbine |60.5 MW 131 |326  |464 Continued use of
Turbine #2 HAGO
GT #3 Gas Turbine |43 MW 16.8 |1.86 |367 Continued use of
naptha and LSR
Zehnder GT#1 Gas Turbine 16.05 |39.83 |54.3 Continued use of
HAGO
GT#2 Gas Turbine 10.77 |25.73 |36.4 Continued use of
HAGO
UofA, Boiler #1 |Coal-fired 84.5 MMBtu/Hr |3.62 |123.8 (250 Baghouse |Baghouse
Fairbanks boiler
Boiler #2 |Coal-fired 84.5 MMBtu/Hr |3.77 ]128.93 (260 Baghouse |Baghouse
boiler
Boiler #3 |Dual Fuel- 180.9 MMBtu/Hr |2 17.7 |5.72 Continued use of
fired Boiler No. 2 Distillate
Boiler #4 |Dual Fuel- 180.9 MMBtu/Hr |1.27 [11.23 (3.63 Continued use of
fired Boiler No. 2 Distillate
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NOTES:

8From each facility’s Title VV Permit Application.

bActual emissions are based on information submitted in by facility operators 2013 for operations in 2011.
The information was requested by Alaska Department of Environmental Conservation to satisfy the
requirement to prepare a statewide point-source emission inventory (40 CFR 51.30). The inventory report
has not been completed.

°Emissions shown for the Chena boilers, which share a common stack, are the combined emissions for all
four boilers.

INo RACT determined for this source because the only pollutant above the threshold is NOx.

The emission units for which determinations were made fall into three source categories:

e Coal-fired boilers (12; excludes dual fuel-fired boilers), evaluated for PM2s (1),
S0O2 (12)

e Dual Fuel-fired Boilers (2), evaluated for SO> (2)

e Gas Turbines (5), evaluated for PM2s (5), SO2 (5)

Control of NO, as a PM, 5 Precursor

NOx is a precursor for PM2s in the form of nitrates, especially ammonium nitrate.
Atmospheric phenomena involving NOx are very complex. Dispersion and transport of
NOx emissions, atmospheric chemistry, and other factors affect the ultimate fate of NOx
emissions.

NOxy is widely controlled in many parts of the United States as a precursor for ozone.
Current and former ozone nonattainment areas have NOy control requirements for many
source categories. Some of these regulations reflect RACT, while others go beyond
RACT.

The definition of RACT includes consideration of both costs and benefits of candidate
controls. A control technique that is widely used for some other purpose because the
emission reduction contributes towards attainment or maintenance of the standard (as an
ozone precursor, for example) may still not be RACT for PM control, if the costs of
control greatly outweigh the benefits of control.

EPA'’s policy towards control of NOx as a precursor for PM2s includes a strong
presumption in favor of requiring controls; this presumption may be overcome, however,
if controls are very expensive, and the local conditions are such that NOx reductions are
will not advance attainment by one year. The cost/benefit element of RACT review is
commonly expressed as cost effectiveness for a proposed control. Cost effectiveness is
expressed in units of dollars per ton of emissions avoided. A lower value for cost
effectiveness means that the control technology is more efficient from a cost perspective at
reducing emissions.

-3-
Appendix II1.D.5.7-65



Adopted December 24, 2014

No threshold has been set for acceptable cost effectiveness for RACT review.® Instead,
cost effectiveness is used as an indicator of the relative value of the costs and benefits of
control. A very high cost effectiveness value may mean that a candidate control
technology, even if commonly used and affordable, is not RACT for a specific emission
unit because the costs of control outweigh the benefits from control. Whether a particular
control technology is cost-effective as RACT for a specific emission unit is a case-by-case
determination made by states and EPA.

As part of this analysis, the effectiveness of NOx emission reduction as a strategy to
reduce ambient PM2 s concentrations in Fairbanks has been evaluated relative to
reductions of directly emitted PM25s. The evaluation was based on the contribution that
nitrates make to PM2 s concentrations in the design case for the region’s attainment
demonstration, and the regional NOx emissions that contribute to them.’

Based upon ambient sampling, nitrates comprise about 4% of the measured PM2 s
concentrations in Fairbanks.® This corresponds to hydrated ammonium nitrate
concentration of 3.4 pg/m3. This represents the theoretical upper-bound of PM2s
reductions that could be achieved by elimination of NOx emissions.

Regional emissions of NOy from point sources are 13.45 TPD.® Assuming that all of the
ambient nitrate PM_ s can be attributed to emissions from point sources establishes an
upper bound for the effectiveness of NOx reductions as a strategy for reducing PMas
concentrations.!® Using this assumption, a reduction of 13.45 TPD of NOx would result in
a reduction, at most, of 3.4 ug/m?, or 0..25 pg/m?® (= 3.4/13.45) per TPD.

For comparison, a wood stove change out program implemented by Fairbanks North Star
Borough to reduce directly emitted PM>.s—is expected to achieve a reduction in ambient
PM_s of 10.62 pug/m? through a reduction of 3.18 TPD of PMzs emissions, or 3.34

6 Some states and local agencies use cost effectiveness thresholds when evaluating the economic feasibility
of controls that have been proposed as Best Available Control Technology (BACT). Some states and some
local agencies, notably several in California, establish “bright line” thresholds above which controls are
considered too costly to apply. Current typical practice at Alaska DEC from reviewing BACT analyses is to
deem any control that costs more than $10,000 per ton of reduction it may be too expensive to require for
BACT. EPA has not established such cost-effectiveness thresholds. Both states and EPA also may use cost
effectiveness in prioritizing post-RACT control measures for plans to attain and maintain National Ambient
Air Quality Standards. For this reason, any control technique deemed too expensive for RACT may still be
required as part of the attainment demonstration.

" This analysis is not as precise as one based, for example, on atmospheric modeling. However, the results
are being used here as an indicator of the relative cost/benefit of requiring reduced emissions of a given
pollutant. For this limited purpose, the level of approximation provided by the analysis is reasonable.

8 Appendix 111.D.5.7 Precursors

% Fairbanks PM 2.5 SIP Chapter 111.D.5.8

10 This is a conservative assumption. Region-wide, 60% of all NOx emissions are from point sources (the
other 40% come from mobile, area, non-road, and miscellaneous other sources). It would therefore be
reasonable to apportion 60% of the NOx-originated PM2.5 to point sources. This apportionment would still
be conservative because the plumes from industrial sources frequently penetrate the inversion layer that is a
common feature of local meteorology, and as a result the NOx in those plumes does not contribute as
significantly to local PM, s concentrations as the emission inventory would suggest. However, neither of
these adjustments is necessary to demonstrate that NOx control is not an effective strategy for reducing
ambient PM; s concentrations in Fairbanks.
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(=10.62/3.18) pg/m? per TPD. Based on this measure, control of a ton of directly emitted
PM_5 is about 13 times more effective®* than control of a ton of NOx.

Survey of NOy Controls in PM, s SIPs

In order to ensure that the RACT determinations in this analysis are consistent with those
made by other jurisdictions in similar circumstances, a survey of PM2 s SIPs was
performed.

All areas designated nonattainment for the 2006 PM_ s standard*? were identified. Areas
that are currently nonattainment for ozone were eliminated from further review. This was
done because control requirements for NOx in current 0zone nonattainment areas are
already well beyond RACT levels. PM SIPs in such areas cannot provide insight into NOx
RACT in ozone attainment areas.

Next, areas that have been redesignated attainment for the 2006 PM> s standard, or that
have Clean Area determinations, were eliminated from further review. The plans for these
areas were not expected to include NOx control measures as strategies for attaining the PM
standard because the standard has already been attained.

Six jurisdictions, including Fairbanks, were left. SIPS for these other areas were reviewed
for information useful in establishing RACT. The results of this review were:

¢ Klamath Falls, Oregon: Klamath Falls point sources emit a total of 755 Ib/day
(138 TPY). Point source control measures identified as RACT: 20% opacity
limitation (direct PM control). No NOx control measures were identified as
RACT.

e Oakridge, Oregon: Nitrates contribute less than 0.4% of the PM mass on
exceedance days. As a result, Oakridge did not evaluate RACT for NOx sources
in its plan.

e Logan, Utah: Total NOy inventory from point sources = 7.3 TPY. ¥ No NOx
RACT proposed.

e Provo, Utah: Unlike Fairbanks, secondary particulate is most responsible for
Provo’s PM exceedances.** However, due to previous efforts to attain the federal
PMyo standard, most point sources were already controlled at RACT/BACT levels.
Additional control measures for point sources are listed with Salt Lake City,
below.

