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EXECUTIVE SUMMARY

1.1 Acknowledgements
This feasibility study was supported by the Alaska Wood Energy Task Group and administered by the
Fairbanks Economic Development Corporation.

1.2 Objective

The objective of this report is to document the results of a pre-feasibility study performed for the Village
of Healy Lake. Buildings in the Village are currently heated with oil, often with a wood stove as back-
up. The subject of the study is the feasibility of converting the washateria and the community hall
included in the study to utilize an automated wood-fired heat boiler as the primary source.

Feasibility studies are often classified as Level 1 (L1), Level 2 (L2), or Level 3 (L3). Level 1 studies
consist of very rough calculations on a small number of important metrics (unit fuel costs, etc). Some
refer to L1 studies as “back-of-the-envelope” calculations.

At the other end, L3 studies are commonly called “investment grade studies”; the level of detail and
calculation is so high that one could use the results of an L3 study to get an outside entity to fund the
implementation of the project.

Level 2, then, is the bridge between L1 and L3; it is a screening study done to determine if it is worth the
time and expense to initiate an L3 study. Level 3 studies are generally quite expensive and thus not
entered into lightly. The L2 study helps decision makers determine which aspects, if any, of a proposed
project are worth the expense of an L3 study.

An L1 study can be done remotely; an L2 study requires at least a minimum amount of site observation of
existing conditions, conversations with the affected parties, and research with second-order parties (local
foresters, vendors, local contractors, etc). This is a Level 2 study.

Sustainability, Inc (SI) and efour, PLLC (efour) perform L2 and L3 studies across the state of Alaska,
from cities to small rural villages. We use the same performance and economic models for each type of
study; for us, the primary difference between the two studies is the quality of the inputs, which is
generally a function of how much time has been spent gathering information and the depth of that
information.

1.3 Sources

The primary sources of information that inform this study are data collected on site by SI and data
provided by the Fairbanks Economic Development Corporation (FEDC). Data collected on site by SI
include existing site conditions, equipment name plate data, current energy cost data, and equally
important, information gathered by talking to the local stakeholders in the Village.

In addition to the site knowledge gathered by SI, additional biomass boiler performance and cost data
have been accumulated over the past several years from working with local engineers and contractors, and
from performing multiple L2 and L3 wood-fired feasibility studies.

3129



PRE-FEASIBILITY STUDY on WOOD-FIRED HEATING PROJECTS Sustainability, Inc
Healy Lake, Alaska efour, PLLC

Hourly weather data for the performance model was taken from data collected and reported by Fairbanks
International Airport. Although hourly airport weather data are reported for some villages that are quite
small, in this case Fairbanks is the airport nearest to Healy Lake that reports hourly.

1.4 Scope

In Healy Lake, the scope of this report is limited to two buildings; the Washeteria and the Margaret
Kirsteatter Community Hall (the Community Hall). Currently, the Washeteria is heated by an oil boiler.
The Washeteria provides clean drinking water, washing and drying facilities, and shower facilities to the
entire Village. The Community Hall has a wood stove, but the Washeteria boiler piping has also been
modified to provide hot water to a fan — coil unit in the Community Hall, that blows hot air into the
building and provides a level of background heat. The buildings are connected by a covered walkway, so
piping between the two is simple and requires no buried pipe or trenching. The Community Hall has a
full kitchen with plumbing. The intent is to heat the Hall for elders daily lunches and to keep the kitchen
function year round.

Biomass heating systems can be expensive to install; the economics generally work better for larger
buildings, or where two or more smaller buildings can be grouped together and served by a single
biomass boiler, using piping between the buildings to distribute the heat.

Taken alone, either of the two buildings in this study is would be at best marginally large enough to
justify a biomass boiler — the first costs are so high that the project economics are unfavorable. Healy
Lake recognized this, and proposed grouping these two buildings into a common biomass heating plant.
This premise is the basis of this study.

In evaluating this premise, this study makes a very significant assumption; it uses a modified baseline.
This is described in detail in the next subsection.

1.5 Modified Baseline Energy Consumption

Baseline energy consumption is what one would expect — it is the historical energy consumption of a
heating system prior to any subsequent modification. In this case, however, the Community Hall has
largely been un-used recently. Even when it was used in the past, the wood stove was the heat source.

Now, however, the Village would like to bring the Community Hall into more regular use. To do so, they
recognize that a wood stove is not an appropriate heating system for a building that is occupied every day,
or almost every day, and at differing times of day. For that type of occupancy, an automated heating
system based on a boiler is required.

In the absence of a biomass boiler system, the Village would have no choice but to install an oil boiler to
heat the Community Hall. This study, therefore, estimates the amount of oil that would be required to
heat the Community Hall, and uses that as the Baseline Consumption, or in this case, the Modified
Baseline consumption.

Given that this is a Level 2 study, the calculation of the estimated annual Community Hall consumption
was relatively simple. We found a building with a similar relative size in a different village (Chickaloon).
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The “sample building” consumes 1,818 gallons of oil per year, and is 3,400 sq.ft — or 0.535 gal / yr / sf.
However, the sample building is located in a village where the minimum annual outside air temperature is
-21 deg F. In Healy Lake, the corresponding value is -51 deg F.

