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Abstract 12 

Western Canada can play a critical role in exporting liquified natural gas (LNG) to Asian markets as world 13 
energy production transitions to fuels with lower-carbon intensity. We assessed the feasibility of this role 14 
by considering a case study if Japan switches a substantial portion of its electricity generation from coal 15 
to LNG sourced from LNG Canada in Kitimat, British Columbia (B.C.), which is on the traditional territory 16 
of the Haisla Nation.  17 

The benefits of LNG must be balanced against the costs to Indigenous peoples, who have historically been 18 
exploited by Canadian resource development. We examined the socioeconomic, cultural, and 19 
environmental effects of LNG Canada’s operations on the Haisla Nation. We also identified impact 20 
mitigation measures around Kitimat that ensure Haisla Nation mutually benefits from LNG development.  21 

Using a selection of life-cycle assessments, we found that a Japanese power generation feedstock 22 
transition from coal to Canadian LNG could result in GHG reductions of up to 512 kilograms of carbon 23 
dioxide equivalent per megawatt-hour (kg CO2-eq/MWh). However, the emissions from the LNG industry 24 
in B.C. are incongruent with the province’s climate goals, given the addition of 16 million tonnes (Mt) CO2-25 
eq to B.C.’s annual emissions starting in 2025. We found that these emissions could be reduced by facility 26 
electrification in Kitimat (approximately 1.6 MtCO2-eq) through hydroelectricity, and by carbon capture 27 
and storage (approximately 2.2 MtCO2-eq) and electrification (approximately 3.4 MtCO2-eq) in 28 
northeastern B.C.. Decarbonizing other emission-intensive sectors could also offset excess emissions from 29 
LNG Canada. Finally, if structured successfully, emissions trading with LNG counterparties may also 30 
provide the required emissions reduction for B.C.. 31 

By aligning policies and resources, our research shows that Western Canadian LNG could be a pathway to 32 
economic reconciliation for Indigenous peoples while contributing to global climate change mitigation. 33 

 34 

 35 
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1.0 Introduction   36 

Not all sources of liquified natural gas (LNG1) are created equal. The energy required to liquefy and ship 37 
LNG impacts greenhouse gas (GHG) emission intensity along the entire value chain, impacting net benefit 38 
to GHG reduction efforts worldwide. Canada’s colder ambient temperatures and shorter shipping distance 39 
from Canada’s West Coast to Asia results in lower GHG emissions relative to the only other LNG exporting 40 
facility in North America2 [1]. Given these advantages, Western Canada is positioned to play an important 41 
role in exporting LNG to growing Asian markets, particularly as world energy production transitions to 42 
lower-carbon intensity fuels.  43 

As global demand for LNG is projected to grow to as much as 1100 billion cubic metres (Bcm; 38.9 billion 44 
cubic feet per day, Bcf/d) by 2035, the objective of the following paper is to establish the impact, if any, 45 
that Western Canadian LNG could have on global and Canadian GHG emissions, as well as on Indigenous 46 
peoples inhabiting the coast of British Columbia (B.C.) [2]. We assessed the feasibility of  Canada’s role in 47 
the low-carbon energy transition using a case study if Japan switches its electricity generation from coal 48 
to Canadian LNG, particularly from LNG Canada. We selected Japan because of its heavy reliance on 49 
imported coal, which increased following the Fukushima nuclear disaster in 2011 [3]. We believe our 50 
approach could be translated to other major LNG-importing Asian countries (e.g., China and South Korea) 51 
due to their proximity and energy demands [4]. 52 

LNG Canada, an LNG export facility under construction in Kitimat, B.C., is a $40 billion3 joint venture owned 53 
by Shell, PETRONAS, PetroChina, Mitsubishi Corporation, and Korea Gas Corporation [5,6]. Upon 54 
completion in 2025, LNG Canada will receive natural gas (NG) sourced from the Montney Formation in 55 
northeastern B.C. through the Coastal GasLink pipeline and could export approximately 3.5 Bfc/d at full 56 
capacity [7]. The facility is in the Kitimat Arm of the Douglas Channel; this is a deep-water fjord that 57 
connects the B.C. coast to the Pacific Ocean and is home to many Indigenous peoples, including the Haisla 58 
First Nation, who are located closest to the facility (Figure 1). 59 

The socioeconomic benefits of LNG must be balanced against the environmental and cultural costs to 60 
Indigenous people, who have historically been exploited by resource development. We examined impact 61 
mitigation measures around Kitimat, B.C. to ensure mutual benefit from LNG developments to the Haisla 62 
Nation through socioeconomic growth, preservation of their traditional ways, and continuing 63 
environmental stewardship. 64 

To assess the impact of Canadian LNG on global GHG emissions, we reviewed existing life-cycle 65 
assessments (LCAs) and considered both coal and LNG in terms of the functional unit of kilograms of 66 
carbon dioxide equivalent per megawatt-hour (kg CO2-eq/MWh). We found that there is a net global GHG 67 
emissions reduction if Japan transitions its power generation feedstock to Canadian LNG [8,9,10,11]. 68 

