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A B S T R A C T

Road transportation accounts for 25% of total greenhouse gas (GHG) emissions in British Columbia (B.C.) and
more than half of these emissions originate from road freight transport. We examined the potential of all-electric
freight trucks to achieve 64% GHG emissions reduction by 2040. The results suggest that even the stringent
regulations on fuel efficiency of conventional trucks will fail to steadily decrease the emissions. More than 65%
of freight trucks would have to run on all-electric powertrains which translates into 100% sector penetration as
early as 2025. We assessed the available local energy resources for mass market penetration of all-electric trucks.
The results suggest that every 1% of GHG emissions reduction from road freight transport would require
1.5–3.8% additional hydroelectric generation by 2040. Correspondingly, a 64% reduction requires 12–33 TWh
of electricity. That is 2.5–6.5 times the projected generation of the B.C.’s largest hydroelectric project in decades
(Site C). Hence, new policies are required to support diversified renewable electricity generation and low-carbon
pathways. For example, carbon capture and sequestration coupled with provincial reserves of natural gas can
enable low-carbon hydrogen production and decrease the electricity requirements for zero-emission vehicles in
B.C.

1. Introduction

The transportation sector accounts for the largest portion of total
Greenhouse Gas (GHG) emissions in British Columbia (B.C.), and two
thirds of these emissions originate from on-road vehicles (Fig. 1). The
trucking industry has been a leading contributor to the road transpor-
tation sector with a 13.5% GHG emissions increase from 2007. Freight
trucks are also significant sources of criteria air contaminants (CAC),
like Particulate Matter (PM 10, PM 2.5), Nitrogen Oxides (NOx),
Carbon Monoxide (CO) Sulphur Oxides (SOx) and Volatile Organic
Compounds (VOC), which adversely affect air quality and human
health.

In B.C., the provincial government's Climate Action Plan targets
80% GHG emissions reduction in 2050 compared to 2007 (Government
of B.C, 2005). If we assume an 80% GHG emissions reduction for road
freight transport, this would require GHG emissions below 1.88
MtCO2eq by 2050. The total Well-to-Wheels (WTW) GHG emissions of
freight trucks was 10.56 MtCO2eq in 2014, and the per capita Gross
Domestic Product (GDP) is projected to grow in B.C. by 20% in the next
20 years (NEB, 2016). Due to the direct correlation between the number
of freight trucks and GDP, it may be difficult to reduce emissions in this
sector while simultaneously ensuring economic growth (OECD, 2011).

Several options are suggested for reducing GHG emissions from
freight trucks. The non-technical options consider the efficiency im-
provement of freight logistics such as load-matching and maximizing
capacity, a modal shift to more energy-efficient means of transportation
(e.g., rail) and the standardization of logistics-related facilities and
equipment (CalSTA, 2014). The technical improvements deal with the
efficiency of internal combustion engine (ICE) trucks. In 2013, Canada
began regulating on-road GHG emissions from ICE freight trucks with
Gross Vehicle Weight Rating (GVWR) above 3856 kg. Under the Ca-
nadian Environmental Protection Act, two phases of regulations have
been proposed for the deployment of advanced cost-effective technol-
ogies to increase the fuel efficiency and GHG emissions standards for
new freight trucks. The first phase applies to 2014 and newer model
vehicles, which reach full stringency with model year 2018 (Canada
Gazette Part II, 2013). The second phase is built upon the first phase
and reach full stringency with model year 2027 (Canada Gazette Part II,
2017). It is projected that the full deployment of this legislation will
decrease the GHG emissions by 15–50% from freight trucks with model
year 2027 compared to the 2010 counterparts depending on the vehi-
cle's duty cycle.

While the legislation targets the fuel efficiency of conventional ga-
soline or diesel trucks, some attempts have been focused on alternative
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fuels. The deep-carbon reduction scenarios for road freight transport
often rely on significant amounts of biofuels. The B.C. Low Carbon Fuels
Regulations states that by 2020 the life-cycle GHG intensity of all
transportation fuels must be reduced by 10% from 2013 levels
(Government of B.C, 2008a). This requirement is expected to be met
using first generation biofuels in the fuel blends, ethanol from corn and
grain, and biodiesel from canola. Ethanol and biodiesel are already
being blended into refined petroleum fuels in B.C. and the blending
percentage is rising steadily. The Ethanol content increased in the ga-
soline pool from 5% in 2010 to 6.3% in 2014, and the biodiesel blend
reached 5.6% in 2014 (Wolinetz and Moorhouse, 2016). One of the
important challenges associated with biofuels is the indirect land use
change, which can result in additional GHG emissions and raises con-
cerns around food security and biodiversity maintenance (Tomes et al.,
2011). Moreover, the amount of sustainable biofuels which will be
available beyond 2020 is uncertain (Girvan and Hall, 2008). Given the
uncertainties and difficulties with biofuels, this option is not likely to
result in significant GHG emissions reductions of road freight transport
required by 2050 in B.C. (BC Hydro, 2011). The non-renewable low-
carbon fuels such as CNG, LNG and propane are now being considered
as transition fuels that could serve as cost-competitive, near-term so-
lutions. The greenhouse gas reduction regulation under the Clean

Energy Act offers incentives to diversify and grow the market for nat-
ural gas in B.C.’s transportation sector (Government of B.C, 2012). The
incentives target medium- and heavy-duty trucks switching from diesel
to natural gas, and decrease the fuel costs on a per kilometer basis
(Natural Gas Use in Transportation Roundtable, 2010). Natural gas
trucks can reduce tailpipe greenhouse gas emissions by as much as 20%
over gasoline or diesel trucks (McJeon et al., 2014). However, climate
benefits of natural gas heavily depend on the lifecycle emissions of
methane (Howarth, 2014; Venkatesh et al., 2011). The hydrogen en-
riched natural gas (HCNG) engine is another promising technology to
enhance fuel economy and decrease emissions compared with CNG
counterparts. However, implementing the perfect methane/hydrogen
mixture with the current CNG infrastructure and on-board storage are
the major challenges facing the adaptation of this technology. Also,
mitigating the NOx increase as a result of hydrogen enrichment is
challenging and needs to be addressed effectively (Mehra et al., 2017).

The large-scale GHG emissions reduction in B.C. requires that the
long-term fuel portfolio shifts toward renewable or carbon-neutral
fuels. The electrification of road transportation offers zero-tailpipe
emission potential. Electrification could result in large-scale GHG
emissions reductions if the energy carrier is generated from renewable
resources or the production facilities are equipped with carbon

Fig. 1. 2014 GHG emissions in B.C.: (a) GHG emissions by sector (b) GHG emissions from road transport: change from 2007(NRC, 2016).
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