If we assume that building space heating begins when the temperature reaches 61 deg F, then the peak
load in Healy Lake should be about (61 - -51) / (61 - -21) = 1.37 times the load in Chickaloon.
Multiplying 0.535 gal/yr/sf * 1.37 yields 0.73 gallons / year / sf - we rounded this down to 0.7.

Our Modified Baseline consumption for the Community Hall is therefore 0.7 gal/yr/sf * 2,550 sf = 1,785
gal/yr of No. 1 oil. This is the value used as the baseline Community Hall consumption for this study.

1.6 Resource Assumptions

SI and efour often perform studies on villages in rural Alaska; off the road system. In these villages,
biomass boilers generally have only two possible forms of fuel, wood chips or stick wood, both of which
they must produce themselves from local forests. Villages on the road system, however, have a third
option; wood pellets produced elsewhere and trucked to the village. For Healy Lake, however, pellets are
not a viable option. The performance and economic models we use automatically evaluate all three fuel
types, but in all the Figures reproduced in this report, we have “grayed out” the pellet option even though
it is possible to import pellets in winter using an ice road, the overall economics to the village are not the
same. However, should the village choose this fuel the analysis is available. The basic concept of import
substitution is a basic approach we try to encourage when it makes the most sense relative to costs and
capacity of the village to reduce dependence on imports.

For this study, we have considered chip-fired boilers to be the preferred option, although the performance
and economics must speak for themselves. The primary advantage of chip-fired boilers (and pellet
boilers) is the level of automation available.

One reason oil fired boilers are so popular is that oil is easily transported and stored, the boilers are simple
and reliable, and thus as long as the oil tank is kept full, one has a reasonable expectation that the boiler(s)
will continue to operate and maintain space temperature. To make sure this happens, there are often two
boilers, each sized for 100 percent of the load (one lead and one back-up). This is the case at the
Washeteria.

Pellet-fired boiler technology has progressed to the point where they are almost as simple, reliable and
automatic as oil fired boilers. However, they have been ruled out here because Healy Lake is not on the
road system. Lately, however, the introduction of European and Canadian technology for chip-fired
boilers has brought them to a level of ease and reliability that is quite close to that of pellet boilers.

SI and efour use two manufacturers of chip-fired boilers for these studies — Portage and Main (Canada) is
the “basis of design” boiler for smaller applications, and Wiessmann (Germany) is the basis of design for
larger chip-fired boilers. The boiler proposed for Healy Lake is a Portage and Main 500 (see Appendix
A).

Stick-fired boilers are included in the model analysis, but have not figured in the discussions above. Stick
wood is almost always the cheapest form of fuel in terms of $/BTU, and is always available in the
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villages (or can be collected locally). However, there are no small-scale stick-fired boilers that have
automated feed systems — they must be fed manually every few hours (as often as every four hours in cold
weather) if one wants to displace the maximum amount of fuel oil. This generally rules them out, simply
because the requirement to manually feed a boiler every four hours in negative 35 deg F weather is not
very appealing. In terms of the economic model, if this manual feeding labor is accounted for in the
model, then this generally reduces the economics of the stick-wood boilers as an option.

Our model presents the results for all three fuel forms, but in Healy Lake, we are recommending a small
chip-fired boiler as the best overall benefit for the community.

Figure 1.1 below shows the assumptions that have been made for the existing fuels in the Village.

Village Energy Cost / Properties

description value units

oil heat content 134.00 kBTU/gal
low village oil cost $6.00 perogal
high village oil cost $6.00 perogal

electrical energy to village $1.200 perkWh

Figure 1.1

Figure 1.2 shows the assumptions made for the cost of wood fuel, in various forms.

Wood Costs

description value units
wood chips, to DH $125.00 greenton
stick wood, split, to DH $250.00 cord
pellets, to DH $325.00 ton
bricks, to DH ton

Figure 1.2

Because each form of fuel has different heat content, and is sold in differing units, direct comparisons of
the data in Figures 1 and 2 are very difficult. To make the comparison simple, all these energy sources
are converted to a common unit, one million BTU (1 mmBTU).

To make the comparison even more relevant, the conversion efficiency of each source has been factored
in. In this case, the conversion efficiency is the boiler efficiency. It is different for each fuel — using drier
wood results in better boiler efficiency, and the oil boilers have their own efficiencies as well. In Figure
1.3 below, therefore, the mmBTUs references are those coming out of the boiler into the space, not the

gross heat content of the fuel going into the boiler.
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Unit Energy Costs, comparison
(to village, boiler eff accounted for)

description value units
low oil $53.30 permmBTU
high oil $53.30 permmBTU
electrical energy $351.70 permmBTU
recovered heat per mmBTU

wood chips $14.82 permmBTU
stick wood $20.38 permmBTU
pellets $23.85 permmBTU
propane per mmBTU

Figure 1.3

As expected, chips and stick wood are the least expensive, followed closely by wood pellets. Oil is two
and a half times as much as wood, and electrical energy is beyond expensive; it is ten times the cost of
wood.