1113.2 = 3.97 tons of NOx emissions / 0.3 tons of woodsmoke emissions

12 EPA, Area Designations for 2006 24-Hour Fine Particle (PM.s5) Standards,
http://www.epa.gov/airquality/particlepollution/designations/2006standards/state. htm

18 Utah State Implementation Plan, Control Measures for Area and Point Sources, Fine Particulate Matter,
PM2.5 SIP for the Logan, UT-ID Nonattainment Area (November 6, 2013), p. 24

14 Utah State Implementation Plan, Control Measures for Area and Point Sources, Fine Particulate Matter,
PM2.5 SIP for the Provo, UT Nonattainment Area (November 6, 2013), p. 43
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e Salt Lake City, Utah: Unlike Fairbanks, secondary particulate is most responsible
for Provo’s PM exceedances.’® However, due to previous efforts to attain the
federal PM1o standard, most point sources were already controlled at
RACT/BACT levels. The State identified the following additional point source
control measures: '8

o Ultra-Low NOx Burners (liquid fuel-fired process heaters), $1,813-$7,200
per ton

o Low NOx Burners and Flue Gas Recirculation (FGR): $8,340 per ton

o Combustion Controls, $1,357 per ton

The methodology used by Utah to establish the levels that it characterized as RACT went
beyond RACT requirements.!” Utah identified feasible control methods for each source it
reviewed; it then evaluated expected reductions in its air quality model, in an effort to
achieve attainment of the NAAQS as expeditiously as practicable. Finally, it determined
which control measures would be included in the overall control strategy for the SIP.

The last two steps utilized by Utah are not part of a RACT analysis. They are the steps
used in evaluating and prioritizing control measures for attainment. In other words, Utah
blended the RACT evaluation process and the attainment planning process. Utah skipped
making RACT determinations and efficiently proceeded directly to identification of the
controls needed to demonstrate attainment. These control requirements are certainly at
least stringent as RACT would be for the affected sources. In many cases, however, the
controls go beyond RACT, as indicated by the cost effectiveness calculations included in
the analysis.

For this reason, Utah’s RACT determinations were considered, but in the end not used, in
the RACT determinations for Fairbanks.

Methodology

As discussed above, NOx controls are not an efficient method for reducing PM
concentrations in Fairbanks. This conclusion is based upon the relatively small
contribution that secondary particulate (specifically nitrates) make to ambient PM
concentrations on episode days, and the relatively large reductions in NOx emissions
needed to have the same benefit (as measured by ambient PM concentrations) as a modest
reduction in PM emissions.

Because the purpose of this analysis is to determine whether expenditures are reasonable
for reduction of ambient PM:.s concentrations, the cost-effectiveness threshold for this
analysis has been selected by taking the relative effectiveness of NOy control for PM
reductions into account. This adjustment is necessary in order to ensure that control
dollars are spent effectively. As discussed elsewhere in this report, a NOx reduction of 13
tons was determined to have the same effect as reduction of a single ton of directly-

5 Utah State Implementation Plan, Control Measures for Area and Point Sources, Fine Particulate Matter,
PM?2.5 SIP for the Provo, UT Nonattainment Area (November 6, 2013), p. 43
16 pPM2.5 Technical Support Documentation For the Salt Lake City and Provo PM2.5 Nonattainment Areas
1 PM2.5 Technical Support Documentation For the Salt Lake City and Provo PM2.5 Nonattainment Areas,
p.5.c.i-1
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emitted PM, for the purposes of reducing ambient concentrations of PM. After reviewing
several past ADEC BACT determinations for various pollutants, staff determined that
$10,000 per ton was a representative threshold for BACT for all pollutants. For this
analysis, the RACT cost-effectiveness threshold for PM was set at the same level as the
BACT threshold.

In order to maximize the environmental benefit for the amount of money spent, the cost
RACT cost-effectiveness for NOx reductions for the purpose of reducing ambient PM
concentrations was derived by taking into account the relative benefits of reducing NOx
and direct PM. As discussed above, a reduction of PM emissions is about 13 times more
effective than a reduction of the same amount of NOx emissions.

In order to be conservative, a cost effectiveness threshold of $1,000 per ton of NOx has

been used in this RACT review. Any technology with a lower bound of more than $1,000
per ton of NOy reduction was eliminated from further consideration.

Control technologies considered

All of the point sources under review emit NOx as a combustion product. There are two
approaches to the control of NOx from combustion: combustion controls, and post-
combustion controls. Combustion controls include use of water injection, low NOx
burners, and other combustion modifications to reduce the formation of NOx during
combustion. Post-combustion controls include catalyst systems that convert NOx to
nitrogen in the stack.

The control techniques evaluated are presented in Table 1, along with the estimated cost
effectiveness.

Table 1 shows that the screening estimate of the cost effectiveness'® (based on the low end
of the dollar-per-ton range, if one was provided) of all identified control technologies
except one is higher than (i.e., less cost-effective than) the $1,000 per ton threshold
established above. As a result, none of these control technologies are considered cost
effective for the control of NOx as a precursor of PM2 s in Fairbanks.

The exception is the use of low NOx burners and flue gas recirculation (FGR) to control
NOy emissions from oil-fired process heaters. The only oil-fired process heaters under
review are the heaters at the North Pole refinery. The largest of these units, the H-2001
Crude Heater, is already equipped with ultra low-NOx burners. The other three heaters are
not currently equipped with low NOx burners. Installation of low NOx burners was
considered as a possible RACT measure for these units. However, the cost effectiveness
value shown in Table 1 is the low end of the range of estimated costs, and it is just barely
below the RACT threshold. Installation costs in Alaska are not expected to be at the low

18 The values shown in Table 1 are the low values in the range, if a range was given in EPA Menu of Control
Options. The cost of controls in Fairbanks is expected to be above the middle of the range of costs in the
lower 48 states. Additionally, some of the cost effectiveness values do not take equipment size into account.
Many of the sources are relatively small, at or below the range for which cost estimates are valid. Smaller
units generally cost more per ton than larger units. As a result, the values shown are conservatively low.
Actual costs would be expected to be much higher.
-7-
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end of the range of costs; additionally, the costs of installation on small units are almost
never at the low end of the range—economies of scale usually result in the low end of the
cost scale being associated with large units. For these reasons, the cost effectiveness of
installation of low NOx burners at North Pole Refinery are expected to be sufficiently
higher than the value shown in Table 1 to be above the cost effectiveness threshold, and
installation of low-NOx burners was determined to not be RACT for these units.

Because none of the identified NOx control measures will result in a cost-effective
reduction of ambient PM concentrations, existing controls are deemed to meet RACT
requirements for NOx for each of the identified sources.

Table 1. NOx Control Techniques?

Source Category Control Technique | Cost Effectiveness Additional
($/ton of NOy Information
removed)®
Coal-Fired Boilers (and Dual Fuel-Fired Boilers)®

Industrial Boilers firing coal |Low NOy burner $1,526 <250 MMBtu/hr
(stoker)

Industrial Boilers firing coal |Low NOy burner and $1,077

(stoker) overfire air
||EGU boiler firing coal SCR $1,550

EGU Boilers firing coal SNCR $1,370

Liquid Fuel-Fired Process Heaters®

Industrial Fuel Oil Low NOx Burner  |$1,894

Combustion

Process Heaters Low NOx burner and |$915

FGR
Oil combustion in Process Low NOx burner $3,691
Heaters retrofit & SNCR
Gas Turbines®
Turbines, oil fired Water Injection & |$3,691
SCR
Turbines, oil fired Water Injection $2,070

aData from EPA Menu of Control Options (Updated 4/12/2012). The values shown are the bottom of the
range, if a range was provided.

2006 dollars

°Fort Wainwright Boilers 3-8; Chena Power Plant Boilers 1,2,3,5; UofA Fairbanks Boiler 1-2.

dNorth Pole Refinery Crude Heaters and Steam Generation.

®North Pole Power Plant GT1-3; Zehnder GT 1-2.

Conclusion: Reducing NOx emissions is a relatively inefficient strategy for reducing
PM:s in Fairbanks. Using the analysis discussed and cited above, our assessment of the
cost and effectiveness of NOx controls concludes that available controls are not cost
effective and would not advance attainment of the PM. s standard by a year. Based on the
fact that controlling for direct PM2s is approximately 13 times more effective, on a per-
pound basis, than controlling for NOx emissions, any cost effectiveness analysis for NOx
control equipment would need to reflect this factor and still be shown to be cost effective.
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Our analysis did not find any NOx controls that are cost effective for reducing PM2s
emissions in the nonattainment area.

