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Abstract

This paper analyzes the implications on employment, taxation, and wildfire
fuel reduction costs when using mobile pellet mills to remove biomass and
reduce wildfire fuels. Wildfire suppression costs in British Columbia have ex-
ceeded the set budget in 9 of the last 10 years and the province has only re-
duced the fuel load on a fraction of the high-risk hectares. Using a novel
high-moisture mobile pellet mill allows the production of 89,000 tonnes of
wood pellets each year for a price of $293 tonne™'. Each tonne produced also
provides $546 tonne™ in additional benefits from employment, taxation, and
reductions in the cost to perform fuel treatments. The presented research found
that 11 employees are needed to operate a mobile pellet mill, with total em-
ployment of 242 for 22 systems across BC. The assessed system can also avoid
$5.5 million in employment insurance payments. The 22 systems also provide
$323,000 in taxable profits and $524,000 from income taxes from employees.
Fuel treatment with the researched systems costs $1112 ha™. A cost-benefit
analysis shows that the system provides $2.97 in benefits for every dollar in-
vested.
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1. Introduction

Wildfires have been responsible for destroying several communities in western
Canada, the most recent being Fort McMurray, Alberta and Lytton, British Co-
lumbia [1]. In 2021 in Lytton, British Columbia, a record setting heatwave com-

bined with high winds and uncontrolled sagebrush and forests destroyed almost
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90% of the town in hours [2]. Events such as these have highlighted the need for
more aggressive forest and rangeland management practices. BC has funded sev-
eral efforts to protect communities and vulnerable forests and habitats from wild-
fire and other adverse effects where management plans can mitigate effects [3]
[4]. Remote forestland is expensive to log and manage due to distance and lack
of infrastructure. Wildfires are natural forest management, and when fires are
suppressed without instating management activities, the timber and under-
growth develop problems. Unmanaged forests allow increased trees per hectare,
resulting in a competition that weakens the trees and makes them susceptible to
infection and infestation and allows undergrowth to strangle trees. As timber
and undergrowth volumes naturally increase on these lands, the risk of extreme
wildfires grows; these fires burn more intensely than historical fires and can kill
coniferous seeds that rely on wildfires to germinate and damage, sterilize, or
even glass soil. These fires spread rapidly and behave uniquely, threatening wild-
fire suppression crews and communities. Feedstock prices can be controlled
much more carefully in a mobile pellet system, where the system can relocate
whenever feedstock becomes scarce or more expensive. Employment per tonne
produced is increased in the mobile system. Remote forests are more accessible
using mobile pelletization due to limited feedstock transportation distances, where
the material is the least dense in the production cycle. With the province cur-
rently experiencing a fibre shortage, it is critical for fibre-reliant industries to
explore new sources and explore new forest management approaches to improve
economics as well as forest health.

Forest management is the province’s responsibility in most cases, as 94% of
forests in the province are on crown land. Wildfire mitigation activities, which
are activities that reduce the risk or severity of wildfire outbreaks such as fuel
treatments, thinnings, brush removal, and developing firebreaks among many
other activities [5]. British Columbia has developed several programs to improve
community resilience and protection from wildfire threats. The province has treated
11,679 hectares out of an identified 1.72 million high-risk hectares and has cost
$78 million to date [6]. In the Williams Lake area, fire treatment costs an average
$3400 ha™ and up to $10,000 ha™' in other areas of the province [7]. Peter et al.
(2016) found that costs for the Wildland-Urban Interface (WUI) fuels treat-
ments ranged from a high of almost $9000 ha™' to a low of approximately $268
ha™' [7]. 96% of treatments assessed in the study cost less than $5000 ha™!, with a
general trend of more extensive treatments costing less per hectare [7]. Wildfire
suppression is the act of fighting a wildfire once it has ignited. Since 2008, wild-
fire suppression costs in the province have exceeded the suppression budget in
all but one year. Wildfire suppression costs in British Columbia have averaged
$745 ha™' during the last ten years. The most recent year with data, 2020, saw
British Columbia expend $213 million on suppression costs, while suppression
costs in 2019, 2018 and 2017 were $182 million, $615 million, and 649 million
respectively [8].
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British Columbia has seen 19 sawmills, and six pellet mills have shut down
since 2018 because of supply shortages and volatile prices for timber and feeds-
tock [9]. The shutdown of these mills has led to the loss of thousands of direct
jobs and indirect jobs. These jobs are in smaller communities with few jobs of-
fering comparable wages or skill requirements. The scarcity of related jobs leads
to emigration from the community or long-term unemployment. British Co-
lumbia EI offers 55% of an employee’s wage for 50 weeks [10].