However, LNG production is incongruent with B.C.’s GHG reduction goals because LNG development will 69 
increase B.C.’s annual domestic GHG emissions. To simultaneously achieve LNG industry expansion in B.C. 70 
and meet B.C.’s emissions targets, we presented three policy options: 1) investment in additional 71 
emissions reduction measures through facility electrification and CCS technology, 2) additional 72 
decarbonization measures on other emission-intensive sectors, and 3) emissions reduction credit trading 73 
with LNG-recipient countries. 74 

 
1 LNG is a clear, colourless, odorless, and non-toxic liquid that forms when natural gas is cooled to -162ºC (-260ºF). 
2 Sabine Pass LNG is an LNG export facility in Cameron, Louisiana, U.S.A. [12]. 
3 This is the largest energy investment in Canadian history, to-date [5]. 
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2.0 Pathway to Reconciliation: The Case of Haisla Nation 75 

The town of Kitimat has been exposed to several industries prior to LNG [13]. Kitimaat Village, home to 76 
over 1,800 members of the Haisla First Nation, is located 10 km downstream of Kitimat at the head of the 77 
Douglas Channel; this is a strategically important location as it is ice-free year-round, providing a critical 78 
artery for shipping Canadian goods to Asia and beyond [14,15]. 79 

Interference from the Canadian government, the B.C. province, and industry (e.g., Rio Tinto Alcan and 80 
Methanex) have had profound consequences for the Haisla Nation, including community fragmentation 81 
and displacement4, the decimation of their traditional food sources5, cultural erasure6, and 82 
disenfranchisement7. As such, the LNG industry cannot go forward without reconciling with the Haisla 83 
Nation. Although Canada has made progress towards improving socioeconomic outcomes for Indigenous 84 
peoples, it is not on track to meet parity [16]. Government and industry must take meaningful action in 85 
procurement, access to capital, education, and wealth sharing with the Haisla [16].  86 

Karen Ogen-Toews, Wet’suwet’en First Nation council member and CEO of First Nations LNG Alliance, 87 
suggested that Indigenous participation in the LNG industry is the best way to achieve “economic 88 
reconciliation”8 and economic parity for Indigenous peoples in B.C. [17,18]. Haisla Nation, together with 89 
the First Nations Climate Initiative and First Nations LNG Alliance, have expressed their support for the 90 
Canadian LNG industry [18,19,20]. LNG industry activity in Haisla Nation territory is considered a “smart, 91 
sustainable economic development” that has brought positive changes whilst respecting the integrity of 92 
their lands [21].  93 

Elected Chief Councillor of the Haisla Nation, Crystal Smith, has attributed the success of the relationship 94 
between the Haisla Nation and LNG Canada to the engagement process: “[LNG Canada has] respected our 95 
expertise when it comes to our territory and our culture” [22]. Ongoing engagement, cultural sharing, and 96 
active listening between Indigenous peoples, government, and industry is considered the best path 97 
forward for all Canadian LNG projects [23]. 98 

Not all Indigenous people are in quorum with Haisla Nation’s support of LNG. Although all 20 First Nations 99 
along the pipeline route have signed benefit agreements with Coastal GasLink, the hereditary chiefs of 100 
the Wet’suwet’en First Nation have opposed LNG pipeline construction on their unceded territory 101 
[24,25,26,27]. This resulted in a widely publicized construction blockade of Coastal GasLink in January 102 
2020 [24]. The Canadian government reached a memorandum of understanding with the Wet’suwet’en 103 
hereditary chiefs in February 2020, although this issue is unresolved pending a final agreement [28] 104 

 
4 The reserve allotted to Haisla Nation, whose traditional territory spans ~13,000 km2, amounts to scant hectares 

described by Reserve Commissioner Peter O’Reilly in 1890 as “worthless” [14]. 
5 The actions of Rio Tinto Alcan and Methanex resulted in the destruction of salmon and oolichan habitat 

[13,15,29]. 
6 Haisla artifacts illegally taken by Christian missionaries in the 1880’s are now housed at the University of British 

Columbia’s Museum of Anthropology in Vancouver. Haisla people must go to a museum to view their own 
heritage. Residential school teachings and outlawing cultural practices (e.g., the prohibition of potlatch festivals in 
1884) further erased their history [14].  
7 The Indian Act prohibited Haisla Nation from hiring legal representation for land claims against the Crown until 

1951. Additionally, Indigenous peoples were not allowed to vote in federal elections until 1961 [14]. 
8 “Economic reconciliation” describes a future where community healing from residential schools, increased 

education, proper living standards, and reconnection to culture are achieved for Indigenous people across B.C. 
[17]. 



LNG Team  4 
 

2.1 Benefits to Haisla Nation 105 

LNG proponents, including LNG Canada, provide opportunities that address community interests – 106 
employment, social supports, and training programs [20,29]. Indigenous peoples use these financial 107 
benefits to preserving language and promoting cultural heritage through youth camps and education 108 
programs [20,29]. Chief Councillor Smith has described this as a means of “rebuilding and reigniting [our] 109 
Haisla identities” [30]. In its construction phase, LNG Canada has brought socioeconomic benefits9 to 110 
Indigenous peoples in B.C.; additional LNG development could create broader opportunities for 111 
Indigenous peoples throughout B.C. and the rest of Canada10 [20].  112 

The Canadian and B.C. governments are also providing support to Indigenous communities. For instance, 113 
B.C. has committed $30 million in training programs to ready Indigenous workers for LNG-related jobs 114 
[31]. In 2019, the Canadian government committed $55 million to replace the aging Haisla Bridge in the 115 
District of Kitimat to support and service existing and increased traffic in the region [5].  116 

