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Abstract: In remote communities of Canada, diesel is the primary source of electricity and heat. Pro-
moting sustainable and diverse means of heat and power generation is essential to providing reliable
and less carbon-intensive energy supply to remote communities. Among renewable energy sources
in Canada, biomass is a major source of energy, with wood pellets being a notable contributor. In this
study, using wood pellets in a remote community of Canada is investigated using life cycle analysis
(LCA). Furthermore, wood pellet combustion is compared with diesel combustion, the most common
fossil fuel in these regions. SimaPro (version 8.4.0.0) was used with Ecoinvent 3 as the primary library
because of the nature of the feedstock. Harvesting, transportation, sawmill operation, pelletization,
and combustion stages are considered in LCA. In doing so, first, life cycle data related to each of
these stages are collected with respect to eight impact categories of global warming, ozone depletion,
carcinogenic, non-carcinogenic, smog, respiratory effects, acidification, eutrophication, ecotoxicity,
and fossil fuel depletion. The results indicate that pelletization and combustion stages have the
greatest environmental impact, specifically in terms of non-carcinogenic effects from pelletization
and respiratory effects from pellet combustion. Additionally, when comparing wood pellets to diesel,
wood pellet combustion exhibits superior performance across various impact categories, particularly
in non-carcinogenic effects.

Keywords: remote communities; wood pellets; diesel; sustainable energy; life cycle analysis (LCA);

renewable energy sources

1. Introduction

Greenhouse gas (GHG) emissions are contributing to global warming and climate
change, affecting human and ecosystem health, as well as security of food and water
supplies [1]. Canada has committed to reducing its total GHG emissions by 40 to 45%
until 2030 (based on 2005 emissions as the benchmark) and reaching a net zero by 2050 [2].
Promoting renewable energy has emerged as a solution to offset GHG emissions [3]. There
was a total supply of 12,795 petajoules (PJ) of energy in Canada, of which over 75% came
from fossil fuels [4]. A total of 2067 PJ of energy is generated by renewable sources, of
which 566 PJ comes from bioenergy. Over the past few years, natural gas consumption
has increased in Canada, mainly replacing other fossil fuels such as coal and diesel, while
renewable energy supply has remained relatively stable (between 16% and 18%) [4].

Canada is working towards its goal of generating 90% of its electricity from non-
emitting sources by 2030 in collaboration with provinces and territories. The country is
taking steps to minimize the environmental impact of electricity generation, both domes-
tically and globally. To achieve this, Canada plans to phase out the use of traditional
coal-fired electricity and implement new regulations to reduce emissions from natural gas-
fired and diesel-fired electricity. The government is also promoting energy conservation
and emission reduction through programs like the Low Carbon Economy Fund and Climate
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Action Incentive [5]. Additionally, Canada is investing in smart grids to facilitate access to
clean electricity from neighbouring provinces and implementing a carbon pollution pricing
system that will hold the electricity industry accountable for reducing emissions [5].

The extreme weather condition in remote communities of Canada makes energy
supplies vital to the survival of these regions as well as to the quality of life of the residents.
Due to the remoteness of these communities, they are not connected to main grids or
supply channels of other energy carriers (e.g., natural gas pipelines). This has forced many
communities to rely on stand-alone off-grid energy facilities. Fossil fuels, particularly diesel,
are the primary energy source for most of these isolated villages due to ease of transport
and storage [6]. Fossil fuel dependence and such a lack of diversity in energy sources limits
economic, environmental, and social development of these communities [7]. In addition,
this phenomenon has contributed to raising GHG emissions in these communities.