This paper performs a cost-benefit comparison of a mobile pellet system and a
traditional pellet mill. The analysis assesses both systems’ production costs, im-

pacts on local employment, government spending, and taxation.

2. Methods

Both the traditional and mobile pellet mills are assessed for these categories us-
ing the same assumptions and conditions. Each system produces 90,000 tonnes
of wood pellets annually in this analysis and employ harvesting crews to collect
the feedstock. Each harvesting crew had an average of 5 people producing 4.2
green tonnes of feedstock per hour. Fuels treatment material is assumed to be
harvested at the same rate and have the same bulk density, but with a higher cost
derived from literature and include transportation costs when necessary. This
analysis compares 22 mobile pellet mills operating at full capacity to a single tra-
ditional pellet mill, with both sides of the analysis producing a total of 90,000
tonnes of wood pellets annually. Road construction is another important aspect
of timber harvesting and thinning or fuel treatment operations. These roads are
generally unpaved but with compacted gravel beds with a surface layer of dirt or
rock and allow trucks and other on-road vehicles access to the forest and much
closer to the harvesting activities. Forest roads have highly variable costs depend-
ing on the construction, location, and surrounding geography. Chung et al (2008)
found that base road costs were roughly $30 m™ [11].

Fuels treatments reduce the cost of wildfire suppression on treated hectares
due to improved forest health, easier movement because of reduced tree density,
and slower wildfire spread rates. Research has found a positive correlation be-
tween fuel reduction and decreased wildfire suppression costs [12]. Forest road
construction is part of the harvesting costs for fuels treatment and each pellet
mill is assumed to construct 10 km of roads each year, at a cost of $30 m™. Fuels
treatments reduce suppression costs by roughly 15% on average, or from $745 to
$630 ha™' [13]. An expected value formula can be used to estimate the yearly im-
pact of fuels treatment hectares on overall wildfire suppression costs, based on
the average number of hectares in the Prince George TSA that burn each year
and the number of hectares in the Prince George TSA that are treated. Equations
(1)-(4) show the calculations for the expected value of fuel reduction treatments,
with increasing returns as more hectares are treated. British Columbia has had
wildfires every year, so the odds of a wildfire in BC are considered 100%. The

odds of any one hectare of PG timberland burning are the average hectares of
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the PG TSA that have burned in the last three years divided by the average hec-
tares burned in all British Columbia (Equation (1)). The chance to treat any one
hectare of PG TSA timberland is the number of timberland hectares in the PG
TSA divided by the number of hectares that provide feedstock to the mobile pel-
let mill (Equation (2)). The expected value of wildfire suppression is chance of a
PG TSA timberland hectare burning multiplied by the cost of suppression per
hectare (Equation (3)). Equation (4) shows the expected value of wildfire sup-
pression costs on a treated hectare, wildfires in fuel treated hectares were found
to reduce future wildfire suppression costs 15% on treated hectares [14]. Table 1
summarizes the reduction of wildfire suppression costs through fuels treatments.
Avg. PG TSA hectares burned
Avg. BC hectares burned

Chance of PGTSA Hectare Burning = (1)

Chance Treat PG Hectare — Hectares Mobile Pellet Mill cantreat 2)

PG TSA Timberland Hectares

EV of wildfire suppression on PG TSA Hectare($~ ha’l)

= Chance of PG hectare burning * cost of wildfire suprression per hectare

3)

EV of Wildfire Suppression Costs After Treatment

4
= EV of wildfire suppression * Impact of fuel reduction )

Both the traditional and mobile pellet mills provide employment at the pellet
mill and in the forest with feedstock harvesting crews. Sawmills employ 26 people
on average in BC and pellet mills employ 10 [15] [16]. For both systems, labor
positions are paid $20 hr™! and managers are salaried at $60,000 yr'. Fringe bene-
fits are included in employment costs and are 35% of pay. A mobile pellet mill
requires 5 labor positions to operate the pellet mill and associated machinery,
while a traditional pellet mill employs 26. This analysis assumes that all employees
for both systems would be paid from the EI benefits for the maximum time al-
lotted if they were not employed at the pellet mill. EI benefits pay a maximum of
$595 per week, or 55% of previous average pay, whichever is less.