Participation in Canadian LNG is one pathway to economic self-determination for First Nations 117 
communities in northern Canada [17,18]. In 2012 and 2016, Haisla Nation leased 769 hectares of Crown 118 
land on the Douglas Channel from the federal government to develop a marine LNG export terminal called 119 
Cedar LNG [32,33]. Cedar LNG, a floating LNG facility with expected annual full build-out LNG production 120 
of 3-4 million tonnes (Mt) annually, would be the first majority Indigenous-owned LNG export facility in 121 
Canada [33]. The project could create 350-500 temporary jobs at peak construction, potentially employing 122 
70-100 people full-time. Cedar LNG’s operation could generate up to $600 billion in revenue over the next 123 
30 years [34,35]. 124 

2.2 Costs to Haisla Nation 125 

Despite the economic advantages and regulatory requirements imposed on LNG projects like LNG Canada, 126 
social and health risks exist for affected communities; this arises especially from the immigration of people 127 
and capital. The disruption of Kitimat’s ecosystem from the influx of people has introduced new diseases, 128 
posing health risks [14]. Capital inflow also disrupted the community’s market forces as the rapid rise in 129 
capital placed upward pressure on prices and wages; this priced out Haisla Nation members11 [36]. There 130 
is also concern that programs designed to help Haisla people navigate through the changes have not kept 131 
pace with economic developments [36]. 132 

Specific issues arise when the experiences of Haisla women and girls are considered. For instance, 133 
increased numbers of working mothers and youth have increased the desire for childcare during shift 134 
work hours. It is challenging to find trustworthy childcare providers “given the prevalence of 135 
intergenerational trauma and abuse” [36]. Kitimat’s status as a resource boomtown is also associated with 136 
increased domestic violence and harassment by migrant workers [37]. Shelters for women fleeing 137 

 
9 As of 2020, LNG Canada has awarded $2.2 billion in local and Indigenous contracts, and has spent $6 million in 

social investments and workforce development programs amongst affected communities [38]. As of February 
2020, LNG Canada employed 270 Indigenous workers, and 36% of Coastal GasLink’s pipeline workforce self-
identified as Indigenous [20].  
10 TC Energy awarded $870 million in contracts to Indigenous and local companies; Coastal GasLink committed to 

spend $1 billion on Indigenous employment; Kitimat LNG awarded Haisla First Nation businesses 85% of its total 
construction spending [20]. 
11 The average price of a single-family home in Kitimat rose by 91% from 2011-2016, eventually reaching 

~$300,000 [39]; in Kitimat, 33.5% of renters were spending >30% of their before-tax income on housing. This is 
unaffordable by CMHC standards [37] 
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domestic violence are frequently overwhelmed in Kitimat and nearby Terrace, forcing some women in 138 
need to be turned away [40]. The National Inquiry into Missing and Murdered Indigenous Women and 139 
Girls (MMIWG) determined that Indigenous access to equitable housing, education, safety, and health 140 
care is a “legal imperative” for all, as trauma and marginalization caused by colonialism have led to high 141 
rates of violence against Indigenous women and LGBTQ2S+ people [41].  142 

Community health could be further impacted through a rise in illegal activities caused by capital 143 
accumulation (e.g., money laundering, drug dealing, and prostitution),  which contravene traditional 144 
Haisla values and culture [36,42]. Without sufficient support, Indigenous peoples are unprepared to 145 
respond appropriately to these radical changes. These concerns are magnified by LNG Canada’s massive 146 
human and capital requirements [5].  147 

Haisla First Nation rejected the Enbridge Northern Gateway bitumen pipeline in 2013, which was 148 
ultimately canceled, as they determined it would cause “significant adverse environmental effects that 149 
cannot be mitigated” [43]. A bitumen spill could have damaged vulnerable flora and fauna crucial to the 150 
Haisla way of life. Furthermore, Haisla Nation was unsatisfied with Enbridge’s proposed mitigation 151 
measures and lack of community engagement [13]. In their Environmental Assessment Certificate 152 
application, LNG Canada outlined “extensive” mitigation measures12 developed in consultation with 153 
Haisla; these were evaluated by CER and B.C.’s Environmental Assessment Office, who each found it was 154 
unlikely that LNG Canada could “cause significant adverse environmental effects” other than increased 155 
GHG emissions in B.C. [44,45]. 156 

LNG Canada’s operations will increase carbon dioxide emissions (CO2) around Kitimat; this increase is 157 
below health-based limits and meets regulatory criteria [52]. Nevertheless, increases in CO2 emissions are 158 
strongly correlated with climate change, and increased atmospheric concentrations could introduce 159 
health hazards1314[46,47]. As coastal Indigenous people, Haisla Nation is vulnerable to the effects of 160 
climate change; their lands could be flooded via sea-level rise, and traditional food sources damaged 161 
through coastal erosion and storm surges [48,49]. Ecosystem health in the Douglas Channel could be 162 
further impacted by ocean warming and increased algal blooms [50]. 163 