As arenewable energy source, biomass has several advantages, including compatibility
with existing infrastructure and quick dispatch. In addition, using bioenergy instead of
traditional fossil fuels has the potential to reduce GHG emissions and consumption of non-
renewable resources [8]. Biomass could be used as a backup fuel or replacement for diesel
in northern regions due to its potential for carbon abatement. Similar to diesel, it could be
transported to these remote destinations via existing logistical routes and arrangements
for diesel [6]. There is growing recognition that woody biomass can serve as a renewable
energy feedstock. In addition to replacing non-renewable fossil fuels, it reduces GHG
emissions, increases local and regional energy security, and could create new economic
opportunities across its supply chain [9]. Compressed wood fiber biofuels, known as wood
pellets, have become popular for household heating [10].

With 6.5% of the world’s bioenergy potential and 9% of the world’s forests, Canada
produces the highest amount of biomass per capita in the world [11]. Canada is also the
world’s third-largest timber exporter. About 90% of wood pellets manufactured in Canada
are exported to Asia, Europe, and the United States [3]. The European Union and Southeast
Asia are expected to import more wood pellets by 2030 as their primary feedstock in
co-firing power plants [12]. Studies using life cycle analysis (LCA) show that shipping a
tonne of wood pellets to Europe consumes approximately 7.2 GJ, which is equivalent to
about 39% of the pellets’ total energy. In addition, ocean transportation is associated with
significant environmental and health impacts, including air pollution, GHG emissions, oil
spills, etc. [13].

In the light of the above facts, this study aims to assess the environmental impacts of
using wood pellets as an alternative to fossil fuels as well as a means of transition towards
other renewable energies, such as solar and wind. Specifically, this study focuses on the use
of domestic wood pellets in Canada, particularly in remote regions in need of diversifying
energy sources, as exporting wood pellets is associated with adverse environmental effects.
While many studies have compared the environmental impact of wood pellets to that of
coal or natural gas, the aim will be to compare the use of wood pellets to diesel, which is
commonly used in remote communities of Canada.

This study focuses on remote communities in British Columbia (BC), which holds 45%
of Canada’s pellet mill capacity. BC wood pellets are primarily sourced from saw milling
residuals, forestry and agriculture residues, and low-quality logs [14]. The objective is
to examine the environmental impacts of wood pellets through an LCA, from harvesting
to combustion in BC remote communities. A comparison will be made between the
combustion impacts of wood pellets and diesel to evaluate the potential as a cleaner
alternative. The paper’s structure includes a discussion of the case study’s significance
(Section 2), a detailed presentation of the LCA methodology (Section 3), results analysis
(Section 4), discussions on research value with future research directions (Section 5), and
concluding remarks.
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2. Case Study Description

In Canada, the majority of pellets are made from forestry residues, industrial waste,
sawmills, and wood production enterprises. Timber harvest wastes are another source of
biomass for wood pellet manufacturing. A small percentage of wood pellet production is
used for domestic heating and electricity generation in Canada (about 100,000 to 200,000
tonnes). The vast majority of this fuel is exported [15]. BC is considered one of the world’s
largest producers of wood pellets, exporting 99% of its 2.5 million tonnes per year [16].

Although various studies have demonstrated that wood pellets offer better economic
efficiency in Canada compared to fossil fuels [3,17], one of the main challenges faced by
the biomass industry is that pellet boilers have not been used widely in Canada. At the
moment, Canada does not manufacture such boilers and does not import them [3]. This
has served as the main barrier to domestic use of Canadian pellets. In contrast, Canada
benefits economically from exporting its wood pellets [17]. As such, wood pellets have
a very small share of energy sources in Canada [3]. To address the above challenges,
the Wood Pellet Association of Canada (WPAC) is tasked with facilitating the import of
European-manufactured pellet boilers to Canada with adoptions so far in Prince Edward
Island and Ontario. The industry still faces obstacles in acquiring and using modern wood
pellet boilers [3].