For this reason, NOx reductions, for the purposes of PM2 s reductions within the context of
RACM and RACT, will not be considered at this time.
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Coal-Fired Boilers

The following is considered baseline RACT for coal-fired boilers in Fairbanks:

e PMoas: Fabric Filters
e SOy Use of low-sulfur coal

The basis for each baseline RACT determination is described below.

PMb- s (Direct Emissions)

Candidate Control Technologies — The following control technologies were considered for
this source category:

e Fabric Filters;
e Electrostatic Precipitators; and
e Wet Scrubbers.

All of the coal-fired boilers under evaluation are currently equipped with fabric filters. If
properly designed and maintained, fabric filters generally reflect the best performing
control technology available for emissions of PM from coal-fired boilers.

Conclusion: RACT for PM for each of the coal-fired boilers is a properly designed and
operated fabric filter system. A design review will be conducted for each boiler to confirm
that the existing baghouses are properly designed and operated.

SO,

Candidate Control Technologies — The following control technologies were considered for
this source category:

e Scrubber (Wet, Spray Dry, and Dry); and
e Fuel sulfur content reduction.

Scrubbers'® — Scrubbers are used extensively to control emissions of inorganic
contaminants, including acid gases such as sulfur dioxide (SO2). Scrubbers are capable of
reduction efficiencies in the range of 50% to 90%. In a wet system, the exhaust gas is
contacted in a scrubber with a wet solution. Acid components (SO2 and HCI) are
absorbed into the liquid, and a liquid waste must be disposed of. Dry systems involve
injection of dry alkali substances (usually some form of lime), which is removed from the
exhaust by a fabric filter or ESP. Spray dry systems introduce the absorbent in a slurry
that is fully evaporated by the exhaust stream, resulting in particulates that are removed by
fabric filter or ESP. Approximately 85% of the Flue Gas Desulfurization (FGD) systems
installed in the U.S. are wet systems, 12% are spray dry, and 3% are dry systems.

19 Information in this section is from: EPA, Air Pollution Control Technology Fact Sheet: Flue Gas
Desulfurization (FGD) - Wet, Spray Dry, and Dry Scrubbers, EPA-452/F-03-034
-10-
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SO2 scrubbers have been applied to combustion units as small as 5 MW (~50 MMBtu/Hr).
Dry and spray dry scrubbers are generally applied to units less than 300 MW (~3,000
MMBtu/Hr).2° However, there are relatively few installations on units smaller than 300
MMBtu/hr. All 14 of the units in Fairbanks are smaller than 300 MMBtu/hr; 6 of them
are smaller than 100 MMBtu/hr. See Table 1. The strategy for control of SO2 emissions
under the Acid Rain program provides an incentive to invest in controls for large to very
large sources while leaving smaller sources without controls. EPA has characterized the
range 2Qlf “realistic values” for unit size for scrubber installations as between 100 and 2000
MWe.

Capital costs for all SO, scrubbers were reported to be approximately $100/kW in 2001.22
Retrofit costs vary significantly between sites and depend on space limitations,
requirements for duct modifications, and operating conditions (temperature, flow rate);
retrofit of scrubbers on existing units can increase the capital costs up to 30%.

The addition of a scrubber to an existing combustion device causes a loss of energy due to
evaporation of water and the energy required to drive the reaction.?® New scrubber designs
result in energy penalties of less than 1% of total plant energy.

Wet scrubbers rely primarily on the absorption process to remove these soluble
contaminants from the exhaust gas stream. Wet scrubbing devices that are based on
absorption principles include packed towers, plate (or tray) columns, venturi scrubbers,
and spray chambers. Removal efficiencies for gas absorbers vary for each pollutant-
solvent system and with the type of absorber used. Pollutant removal may also be
enhanced by manipulating the chemistry of the absorbing solution so that it reacts with the
pollutant(s), e.g., caustic solution for acid-gas absorption vs. pure water as a solvent.
Chemical absorption may be limited by the rate of reaction, although the rate-limiting step
is typically the physical absorption rate, not the chemical reaction rate.

Most absorbers have removal efficiencies in excess of 90%, and packed tower absorbers
may achieve efficiencies as high as 99.9% for some pollutant-solvent systems.

EPA considers dry scrubbers to be a promising emerging technology.

Dry scrubbers have significantly lower capital and annual costs than wet systems
because they are simpler, demand less water and waste disposal is less complex.
Dry injection systems install easily and use less space, therefore, they are good
candidates for retrofit applications. SO> removal efficiencies are significantly

20 For the purposes of this analysis, a nominal plant heat rate of 10,000 Btu/kwhr is assumed for boilers
producing steam for electricity where a heat rate is required site specific information is not available.

2L Srivastava, Controlling SO Emissions: A Review of Technologies, EPA/600/R-00/093 (November 2000) ,
p. 44.

22 Smith, SO, Controls: Cost of SO> Scrubbers Down to $100/kW, Power Engineering (September 2001).

23 Although there is no evaporation, there is still an energy penalty associated with the use of dry scrubbing.
EPA, Air Pollution Control Technology Fact Sheet: Flue Gas Desulfurization (FGD) - Wet, Spray Dry, and
Dry Scrubbers, EPA-452/F-03-034, p. 2.
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lower than wet systems, between 50% and 60% for calcium based sorbents.
Sodium based dry sorbent injection into the duct can achieve up to 80% control
efficiencies (Srivastava 2001). Dry sorbent injection is viewed as an emerging SO>
control technology for medium to small industrial boiler applications. Newer
applications of dry sorbent injection on small coal-fired industrial boilers have
achieved greater than 90% SO: control efficiencies.?*

The available information for cost effectiveness for scrubbers is summarized below.

Table 2. Cost of SO, Scrubbers

Unit Size Cost per Ton of Pollutant

Scrubber Type (MW) Removed ($2001/ton)

>400 200-500
Wet
<400 500-5000
>200 150-300
Spray Dry

<200 500-4000

Dry Scrubbers All Not Available

Source: EPA, Air Pollution Control Technology Fact Sheet: Flue Gas Desulfurization (FGD) - Wet, Spray
Dry, and Dry Scrubbers, EPA-452/F-03-034. EPA does not provide cost information for dry scrubbers.

By far the most significant factor determining cost effectiveness of controls is the size of
the unit. This is illustrated in Figure 1.

24 EPA, Air Pollution Control Technology Fact Sheet: Flue Gas Desulfurization (FGD) - Wet, Spray Dry,
and Dry Scrubbers, EPA-452/F-03-034
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Figure 1. Total Capital Requirement for Lime Spray Drying System (as calculated by
State-of-the-Art Utility Scrubber Cost Model [SUSCM])®

NOTE: 100 MW, = 1,000 MMBtu/hr

In order to better refine this cost estimate, EPA’s tool for estimating the cost of controls
for coal-fired boilers, CUECost,?® was utilized to estimate the cost of wet scrubbers for
coal-fired equipment in Fairbanks. CUECost is the Coal Utility Environmental Cost
workbook, an interrelated set of spreadsheets that “produces rough-order-of-magnitude
cost estimates (+/- 30% accuracy) of the installed capital and annualized operating costs
for air pollution control systems installed on coal-fired power plants.”?” As noted above,
EPA has determined realistic values for unit size for scrubber installations as between 100
and 2000 MWe.. Consistent with this determination, the minimum unit size for which
CUECost is valid is 100 MW, whereas the largest example in the nonattainment area are
the 40 MWe associated with the combines exhaust from the Chena power plant.

Default values were used for most user-specified inputs. Non-default values, and the basis
for their selection, are shown in Table 3. The analysis was performed using values for the
largest boiler under review (the combined emissions of the four boilers at Aurora Energy’s
Chena facility). This exhaust stream was selected because it is expected to have the best
cost effectiveness value for capital costs; operating costs for sulfur controls are roughly

5 Taken from Srivastava, Controlling SO; Emissions: A Review of Technologies, EPA/600/R-00/093
(November 2000) , p. 74.
% CUECost Model Version 3.0, downloaded from Attp.//www.epa.gov/ttn/catc/products.html. This is the
most current version of CUECost available.
27 Yelverton, Coal Utility Environmental Cost (CUECost) Workbook User’s Manual, Version 1.0, p. 1. This
is the version of the user’s manual that accompanies CUECost Version 3.0.
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proportional to actual throughput, so unit size does not affect overall operating costs as
strongly.