2.3 Conclusion: Impact Mitigation Measures 164 

We identified four impact mitigation measures to address the key issues discussed above (Figure 2; Table 165 
1). Enhanced capacity building (e.g., housing, healthcare, and childcare facilities) and community program 166 
development (e.g., mental health, financial literacy, skills training and matching) can address the lack of 167 
social support. Technology (e.g., telemedicine, online learning, 24/7 helpdesk) can complement these 168 
endeavors remotely in light of the COVID-19 pandemic. Collaboration with private and public sectors is 169 
also key in advancing the nation’s socioeconomic interest while fostering community health outcomes 170 
(e.g., working with government agencies in curbing money laundering, drug dealing, and prostitution; 171 
negotiating with banks to providing financial services for Indigenous people; working with the academe 172 
to improve financial literacy curriculum for Indigenous schools).  173 

 
12 These include mitigating accidents (i.e., LNG and related chemical spills), air quality, effects on wildlife, noise 

levels, GHG emissions, shipping traffic, vegetation and habitat, and visual impacts [10]. 
13 Health impacts include kidney calcification, reductions in high-level cognitive abilities, and bone 

demineralization if atmospheric CO2 levels exceed 1,000 ppm [51]. 
14  Although sulphur dioxide and nitrogen dioxide levels from LNG Canada may sometimes exceed regulatory 

guidelines, they are not expected to impact human health or the environment [52]. 
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As the government and Haisla found LNG Canada’s environmental mitigation measures sufficient, these 174 
measures simply need to be implemented and monitored. Involving the Haisla community in this process 175 
can promote environmental education programs for youth and job training. While the increase in CO2 176 
around Kitimat arising from LNG Canada’s operations is not alarming, it is still prudent to reduce Haisla’s 177 
vulnerability to the harmful effects of climate change through flood mitigation measures, forest 178 
preservation, improved waste management, and integration of low-carbon energy.  179 

3.0 Pathway to Global GHG Reduction: The Case of Japan 180 

Increased emissions of GHGs like CO2 are primarily responsible for observed changes in the Earth’s climate 181 
since the start of the Industrial Revolution [45,46]. Global CO2 reductions equivalent to 23.3 gigatonnes15 182 
are required to limit the impact of climate change to at least 1.5oC below pre-industrial levels by 2100 183 
[53,54]. Coal consumption is the leading source of CO2 emissions globally [55]. With the urgency to reduce 184 
GHG emissions and air pollution, many countries are considering transitioning to fuel alternatives that 185 
generate less GHG emissions, like natural gas (NG). 186 

When consumed for power generation, NG produces 40-50% less GHG emissions than coal and 20% less 187 
than oil [56]. Reduced emissions aside, burning NG has a reduced impact on air quality relative to coal and 188 
diesel as its combustion produces relatively low nitrogen oxides, negligible sulfur dioxide, and no 189 
particulates [56]. Given this, countries like Japan with 140 existing and 8 planned coal-fired power plants 190 
can review the effects of reducing their coal consumption and increasing their use of NG as feedstock for 191 
electricity generation by importing more LNG. The liquefaction process involved in refining NG into LNG 192 
removes impurities, causing LNG to produce even fewer emissions than unrefined NG [57]. As such, the 193 
global trade of LNG has been growing continuously for the past six years, reaching 354.73 Mt and US$130 194 
billion in 2019, a 13% increase relative to 2018 [58,59].  195 

3.1 Life-cycle Assessment of GHG Emissions of LNG and Coal 196 

To assess and compare the GHG emissions caused by different energy sources, we reviewed existing LCAs. 197 
They take a ‘cradle-to-grave’ approach: accounting for emissions at each stage of the life cycle including 198 
raw material extraction, manufacturing and processing, transportation, usage, and end-of-life disposal. In 199 
this study, we used kg CO2-eq/MWh of net energy generated at a power plant as the functional unit16. 200 

A Canadian LCA completed for an ‘in-construction’ LNG project at Kitimat, B.C. shows that the total GHG 201 
emissions for the complete LNG value chain is approximately 460 kg CO2-eq/MWh [10,11,60] (Table 2). 202 
This number includes LNG produced in northeastern B.C., transport via pipeline to the LNG facility in 203 
Kitimat,  shipping to Japan, regasification at a Japanese port, and electricity production at a Japanese 204 
power plant. In comparison, a Japanese LCA study shows the GHG emissions using NG for electricity 205 
generation. Utilizing a traditional single-cycle gas plant results in GHG emissions of 608 kg CO2-eq/MWh, 206 
whereas the more efficient and popular combined-cycle (includes power from waste heat) gas plant has 207 
estimated GHG emissions of 519 kg CO2-eq/MWh [9]. Another LCA study of LNG exported from an existing 208 

 
15 Based on 2018 levels of recorded global CO2 emissions [54]. 
16 To allow for comparison between two different energy systems, a functional unit is established as a reference 

where inputs and outputs from the different systems can be related. 
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facility in New Orleans, USA and through the Panama Canal to Shanghai, China shows life-cycle emissions 209 
of approximately 688 kg CO2-eq/MWh17[61].  210 