In this study, the aim is to demonstrate a case study on how Canada can benefit from
using wood pellets as a renewable energy source to replace fossil fuels. By using wood
pellets, Canadian rural areas would benefit from lower heating costs and reduced GHG
emissions, as well as creating new jobs [18]. In particular, this study explores the potential
of wood pellets as a sustainable energy source in remote communities. To evaluate using
the BC pellets for the remote communities in this province, we used information from
CanmetENERGY, a division of Natural Resources Canada’s report which conducted phone
interviews with nine pioneering rural and distant communities that have implemented
biomass heating and CHP systems in early 2020 to learn about their experiences [19].

Our study specifically focuses on the Kwadacha First Nation, a remote community
located in Fort Ware, BC. This community, situated approximately 570 km north of Prince
George, is only accessible by logging roads or air transportation [20]. The findings of
our study can also be relevant for other nearby remote communities, such as Tsay Keh
Dene, creating potential opportunities for widespread implementation of wood pellet
usage in these areas. The map of Northern British Columbia communities is presented
in Figure 1, with the above mentioned communities circled in red line. Rural Practice
Subsidiary Agreement (RSA) practiced in BC assesses the communities using a number of
criteria to classify them based on their level of isolation/remoteness. Based on the overall
points earned according to these criteria the communities are classified into A, B, C, and D
categories (where A represents the highest level of isolation).



Energies 2023, 16, 5697

40f 14

Kwadacha / Fort Ware @
Telegraph Creek
Tsay Keh Dene @
O Blueberry River
Doig River
@

Hudson's Hope §y

m -
Gitanyow Mackenzie .
@ ¥ Dawson Creek
Glen Vowell Mcleod Lake O

oo ~
S & damm © ALBERTA
<&

)
Burns Lake ‘s

iy
2 3
s
! F is Lake | Fort St. James
@ ©) bt @ .4 \\ Lheidli T'enneh First Nation

Daajing Giids B Cheslatta Carrier Nation T McBride Edmo
vait

Fort St. John

Fort Babine

o i I oo
kidegate First Nation - Alexandria
Ulkatcho BRides @)

“ Miocene
® Alexis Creek pmy
=) y= o)

Bella Coola @

SO
Wuikinuxv Nation / Rivers Inlet [&9) Alexis Creek First Nation = _ 7=
Adams Lake

Queen Charlotte @
und

2 3 5 O Bridge Lake
Dzawada'enuxw First Nation srolome 11 i Community Details
- | —y P
T Alert Bay.. Fre : . ‘;‘ YSP  Community Name Kwadacha / Fort Ware
wa'sala-Nal azda xw Nations
S R RSA Name Fort Ware
Holberg Sayward Campbell River Ashcroft RSA Designation | A
Ehaﬁesahm oy (PRI LTl & | Health Authority | Northern
r i Sl Population 242
Courtenay T Bowen Island 7
:y“q“_‘" ) («;-‘.:v{’@fﬁ'l 'H_' Connector
- £ R lope
esquiaht JE7J8 Bamfield Chemainus A5 i Division
Toquaht [~ JzeeliB¥= P Chawathi First Natior [lETERTGTS 1

Figure 1. Map of rural communities in northern British Columbia, Canada [21].

3. Methodology

The International Organization for Standardization (ISO) has developed several stan-
dards related to LCA to promote consistent and credible environmental assessments [22].
The most well-known standard is ISO 14040, which provides general principles and guide-
lines for conducting LCA studies. All four stages of LCA are covered in ISO 14040 [23].

The LCA is a method for assessing how products and decisions impact the environ-
ment [24]. Using LCA can be beneficial, as it could provide information about potential
environmental impacts of a product before it is marketed, which can help prevent such
adverse impacts. The steps of the LCA are described in the following sub-sections [25-27]:

(1) Goal and scope definition: The study’s goal and scope are defined before collecting
any data. The LCA methodology’s approach is determined in this phase, which is very
important. However, the goal and scope can be modified as data are collected [25].

(2) Life cycle inventory analysis (LCI): The data collection process for an LCA starts
after the demarcation lines are set. During the LCI stage, the inputs and outputs
of an industrial system are quantified and documented, considering the specified
functional unit [26].