Table 3
CUECost Estimate of Cost of Sulfur Scrubbers for 100 MW Coal-fired Boiler—Input
Description Units Range Default Case 2
Location - State Abbrev. All States PA AK
MW Equivalent of Flue Gas to MW 100-2000 500 1002
Control System
[Net Plant Heat Rate (w/o APC)  [Btu/kWhr 10,500 10,500
[P1ant Capacity Factor % 40-90% 65% 40%"
Percent Excess Air in Boiler % 120% 120%
Air Heater Inleakage % 12% 12%
Air Heater Outlet Gas Temperature [°F 300 300
Inlet Air Temperature °F 80 26.7¢
Ambient Absolute Pressure In. of Hg 29.4 29.4
Pressure After Air Heater In. of H20 -12 -12
Moisture in Air Ib/Ib dry air 0.013 Jo.0026¢
Ash Split:
Fly Ash % 80% 80%
Bottom Ash % 20% 20%
Seismic Zone Integer 1-5 1 4¢
Retrofit Factor (1.0 =new, 1.3 |Dimensionless (1.0-3.0 13 1.3-3
= medium, 1.6 = difficult)
Coal Cost $/MMBtu 1.50 3.30
[coal Moisture Wt% 30.24  |30.000
||Coa| Carbon wit% 48.18 45.009
Coal Sulfur wWt% 0.37 jo.13"
Ash wit% 5.32 9.23"
Electricity cost mills/kwh 25 60’
2013 Chemical Engineering Price 388 (1998)]585.7
Index (2012)
NOTES:

| argest boiler in the study is 37 MW (combined exhaust of boilers at Aurora Energy’s Chena Facility).
Used minimum value in the tool’s range (i.e., 100 MW).

®The analysis was run using the lowest value for capacity factor within the tool’s allowed range (i.e., 40%)
¢U.S. Climate Data http://usclimatedata.com/climate.php?location=USAK0083, accessed 9/19/13.
dVapor pressure of water over ice at 32F.

& Seismic zone = 4 (“Areas within Zone 3 close to major fault systems”), based on information from this
website: http://seismic.alaska.gov/seismic_hazards_earthquake risk.html

fCost of coal ~$50/st

9 Adjusted from default to compensate for ash content.

" From Emission Inventory 2011

I'Source: Alaska Electric Light and Power Company, Large Commercial Tariff

Information about the estimates is provided in Table 4. Based on the model, the cost
effectiveness of wet scrubbers and spray dryer systems to control SO, from these boilers is
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between $24,000 and $58,000 per ton of SO,. This is much higher than the cost
effectiveness values provided by the EPA Fact Sheet, shown in Table 2. However, this
outcome is expected, given the small size and low sulfur content of the unit being
evaluated. Furthermore, it is important to bear in mind that the definition of “small” for
coal-fired units is 500 MWe, and that EPA considers installation of scrubbers on units

smaller than 100 MW, to be “unrealistic.”

Table 4
CUECost Estimate of Cost of Sulfur Scrubbers for 100 MW Coal-fired Boiler—Output
Limestone Forced
Description Units Oxidation? Lime Spray Dryer®
Total Capital Requirements $2012 $77-176 million $57-131 million
Levelized Constant Dollars
Fixed O&M $oorofyear  [$4.0 million/year $3.0 million/year
Variable O&M $o01o/year  [$0.6 million/year $0.8 million/year
Fixed Charges|  $a01o/year  |$9.0-20.6 million/year  |$6.7-15.3 million/year
Total|  $iofyear  [$13.6-25.0 million/year |$10.4-19.1 million/year
Total $2012/ton SO,  |$29,600-57,600/ton $23,900-46,100/ton

aLimestone Forced Oxidation is a type of wet scrubber.
b__ime Spray Dryer is a type of spray dryer.

In summary, available cost information for wet scrubbers and spray dry systems indicate
that these systems are not cost effective for small units (smaller than 500 MWe).

As for dry scrubbers, the most recent EPA guidance indicates that EPA considers dry
scrubbers to be a promising, but still emerging, technology, with potentially lower capital
costs, particularly for medium to small installations. An emerging technology may be a
candidate for evaluation in a top-down BACT analysis, but cannot be considered to be the
“norm.” Efforts to find cost data for dry scrubbers were largely unsuccessful. After
searching various literature sources and vendor websites, one article comparing circulating
dry scrubbers with other wet scrubber systems was found.?® The report compared units
designed for 400-500 MW coal-fired power plants. The report concluded that, for that
size at least, the cost of a dry scrubber was essentially a tie with the cost of a lime spray-
dry system.

The Sargent & Lundy report compares capital and operating costs for power plants of two
sizes: 400 MW and 500MW. The report also evaluated the effect of fuel sulfur content
on cost. The cost calculations were developed for the purpose of comparing the relative
cost effectiveness of the various technologies on power plants of the selected sizes. The
report cautions that costs should not be used to plan the cost of a FGD project. Taking
these cautions into account, the report still contains information relevant to the RACT
analysis. What follows is an attempt to scale the cost data for a 400 MW plant down to the
20-40 MW units in Fairbanks.

28 Sargent & Lundy, Flue Gas Desulfurizaiton Technology Evaluation: Dry Lime vs. Wet Limestone FGD,
March 2007.
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Table 5 presents the cost information from the Sargent & Lundy report (Cases 1-6), as
well as an extrapolation of the costs to a hypothetical 400 MW power plant burning
Alaska coal. The costs shown are retrofit costs.

The defining characteristic of Alaska coal is very low sulfur content. For this reason,

uncontrolled sulfur emissions are 4 times lower than occur at a plant burning “low sulfur

coal in the lower 48 states.

Table 5. Cost of Circulating Dry Scrubber for SO2 Controls (400 and 500 MW Coal-fired

Power Plant)

Case l Case 2 Case 3 Case 4 Case 5 Case 6
Unit Size MW 400 500 400 500 400 500
boiler fuel capacity MMBtu/hr 4000 5000 4000 5000 4000 5000
Coal HHV btu/lb 8,335 8,335 13,100 13,100 13,100 13,100
Sulfur content wt% 0.6 0.6 13 1.3 2 2
SO, generation Ib/MMBtu 1.44 1.44 2.0 2.0 3.1 3.1
Annual fuel use ton/year 1,681,584 | 2,101,980 | 1,069,924 | 1,337,405 | 1,069,924 | 1,337,405
Capacity Factor 80% 80% 80% 80% 80% 80%
Control efficiency 97.2% 97.2% 98% 98% 98% 98%
Capital Cost MS$ 110.2 139.3 107.9 135.9 111.9 140.6
Annualized Cap Cost M$/year 10.40 13.15 10.18 12.83 10.56 13.27
Fixed Operating Cost | MS/year 2.08 2.45 2.05 2.40 2.11 2.47
Variable Operating

Cost | MS$/year 5.13 6.41 7.03 8.79 10.46 13.07

Total Operating Cost | MS$/year 7.21 8.86 9.08 11.19 12.57 15.54
Total cost MS/year 17.61 22.00 19.27 24.02 23.13 28.81
Cost per kwh ¢/kwh 0.63 0.63 0.69 0.69 0.83 0.82
SO, removed ton/year 19,614 25,224 27,818 34,773 42,797 53,496
Cost effectiveness S/ton SO, 898 872 693 691 540 539

Notes:

aAll data from Sargent & Lundy, Flue Gas Desulfurizaiton Technology Evaluation: Dry Lime vs. Wet

Limestone FGD, March 2007.
®Annual capital cost calculated using a 7% discount rate and a 20-year equipment life.
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A direct result of this is that the cost effectiveness of any sulfur emission reduction
strategy is much poorer for facilities firing Alaskan coal. The estimated cost effectiveness
of retrofitting a 400 MW baseload (80% capacity factor) firing Alaskan coal is $2,800 per
ton; this is more than 3 times the cost of retrofitting a similar unit in the lower 48 states.
This value is based on an assumption that the control efficiency of the control device will
be 95%. It is likely that the control efficiency will be lower, because a lower inlet
pollutant loading usually results in a lower overall control efficiency.

Effect of unit size on cost

Extrapolating costs from data at 400-500 MW to units that are 5-40 MW in size is
unreliable, at best. Generally, economies of scale result in capital costs (expressed as
dollars per unit of capacity) being higher for smaller units.