As a baseline, we reviewed the amount of GHG emissions from existing coal-fired power plants in Japan. 211 
Australia is Japan’s largest source of coal by volume; an Australian LCA study [8] estimated GHG emissions 212 
of 865 kg CO2-eq/MWh from the complete coal value chain. The study included open-cut coal mining in 213 
Australia, shipping coal to Japan, and electricity production from a power plant in Japan (Table 3). While 214 
this dataset is based on estimations from the mid-1990s, the coal value chain has not evolved significantly 215 
in the intervening decades and thus is the best available. Another LCA from Japan incorporated raw 216 
materials (coal) imported from several nations, including Australia, and estimated GHG emissions of 972 217 
kg CO2-eq/MWh18 [9]. 218 

3.2 Conclusion: Shifting Future Electricity Generation Fleet from Coal to LNG 219 

Japan generates approximately 1,000,000 gigawatt-hours (GWh) of electricity annually [62]. The two 220 
largest energy sources for electricity generation are NG (339,000 GWh) and coal (256,000 GWh) [62]. 221 
Getting the difference between the life-cycle emissions of coal and LNG (Tables 2 and 3), we estimate that 222 
global GHG emissions from Japanese power generation can be reduced by 405 kg CO2-eq/MWh by 223 
replacing coal feedstock with the equivalent electricity generation potential amount of Canadian LNG 224 
(Figure 3). This reduction can be as much as 512 kg CO2-eq/MWh if the maximum  life-cycle emissions 225 
from coal are used (i.e., Japanese LCA estimate of 972 kg CO2-eq/MWh). As shown in the case of Japan, 226 
Western Canadian LNG can be a pathway to reducing global GHG emissions. 227 

4.0 Laying the Groundwork: The Case of LNG Canada  228 

Given its abundant NG resources, B.C. seeks to be a net exporter of less carbon-intensive fuels like LNG 229 
[63,64]. However, LNG development is incongruent with B.C.’s GHG reduction goals of 40% and 60% below 230 
2007 levels by years 2030 and 2040, respectively, as B.C.’s emissions will increase [65] (Figure 4). 231 

Intent on making its LNG industry the world’s lowest emitting source of LNG, B.C. implemented 232 
mechanisms to curb emissions from LNG facilities, including a carbon tax of $50/tCO2-eq by 2022 onwards 233 
and a prescribed annual GHG emissions limit for LNG operations of 0.16 tCO2-eq/tLNG to benefit fully 234 
from the carbon tax rebate [31,66,67,68]. Despite these measures, B.C. still faces the challenge of meeting 235 
its emissions targets once LNG Canada starts operating in 2025.  236 

Heerema and Kniewasser (2017) estimated that emissions from LNG Canada’s Kitimat facility will add 4 237 
MtCO2-eq to B.C.’s annual emissions, increasing to 8.6 MtCO2-eq in 2030 and 9.6 MtCO2-eq by 205019 [69]. 238 
Based on these estimates, we calculated the total additional emissions to be generated in B.C. by the LNG 239 
Canada project (i.e., from well production, pipeline transportation, liquefaction, and shipping to Triple 240 
Islands) and found that the project will add a total of 16 MtCO2-eq to B.C.’s annual emissions starting 241 
2025, increasing to 20.6 MtCO2-eq and 21.6 MtCO2-eq in 2030 and 2050, respectively [10,60,69]. These 242 

 
17 The distance between the LNG Source and Japan is estimated to have negligible impact on the estimated life-

cycle emission (~1% difference). 
18 For consistency with other reviewed LCAs, emissions from construction amounting 3.6 kgCO2-eq/MWh are 

excluded. 
19 These estimates consider that LNG Canada’s Kitimat facility will use low-emitting aeroderivative engines to 

liquefy gas, low-emission hydropower for auxiliary power needs, and efficient combined-cycle NG generators [66]. 
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additional total emissions represent almost half of B.C.’s 2030 target (38.8 MtCO2-eq) and its entire 2050 243 
goal (12.9 MtCO2-eq) (Figure 4; Table 4). 244 

To simultaneously accommodate these emissions while meeting B.C.’s emissions targets and achieving 245 
LNG industry expansion, we identified three policy options: 1) investment in GHG emissions reduction 246 
measures like facility electrification and CCS, 2) imposing additional decarbonization measures on other 247 
emission-intensive sectors, and 3) emissions reduction credit trading with LNG-recipient countries. 248 

4.1 Option 1: Facility Electrification and CCS Technology 249 

NG extraction, processing, and liquefaction account for approximately 70% of well-to-water20 GHG 250 
emissions [10,52]. Electrification using renewable energy is pivotal to B.C.’s commitment to reduce its 251 
emissions target to 38.8 MtCO2-eq by 2030 and set global LNG industry standards for low emissions [66]. 252 
We examined the impact of complete electrification of the Kitimat facility and the use of CCS technology 253 
in the NG production and processing plants in northeastern B.C. on annual emissions of the LNG Canada 254 
project. We found a reduction of approximately 1.6 MtCO2-eq through facility electrification using hydro-255 
generated electricity [70]. Using CCS in the NG production and processing plants in northeastern B.C., 256 
emissions can be reduced by 2.2 MtCO2-eq [70]. Alternatively, electrification of these plants using hydro-257 
generated electricity results in a reduction of 3.4 MtCO2-eq [54]. The simultaneous application of CCS 258 
technology and electrification can result in a combined emissions reduction of approximately 5.6 MtCO2-259 
eq [70]21. 260 