Cost Escalation Assumptions for Fuel

Escalation in bush Alaska does not necessarily operate as it does in the lower 48, or even as it does in
other parts of Alaska. An entire year’s worth of oil for a village, for instance, is often delivered by barge
within a 2- 3 month window when river conditions allow it. Thus the price might constant for an entire
year, regardless of what happens to oil prices between the last barge of one year and the first of the next
year. If the barge company did not sell out of oil in the first, then that oil price might apply for two years
(especially if the year one cost was high and the year two cost dropped).

So oil costs in the bush escalate in a step-wise fashion, nevertheless, they do escalate over time, and we
attempt to choose a rate that provides a smooth, but reasonable prediction of future prices. At the same
time, we try to avoid using escalation rates that are so extreme that the escalation rate alone makes the
project viable.

Over a 20 year time frame, even a “dog-of-a-project” can be made to look good if (for example) wood is
escalated at 3 percent a year, and oil is escalated at 8 percent a year. And yet, within the last few years,
oil was for a period escalating at 8 plus percent a year. For studies done during that period, one could
justify using an 8 percent escalation, but one would likely be disappointed if the project financial
depended on that rate remaining constant for 20 years.

In the Level 2 stage, we prefer to see if the project stands on its own, without relying on escalation. In
general, we use very low values, knowing they are likely conservative. For Alaskan villages, our current
escalation rates are 4.5 percent for oil, and 1 percent for wood. The reasoning for this is simple.

A long-term escalation rate of 4.5 percent seems to be supported in Alaska, so we use that value as a
lower bound. Labor tends to escalate at a lower rate (closer to 3 percent) and in fact wages have been
stagnant in the US for several years. In the villages, wage rates have little correlation to other markets, so
we assumed a low escalation rate for labor.
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In most cases in Alaska, the wood itself belongs to the village, so its value is whatever the village says it
is — there is no underlying correlation to other market factors (there is no other market they can sell it
into) — so we assume the escalation rate of the wood to be zero. However, that wood has to be processed
and transported, although over smaller distances than most biomass, and that requires labor and oil (or
gasoline). Therefore, while we make no assumption that the cost of the underlying wood will change
with time, we use a one percent overall escalation rate for processed wood fuel based on the assumption
that the oil/gas/labor costs associated with processing and transportation will escalate the fuel costs at 1.0
percent.

Again, a Level 2 study is a screening study, and we believe that at this level, the project really should
prove its viability without relying on high rates of escalation. So we use the lowest reasonable rate that
we believe exists for oil, and then ratio the other rates down from there, based on their dependency on
outside market factors (in this case, petroleum). Electrical energy, for instance, is escalated at 3.0 percent
in the model because it is much more dependent on oil prices than wood fuel (but not directly correlated).

The intent in the Level 2 study is to get the escalation rate ratios “in-the-ballpark”, and get the overall
values as low as possible to minimize their impact on the financials. In the Level 3 study, the escalation
rates will be set by the entity financing the project, based on their due diligence, and the future rate risk
they wish to take on. As noted above, any project that relies on consistently high or widely divergent
escalation rates would be considered very risky from a financial standpoint, and unlikely to get
implemented. We would actually prefer to use zero percent for all rates at the L2 level, just to ensure the
underlying project is valid regardless of future rates; instead, we use the lowest rates we feel we can use
and worry more about the ratio of the rates that the values themselves.

In terms of risk, the reasoning is:

1) Ifthe cost of processing wood goes up significantly, the likely cause is that the cost of oil went up
significantly.

2) The cost of oil makes up 100 percent of the cost of fuel for an oil-fired boiler.

3) The cost of oil makes up only a fraction (although a significant fraction) of the cost of processed
wood fuel, THUS

4) Oil will always escalate faster than wood fuel — we simply chose to minimize this effect in the Level
2 study for the reasons stated above.

1.6 Summary of Economic Findings

The following Figures summarize the performance and economic modeling that SI and efour performed.
As noted above, we show the results for pellet, chip and stick fired boilers, but we would only
recommend the use of chip boilers in this case. The text of this section, therefore, deals primarily with the
chip-fired option.
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Figure 1.4 below shows the overall economic summary.

| Exec Summary table

chip stick pellet
fired fired fired
line items boiler boiler boiler

estimated projectimplementation cost  $130,273  $114,629  $115565
base fuel cost (existing) $39,510 $39,510 $39,510

proposed fuel cost $11,694 $14,565 $15,746

estimated annual fuel savings $27,816 $24,945 $23,764

(1) estimated additional maintenance $500 $500
total estimated savings $27,316 $24,445 $23,764
net simple payback 4.8yrs 4.7yrs 4.9yrs
fraction of oil displaced 1.000 1.000 1.000

(1) see text for explanation

Figure 1.4

As footnote (1) indicates, we have estimated the increase in annual maintenance for chip and stick fired
boilers at $500 per year (the estimated increase for pellets boilers would be zero). Chip systems are
highly automated; we expect no increase in the amount of time a person has to spend compared to an oil-
fired system, but we allow $500/yr for parts and upkeep. Also the cost of chips includes the cost of
feeding the boiler with chips. Thus all three of the projects are viable economically and the village will
need to make a choice regarding which boiler type to select.

It was noted above that biomass boiler projects require a certain scale in order to be truly economical.
Individually, the two buildings in Healy Lake are small as biomass projects; together they make a much
more viable project. This is reflected in the net simple payback of the project, roughly 5 years.