(3) Life cycle impact assessment (LCIA): The LCIA is the process of making the data
collected in the LCI phase meaningful and actionable. Using the data collected in the
LCI phase, actual environmental impacts are calculated [26].

(4) Interpretation of the results: Interpretation is the final step in the LCA study. It involves
categorizing, quantifying, checking, and evaluating the LCI and LCIA outcomes. The
interpretations will lead to appropriate conclusions and recommendations [27].

3.1. System Boundary Description

Figure 2 illustrates the LCA boundary, and the processing stages and transportation
segments involved in delivering wood pellets (produced in BC) to remote communities.
The functional unit of this system is 1 tonne of wood pellets. The system boundary for a
cradle-to-gate LCA of wood pellets typically includes the major stages of the product life
cycle, namely the harvesting of timber, sawmill operation, pelletization, and combustion.
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This means that the LCA would cover the environmental impacts associated with the
production of wood pellets, from the extraction of raw materials to the point of sale or
delivery to the customer. The boundary would include activities such as forest management,
timber harvesting, transport of raw materials to the sawmill, processing of timber to create
wood chips, drying and pelletization of wood chips to form pellets, transport of pellets to
the end user, and combustion of pellets for energy generation. Given the above-described
boundary, neither land use changes nor building infrastructure changes are considered in
this LCA.
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Figure 2. LCA system boundary.

More than 60% of BC’s land is covered by forest, and less than one-third of 1% of
BC’s forests are logged annually. For logging purposes, no land is generally converted into
forests [28]. Therefore, land use changes are not considerable. Also, this study does not take
into account how logging practices may affect biodiversity. By excluding the end-of-life
disposal phase, the LCA will also not include the environmental impacts associated with
the disposal of residues after the combustion of wood pellets. The LCA adopted in this
study can provide valuable information to identify opportunities for improvement in the
production process and help decision-makers understand the environmental trade-offs of
using wood pellets as a fuel source.

3.2. Life Cycle Inventory Data

LCI is a critical element of LCA that involves gathering and assessing data on the
inputs and outputs across all stages of a product or a service. LCI provides a comprehen-
sive understanding of the environmental impacts associated with the product or service,
including energy and resource use, emissions to air, water, and soil, and waste generation.
However, performing the inventory analysis is a time-consuming task. Although software
platforms and databases (such as SimaPro) exist that offer a wealth of secondary data [29],
some materials or processes might still be missing.

Within the realm of LCA data, it is useful to distinguish between two types of data:
primary data, which are self-generated through surveys, interviews, and experiments, and
secondary data, which are stored as part of an organization’s records and can be extracted
from various data files [30]. In this study, secondary data were primarily used from sources
such as literature, surveys, online databases, and SimaPro’s Ecoinvent database [29]. The
collection of energy consumption data for each stage of processing and transportation is the
first step, including various types of energy consumption such as diesel, electricity, natural
gas, wood residue, heavy fuel oil, propane, steam, and gasoline. The Ecoinvent database,
which provides primary energy requirements for different fuels and energy, was utilized to
comply with ISO 14040 and 14044 standards. Ecoinvent is considered the largest and most
consistent LCI database that supports data transparency [29].

3.2.1. LCI Parameters for Harvesting and Forest Management

LCI parameters for harvesting and forest management typically include a range of
inputs and outputs associated with timber extraction, transportation, and processing. These
parameters can vary depending on the specific practices used in each region or country.
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The Athena Sustainable Materials Institute [31] notes that spruce and pine are among the
most common tree species in Canada for producing wood pellets, which are the focus of
this study. The data for these tree species were obtained from the Ecoinvent database using
SimaPro software version 8.4.0.0 [29]. After forest residues are transported to the pellet
factory, any materials that cannot be utilized in pellet production, such as tree bark, are
combusted to generate the heat required for raw material drying.