The proposed electrification of LNG Canada’s liquefaction facility using renewable electricity from BC 261 
Hydro22 is designed to cut emissions by >50% of an average LNG facility [65]. However, the current 262 
capacity of BC Hydro cannot support this requirement. The scale of LNG Canada’s power requirement 263 
would have a material impact on B.C.’s total electricity demand, and the electrification of its liquefaction 264 
process would not be possible without significant investments in electricity generation and transmission 265 
infrastructure [69]. As such, B.C. can explore electrification efforts using other renewable energy sources 266 
like wind, solar, geothermal, and biomass. 267 

Alternatively, CCS technology has been touted as a solution to mitigate GHG emissions in LNG facilities 268 
[66]. The Snohvit LNG project in Norway and the Gorgon LNG project in West Australia are examples of 269 
CCS projects that have reduced GHG emissions by approximately 22%-56% of an average LNG facility [66]. 270 
However, compared to B.C.’s carbon tax of $50/tCO2-eq and buying offsets in the market, the cost of 271 
conventional CCS is more expensive at $110 to $120 per tCO2-eq [66]. Also, conventional CCS options 272 
directly at Kitimat are limited or non-existent23 [71]. There are opportunities for upstream CCS at the 273 
wellhead in northeastern B.C., but for the liquefaction facility, CO2 would need to be pipelined to the 274 

 
20 Extraction, production and processing, pipeline transportation,  liquefaction and national shipping. 
21 GHG emissions reductions were obtained by GLOBE Advisors for the implementation of electrification (41.3%), 

CCS (26.09%), and their combination (67.39%) to an LNG plant. We calculated the reduction percentages from 
their analysis and applied them to LNG Canada’s upstream (excluding fugitive emissions) and liquefaction 
emissions. 
22 In 2014, BC Hydro and LNG Canada signed a power agreement to allow LNG Canada to use renewable electricity 

from BC Hydro for a portion of the power needed for its LNG export facility in Kitimat [6]. 
23 To ensure safety of CCS, geological storage for CCS requires a porous and permeable reservoir like a sedimentary 

basin to contain the injected CO2, and the reservoir must be well-explored and depleted (e.g., depleted gas pools 
and deep saline formations) [71]. 
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nearest appropriate geological storage unit like a sedimentary basin (e.g., the Western Canada 275 
Sedimentary Basin, which is over 500 km away). Currently, this infrastructure does not exist.  276 

To make CCS technology more economical and financially viable, the B.C. government can consider 277 
subsidizing the cost of CCS for LNG proponents by supplementing the investment tax credit that the 278 
Canadian federal government proposed in its 2021 federal budget [72]. For example, in its 2021 provincial 279 
budget, B.C. committed $60 million in one-time funding for 2021-22 to support the development of low-280 
carbon technologies and another $519 million to the CleanBC Program for Industry - mandated to reduce 281 
emissions at industrial operations and drive innovation [73]. B.C. can allocate portions of these funds to 282 
introduce a direct subsidy program for LNG developments24.  B.C. could also consider supplementing 283 
Canada’s commitment of $319 million from 2021-2028 to support research, development, and 284 
demonstrations that would improve the commercial viability of CCS technologies, as was outlined in the 285 
federal budget in April 2021 [72]. By working with industry, B.C. can adopt new technologies that could 286 
help further its economic and environmental goals.  287 

4.2 Option 2: Decarbonization Measures on Other Sectors 288 

CleanBC (2018) identified specific initiatives to reach B.C.’s 2030 emission reduction target of 25.4 MtCO2-289 
eq compared to 2007 emission levels; these centered around pervasive electrification of the industrial 290 
and resource sectors [74] (Figure 5). In the plan, other significant emissions reductions are forecasted in 291 
the built environment and transportation sectors. Reduced areal footprint and more efficient community 292 
design require less energy use in the built environment. Simultaneously, zero-emission vehicles plus LNG-293 
, compressed NG- and biofuel-powered commercial and heavy-duty vehicles all lead to lower emissions 294 
in transportation [74]. Two-thirds of the reduction in the transportation sector derives from expediting 295 
the transition to less carbon-intensive and renewable fuels [74].  296 

While B.C. is building renewable capacity to electrify vehicles, it can already encourage a transition from 297 
gasoline, diesel, and propane to LNG, compressed NG, and biofuels. The use of LNG in transportation, 298 
industries, agriculture, and remote power generation already exists within Canada. Further replacement 299 
of traditional fuels with LNG in these areas can create synergies and align economic and environmental 300 
interests. 301 

4.3 Option 3: Emissions Reduction Credit Trading 302 

Cruickshank (2020) reported that B.C. is considering emissions reduction credit trading with its LNG-303 
importing partners as a way to offset GHG emissions from the province’s LNG industry [75]. While there 304 
is no official statement from B.C. regarding this matter, emissions trading may offer a potential solution 305 
that, if structured successfully, could provide required emissions reduction for B.C. 306 

Article 6 of the Paris Agreement provides a framework on “internationally transferred mitigation 307 
outcomes” (ITMOs) to allow participating nations to meet their respective national determined 308 
contributions [60]. While the guidance on the use of ITMOs is still being discussed under  UNFCCC25, B.C. 309 
could commission a feasibility study of this mechanism outlining how it can best target  ITMO negotiations 310 
with partner countries (e.g., lower LNG spot prices or trade concessions). 311 