The Sargent & Lundy capital cost data were evaluated to determine a capital cost factor of
$0.276 million per MW for scrubber units applied to boilers in the 400-500 MW range

The linear factor above does not take into account economies of scale. Small units are
more expensive (on a dollar per unit capacity basis) than larger units. A scaling equation
to account for the non-linearity of construction costs, adjusting equipment cost estimates
for size, is provided by the National Energy Technology Library.?®

SC = RC (E)Exp
RP

Where
SC = Scaled Cost
RC = Reference Cost
SP = Scaling Parameter
RP = Reference Parameter
Exp = exponent

For the components comprising the desulfurization system (sorbent handling, injection,
collection, etc.) the exponents range from 0.5 to 0.72. An exponent value of 0.64 was
used to calculate the costs presented in Table 4. Costs were calculated by scaling the
estimated cost of a 400 MW unit burning Alaska coal (Case 7 in Table 4) by the ratio of
the boiler capacity (in MW) to 400 MW, raised to the power of 0.64.

Operating and maintenance (O&M) costs can be separated into two components: fixed
costs (overhead costs that are insensitive to usage; these include labor and maintenance
materials) and variable costs (costs that are tied to production, including cost of
consumable, by-product management, water and power). Fixed costs were estimated by
evaluating the Sargent & Lundy cost data to get a fixed cost factor of $5,036 per MW.
Variable costs were based on a variable cost factor of $252 per ton of SO. recovered.

29 US Department of Energy, Capital Cost Scaling Methodology, January 2013.
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Table 6 presents the cost estimates for dry scrubbers using the methodology described
above. Estimated site-specific cost effectiveness are $2,200 per ton of SO, removed
(Chena power plant); $2,200 per ton of SO2 removed (University of Alaska 1 & 2); and
over $5,000 per ton of SO, removed (Wainwright, University of Alaska 3 & 4).

Table 6. Cost of Circulating Dry Scrubber for SO, Controls (Fairbanks Facilities)

Case 7

(Alaska Wainwright Chena
coal) 3-8 UofA1,2° (combined)¢
Unit Size MW 400 23 8.5 42
boiler fuel capacity MMBtu/hr 4000 230 85 420
Coal HHV btu/lb 7,545 7,545 7,545 7,545
Sulfur content wt% 0.14 0.14 0.18 0.14
SO, generation Ib/MMBtu 0.4 0.4 0.5 0.4
Annual fuel use ton/year 1,857,654 50,391 36,950 234,251
Capacity Factor 80% 38% 75% 96%
Control efficiency 95% 95% 95% 95%
Capital Cost MS 110.4 12.0 4.5 22.0
Annualized Cap Cost M$/year 10.42 1.14 0.42 2.08
Fixed Operating Cost | MS/year 2.01 0.12 0.04 0.21

Variable Operating

Cost | MS/year 1.24 0.04 0.03 0.16
Total Operating Cost | MS$/year 3.26 0.15 0.08 0.37
Total cost MS/year 13.68 1.29 0.50 2.45
Cost per kwh ¢/kwh 0.49 1.70 0.89 0.69
SO, removed ton/year 4,941 141 133 656
Cost effectiveness S/ton SO, 2,769 9,140 3,734 3,732

Notes:

AAl costs are estimates based on cost factors derived from Sargent & Lundy, Flue Gas Desulfurizaiton
Technology Evaluation: Dry Lime vs. Wet Limestone FGD, March 2007. The values in this table are

extrapolated from 400 and 500 MW examples.
®Annual capital cost calculated using a 7% discount rate and a 20-year equipment life.
cUniversity of Alaska Units 3 & 4 are not included. These dual fuel-fired units did not burn coal in the

inventory year.

dChena Units are combined because they share a common stack. Unit 4 capacity was adjusted upward (from
20 MW to 27 MW) to match actual physical capacity as demonstrated by historical firing rate data.

In interpreting these values, it is important to note that they are very likely low estimates.
They are based on cost factors for much larger facilities, and do not take economies of
scale into account. The Wainwright boilers have relatively low capacity factors, which
contributes to poor cost effectiveness. All of them use low-sulfur Alaska coal, which also
contributes to poor cost effectiveness. Additionally, the low sulfur loading may result in
much lower abatement efficiencies than assumed in this analysis, further increasing the
cost per ton of SO controlled, and reducing the effectiveness of the control strategy.
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Other observations

The Sargent & Lundy report indicates that the cost of a circulating dry scrubber is very
similar to that of a spray dryer.*

Information in the Sargent & Lundy report creates concerns about cost estimates using
older sources.

FGD prices have seen a minimum of 25% inflation in the last year [CY2006].
Some recent contracts have been signed at prices over 300% higher than the
market of 5 years ago.%!

The EPA fact sheet used to describe and estimate costs for other SO2 removal
technologies uses cost data from 2000 and 2001.

Sargent & Lundy indicated that, at least in 2007, the scrubber marketplace was a “seller’s
market.”

[E]ven when the seller’s costs agree with the costs that these tables were based on,
the seller’s price may include a factor of 20% that reflects his diminished desire to
capture the contract. This diminished desire may alternatively be expressed as a
refusal to offer any price. Many suppliers are declining to bid on contracts they
deem too small, too different from their experience base, to short a schedule, too
difficult a labor environment, or too commercially risky. 2

Conclusions

The cost effectiveness of controlling SO, from coal-fired units in Fairbanks using dry
scrubbing technology has been estimated. The estimated costs exceed $3,700 per ton for
all facilities, and range as high as $9,100 per ton. For a number of reasons, these cost
estimates are considered to be underestimates of the actual costs.

e The capital cost per unit capacity is extrapolated from 400 MW examples to units
smaller than 40 MW.

e A control efficiency of 90% was assumed. However, this level of control may not
be achievable due to the much lower inlet sulfur loading.

e Actual vendor costs may be higher, or even unavailable, because the projects are
too small or too challenging to be attractive.

These control costs are too high for this technology to be considered RACT for the small
units operated in Fairbanks.

%0 Sargent & Lundy, Flue Gas Desulfurizaiton Technology Evaluation: Dry Lime vs. Wet Limestone FGD,
March 2007, p. 53.

31 Sargent & Lundy, Flue Gas Desulfurizaiton Technology Evaluation: Dry Lime vs. Wet Limestone FGD,
March 2007, p. 33.
32 Sargent & Lundy, Flue Gas Desulfurizaiton Technology Evaluation: Dry Lime vs. Wet Limestone FGD,
March 2007, p. 33.
-19-
Appendix II11.D.5.7-81



Adopted December 24, 2014

The Sargent & Lundy report indicates that the cost of dry scrubbing is very similar to that
of a spray dryer, characterizing them as a “tie” from a cost standpoint. The report also
indicates that the costs of controls have increased substantially since the EPA guidance on
sulfur control technologies was issued, and the costs in that guidance may underestimate
control costs by a factor of 3 or more.

For the reasons presented above, the use of scrubbers (wet, spray-dry, or dry) on boilers
smaller than 100 MW, cannot be considered to be the norm for SO control, and therefore
scrubbers are not considered RACT for these units

Reduced Sulfur in Fuels — Perhaps the simplest and, in many cases, the most cost effective
SOz emission reduction technology that can be employed for fuel combustion sources is to
switch to a lower sulfur content fuel. Reducing the sulfur content in the fuel will reduce
the sulfur emissions linearly.

For coal-fired boilers, this means either cleaning the coal to remove sulfur, or switching to
a coal source with a lower sulfur content.

Alaskan coal has very low sulfur content.®® As a result, switching to a coal with a lower
sulfur content is not an option. The low sulfur content makes fuel cleaning uneconomical
as well, because of the higher volume of fuel that must be cleaned to achieve a given
reduction in sulfur.

Conclusion: In order to establish baseline RACT for this source category, data collected
by EPA during development of the Boiler NESHAPS were reviewed. Very few coal-fired
boilers are currently equipped with exhaust gas SO> controls—certainly not enough to be
able to say that exhaust gas scrubbers are the norm for this source category. EPA
guidance states that use of scrubbers on units smaller than 100 MW is unrealistic. Wet
scrubbers and spray dry scrubbers are too expensive to be cost effective. Dry scrubbers
may be less expensive than other scrubbers, but the available information on control costs
is extremely sparse, and extrapolation to estimate the cost of very small units is unreliable.
However, costs have been estimated using available information, and the result appears to
indicate that dry scrubbers are too costly to be deemed RACT.

Alaskan coal has a very low fuel content, making fuel switching ineffective and fuel
cleaning uneconomical. For these reasons, baseline RACT for SO; for each of the coal-
fired boilers is use of low-sulfur coal, with no additional controls.