3.2.2. LCI Parameters for Transportation

The LCI parameters that are associated with the transport of feedstock to produce
wood pellets encompass a variety of inputs and outputs that are involved in the logistics of
raw materials from their origin, such as forests or other sources, to the processing facility.
These parameters may include factors such as distance, fuel consumption, vehicle type,
and payload capacity that contribute to the environmental impacts of pellet transportation.

We studied different transportation options and distances for delivering the feedstock,
considering guidelines from the Government of Canada [32] and research on LCA models
and methods used for shipping wood pellets from Canada to Europe [13]. Based on the
references, trucks are the best choice for transportation when there is no access to waterways,
and the distance between the source of the materials and the production facility is assumed
to be 100 km. It is important to mention that wood pellet facilities are often situated close
to forestry harvest operations and sawmills. This proximity has two advantages: shorter
transportation distances are not only economically beneficial but also lead to improved
sustainability of biofuels by reducing environmental impacts associated with transport [32].
According to Pa et al. (2013) and Magelli et al. (2009) [28,33], the distance from the sawmill
to the pellet production units is estimated to be about 26.3 km.

After a thorough evaluation of multiple wood pellet production facilities in BC, the
Premium Pellet facility stood out as the optimal choice. This facility has the capability to
efficiently transport wood pellets to the Kwadacha community, which is situated approxi-
mately 522.5 km away. Premium Pellet has a production capacity of up to 170,000 metric
tonnes of pellets. It is mainly a supplier to the power industry in BC to replace coal in
electricity generation. It also serves customers for residential heating in BC [34]. In com-
parison to other pellet producers, Premium Pellet is located relatively closer to the remote
community of Kwadacha, resulting in reduced environmental impacts and costs associated
with pellet transportation.

3.2.3. LCI Parameters for Sawmill Operation and Pelletization

The LCA of sawmill operation and pelletization is associated with a variety of in-
puts and outputs including energy consumption, raw material use, water use, as well as
chemicals and additives. Such parameters provide valuable insights into the conversion of
raw materials, such as sawdust or wood chips, into wood pellets, and help to assess the
environmental impact of such transformation processes.

Pa (2010) [35] provided valuable data on sawmill operation and pellet production,
which is used as a basis to develop a wood pellet inventory for BC and evaluate domestic
pellet utilizations. These data included energy consumption per tonne of pellets, reported
in MJ, and emissions per tonne of pellets, reported in Kg. This information is an essential
component in assessing the environmental impact of the wood pellet production process
and identifying areas for improvement.

3.3. Impact Assessment

SimaPro provides several impact assessment methods for calculating impact assess-
ment findings [29]. TRACI 2.1, which is one of the North American impact assessment
methods, is chosen. TRACI (Tool for the Reduction and Assessment of Chemical and Other
Environmental Impacts) is a stand-alone computer software designed by the Environmental
Protection Agency. TRACI defines environmental stressors such as ozone depletion, global
warming, acidification, eutrophication, tropospheric ozone (smog), ecotoxicity, human
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health-related effects, human health cancer effects, human health non-cancer, fossil fuel
depletion, and land-use effects [36]. These impact categories are relevant for wood pellet
production, as they are associated with emissions from transportation, energy use, and
other aspects of the production process. In addition, TRACI 2.1 includes several impact
categories related to human health, such as respiratory effects, which can be important con-
siderations for wood pellet production, particularly in areas where air quality is a concern.

4. Results Analysis

The LCA analysis was conducted using SimaPro software version 8.4.0.0 and TRACI
2.1, and using Ecoinvent 3 and Agri-footprint databases [29] with the objectives of:

1. Assessing the environmental impact of wood pellets as a heating fuel on
remote communities.
2. Comparing the environmental impacts of wood pellets versus diesel combustion.

Considering the above objectives, the LCA is conducted across the following stages.