Figure 1.4 is based on current fuel costs; these will not stay the same. Thus we present a 20 year cash
flow the project (chips only). In this cash flow, the cost of all fuels is escalated, although not at the same
rate. Wood is assumed to increase in cost at a slower rate than oil, because the resource is local and
renewable. The escalation rates used are shown in Figure 1.5.

Escalation Factors

liquid fuel 0.045 peryear

electrical energy 0.030 peryear

recovered heat 0.030 peryear

wood chips 0.010 peryear

stick wood 0.010 peryear

wood pellets, bricks 0.010 peryear
Figure 1.5

Using these factors results in the following 20-year cash flows.
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Cash Flow | Chips
yr existing proposed Savings
$39,510 $11,694 $27,816
2 $41,280 $11,811 $29,469
3 $43129 $11,930 $31,200
4 $45,062 $12,049 $33,013
5 $47,080 $12,169 $34,911
6
7
8

$49190  $12,291 $36,899

$51,393 §$12,414 $38,979

$53,696  $12,538 $41,158
9 $56,101 $12,663 $43,438
10 $58,615  $12,790 $45,824
11 $61,240  $12,918 $48,323
12 $63,984  $13,047 $50,937
13 $66,851 $13,178 $53,673
14 $69,845  $13,309 $56,536
15 $72,975  $13,443 $59,532
16 $76,244  $13,577 $62,667
17 $79,660  $13,713 $65,947
18 $83,228  $13,850 $69,378
19 $86,957  $13,988 $72,969
20 $90,853  $14,128 $76,724

Figure 1.6

In essence, the savings are projected to almost triple by year 20. Similar results would have occurred with
both the stick-fired boiler and the pellet fired boilers.

The final Figure of this subsection is a summary of the cost estimate. The complete construction estimate
is contained in subsection 2.5.

| Cost Estimate Summary

chip stick pellet
fired fired fired
boiler boiler boiler

construction cost subtotal  $100,421  $87,806 $88,561
(see section 2.5 for est)

design 0.100 $10,042 $8,781 $8,856

bid assistance 0.005 $502 $439 $443
cons admin 0.080 $8,034 $7,024 $7,085
Cx/startup 0.005 $502 $439 $443
contingency 0.050 $5,021 $4,390 $4,428

soft costs subtotal $24101 $21,073  $21,255

percent of construction cost 24.0% 24.0% 24.0%
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estimated permits $5,000 $5,000 $5,000
estimated review fees $750 $750 $750
permits / fees subtotal $5,750 $5,750 $5,750

estimated total costs  $130,273 $114,629 $115,565

Figure 1.7

Benefit Cost Ratio

The benefit to cost ratio is an attempt to capture the value of the project over the lifetime of the project. A
lifetime of 20 years is commonly used. The output of the calculations included is actually two numbers,
the actual benefit/cost ratio, and the net present value (NPV) of the project.

The project cost is a one-time event, but the savings accrue over the life of the project. Depending on the
assumed inflation rate of the various fuel sources, the savings may actually increase each year (if, for
instance, oil rises faster than biomass, as we have assumed). On the other hand, a dollar saved in year 20
is not worth a dollar today; it is worth the NPV of one dollar, at the assumed discount rate. The discount
rate is the rate of return one assumes one could make if that dollar were invested in some other fashion —
in a bank account, or on another project. The combination of one time and recurring costs, plus inflation
and discounting means that it would be very useful if the lifetime benefits, divided by the lifetimes costs,
could be boiled down to one number; the benefit to cost ratio.

The current year is always year zero for the calculation, and it is generally assumed that construction
would be completed in year one (or, for a long process or project, year two). The NPV of the project cost
for a project completed in year one is almost, but not quite the same as the project cost; it has only been
discounted one year. This is the COST part of the ratio. The BENEFIT is the NPV of the stream of
savings (fuel savings, in this case) that the project generates over the 20 year lifetime. Divide the Benefit
(in dollars) by the Cost (in dollars), and you get the dimensionless Benefit to Cost ratio; generally, any
value over 1.00 is considered good, but different agencies have different target values.

The NPV benefit is simply the NPV of the combined (savings minus cost) Cost and Savings cash flow
over 20 years. In the year the project is constructed, the “savings stream” is negative, because the
discounted project cost is much greater than the yearly savings — all other years, the savings are positive.
Take the NPV of that cash stream, and that is the NPV benefit of the project. Unlike the ratio, this value
only really tells one something useful when compared to another variant of the same project, or another
project that would use the same initial cash input. The project with the higher NPV benefit (in dollars) is
generally better.

Figure 1.8 has three tables one each for the benefit cost ratio for each of the boiler types.
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Benefit to cost ratio for the P&M chip fired boiler is 4.875 and the NPV net benefit is $490,166. This project is
economically viable.

The benefit to cost ratio for the stick fired wood boiler is 4.957 and the NPV for net benefit is $440,334.
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The benefit to cost ratio for the pellet boiler system is 4.744 and the NPV of net benefit is $420,932.