33 “Alaskan coal resources have a lower sulfur content (averaging 0.3 percent) than most coals in the
conterminous United States and are within or below the minimum sulfur value mandated by the 1990 Clean
Air Act Amendments.” USGS, Alaska Coal Geology, Resources, and Coalbed Methane Potential ,(2004)
p. L.
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Individual RACT: Fort Wainwright Boilers 3-8

Fort Wainwright has a Central Heat and Power Plant (CHPP) that generates steam and
electricity to meet the heating and electricity demands of the base. The CHPP has six
identical 230 MMBtu/hr coal-fired boilers (identified as boiler 3 through 8). The boilers
were built in 1953 and each is controlled with a full stream baghouse.

PM.5— Actual PM emissions from each of these boilers were less than the 5 TPY
threshold used to screen sources for inclusion in this analysis.

Conclusion: RACT for PM for each boiler is properly designed and operated fabric
filters. A design review will be conducted to confirm that the existing fabric filter controls
are properly designed.

SO, — Actual emissions from each of these boilers was between 87 and 171 tons in 2011.
The boilers are currently not equipped with SO controls.

Each boiler’s capacity of about 23 MW is above the size of the smallest commercial
scrubber installations, yet is below the bottom of the size range (i.e., 100-2,000 MW) for
cost estimates. The capacity of each boiler is well below the “realistic range” EPA has
determined for scrubbers. As explained above, Aurora Energy’s Chena Facility was
selected for detailed cost calculations because it was expected to be the most economical
to control. Based on the CUECost evaluation of the larger boiler exhaust stream at the
Chena facility, the cost effectiveness of wet or spray dry sulfur scrubbing is expected to be
higher than $24,000/ton. Efforts to find cost data for dry scrubbers were largely
unsuccessful. After searching various literature sources and vendor websites, one article
comparing circulating dry scrubbers with other wet scrubber systems was found.** The
report compared units designed for 400-500 MW coal-fired power plants. The report
concluded that, for that size at least, the cost of a dry scrubber was essentially a tie with
the cost of a lime spray-dry system.

Conclusion: RACT for SO for each boiler is use of low-sulfur coal, with no additional
controls. The boilers are already using low-sulfur coal.®®

Individual RACT: Aurora Energy Chena Boilers 1,2,3,5

The Chena facility has four coal-fired boilers: three overfeed traveling grate stokers and
one spreader stoker. The three traveling grate boilers (identified as Chena 1, 2, and 3)
were installed in the 1950s and the maximum design power production of each is

5 megawatts (MW); fuel capacity is 76 MMBtu/Hr.*®  The spreader stoker unit (identified
as Chena 5) was installed in 1970 and has a maximum power production rating of 20 MW;
fuel capacity is 269 MMBtu/hr. The four coal-fired boilers are controlled with a single

% Sargent & Lundy, Flue Gas Desulfurization Technology Evaluation: Dry Lime vs. Wet Limestone FGD,
March 2007.
35.0.14 wt% sulfur content (Data submitted to ADEC for 2011 Emission Inventory).
3 Aurora Energy Company, Application, Title V Permit No. AQ0315TVPO2 Revision 1 (October 2010)
Table 2-1
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full stream baghouse (installed in 2007) through which all of the combined exhaust gas
flows.

Because the four boilers share a common stack and exhaust control system, the RACT
analysis will be based on the combined capacity and exhaust characteristics.

PM. 5 — Actual emissions from all four of these boilers combined was 7.81 TPY in 2011.

Conclusion: RACT for PM for each boiler is properly designed and operated fabric
filters. A design review will be conducted to confirm that the existing fabric filter controls
are properly designed.

SO, — Actual emissions from all four of these boilers combined was 838.9 TPY in 2011.
The boilers are currently not equipped with SO controls.

The combined capacity of 35 MW (500 MMBtu/hr) is above the size of the smallest
commercial scrubber installations, yet is below the bottom of the size range (i.e., 100-
2,000 MW) for cost estimates. The capacity of each boiler is well below the “realistic
range” EPA has determined for scrubbers. Based on the CUECost evaluation of this
facility, described above, the cost effectiveness of wet or spray dry sulfur scrubbing is
expected to be higher than $24,000/ton. Efforts to find cost data for dry scrubbers were
largely unsuccessful. After searching various literature sources and vendor websites, one
article comparing circulating dry scrubbers with other wet scrubber systems was found.®’
The report compared units designed for 400-500 MW coal-fired power plants. The report
concluded that, for that size at least, the cost of a dry scrubber was essentially a tie with
the cost of a lime spray-dry system.

Fuel sulfur content is very low (0.13 weight%). As discussed above, this makes fuel
switching ineffective and fuel cleaning uneconomical.

Conclusion: RACT for SO» for each boiler is use of low-sulfur coal, with no additional
controls.

Individual RACT: University of Alaska, Fairbanks Campus Power Plant
Boilers 1,2, 3and 4

The University of Alaska’s Utilities Division operates a combined heat and power plant
that provides electric power, steam heat, domestic water, and chilled water to campus.
The power plant has two 140 MMBtu/Hr coal-fired boilers (identified as Boilers 1 and 2)
that were installed in 1962 and two 181 MMBtu/Hr dual-fired (gas, liquid, or coal slurry)
boilers (identified as Boiler 3, installed in 1970, and Boiler 4, installed in 1987) that
generate the steam that powers the three turbines. The coal-fired boilers are controlled by
a multi-cyclone separator that came as part of the unit followed by an add-on baghouse
installed in 1982. The dual-fired boilers both have low NOx burners. The University is

37 Sargent & Lundy, Flue Gas Desulfurization Technology Evaluation: Dry Lime vs. Wet Limestone FGD,
March 2007.
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planning to construct a new coal-fired boiler and that will be controlled with lime injection
and a fabric filter.*® The new boiler will replace boilers 1 and 2 while greatly reducing the
need for boilers 3 and 4. It is scheduled to start operations in 2017.

PM2.s — Actual PM emissions from each of these boilers were less than the 5 TPY
threshold used to screen sources for inclusion in this analysis.

Conclusion: RACT for PM for each boiler is properly designed and operated fabric
filters. A design review will be conducted to confirm that the existing fabric filter controls
are properly designed.

SO, — Actual emissions from all four of these boilers combined was 281.7 TPY in 2011.
The boilers are currently not equipped with SO controls.

The individual boiler capacity (~14-18 MW) is above the size of the smallest commercial
scrubber installations, yet is below the bottom of the size range (i.e., 100-2,000 MW) for
cost estimates. The capacity of each boiler is well below the “realistic range” for
scrubbers. Based on the CUECost evaluation of the larger boiler exhaust stream at Aurora
Energy’s Chena facility, the cost effectiveness of wet or spray-dry sulfur scrubbing is
expected to be higher than $24,000/ton. Efforts to find cost data for dry scrubbers were
largely unsuccessful. After searching various literature sources and vendor websites, one
article comparing circulating dry scrubbers with other wet scrubber systems was found.*®
The report compared units designed for 400-500 MW coal-fired power plants. The report
concluded that, for that size at least, the cost of a dry scrubber was essentially a tie with
the cost of a lime spray-dry system.

Fuel sulfur content is very low (0.18 weight%). As discussed above, this makes fuel
switching ineffective and fuel cleaning uneconomical.

Conclusion: RACT for SO, for each boiler is use of low-sulfur coal, with no additional
controls.

Dual Fuel-fired Boilers

Because only two identical units are included in this category, baseline RACT was not
established. Instead, the relevant factors were considered as part of the individual
emission unit analysis, presented below.

Individual RACT: U of Alaska, Fairbanks Boilers 3, 4

Boilers 3 and 4 are 181 MMBtu/Hr dual-fired (gas, liquid, or coal slurry) boilers. The
dual-fired boilers both have low NOx burners. The University is planning to construct a
new coal-fired boiler and that will be controlled with lime injection and a fabric filter.

38 The University has obtained permits to construct two units; however, only one has been scheduled for
construction.
% Sargent & Lundy, Flue Gas Desulfurizaiton Technology Evaluation: Dry Lime vs. Wet Limestone FGD,
March 2007.
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The new boiler will replace boilers 1 and 2 while greatly reducing the need for boilers 3
and 4. Itis scheduled to start operations in 2017. See the previous section for more
details.

PM2s — Actual PM emissions from each of these boilers were less than the 5 TPY
threshold used to screen sources for inclusion in this analysis.

Conclusion: RACT for PM was not determined for these boilers, because emissions are
below the threshold for evaluation.