 
24 As investment tax credits are considered tax expenditures and do not appear on the budget, B.C. can consider a 

direct subsidy program for LNG developments at least for the fiscal years 2021-2024. 
25 United Nations Framework Convention on Climate Change. 
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4.4 Conclusion: Aligning Western Canadian LNG with B.C.’s Climate Commitments 312 

By considering facility electrification, CCS technology uptake, decarbonization measures on other sectors, 313 
and emissions reduction trading with LNG-importing partners, B.C. could expand its LNG export industry 314 
while meeting emissions targets. Implementing effective and meaningful GHG emissions reduction 315 
measures for the LNG industry in B.C. could lay the groundwork for reconciliation with Indigenous peoples 316 
like the Haisla Nation and open the door for future LNG export facilities on the B.C. coast. 317 

5.0 Conclusion: Western Canadian LNG as a Pathway to Global GHG Reduction and Reconciliation 318 

As the world transitions to lower-carbon fuels, Western Canada can play a unique role in exporting LNG 319 
to the growing Asian markets. We assessed the feasibility of this role by considering a case study if Japan 320 
switches a substantial portion of its electricity generation from coal to LNG sourced from LNG Canada in 321 
Kitimat, B.C., which is on the traditional territory of the Haisla Nation. We examined the socioeconomic, 322 
environmental, and cultural benefits and costs of LNG Canada’s operations on the nearby Haisla Nation, 323 
as well as the effect on GHG emissions within Canada and globally. 324 

We found that there are benefits and costs to Indigenous peoples arising from LNG developments. In the 325 
case of LNG Canada, we identified impact mitigation measures around Kitimat to ensure Haisla Nation 326 
receives mutual benefit from LNG development. 327 

We also found an annual GHG emissions reduction of up to 53%, equivalent to 512 kg CO2-eq/MWh if 328 
Japan transitions its power plant feedstock from coal to Western Canadian LNG. This reduction represents 329 
the potential for Western Canada to reduce global GHG emissions by exporting LNG to Asia and displace 330 
coal as feedstock for electricity generation. However, LNG production and processing adds to B.C.’s annual 331 
emissions, thus being incongruent with B.C.’s climate goals. To accommodate these additional emissions 332 
and continue to meet B.C.’s GHG targets and LNG industry expansion, we explored three policy options: 333 
1) emissions reduction measures through facility electrification and CCS technology, 2) decarbonization 334 
measures on other emission-intensive sectors, and 3) emissions reduction credit trading with LNG-335 
recipient countries. 336 

We found that these emissions could be reduced by facility electrification in Kitimat through 337 
hydroelectricity, and by CCS and electrification in northeastern B.C.. B.C. can explore electrification efforts 338 
using other renewable sources given its current limited hydropower capacity. B.C. can also consider 339 
subsidizing the adoption of CCS technology by LNG proponents to make CCS technology more economical 340 
and financially viable. By accelerating LNG adoption to power industries, transportation, and the built 341 
environment, B.C. can achieve further GHG reductions relative to traditional fuels in these other sectors. 342 
Finally, B.C. can commission a study to assess the viability of trading emissions reduction credits with 343 
partner countries. If structured successfully, this mechanism may also provide the required emissions 344 
reduction for B.C. 345 

By aligning policies and resources, our research shows that Western Canadian LNG could be a pathway to 346 
economic reconciliation for Indigenous peoples while contributing to global climate change mitigation. 347 

 348 

 349 
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Figures 350 

 351 

 352 

Figure 1. Map of Kitimat, B.C. showing the route and export facility of LNG Canada, as well as the 353 

communities surrounding the area, including the Haisla Nation, compiled by authors [6,76]. 354 

 355 



LNG Team  12 
 

 356 

Figure 2. Impact Mitigation Matrix, created by authors [78,79] based on the following assessments: 357 

  358 
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 359 
Figure 2a. Risk Mitigation Matrix of identified impacts, created by authors [78]. 360 

 361 

 362 
Figure 2b. Eisenhower Matrix of identified mitigation measures, created by authors [79].  363 

 364 
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 365 

Figure 3. Comparative illustration of GHG emissions LCAs between the LNG value chain from LNG 366 

Canada to Japan and the coal value chain from Australia to Japan, compiled by authors [8,9,10,11]. 367 

 368 

 369 

 370 

Figure 4. B.C.’s 2018 actual emissions (yellow bar) registered higher than its 2007 emissions, modified by 371 

authors [77]. 372 
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 373 

Figure 5. Breakdown of B.C.’s emissions reduction initiatives to achieve the CLP’s 2030 target, modified 374 

by authors [58]. 375 

  376 
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Tables 377 

Impact / Issue Probability (P) 
Severity (S) 

Mitigation Urgency (U)/ 
Importance (I) 

1. Lack of social 
and health 
support 

L: Medium 
 
I: High 

Build capacity for community services (e.g., housing, 
healthcare, and childcare facilities) 
 
Develop community programs (e.g., mental health, 
financial literacy, skills training and matching) 
 
Complement existing programs and services with 
technology (e.g., telemedicine, online learning, 24/7 
helpdesk) 
 

U: High 
I: High 

2. Corruption of 
tradition, values, 
and culture 

L: High 
I: High 

Work with the federal and provincial governments in 
establishing systems to curb money laundering, drug 
dealing, and prostitution 
 