1.6 Nextsteps

Based on economics, the project is compelling. In addition, the project generates benefits to the Village
beyond the obvious monetary ones. Among these are:

* Use of renewable resources

* Reliance on local, rather than remote energy sources

* Reduced carbon footprint

* Reduced secondary emissions (NOx, S, CO, etc)

* Increased fuel price stability (for future budget planning)
* Energy money spent remains in the local economy

There are no doubt others as well. As was noted above, a Level 2 study is a screening study, meant to
provide enough information to the stakeholders to A) determine how to proceed next, B) determine
whether to proceed, or C) halt the project until conditions improve. This study provides the information
needed for Healy Lake villagers and other stakeholders to make these decisions; the next steps are up to
them. All three types of boilers are economically viable. The major difference between chip and stick
fired boilers is that the stick fired boiler requires hand feeding and to displace the most amount of fuel
requires feeding the boiler at least 3 times per day. The chip fired boiler requires a chipper and chipping
and feeding an auto feed boiler once per week with chips.

The pellet boiler is appealing as it is automated as well and requires less labor within the village. The
major difference being less sustainability for the village, as they will be importing energy from outside
rather than paying themselves to utilize their own local resources.
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2 TECHNICAL SUMMARY

2.1

Existing Conditions
The following statistics in Figure 2.1 summarize the existing conditions in the two buildings.

Existing Conditions

Sustainability, Inc
efour, PLLC

Community
Washeteria Hall
heated area sf 1,120 2,550
number of floors 1 1
frequency of usage daily weekly
age of original bldg  yrs <10yrs 15yrs
renovations/additions
primary heat oil boiler wood stove
condition moderate
location mechroom in space
hot water off boiler
(1) annual fuel consumption  gal 4,800 1,785

(1) modified baseline consumption for Community Hall

Figure 2.1

The proposed chip-fired boiler would displace all of the oil consumption of the two buildings; however,
the existing systems would remain in place as back up. This is explained in more detail in 2.3.

2.2 Wood Fuels / Wood Fired Heating Equipment

The model that SI / efour uses for these feasibility studies calculates the properties of wood fuels based
on: 1) species used (can be more than one), and 2) moisture content at time of burn. If more than one
species is selected, the model calculates a “composite” value for the fuel. For example, if one used 70
percent of a specie/moisture with 6,000 BTU/Ib and the remaining 30 percent had a specie/moisture heat
content of 8,000 BTU/Ib, the “composite fuel would have (0.7 * 6,00) + (0.3 * 8,000) = 6,600 BTU/Ib.
Figure 2.2 shows the calculated properties for the wood chips used in this analysis. The properties of
pellets and stick wood are also calculated, but as noted above, the report is based on a chip-fired boiler.

Wood for Chips MC at weight Composite Chip Properties
cut  burn  fraction
1 Cottonwood, logs netuseable heat 4,961 BTU/Ib atburn MC
2 Birch, logs weight at cut MC 1.300 Ib/lb at burn MC
3 Aspen, logs 050 0.35 0.300 density as stacked logs 22.396 Ib/cfatburn MC
4 B Spruce, logs density as chips 22.869 Ib/cf atburn MC
5 W Spruce, logs 0.50 0.35 0.700 combustion air req 4.721 lblwetlb atburn MC
6 combustion airreq 64.683 cfiwetlb atburn MC
7 CO2 formed 1.2338 Ib/wetlb atburn MC
8 SOx formed 0.0006 Ib/wetlb atburn MC
9 ash 0.0199 Ib/wetlb atburn MC
10 ash volume 0.0031 cf/wetlb atburn MC
checksum 1.000
Figure 2.2
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The most pertinent value in the Figure is the net useable heat content, 4,961 BTU/Ib.

There are a number of manufacturers of chip-fired boilers; the basis of design boilers used in this study
are the boilers made by Portage and Main. The basic system components include:

* A chip bin, which holds bulk amounts of wood chips.
o This bin is kept filled by the Village
o The bin has a lid to keep water out
o There is a shaker in the bin to keep the chips from bridging up and fouling the system
* A means of getting the pellets from the bin into the boiler (an auger)
* The boiler
o The boiler uses onboard controls to modulate the firing rate to meet heating demand
o Will remain on and operating as long as the bin is kept filled, and no fuel fouling occurs
o Is a“hands-off” unit
* A thermal storage tank
o This tank is basically a “wide spot in the pipe”
o It hold large amounts of water, thus large amounts of heat
o In essence, the boiler heats the tank, the tank heats the building
o Wood-fired boilers cannot change output as quickly as liquid fueled boilers; when
heating load is variable, the tank smoothes out the load and gives the boiler controls time
to react
o When loads are very low, the boiler may shut down (it will automatically re-start when
needed); during these “OFF” periods, the tank provide a reserve of hot water
o By monitoring tank temperature, the boiler can “anticipate” when load starts to increase
or decrease, and thus provide more stable temperatures
* A vent or boiler stack
o This vents the products of combustion and boiler emissions into the air through an
elevated stack or vent pipe
o May or may not include additional emissions control equipment

Examples of the Portage and Main boiler and are included in Appendix A

Boiler Maintenance

In general, when evaluating small biomass boilers that serve one or two buildings, we do not include
additional costs for maintenance associated with that boiler. This is not to say that there is not more
maintenance associated with a biomass boiler as compared to an oil-fired boiler. In terms of project
finance and viability, the point is not whether there is more maintenance or not, it is whether the
additional maintenance has any cost associated with it.