SO, — Actual emissions from combustion of fuel oil were 17.7 tons (Boiler 3) and

11.2 tons (Boiler 4) in 2011.%° Based on the analyses prepared for the coal-fired boilers,
use of wet or spray-dry scrubbers to control SO, from the dual-fuel fired boilers is not
expected to be cost-effective. Since the only available cost information for dry scrubbers
indicates that the costs are similar to those for spray dry scrubbers, dry scrubbers are not
expected to be cost-effective.

The fuel used in these boilers is #2 Distillate Oil. The fuel sulfur content of this fuel,
0.43 wt%, is considered typical for this fuel. The feasibility of achieving cost-effective
SO> reductions at this facility by replacing this fuel with a low-sulfur alternative is
discussed below.

Table 5 shows fuel characteristics of the fuels included in this analysis. Information in
this table was provided by Golden Valley Electric Association in a site specific analysis
prepared by CH2MHill to evaluate the costs associated with fuel switching at GVEA
North Pole and Zehnder Peaker Units.** HAGO is Heavy Atmospheric Gas Qil, a
relatively inexpensive heavy fuel oil produced at the North Pole refinery.

Table 5
Fuel Characteristics
No. 2

Fuel Type HAGO fuel oil Naphtha | ULSD
Sulfur? wt% 1 0.5 0.05 | 0.0015
Density Ib/gal 7.12 7.05 6.43 7.1
Heat value BTU/gal 141,000 | 138,000 | 116,000 | 138,500
Cost S/gal $2.79 $3.28 $2.41 $3.66
PM,.s emissions | Ib/MMBtu 0.043 0.012 0.012 0.012
SO, emissions Ib/MMBtu 1.01 0.51 0.06 0.00
Cost S/MMBtu $19.79 | $23.77 $20.78 | $26.43

Notes:
aFuel sulfur content is based on fuel specifications rather than actual current fuel content.

Tables 6 and 7 show the fuel costs associated with switching fuels. This is just the cost of
buying the new fuel instead of the old one. Capital investment will be required for some

40 Data submitted to ADEC for 2011 Emission Inventory.
4 CH2MHill, Evaluation of Fuel Switching for Potential PM2.5 Reduction for GVEA North Pole and
Zehnder Peaker Units, January 2014
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units to be able to switch fuels due to fuel physical characteristics such as viscosity.
Additionally, some units will require onsite storage in order to meet system reliability

requirements.

Table 6
Fuel Cost of Switching Fuels ($/ton PM. s Reduced)
To this fuel
From this No. 2 fuel
fuel oil Naphtha ULSD
HAGO $25,683.11 | $6,378.25 $42,830.70
No. 2 fuel oil no benefit no benefit
Naphtha no benefit
Table 7
Fuel Cost of Switching Fuels ($/ton SO, Reduced)
To this fuel
From this No. 2 fuel
fuel oil Naphtha ULSD
HAGO $15,951.27 | S2,071.36 $13,166.10
No. 2 fuel oil -$13,140.10 | $10,436.72
Naphtha $209,679.08

Table 6 shows that the cost of fuel, by itself, is above ADEC’s $10,000/ton BACT cost
effectiveness threshold for PM2 s for all fuels except naphtha. Table 7 shows that the cost
of fuel, by itself, is above typical ADEC’s $10,000/ton BACT cost effectiveness threshold
for SO; for all fuels except naphtha. For this reason, fuel switching to fuels other than
naphtha is ruled out as RACT.

Switching from #2 distillate to naphtha would significantly reduce fuel costs for these
units. However, naphtha has significantly different combustion characteristics that would
require substantial equipment modification. Naphtha is significantly more flammable than
heavier fuels, potentially requiring significant construction costs for storage and
structures. Fuel systems would need to be modified or replaced. Although the costs of
these modifications would be very site-specific, and are not currently available, it is clear
that switching to naphtha is a costly effort for a facility not currently equipped to burn this
fuel.

Conclusion: Use of low-sulfur naphtha as a fuel would result in PM and SO emission
reductions. However, because of the relatively low use/low emissions of these boilers,
and the fact that usage is expected to be even lower in 2017 when the new boiler begins
operating, the significant capital investment needed to convert Boilers 3 and 4 to naphtha
is not justified. RACT is continued use of #2 distillate.
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Gas Turbine

Because only five units are included in this category, baseline RACT was not established.
Instead, the relevant factors were considered as part of the individual emission unit
analysis, presented below.

Individual RACT: North Pole Power Plant GTs 1, 2, and 3

The North Pole Power Plant has three generating units. One unit (GT#3) is a base load
unit and operates continuously except for periods of repair or maintenance. This unit was
installed in 2006 and is a 455 MMBtu/hr GE Gas Turbine fueled with low sulfur naphtha
and LSR fuel and equipped with water injection for NOx control and a CO oxidation
catalyst. The other two units at the North Pole Power Plant are 672 MMBtu/hr GE fuel
oil-fired regenerative Gas Turbines, installed in 1976 and 1977, and are now operated in
peak load periods only. The fuel used in Units 1 and 2 is HAGO. The two units operated
a combined total of about 123 days during 2011. This facility also has a permit to install a
fourth gas turbine similar to the base unit, but the unit has not yet been installed.

PM2s — Actual PM emissions from the gas turbines were 16 TPY for GT #1, 131 TPY for
GT#2, and 16 TPY for GT#3.4

SO, — Actual SO emissions from the gas turbines were 42 TPY for GT #1, 326 TPY for
GT#2, and 1.9 TPY for GT#3.%3

Candidate Control Technologies — The following control technologies were considered for
this source category:

e Use of gaseous fuels
e Use of low sulfur liquid fuels

Gaseous fuels such as natural gas or propane have much lower sulfur content than liquid
distillate fuels. Gas turbines burning gaseous fuels have lower particulate emissions than
those burning liquid fuels. However, none of the gas turbines under evaluation are
currently capable of burning gaseous fuels. Furthermore, a supply of pipeline natural gas
is not available in Fairbanks. The only natural gas currently used in Fairbanks is brought
in by truck for supply to a network of 1100 customers. This network does not extend to
North Pole. For this reason, use of gaseous fuel is not an option.

Table 5 shows fuel characteristics of the fuels included in this analysis. Information in
this table was provided by Golden Valley Electric Association in a site specific analysis
prepared by CH2MHill to evaluate the costs associated with fuel switching at GVEA
North Pole and Zehnder Peaker Units.

42 Data submitted to ADEC for 2011 Emission Inventory.
43 Data submitted to ADEC for 2011 Emission Inventory.
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Tables 6 and 7 show the fuel costs associated with switching fuels. This is just the cost of
buying the new fuel instead of the old one. Capital investment will be required for some
units to be able to switch fuels due to fuel physical characteristics such as viscosity.
Additionally, some units will require onsite storage in order to meet system reliability
requirements.

Table 6 shows that the cost of fuel, by itself, is above the typical ADEC $10,000/ton
BACT cost effectiveness threshold for PM2 s for all fuels except naphtha. Table 7 shows
that the cost of fuel, by itself, is above typical ADEC BACT cost effectiveness for SO for
all fuels except naphtha. For this reason, fuel switching to fuels other than naphtha is
ruled out as RACT.

Switching from HAGO to naphtha would significantly reduce fuel costs for Units 1 and 2
(Unit 3 already uses naphtha). However, naphtha has significantly different combustion
characteristics that may require substantial modification before it can be used as a fuel.
Naphtha is significantly more flammable than heavier fuels, potentially requiring
significant construction costs for storage and structures. Fuel systems would need to be
modified or replaced. Switching to naphtha is a costly effort for a facility not currently
equipped to burn this fuel. GVEA has stated that, due to the age of its turbines, a
requirement to retrofit the turbines to use naphtha would likely result in replacement of the
turbines. Additionally, GVEA has indicated that it would probably need to demolish and
rebuild structures in order to meet safety requirements. Finally, GVEA has indicated that
it would need to replace all fuel systems.

Conclusion: Use of low-sulfur naphtha as a fuel would result in PM and SO emission
reductions from Units 1 and 2. However, because of the relatively low use/low emissions
of these boilers, the significant capital investment needed to Units 1 and 2 to naphtha is

not justified. RACT for directly emitted PM2s and SOz control is continued use of current
fuels: HAGO in Units 1 and 2, and naphtha and LSR in Unit 3.

Individual RACT: Zehnder, GTs 1 and 2

The Zehnder Power Plant has two GE Frame 5 fuel oil-fired gas turbines, which were
installed in 1971 and 1972. The two gas turbines ran a combined total of about 53 days
during 2011.