Two types of taxes are calculated in this analysis: business taxes and personal
income taxes. Business taxes are 27% between provincial (12%) and federal (15%)
taxes, but only apply to any profits earned by the company. This analysis applies
the taxes to the calculated Net Present Value (NPV) of each system to determine
the amount of taxes that need to be paid over the lifetime of the pellet mill. Per-
sonal income taxes are a graduated system in British Columbia and are paid on
gross earnings in the province. Table 2 shows the tax brackets and the rates that

each bracket applies to earnings.

Table 1. Calculated reduction in wildfire suppression costs on harvested hectares.

Wildfire Suppression Cost Reduction Average + S.D.
Mobile Pellet Mill $0.04 + $0.02
Traditional Pellet Mill $0
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Table 2. Applicable British Columbia income tax brackets.

Applicable British Columbia Personal Income Tax Brackets Tax Rate
Provincial Personal Income Tax (<$42,184) 5.06%
Provincial Personal Income Tax ($42,185 - $84,369) 7.70%

A Monte Carlo simulation was designed to establish the overall variation of
the benefits each pellet mill system provides to the province. Monte Carlo simu-
lations are a method to propagate the errors of each variable in the calculation to
determine the variation of the benefits each pellet mill system provides to the
province and to establish that the final values were statistically different results
between the systems. There are three categories of benefits that are considered in
this analysis: fuels treatment, employment, and taxation. The Monte Carlo si-
mulation performs 600 trials to develop the distributions of the variables of in-
terest that will be discussed in detail in this section. Each variable of interest has
been assigned a probability distribution and the discrete values are determined
using the Beta distribution. The beta distribution performs the same as the pert
distribution and is a near-normal distribution with minimum and maximum con-
straints, all values in this analysis were determined through literature review
[17]. Table 3 shows the variables that were used to create variation in the Monte
Carlo Analysis.

Using the results of the Monte Carlo simulation, a cost benefit ratio is calcu-
lated for both pellet systems. Equation (5) is the calculation to compute the cost
benefit ratio. Benefits are all the positive values calculated in the Monte Carlo
simulation for wildfire and fuels treatments cost reductions, employment, and
taxation. Costs are all the negative values calculated in the Monte Carlo simula-
tion for wildfire and fuels treatments cost reductions, employment, and taxation.
Cost Benefit Ratios larger than one show the project provides more benefits than
costs and are a worthwhile investment. In Equation (5), benefits are any of the
categories discussed below that yield a positive value and costs are any categories

that yield a negative value after the Monte Carlo simulation.

> Benefits

CBR =
> Costs

(5)

3. Results

Table 4 quantifies the benefits that traditional pelletization of fuels treatments
would provide to the province. The traditional pellet mill provides $13.88 + 22.84
tonne™ in benefits to the province, with employment avoiding EI payments com-
posing the largest portion of the benefits. Production costs in this analysis were
$181.08 + 23.59 tonne™'. The feedstock harvesting crews employ 54 people and
avoid $11.35 + 2.27 tonne™ in EI benefits payments. The pellet mill employs 9
labor positions and a manager, offsetting $2.73 + 0.30 tonne™ in EI benefits
payments. Income taxes paid by the 64 employees are $1.29 + 0.21 tonne™.

The pellet mill produces $1.31 + 0.77 tonne™' in business taxes as well.
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Table 3. The parameters given beta distributions in the Monte Carlo analysis.