4.1. Harvesting and Forest Management

Energy-wood harvesting is a crucial stage in forestry with a significant impact on the
environment. Energy wood harvested from forests is used in power plants and households.
Tree branches, treetops, and stumps are commonly used as energy wood [37]. Forest
harvesting is carried out after a final felling before regrowth. This process involves cutting
trees and delivering them to sawmills, pulp mills, and other wood-processing facilities.
Forest harvesting involves the construction of roads, logging, and transportation with
impacts on the environment [38]. The results obtained from SimaPro for harvesting and
forest management phase are summarized in Figure 3.

100
a0 Tree seedling for planting in
unheated greenhouse
20
Tree seedling for planting in
70 heated greerhouse
B0 m Diesel, burned in building
e 50 machine
0 B Harvesting, forestry harvester
30 Forwarding
20
10 W Powear sawing, without
catalytic conwerter
0
B Harvesting/bundling, energy
wood harvester
<
Q’b?’ B Gravel, crushed
£
¢ °

Figure 3. SimaPro results for harvesting and forest management [29].

4.2. Transportation

The LCA results presented in Figure 4 indicate that the transportation of wood pellets
to remote communities is the primary contributor to the environmental impacts of wood
pellets. This is primarily due to the considerable distance between the pellet production
facility and these remote areas. Transportation of feedstock for sawmill operation is the
second most significant contributor. Therefore, reducing transportation distances and
optimizing logistics can significantly enhance the environmental sustainability of wood
pellet production and distribution.
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M transport the feed stock M sawmill transportation

M transport to the end user

Figure 4. The transportation scenarios considered in the LCA of wood pellets.

4.3. Sawmill Operation

In sawmill operation; diesel usage has the highest impact on the environment, with
electricity usage being the second most influential factor. While small-scale sawmills offer a
range of power source options, including gasoline and electricity, diesel-powered units are
often preferred due to their low cost. Thus, the environmental impact of diesel usage should
be carefully considered when selecting a power source option for sawmill operations [39].

Operations of a hardwood sawmill involve log debarking, log sawing, flitch edging,
trimming, side-cut chipping, and lumber drying. If the mill produces only rough green
lumber and lacks kiln drying facilities, it will primarily rely on electricity. Otherwise, steam
or combustion heat becomes the primary energy source. To improve energy efficiency, it is
important to focus on using highly efficient motors in combination with energy utilities.
This can help to reduce the overall energy consumption of the sawmill, regardless of what
energy source is being used [40]. The results obtained from SimaPro for the sawmill phase
are presented in Figure 5.

100
90 -
80 -
70
60 - B Wood Waste
® 50 - Steam
40 -
B Propane
30 -
20 - Diesel
10 - m Heavy fuel oil
0 -
B Natural gas
O B O SR
& & & ¢ & & & & B Electricity
Q,Q ® N o =) A2 o Q
R PR A O DL
e 2 & NS A
o @ s 50 > o e A
8) AL > < < & 5
v © & R 2
<~ x (<0"

Figure 5. SimaPro results for sawmill operation unit [29].

4.4. Pelletization

In the production of wood pellets, a majority of environmental impacts—over 80%—
can be attributed to electricity consumption in the pelletizing process. This consumption
is driven by a variety of equipment, including the pellet mill, hammer mill, cooler, dryer
motor, and other miscellaneous equipment. Of these, the drying process consumes the
largest share of energy [41].
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Pelletization is also a significant cost component in pellet production. However, it
also incurs additional expenses due to wear and tear of rollers and dies, which leads to
increased electricity consumption and maintenance costs [41]. Figure 6 shows the results
obtained from SimaPro for the pelletization phase.

100

Q0

g0

70

&0

® 50
40

20

20

10

Combustion, dry wood
residue

W Diesel

W Propane

B Electricity

Figure 6. SimaPro results for pelletization [29].