In general, the additional work associated with a wood-fired boiler consists primarily of removing ash
from the boiler once a day, and ensuring the feed bins or hoppers are full. Some larger chip-fired boilers
and almost all pellet boilers (including all the ones we propose) actually de-ash themselves, but all require
someone to fill the feed system. For stick-fired boilers, feeding the boiler is entirely manual and must
take place several times a day. For chips or pellets, one simply keeps a bin or hopper full, depending on
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the bin size and the heating load, this may be required once or twice a week, and is generally down with a
Bobcat, front loader, or some equivalent.

Once a week one would spend perhaps an hour cleaning the heat exchange surfaces, and once a quarter or
half-year, one would take 2 — 4 hours to thoroughly clean the boiler tubes with a brush.

Of course, failures can occur, with the boiler or with the feed system. However, failures occur with oil
boilers as well, and the system as designed would automatically revert to the oil boilers in the event of a
biomass boiler failure. The maintenance personnel would then fix the biomass system when time permits,
as they do currently with equipment failures.

The costs associated with “non-failure” maintenance have up to three components; the cost of labor, the
cost of maintenance materials, and the costs of outside maintenance or operating contracts. Taking each
in turn:

e Labor: This is the cost of people’s time. For this component, it is assumed that each village (or in
some cases, some individual buildings within the village) has someone on the payroll whose job is to
take of the existing oil-fired boilers. This may or may not be the entire scope of their job. If one
assumes that de-ashing and disposal takes 30 minutes a day, and loading the bin (chips and pellets)
takes an hour twice a week, and includes one hour per week for HX cleaning, then the day-to-day
maintenance of the biomass boilers takes an additional 6.5 hours per week. This figure does not
subtract out any time that would have been spent with the oil-fired boilers (which is no longer
required, because they are not running).

If a regular work week for a full time employee (FTE) is 40 hours, this is 0.1625 of a week, or looked
at another way, 16.25 percent of an FTE. The question is, “Will the village actually hire someone full
or part time to perform those tasks, or we they simply add them to the scope of the work of the
existing FTE?” If they do not hire someone new, then there is no additional cost, even though there is
additional maintenance.

In our experience, at this very preliminary stage of evaluation, the villages simply do not know how
they would maintain one or more biomass boilers — they have no experience of them, and of the time
required. It also depends on how the fuel is generated and distributed. If an entity in the village takes
on the making and distributing of wood chips, for instance, then the time (and thus the cost)
associated with filling the fuel bins would almost certainly fall on that entity, and be built into the
$/ton cost of the chips. The same would apply for villages on the road system that purchase pellets.
In such a case, the additional maintenance would be reduced to the de-ashing (assuming the boiler
does not do it automatically) and periodic cleaning; we believe it highly unlikely that additional
personnel would be hired for these tasks. Thus we generally assume the value of this cost component
to be zero at this preliminary stage.

* Maintenance Materials: Biomass boilers require no maintenance materials that other types of

machinery (including oil-fired boilers) do not also require. Rotating machinery must be lubricated,
motors must be checked for balance or excessive heat, and so one. Once again, at Level 2 stage of
study, we assume the cost of this maintenance component to be zero.
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* Outside Maintenance or Operating contracts: It may the case in some villages that an entity or person
creates a business to maintain and/or operate boilers within the village. In such a case, this business

would almost certainly charge an additional amount for operating and maintaining the new biomass
boilers. However, we not aware that such an entity exists in this case, and so once again, we have set
the cost of this component of maintenance to zero.

This leaves the extreme case of manual loading of stick-wood into stick-fired boiler. On a very cold day,
this could require several hours per day, spread over four six-hour periods (we generally size stick-fired
plants such that even in the coldest weather, they require no more than 4 “charges” per day). However,
even here, we cannot be sure there is added cost — a tribal office might, for instance, simply require
everyone on the staff to take turns loading the boiler. Alternately, they might hire one or more FTEs to do
this.

The number of variables is very large, and at the Level 2 stage, we find that villages simply have not
given much if any thought as to these matters. The L2 study is a screening study, used to decide whether
or not to proceed to an conceptual design study and a business plan with a fuller understanding of how all
aspects of the operation will be conducted; Thus, if the results of the L2 study are favorable, then the
actual maintenance costs (if any), as well as a number of other operating details, are thoroughly
determined and documented.

2.3 Proposed Configuration
The proposed final configuration, which has been modeled for this study, can be summarized as:

* A new exterior-grade wood chip fired boiler

* A new chip bin and chip material handling system from bin to boiler

* A pole shed wood chip storage area near the boiler bin

* The thermal storage tank is installed in the existing mechanical room

* The heat from the wood fired boiler is piped into the existing Washeteria mechanical room
using copper pipe

* The heat from the wood fired boiler is also piped to the Community Hall using the connector
walkway.