Beta distribution values

Monte Carlo parameters
Low Avg High  Alpha Beta

Single mill production volume (tonnes) 2028.00  4056.00 6084 5.00 3.00

Number of mills 11 22 30 6.50 2.68
Utilization rate 32.50% 65.00% 98% 5.00 3.00
Relocations 4 8.00 12.00 5.00 3.00

Feedstock bulk density (tonne-m™) 0.08 0.15 0.225 5.00 3.00
Feedstock moisture content (%) 15% 35% 60% 4.20 3.22
Diesel price $0.89 $1.19 $1.35 8.89 2.35

Labor ($/hr) $15.00 $20.00 $30.00 3.00 3.67

Mill employees 3 5 8 3.67 3.40

Harvest employees 3 5 8 3.67 3.40

Loan rate (%) 3.25% 6.50% 10% 5.00 3.00

% capital as loan (%) 0.00% 50.00% 100% 5.00 3.00

Loan term 5 10 15 5.00 3.00

M&R costs (% capital) 10% 20% 30% 5.00 3.00

Final transport dist (km) 35.00 70.00 105 5.00 3.00
Storage cost ($-ft) $0.50 $1.00 $1.50 5.00 3.00
Residue average load (m*ha™") 150 279 350 8.27 2.42
Fuel treatment average load (m*ha™) 60 97.00 125 6.29 2.72

Table 4. The value of benefits provided to British Columbia by the traditional pellet mill.

Benefits ($-tonne™)

Traditional pellet mill benefits

Average Standard deviation
Wildfire suppression reduction EV $- $-
Treatment reduction with roads $- $-
Business taxes produced $9.96 $0.49
Income taxes produced (mill) $0.24 $0.03
Income taxes produced (harvesting) $0.16 $0.02
Income taxes produced (total) $0.39 $0.03
EI payments avoided (mill) $2.45 $0.29
EI payments avoided (harvesting) $1.65 $0.31
EI payments avoided (total) $4.11 $0.54
Total benefits $135.94 $5.75

The employees of the harvesting crew pay $1.04 + 0.21 tonne™ and the em-
ployees inside the pellet mill pay $0.26 + 0.03 tonne™ in income taxes. The base

scenario assumes no fuels treatment material is used as feedstock, resulting in no
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reduction in wildfire suppression costs or fuels treatment cost reductions. The
total annual benefits provided by the traditional pellet mill in this analysis are
$13.64 + 22.84 tonne™'. Table 4 shows the average and standard deviation of
each category considered in the Cost-Benefit Ratio analysis for the traditional
pellet mill.

Table 5 quantifies the benefits that mobile pelletization of fuels treatments
would provide to the province. The mobile pelletization system provided $255.35
tonne™ in benefits to the province. Production costs in this analysis were $406.76
+ 26.05 tonne™’, as discussed in Chapter 3, and the selling price for the wood
pellets is $180 tonne™. The system avoided EI payments of $69.76 + 8.24 tonne™!
in total, with the mill avoiding $33.78 + 4.03 tonne™ and the harvesting crews
avoiding $35.98 + 7.09 tonne™'. The system provides $6.98 + 0.65 tonne™" in in-
come taxes, with the pellet mill employees providing $3.92 + 0.46 tonne™ and
the harvesting employees providing $3.06 + 0.46 tonne™’. The system also pro-
duces $12.56 + 3.64 tonne™ in business taxes on profits. The largest benefit is the
cost savings on fuels treatments by creating industrial harvesting opportunities,
with $382.83 + 58.61 tonne™ in savings. The reduction in wildfire suppression
costs associated with the treated hectares is $0.04 + 0.02 tonne™. The total an-
nual benefit provided by the mobile pellet system is $245.55 + 76.71 tonne™.

Using Equation (5) to develop the cost benefit ratio, the two systems are com-
parable. The mobile system has a Cost Benefit Ratio of 1.80 + 0.25 and the tradi-
tional system has a CBR of 1.17 £ 0.13. The two Cost Benefits Ratios are signifi-
cantly different from one another. Table 6 compares the cost benefit ratios of

the traditional and mobile pellet mills.

4. Discussion

Direct employment in the traditional system is understood much better and does

Table 5. The value of benefits provided to British Columbia by the mobile pellet mill.

Benefits ($-tonne™")
Mobile pellet mill benefits

Average Standard deviation
Wildfire suppression reduction EV $0.04 $0.02
Treatment reduction w/roads $382.83 $58.61
Business taxes produced $12.56 $3.64
Income taxes produced (mill) $3.92 $0.46
Income taxes produced (harvesting) $3.06 $0.46
Income taxes produced (total) $6.98 $0.65
EI payments avoided (mill) $33.78 $4.03
EI payments avoided (harvesting) $35.98 $7.09
EI payments avoided (total) $69.76 $8.24
Total benefits (after costs) $254.08 $76.53
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Table 6. The cost benefit ratios of the mobile and traditional pellet mills.