Include financial literacy curriculum in Haisla Nation’s 
academic program 
 
Collaborate with banks and financial institutions to 
provide accessible and practical financial and investment 
products and services to Indigenous peoples 
 

U: High 
I: High 

3. Environmental 
damage 

L: Low 
I: Low 

Continue environmental mitigation practices committed 
by LNG Canada 
 
Involve Haisla community in monitoring process to foster 
environmental education programs for youth and job 
training 
 

U: Low 
I: Medium 

4. Increased GHG 
emissions causing 
climate change 
and potential 
health risks 

L: High 
I: Medium 

Adopt flood mitigation and forest preservation plans 
 
Work with the provincial government to improve waste 
management around Kitimat 
 
Integrate low-carbon energy sources in transportation 
and the built environment (e.g., use of LNG/ NG to 
power remote communities and vehicles) 
 

U: Medium 
I: Medium 

Table 1. Impact Mitigation Measures based on the Risk Mitigation and the Eisenhower matrices, created 378 
by authors [14,36-38,40-41,44-50,78-79]. Probability is the likelihood of the impact occurring and is 379 
ranked on a scale of 1-5 (1 being improbable, and 5 being highly probable). Severity is the amount of 380 
damage or harm an impact could create and is ranked on a scale of 1-5 (1 being negligible, and 5 being 381 
catastrophic). Urgency refers to actions that need attention immediately and is ranked on a scale of 1-5 382 
(1 being not urgent, and 5 being very urgent). Importance refers to actions that ultimately affect the 383 
success of an endeavor or achievement of a goal and is ranked on a scale of 1-5 (1 being not important, 384 
and 5 being very important). 385 

  386 
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GHG emissions per unit of electricity generated (kg CO2-eq/MWh) 

Production and Transportation [60] 
Natural gas production and processing 10.50 
Natural gas extraction 11.90 
Fugitive emissions, venting, and flaring 6.30 
Natural gas transport and storage 3.50 

Liquefaction and Export Facility Operations [10] 
8 gas turbines 8.27 
4 incinerators 2.09 
5 flares 0.21 
Fugitive 0.07 
Shipping activities – international marine 0.23 
Shipping activities – domestic marine 0.01 

Shipping: Triple Islands-Yokohama [11] 
LNG carrier emissions (Q-flex; 210,000 m3) 22.90 

Downstream [11] 
Regasification 16.90 
Energy Generation 377.00 
Recalculated LNG value chain from LNG Canada to Japan 459.88 
Compared against the Japanese LCA study range of 519-608 kg CO2-eq/MWh (depending on the natural gas 
power plant type for electricity generation) and the US LCA study estimate of 688 kg CO2-eq/MWh [9,61]. 

Table 2. LCA of GHG emissions of the LNG value chain, modified by authors. 387 

 388 

  389 
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GHG emission per unit of electricity generated 
(kg CO2-eq/MWh) 

Atmospheric emissions 
(kg/tonne coal feed to power station) 

Kg CO2-
eq/MW

h 

CO2 CH4 N2O NOX Total 

Coal Mine 
Energy for mining (diesel/electricity) 
Coal seam gas 

 
36.5 
0.6 

 
0.003 
2.97 

 
0.0011 

- 

 
0.734 

- 

 
22.05 
24.41 

Coal Preparation 
Energy for preparation (electricity) 

 
2.3 

negligibl
e 

negligibl
e 

 
0.012 

 
0.925 

Coal transport to Newcastle 
Energy for rail transport (diesel) 

 
2.2 

negligibl
e 

 
0.0001 

 
0.052 

 
1.434 

Coal shipping: Newcastle-Japan 
Energy for shipping (bunker fuel oil) 

 
35.8 

 
0.002 

 
0.0010 

 
0.743 

 
21.92 

Provision of lime for flue gas desulfurization  
CO2 from limestone decomposition 

 
14.3 

 
- 

 
- 

 
- 

 
4.757 

Power generation in Japan 
Emissions in power plant flue gas 

 
2345.0 

 
- 

 
0.0234 

 
0.504 

 
789.3 

Total emissions 2436.7 2.975 0.0256 2.045 8653 

GWP factors26 1 24.5 320 40  

Total CO2-eq 2436.7 73.0 8.2 81.8 865 
Compared against the Japanese LCA study estimate of 975 kg CO2-eq/MWh, which considers coal imported from 
Australia, China, Indonesia, and others, with an import sharing based on the 2005 status in Japan [9]. 

Table 3. LCA of GHG emissions of the coal value chain, modified by authors [8,9]. 390 

 391 

 392 

 393 

Process GHG Emissions (MtCO2-eq) 

Extraction and production [60] 10.727 
Transportation [10] 1.3 
Operation [10,69] 4.0 
Total Additional Annual GHG Emissions 16.0 

Table 4. LNG Canada’s total estimated annual GHG emissions in Canada starting year 2025, created by 394 
authors. 395 

  396 

 
26 GHG emissions are converted to “CO2 equivalents” using the 100-year Global Warming Potentials (GWP) [80]. 
27 May vary depending on type of production sourced (i.e., onshore or offshore, fracked or conventional), existing 

CO2 concentrations in the formation (e.g., Montney contains roughly <=1% CO2, whereas the less developed Horn 
River contains ~10-12% CO2), and distance to tidewater [66]. 
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