* A new hot water air handling unit and ductwork will need to be installed in the Community
Hall — this is included in the cost estimate

Figure 2.3 below shows a typical configuration for an oil-fired boiler or boiler plant. In this example,
there are two boilers, but only runs at a time. This would be the “existing” case.
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Figure 2.3

Figure 2.4 shows the proposed case (valves colored in solid are closed):

Figure 2.4

In this case, valve 1 is closed, which forces the hot water return water through the wood fired boiler
instead of the oil-fired boiler. Likewise, valve 4 is closed, so the hot water from the wood-fired boiler
bypasses the existing boilers and goes out to the building. If for any reason, the hot water supply
temperature falls below setpoint by a set amount, the valves reverse position, and the existing boiler start.

1829



PRE-FEASIBILITY STUDY on WOOD-FIRED HEATING PROJECTS Sustainability, Inc
Healy Lake, Alaska efour, PLLC

In an even simpler version, there are no automatic valves — the cooler return water flow through the
wood-fired boiler, and then the oil boiler. If for any reason the wood-fired system still does not meet
supply water setpoint, the existing boiler fires.

The system works because each successive setpoint is set 5 or more degrees below the previous one. Say
the two hot water supply set points were, in order, 185 deg F and 180 deg F. It was noted above that
wood-fired boilers cannot modulate output as fast as a liquid-fired boiler. The setpoint spread prevents
the existing oil-fired boilers from firing every time the wood fired boiler needs a bit of time to catch up
(as does the thermal storage tank). At the same time, the system requires no operator intervention or
automated controls. If the hot water temperature falls to 179 deg F, the oil-fired boiler does not know if
the sun went down, or the wood pellets fouled the material handling system — it simply fires because the
supply temperature has fallen below its setpoint.

Wood Chip Requirements, Storage and Handling

Wood chips most effectively used in this system are 1.5-2 inches and are made from any local wood
seasoned at least one year to 30-35% moisture. The boiler will handle “green” chips at 45-50% moisture
but efficiencies are significantly reduced. If a chip management plan is developed and wood id
inventories for two years after harvest and before chipping it is expected that chips will have a moisture
content around 20-25%, which will increase the number of available BTUs even more. Unless a drying
system is installed chips will not dry effectively once in a pile. An open on one side pole shed with
partial sides will be built close the boiler bin for several months of chip storage. A small commercial
scale chipper will be utilized for chipping and a small skid steer front-end loader will be used for moving
logs and feeding the boiler bin. The P&M Boiler has been demonstrated to work at -50F as an outside
boiler, however, if chip freezing is determined to be a problem the bin could be placed in a heated
mechanical room with the ability to fill the bin.

The P&M boiler comes standard with a chip bin that is approximately 156 cubic feet. At ~15 Ib/cf, that is
2,340 Ib of chips. At the maximum fuel consumption rate of 78 1b/hr, this is 30 hours of fuel. This bin
will be located in the mechanical room, which will be kept above freezing, at a minimum. P&M also
offers a larger bin; at 768 cubic feet, it would store just less than five times as much fuel. This larger bin
uses a walking floor to keep the chips moving.

At the maximum output capacity of the boiler, the boiler would consume 78 Ib/hr of chips. Thus the ~156
cubic foot bin would hold enough fuel to last 30 hours (assumes chips at a bulk density of 15 Ib/cf).
However, the calculations for Healy Lake indicate that the maximum burn rate for the P&M boiler in this
application would be 38 Ib/hr. Thus the 2,340 Ib of fuel in the bin would last 61.6 hours, or if one
assumes that only 90 percent of the bin volume is “useable”, about 55 hours (2 and quarter days).

If the village elected to purchase the larger (30 cubic yard) bin, storage at full load (90 percent useable)
would be increased to just over 11 days. To keep this bin under cover and above freezing would
obviously increase the size of the mechanical room and thus the project cost. Typically, this option would
be explored in an investment grade study (L3) that includes an engineered conceptual design study.
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2.4 Energy Savings

Figure 2.5 below summarizes the energy consumption, existing and proposed, on a monthly basis:

I Energy Summary (montly "heat out" and "cost" values are divided by 1,000 for formating reasons)
Washeteria total Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
oil gal 4,800 570 422 468 351 326 287 296 306 324 411 497 542

heatout kBTU 520,992 618 458 508 381 354 311 321 332 352 446 539 588

cost $ $28,800 $3.4 $25 $28 $21 $2.0 $1.7 $1.8 $18 $1.9 $25 $3.0 $3.3
heat out = heat content of fuel * boiler eff (average efficiency is assumed at 0.810)

Community Hall total Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
oil gal 1,785 348 202 225 94 53 16 16 28 62 156 271 314
heatout kBTU 193,744 377 219 245 102 58 18 17 30 6.7 169 294 341

cost $ $10,710 $21 $12 $1.4 %06 $03 $01 §$01 $02 §$04 $09 §16 $1.9

heat out = heat content of fuel * boiler eff (average efficiency is assumed at 0.810)