Cost Benefit Ratio

Cost Benefit Ratio

Average Standard Deviation
Mobile Pellet Mill 1.80 0.25
Traditional Pellet Mill 1.17 0.13

not change in the Monte Carlo simulation, which causes the small standard dev-
iations in the personal income tax and EI payments avoided variables. The mo-
bile system is less understood and requires a wider range of employment to ac-
count for possible differences in operating conditions. The traditional system
employs 64 people in total, with 10 at the mill and 54 harvesting feedstocks. Each
pellet mill in the mobile system employs 6 * 1 at the pellet mill and 7 £+ 1 in the
harvesting crew for 11 total employment positions at each mill. The system re-
quires 22 mobile pellet mills to provide 90,000 tonnes of wood pellets each year,
these 22 systems would employ 132 at the pellet mills and 157 for harvesting for
a total employment of 286 positions. Table 7 shows the breakdown of the taxes
paid from the mobile and traditional pellet mills.

When the mobile pellet system fills all 286 positions from workers that would
have been using EI benefits, the benefits to the province are substantial. The pel-
let mill employees avoid $3.0 + 0.36 million annually and the harvesting crews
avoid $3.2 + 0.63 million. The traditional pellet mill avoids $0.25 + 0.03 million
and the harvesting crews avoid $1.1 + 0.27 million. The mobile pellet system re-
quires additional harvesting employment because each pellet mill requires a
dedicated harvesting crew but needs only a fraction of the maximum annual
production of a fully mechanized harvesting crew. Table 8 shows the distribu-
tion of EI payment savings by pellet system and location of employment within
the system.

For either the mobile or traditional pellet systems to pay business taxes, a
profit must be earned during the fiscal year. Under the conditions used in this
analysis, both systems struggle to produce a profit with a selling price of $180
tonne™, but the mobile pellet system cannot produce a profit without subsidies
from the government to offset production costs and would never pay taxes.
However, if the system is allowed to keep a 10% markup over breakeven cost, the
province recovers a portion of the subsidy given to the pellet producer and the
pellet producer can earn a profit. The traditional pellet mill requires no subsidy
to produce a profit on average, however, many of the 600 Monte Carlo runs
produced no business taxes due to not earning a profit on the sale of the pellets.
The traditional system paid $1.15 £ 0.69 tonne™ in business taxes on the profits
earned. The mobile system paid $12.64 + 3.53 tonne™ on profits when using the
10% markup over breakeven costs.

The traditional pellet mill does not use fuels treatment materials as feedstock

and therefore provides $0.00 in benefits from fuels treatments. A single mobile
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Table 7. The avoided employment insurance payments by production system and stage.

Avoided Payments ($)
Avoided EI Payments

Average Standard Deviation
Mobile Pellet Mill $3,015,129.33 $366,783.31
Mobile Feedstock Harvesting $3,236,951.90 $632,157.83
Tradtional Pellet Mill $245,983.09 $25,978.73
Traditional Feedstock Harvesting $1,119,713.70 $264,801.62

Table 8. The business tax payments of the mobile and traditional pellet mills.

Tax payments ($-tonne™")

Business taxes payments

Average Standard deviation
Mobile system business tax $12.64 $1.17
Traditional system business tax $3.53 $0.71

pellet mill provides a benefit of $0.01 tonne™ in wildfire suppression costs re-
ductions. However, when all 22 of the mobile pellet mills in the mobile system
are considered then the wildfire suppression savings are $0.04 + 0.03 tonne™.
The savings are highly volatile and linked to fuels treatments densities per hec-
tare and harvesting costs, with lower fuels treatments densities leading to lower
suppression savings. Table 9 compares the wildfire suppression cost savings of a
single mobile pellet mill with the mobile system.