4.5. Comparative Analysis: Stages

LCA results presented in Figure 7 illustrate that pellet burning/combustion and pellet
production have a major share in environmental impacts of wood pellets. However, it
should be noted that the combustion of wood pellets is associated with several impact
categories. Notably, the major impact categories affected by the combustion of wood
pellets are smog, acidification, and respiratory effects. Smog, and in particular particulate
matters (PMs), could have adverse effects on human health, particularly on the respiratory
system [35,42] and can pose a significant health risk.

100
90
80
70
60
® 50
40
20
20
10

W Wood Pellet Combustion
Pellet Production Unit
W Sawmill Cperation

W Transport

B Forest Management

Figure 7. LCA across the stages [29].

4.6. Comparative Analysis: Fuels

To estimate emissions from the combustion of diesel, a calculation tool developed by
the Environmental Protection Agency in the US is used [43] jointly with the methodologies
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proposed for quantifying GHG emissions in BC [44]. Data on emissions from wood pellet

burning are obtained from Pa (2010) and the Government of Canada (2018) [35,45].

The results of comparing the environmental impacts and emissions associated with

burning diesel and wood pellets are presented in Table 1.

Table 1. Emission contributions of wood pellets and diesel combustion per unit of energy output

(kg/GJ).
Substance Wood Pellet (kg/GJ) Diesel (kg/G])
Carbon Monoxide (CO) 0.504009164 0.417743453
Sulphur Dioxide (SO,) 0.011454754 0.130544829
Oxides of Nitrogen, expressed as NO, (NOx) 0.080183276 1.879845539
Volatile Organic Compounds (VOCs) 0.085910653 0.156653795
Total Particulate Matter (TPM) 0.068728522 0.130544829
Particulate Matter < 10 pm (PM1q) 0.063001145 0.130544829
Particulate Matter < 2.5 pm (PM; 5) 0.063001145 0.130544829
Bio CO, 99.14089347 2.77

CO, -— 67.43

CH,4 0.063573883 0.0035

N,O 0.003321879 0.0104

The table demonstrates that wood pellets emit lower levels of most emissions, with
the exception of CHy, CO, and bio-CO;. The rationale behind these numbers is that
the emissions of CO, CO,, and CH, are mainly due to natural biodegradation and auto-
oxidation of organic components present in wood [46]. In this study, biogenic carbon
dioxide emissions are specifically defined as those resulting from the combustion, digestion,
fermentation, or decomposition of biologically derived materials, excluding fossil fuels,
peat, and mineral carbon sources [47].

According to SimaPro, pellets perform better in all midpoint impact categories, espe-
cially those that are non-carcinogenic. The results from SimaPro for comparing pellets and
diesel are summarized in Figure 8.

100
90
80
70
60
50
40
30
20
10

%

M diesel combustion for 1 GJ

m wood combustion for 1 GJ

Figure 8. SimaPro results for comparison of wood pellet with diesel for 1 GJ of energy output.

5. Discussion

This study involved a cradle-to-gate LCA for utilization of wood pellets as an alterna-
tive fuel source for a case-study remote community in Canada. The results indicated that
the pelletization stage had a considerable share in most environmental impact categories,
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primarily due to the high electricity usage associated with its preparation and preprocess-
ing. The production of wood pellets involves various processes such as drying, grinding,
pelletizing, cooling, bagging, packaging machines, conveyors, and dust collectors, all of
which are powered by electricity. The amount of electricity required varies depending on
factors like production unit scale, raw materials, and processes employed [48]. As such,
to minimize the environmental impact of pellet production, it is crucial to use renewable
energy sources such as wind, solar, and hydropower. In addition, the production processes
can be optimized to reduce energy consumption and waste, which can further minimize
the environmental impact of pellet production.

Although the pellet combustion stage may not contribute significantly to all impact
categories, it can have a significant impact on the creation of smog and respiratory effects.
To reduce these impacts, it is recommended to use high-quality wood pellets with low
levels of impurities to reduce emissions. Installing a high-efficiency pellet stove or furnace
can also maximize combustion and reduce emissions. Regular maintenance and cleaning
of the stove or furnace can also ensure optimal performance and further reduce emissions.
Proper ventilation and air circulation in the room can also minimize indoor air pollution.
Burning pellets in moderation and avoiding overuse is also a means of minimizing overall
environmental impact. By implementing these recommendations, the negative impacts of
pellet combustion on the environment and human health could be mitigated.