Biomass Boiler total Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
heatout kBTU 714,736 996 677 753 483 412 329 338 362 419 615 834 0929

chips tons 93.6 130 89 99 63 54 43 44 47 55 81 109 122
stick cords 58.3 8.1 55 61 39 34 27 28 30 34 50 68 7.6
pellets tons 48.5 67 46 51 33 28 22 23 25 28 42 57 6.3
chips $ $11,694 $16 %11 $1.2 $0.8 $0.7 $05 $06 $06 0.7 $1.0 9$1.4 $1.5
stick $ $14,565 $20 $1.4 $15 $1.0 $0.8 $0.7 $0.7 $0.7 $09 $1.3 $1.7 $1.9
pellets $ $15,746 $22 $15 $1.7 $11 $09 §0.7 $0.7 $08 $09 $1.4 $1.8 $2.0
Energy Savings total Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
chips $ $27,816 $39 $26 $29 $1.9 $16 $1.3 $1.3 $1.4 $16 $24 $3.2 $3.6
stick $ $24,945 $35 $24 $26 $1.7 $1.4 %11 $1.2 $1.3 $1.5 $21 $29 $3.2
pellets $ $23,764 $3.3 $23 $25 %16 $1.4 $11 $11 $1.2 $1.4 $20 $2.8 $31
Figure 2.4

Additional Benefits for Community Sustainability

In discussions with Healy Lake community during the site visit the community continually stated that
they would like to become as energy self sufficient as possible and get tribal members to move back to
the community. They asked the question should we use wood chips or pellets. We discussed the goal and
the pros and cons of pellets vs. chips. Pellets are available from North Pole and can be delivered over the
ice road across the lake after full freeze up or via boat during the summer. However, pellets are just
another form of imported energy even if it is less expensive than fuel oil. We discussed the fact that
pellets are more convenient and less work (just like oil). However, if the community is truly striving for
greater energy independence then the best way is with a chip boiler utilizing local wood. By doing this
the tribe can pay itself and community members to harvest wood, make chips, and feed the boilers.
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Import displacement is always the best path for a community to take towards greater sustainability.
However, the community has to decide that it is willing to take on this work or the project will not work
and the better path would be a pellet boiler and purchasing pellets.

2.5 Cost Estimate

The construction cost estimate is provided below. These are what are commonly referred to as the “hard
costs”. The remaining soft costs, fees, permits, etc, are detailed in Section 1.

| Construction Cost Estimate

lump sum/ chip-fired stick-fired pellet-fired
Tag description  quantity units material labor total total total
1 chip fired boiler 1.00 ea 29,000 $29,000
2 install 1.00 Is 2,470 $2,470
3 freight 1.00 ea 2,400 $2,400
4 accessories 1.00 Is 900 $900
5 material handling 1.00 ea
6
7 stick fired boiler (3) 1.00 ea 14,640 $14,640
8 install 1.00 Is 4,150 $4,150
9 freight 1.00 ea 4,010 $4,010
10
11 pelletfired boiler 1.00 ea 15,498 $15,498
12 install 1.00 Is 1,920 $1,920
13 freight 1.00 ea 1,500 $1,500
14 accessories 1.00 Is 1,338 $1,338
15 material handling 1.00 ea 3,200 $3,200
16
17 boiler stack 20.00 ft 50 $1,000 $1,000
18 building addition sf 75
19 mechanical room piping 1.00 Is 7,500 $7,500 $7,500 $7,500
20 connection to ex system 1.00 Is 4,660 $4,660 $4,660 $4,660
21 primary pump 1.00 ea 1,025 150 $1,175 $1,175 $1,175
22 heat exchanger 1.00 ea 1,110 225 $1,335 $1,335 $1,335
23 400 gal storage tank 1.00 ea 3,569 $3,569 $3,569 $3,569
24 added work in Comm 1.00 Is 17,758 $17,758 $17,758 $17,758
25 pex piping 60.00 ft 21.25 $1,275 $1,275 $1,275
26 insul boards boards 8.50 10.38
27
28 electrical in mech room 1.00 Is 1,500 $1,500 $1,500 $1,500
29
30 controls point cost 8.00 pts 1,000 $8,000 $8,000 $8,000
31 controls panel 1.00 ea 3,500 $3,500 $3,500 $3,500
32 controls labor 25.00 hr 75 $1,875 $1,875 $1,875
33 mechanical subtotal $72,043 $61,073 $61,729
34 general conditions 0.030 $2,161 $1,832 $1,852
35 rentals, small tools 0.020 $1,441 $1,221 $1,235
36 margin 0.100 $7,204 $6,107 $6,173
37 mechanical total $82,849 $70,233 $70,988
38
39 electrical subtotal $1,500 $1,500 $1,500
40 general conditions 0.250 $375 $375 $375
41 rentals, small tools 0.050 $75 $75 $75
42 margin 0.250 $375 $375 $375
43 electrical total $2,325 $2,325 $2,325
44
45 controls subtotal $13,375 $13,375 $13,375
46 general conditions 0.025 $334 $334 $334
47 rentals, small tools 0.015 $201 $201 $201
48 margin 0.100 $1,338 $1,338 $1,338
49 controls total $15,248 $15,248 $15,248
50
51 chip-fired stick-fired pellet-fired
52 total construction  $100,421 $87,806 $88,561
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Appendix 1.0 Site Photos

Figure 1. Heally Lake Washateria showing 4000 gallon fuel tank

Figure 2. Washateria front view
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Figure 3. Front view of community hall

Figure 4. Unheated walkway connector between community hall and washateria
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Figure 5. Rear view of Washateria

Figure 6. Washateria boiler room
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Figure 7. Hot water fed hat air unit installed by community post Washateria construction
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Appendix 2.0 P&M Boiler Brochure
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