The province currently pays an average of $3400 ha! for fuel treatments. This
high cost makes the savings from using a mobile pellet mill to perform fuel treat-
ments very high. Ten kilometers of forest roads are needed each year to allow
access to the hectares which are targeted for fuels treatments, which adds $0.66
tonne™ to fuels treatments harvesting costs. The traditional pellet mill does not
use fuels treatment material in its feedstock, as the scenario was based on real
world conditions and therefore receives no benefits from the activity. An indi-
vidual mobile pellet mill can perform fuels treatments on 572 + 162 ha of tim-
berland in this system with a fuels treatment material density of 105.47 + 9.99
tonnes-ha™. Table 10 shows the hectares that a single mobile pellet mill will treat
and the hectares that the entire mobile pellet system will treat.

Harvesting and delivering fuels treatment material to a mobile pellet mill costs
$55.32 tonne ™. Fuels Treatments in this system cost $586.08 + 118.80 ha™!. When
the entire system of mobile pellet mills is considered, 14,244 + 1301 ha™" needs to
be treated to provide adequate feedstock to the pellet mills. The mobile system
provides $386.23 + 56.87 tonne™ in benefits to the province. These benefits
come from the savings the province would receive when comparing the current
average cost per hectare of fuels treatments to the calculated cost in our model.
Table 11 shows the comparison of current fuels treatment costs and the calcu-

lated costs in the mobile pellet mill model.
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Table 9. The calculated reduction in wildfire suppression costs.

Wildfire suppression Wildfire suppression cost reduction ($-tonne™")

cost reduction

Average Standard deviation
Mobile system complete $0.042 $0.026
Single mobile mill $0.002 $0.001

Table 10. The number of hectares that can be harvested by the mobile pellet mill and the
complete system.

Fuels Treatment Hectares

Fuels Treatment Hectares

Average Standard Deviation
Mobile System Complete 572 162
Single Mobile Mill 14,244 1301

Table 11. The cost to perform fuels treatement on a hectare of land currently and with
the mobile pellet milll system.

Cost ($-ha™)
Fuels treatment costs
Average Standard deviation
Current fuels treatment costs $3400 $0
Mobile pellet system costs $583 $125

5. Conclusions

While both the traditional and mobile pellet systems in this analysis provide a
positive return on investment for the province of British Columbia, the mobile
pellet mill provides a statistically significant larger return. Compared to the tra-
ditional pellet mill and producing the same 90,000 tonnes of wood pellets, the
mobile system also provides a much larger return in absolute value terms, dis-
tributes those impacts across a larger geographic region and is more likely to
continue operations in the face of intense natural disturbances. The mobile pellet
mill would provide the province with a Cost Benefit Ratio of 1.80 + 0.25 or would
receive $1.80 + 0.25 for every dollar invested in the mobile pelletization system.
The traditional pellet mill assessed in this work generates a Cost Benefit Ratio of
1.17 £+ 0.13, or the province would receive $1.17 + 0.13 for every dollar invested
in a traditional pellet system. The mobile pellet mill produces wood pellets for a
cost of $402.71 tonne™' on average and would require a subsidy of $222.71
tonne™ to break even with a pellet selling price of $180 tonne™. The traditional
pellet mill in this analysis produces wood pellets for a price of $182.24 tonne™’
on average and needs a subsidy of $2.24 tonne™ to break even with a selling
price of $180 tonne™'. The mobile pellet mill system would generate continuous
direct employment of 256 positions in areas of the province that have limited
economic activity. The business and personal income taxes that are produced by
the mobile system are an additional benefit to the areas of operation.

A mobile pellet mill would support clearing 14,244 + 1301 hectares of har-
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vested timberland or 583 * 162 hectares of fuel reduction thinnings. Finding
productive methods for disposing of harvest residues can provide significant
savings to timber companies and improve the air quality around harvesting sites
compared to burning the residues on site. The mobile pellet mill moves 8 times
each year in this analysis and takes 40 hours to set up again, with preferred loca-
tions allowing access to 70 acres of harvested timberland. Harvest residues col-
lection costs are $55.32 tonne™' of wood pellets produced. Thinnings in British
Columbia are very expensive on a per hectare basis than traditional timber har-
vesting or residues collection. The high cost makes these operations a good tar-
get for companies using the mobile pellet mill analyzed here. The government is
already providing payments for the mobile system that can offer between eleven
and twenty-one full-time positions depending on harvesting volumes needed.
The province will save over $6.25 million from EI payments on average. The em-
ployees provide the province with personal income tax payments of $6.98 tonne™!

of wood pellets produced.
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