In comparison to diesel, wood pellets were shown to perform better in many impact
categories, particularly in non-carcinogenic categories. As such, wood-based bioenergy,
particularly wood pellets, can be a sustainable alternative to fossil fuels, and can provide
reliable energy to remote communities. By financing wood-based bioenergy projects, the
Canadian federal government can help reduce reliance of rural communities on fossil fuels,
promote sustainable energy systems, and stimulate economic growth and job creation.

In this study, the importance of the domestic use of wood pellets was highlighted,
by emphasizing considerable environmental and health consequences associated with
ocean transportation when exporting Canadian wood pellets to other countries. Although
wood-based bioenergy has numerous advantages, such as reducing GHG emissions and en-
couraging sustainable forestry practices, its required transport activities can cause adverse
environmental effects. Therefore, it is crucial to meticulously assess and mitigate the im-
pacts of transportation to ensure that wood-based bioenergy continues to be a sustainable
and feasible alternative [49].

In order to corroborate the findings of this research, a comparison with a prior in-
vestigation conducted by Francesco et al. (2018) [50] in Portugal, as a benchmark, was
advocated. The LCAs of both domestic and industrial production of wood pellets were
targeted, accounting for variations in transportation distances, methodology selection, and
differing data sets based on each case study. Despite these dissimilarities, it was observed
that their results exhibited a comparable pattern to this study. Specifically, particulate
matter formation during the combustion stage of the LCA was identified as having signifi-
cant respiratory effects in their study, which is also consistent with findings of this study.
Additionally, in their study, the largest proportion of impact related to forest stage and
transportation was attributed to the ozone depletion impact category, which is in line with
findings of this research.

6. Conclusions

To evaluate the environmental impact of utilizing wood pellets for Kwadacha, a remote
community in BC, Canada, this study utilized LCA. The research highlights the significance
of electricity consumption linked with the machinery utilized in the compression and
drying stages of pelletization, and the respiratory impacts linked with pellet combustion.
Therefore, to minimize the mentioned environmental impacts of pelletization, mitigation
strategies should be adopted during this phase. In addition, the results pointed to the
need to decrease the energy consumption during pelletization and shifting to renewable
energy sources to supply electricity needed during preparation and preprocessing of the
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pellets. Additionally, the transportation phase, which involves long-distance transportation
to the final destination, was recognized as a significant factor contributing to environmental
impacts in various stages of wood pellet production. Furthermore, despite all of the above
identified impacts, the results indicated that using wood pellets was still associated with
lower environmental impacts in comparison with fossil fuels in most categories of impact.

There are several limitations in this study that should be taken into consideration
when interpreting the results. Data availability for all LCA stages was one of the main
limitations. Furthermore, this study was limited by the pre-determined system boundaries,
especially in terms of transportation means and distances. Due to a lack of information on
other operational pellet production units that could transport wood pellets to the remote
community, one of the major pellet production units in BC was assumed as the supplier.
Consequently, the transportation distance between the pellet production unit and the
remote community was long, contributing to a high level of related environmental impacts.

To address the above limitations, future work should focus on conducting small-
scale pilot projects in selected remote communities to use wood pellets as an alternative
energy source and test the ways to improve the efficiency of the process. Long-term
monitoring and assessment of these implemented systems could provide valuable insights
into their performance, challenges, and impacts over time, and can serve as source of data
for future LCA studies. Additionally, investigating the potential of torrefied wood pellets
and addressing challenges such as higher emissions and energy requirements, as well as
cost considerations will contribute to unlocking their full potential as a sustainable energy
option for remote communities [51], necessitating further research and development efforts.
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