PM2s — Actual PM emissions from the gas turbines were 16 TPY for GT #1 and 11 TPY
for GT#2.44

SO, — Actual SO2 emissions from the gas turbines were 40 TPY for GT #1 and 26 TPY
for GT#2.%°

44 Data submitted to ADEC for 2011 Emission Inventory.
45 Data submitted to ADEC for 2011 Emission Inventory.
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Candidate Control Technologies — The following control technologies were considered for
this source category:

e Use of gaseous fuels
e Use of low sulfur liquid fuels

Gaseous fuels such as natural gas or propane have much lower sulfur content than liquid
distillate fuels. Gas turbines burning gaseous fuels have lower particulate emissions than
those burning liquid fuels. However, none of the gas turbines under evaluation are
currently capable of burning gaseous fuels. Furthermore, a supply of pipeline natural gas
is not available in Fairbanks. The only natural gas currently used in Fairbanks is brought
in by truck for supply to a network of 1100 customers. This network does not extend to
Zehnder. For this reason, use of gaseous fuel is not an option.

Table 5 shows fuel characteristics of the fuels included in this analysis. Information in
this table was provided by Golden Valley Electric Association in a site specific analysis
prepared by CH2MHIill to evaluate the costs associated with fuel switching at GVEA
North Pole and Zehnder Peaker Units.

Tables 6 and 7 show the fuel costs associated with switching fuels. This is just the cost of
buying the new fuel instead of the old one. Capital investment will be required for some
units to be able to switch fuels due to fuel physical characteristics such as viscosity.
Additionally, some units will require onsite storage in order to meet system reliability
requirements.

Table 6 shows that the cost of fuel, by itself, is above the typical ADEC’s $10,000/ton
BACT cost effectiveness (based on reviewing BACT analyses) threshold for PM2 s for all
fuels except naphtha. Table 7 shows that the cost of fuel, by itself, is above ADEC’s
$10,000/ton BACT cost effectiveness threshold for SO; for all fuels except naphtha. For
this reason, fuel switching to fuels other than naphtha is ruled out as RACT.

Switching from HAGO to naphtha would significantly reduce fuel costs for Units 1 and 2.
However, naphtha has significantly different combustion characteristics that may require
substantial modification before it can be used as a fuel. Naphtha is significantly more
flammable than heavier fuels, potentially requiring significant construction costs for
storage and structures. Fuel systems would need to be modified or replaced. Switching to
naphtha is a costly effort for a facility not currently equipped to burn this fuel. GVEA has
stated that, due to the age of its turbines, a requirement to retrofit the turbines to use
naphtha would likely result in replacement of the turbines. Additionally, GVEA has
indicated that it would probably need to demolish and rebuild structures in order to meet
safety requirements. Finally, GVEA has indicated that it would need to replace all fuel
systems.

Conclusion: Use of low-sulfur naphtha as a fuel would result in PM and SO emission
reductions from Units 1 and 2. However, because of the relatively low use/low emissions
of these boilers, the significant capital investment needed to Units 1 and 2 to naphtha is
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not justified. RACT for directly emitted PM2.s and SO2 control is continued use of current
fuels: HAGO in Units 1 and 2.

Process Heater, Oil-fired

The only emission units at the facility with emissions above the screening level are the
Crude Heaters at the North Pole Refinery. NOx emissions from these units are already
controlled using an Low NOx Burners. As discussed above, NOx controls are not an
effective way to reduce PM2s in Fairbanks.

SOz emissions for these units are less than 5 TPY each, and are therefore below the
threshold used in this analysis for RACT determinations for SOa.

At 5.1 TPY PM2s emissions for one unit (H-2001 Crude Heater) are just above the
threshold for evaluation for RACT. This unit burns a very low sulfur distillate fuel and
refinery fuel gas. In fact, particulate emissions from oil combustion are below the 5 TPY
threshold; emissions from natural gas combustion bring the unit’s emissions above 5 TPY.
The unit is equipped with ultra low-NOx burners.

Control of PM emissions from units firing gas and/or distillate fuels is accomplished by
improving burner servicing and improving oil atomization and combustion aerodynamics
(i.e., burner design).*

The H-2001 Crude heater is already equipped with ultra low-NOx burners. The burner
design incorporates features that improve combustion dynamics, with the result that the
uncontrolled PM emissions (as measured by source test) are very low (0.5 Ib/thousand
gallons,*” compared with the uncontrolled emission factor of 2.0 Ib/thousand gallons in
AP-42). 1t is not expected that further PM reductions can be achieved through design
changes.

Based on the low uncontrolled emission factor; the small amount of particulate to be
controlled (less that 5 TPY from oil combustion); the type of oil burned (low sulfur
distillate fuel); and commonly applied controls as described in AP-42, RACT for PM2s
for H-2001 Crude Heater is best practices for burner maintenance.

4 AP-42 (May 2010) p. 1.3-6
472011 Emission Inventory
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|. Executive Summary

The purpose of this report is to present an evaluation of emission control
technologies that are candidates for selection as reasonably available control
technologies (RACT) that could be implemented to advance the timeframe for attaining
the annual Fine Particulate Matter (PM2s) National Ambient Air Quality Standard
(NAAQS)" in the Fairbanks North Star Borough (FNSB). Section | (this section) provides
a brief discussion of the results of the evaluation. Section Il discusses FNSB'’s
designation by the U.S. Environmental Protection Agency (EPA) as a nonattainment area
for PM2.5 and refers to the statutory requirements that Alaska must meet in response to
this designation. Section Ill describes the major point source facilities found in the FNSB.
Section IV provides additional information on individual emission units at these facilities
as well as the control technologies currently in use. Section V describes the control
technologies that were considered to be candidates for RACT for each source category,
and analysis discussion of the estimated costs and benefits of each candidate technology.
Section VI presents the recommended RACT for each emission source type. Detailed
individual RACT determinations are provided in Appendix I11.D.5.7

Information supplied by the Alaska Department of Environmental Conservation
(ADEC) was used to identify individual emission units that comprise the significant
sources of PMz2s, SO2, and NOx emissions at the FNSB major point source facilities.
These emission units were grouped by source category types (i.e., coal-fired boilers, gas
turbines, process heaters, etc.). For each of the source category types, emission control
technologies were identified that could be potential candidates for selection as RACT. A
review of available literature, including RACT analyses performed by other States, was
performed to gather information on the expected efficiency, capital cost, and cost-
effectiveness for each of the candidate technologies. Other site-specific factors, such as
the availability of various types of clean fuel in Fairbanks, were also considered in
evaluating the candidate technologies.

RACT determinations were made for those emission units at major point source
facilities having actual emissions greater than 5 tons per year of any one of the following
pollutants: PMz5, NOx, or SO2. Emission units at area sources were not included in this
RACT analysis; such units will be addressed, if necessary, during the development of
Reasonably Available Control Measures (RACM). Emission units with actual emissions
below 5 TPY were not evaluated, because EPA guidance, described below, indicates that
that further control of such sources, individually, is inefficient in reducing area-wide
concentrations of PM.

140 CFR 50.13

1
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The emission units for which RACT determinations were made include boilers,
process heaters, and turbines. The PM2s RACT is a fabric filter system for boilers.
Additional PM2s controls are considered unreasonable for process heaters and turbines.
RACT for the SO2 emissions is the use of low sulfur fuel for all of the fuel combustion
sources. RACT controls were not recommended for NOx because control of NOx is not
an efficient method for reducing ambient PM2s in Fairbanks.

All of the emission units that were reviewed are already implementing the emission
control techniques identified as RACT. All of the coal-fired units are already equipped
with fabric filters, and Alaskan coal has a very low sulfur content. The costs associated
with switching from high- to low-sulfur liquid fuels were too high to be deemed to be source
specific RACT for those sources currently using liquid fuels.

2
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II. Background

On November 13, 2009 the U.S. Environmental Protection Agency (EPA)
designated a portion of the FNSB as a nonattainment area? for the 2006 24-hour PM25
National Ambient Air Quality Standards (NAAQS). This designation obligates the State
to develop an approvable State Implementation Plan (SIP) to demonstrate attainment of
the NAAQS. Requirements for the preparation, adoption, and submittal of a SIP are
outlined under 40 CFR 51, Subpart Z. Paragraph (a) of section 51.1010 states:

(a) For each PM2 5 nonattainment area, the State shall submit with the attainment
demonstration a SIP revision demonstrating that it has adopted all reasonably
available control measures (including RACT for stationary sources) necessary to
demonstrate attainment as expeditiously as practicable and to meet any RFP
requirements. The SIP revision shall contain the list of the potential measures
consider