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L N G ’ S ROLE IN EN A BLI N G G LOBA L EN ER GY T R A NS I TI O N S
— AND W HAT IT MEANS F OR BR I T I SH COLU M BI A
H I GHL I G HTS
•Throughout history, societies have transitioned to energy

•The fourth energy transition is underway. It involves the

sources with higher power density (i.e. more watts per unit

addition of distributed, small- and medium-scale renewable

of volume), portability, and flexibility. These transitions

energy sources operating in concert with existing integrated

have enabled tremendous improvements in living standards,

energy infrastructure. As in previous transitions, the energy mix

education and health, and reductions in poverty. However,

will include a widening array of energy sources that are fit for

today much more is known about the negative externalities

purpose. Natural gas/liquefied natural gas (LNG) is an important

of these energy sources, including greenhouse gas (GHG)

part of the mix and enables the displacement more carbon-

emissions.

intensive fossil fuels. The future is not “either/or” between fossil

•B.C. was a leader in the 2000s in setting GHG reduction

fuels and renewables – rather, it is an “and”.

targets and was also the first jurisdiction in North America to

•B.C. has extensive natural gas resources and is proximate to

introduce a carbon tax. The province is blessed with abundant

Asian markets where demand for natural gas continues to rise.

hydroelectric energy for consumer and industrial use; other

The potential benefits to B.C. from the emerging LNG export

jurisdictions are not so fortunate.

industry are significant. In 2018, B.C.’s conventional oil and

•B.C.’s economy is too tiny to meaningful affect the quantum
of planetary emissions, which is ultimately what matters. At
67 megatons (MT), B.C. contributes about 0.2% of annual
global GHG emissions. By contrast, China’s emissions grew by

gas sub-sector yielded almost $1,400 of real GDP per hour of
employment, about 26 times the overall business sector average.
•COVID-19 has punched a deep hole in B.C.’s GDP. Growth in
B.C.’s burgeoning LNG export industry could be a key contributor

400 MT in a single year from 2018 and 2019. Being a leader

to filling it, creating demand across the rest of the economy

requires taking a planetary, not an isolationist, perspective to

and contributing to other jurisdictions’ efforts to fuel-switch to

achieving lower total global GHG emissions.

efficient and reliable, but less carbon-intensive, energy systems.

INTRODUCTION
Six years ago, BCBC published a
two-part series on the opportunity
presented by liquified natural gas
(LNG) for British Columbia (see here
and here). The series explored: the
quantum and quality of B.C.’s natural
gas resources; B.C.’s proximity to
Asia Pacific energy consuming
markets; LNG’s comparative positive
1

environmental
attributes in the
global energy
system; and the net economic and
social impacts of LNG development
for B.C. These factors are coming to
fruition. B.C.’s LNG sector is getting
off the ground with the approval
of the LNG
Canada and

Woodfibre
projects, and
expansion
of the Fortis
B.C. Tilbury facility.1 While a far cry
from the 13 projects originally in the
queue, two new large projects and
the increase in capacity of another
could be sufficient to allow the sector
reach a critical mass in B.C.

https://www.lngcanada.ca/, https://woodfibrelng.ca/, https://www.fortisbc.com/about-us/facilities-operations-and-energy-information/liquefied-natural-gas-facilities.
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This Bulletin provides a short update
on the history of energy transitions,
the role of the LNG sector, and what
these developments mean for British
Columbia.

VOLUME 12, ISSUE 2, JULY 2020

FIGURE 1:
700

EJ

G R OW TH I N G LO B A L E N E R GY D E M A N D
S H OWS N O S I G N O F S LOW I N G
Global primary energy consumption (EJ), 1965-2019

600
500

A SHORT HISTORY OF
ENERGY DEMAND AND
ENERGY TRANSITIONS
The history of humanity’s relationship
with energy is one of ongoing
technology substitution in pursuit
of higher energy efficiency (i.e.
attaining more watts of output per
unit of volume), portability, and
flexibility. Societies transitioned from
biomass to coal, adding oil as the
prime mover for transportation, then
natural gas for heating, industrial use,
and electricity generation. Societies
also upgraded from the use of water
wheels to turbines, and uranium from
bombs to fuel used in nuclear power
plants generating electricity.
In modern economies, there remains
a strong, direct relationship between
population growth and growth in
energy needs. As a result, global
energy demand is steadily increasing
(Figure 1). The planet has grown
from a population of several million
to one of 7.7 billion in a blink of a
geological-time eye. Indeed, Canada
ramped up population growth to
a record 560,000 in 2019. There
is scant evidence that the longstanding upward trajectory in global
energy demand is about to change,
notwithstanding temporary effects
from the COVID-19 pandemic.
The first energy transition was from
nothing to the use of fire from low
density biomass such as wood. The
second transition involved harnessing
the power of animals (“beasts of
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Source: BP Stats 2020, IEA 2019.

burden” like oxen, mules, donkeys,
llamas, camels, and horses) to do
physical work. This enabled societies
to move from nomadic hunting
and foraging to sedentary, agrarian
communities. In pre-industrial
societies, animal labour and the
diffuse burning of low-density
biomass provided most of society’s
energy needs.
The third energy transition occurred
during the First Industrial Revolution
in Britain from the 1760s. Beginning
with James Watt’s 1765 invention
of the atmospheric steam engine,
societies began harnessing the
intrinsic energy density, portability,
and flexibility of fossil fuels.
Economies were transformed from
rural-agrarian to urban-mechanized
systems of production.2
The Second Industrial Revolution
spanned roughly 1870 to 1970.
It built upon the first, gradually
centred on the United States,
and focused on the shift to mass
production, distribution and
communication (see D’Souza and
Williams, 2017). Again, energy-dense,
portable, and flexible fossil fuels

played a crucial and enabling role.
These developments engendered
spectacular improvements in human
living standards (see Figure 2 for
data on England and Great Britain
since 1270 AD). They have also
contributed to tremendous societal
advances as measured by decreased
child mortality (Figure 3), increased
literacy and educational attainment
(Figure 4), decreased extreme
poverty (Figure 5), and the gradual
democratization of political systems.
The fourth energy transition is now
underway. It involves the addition of
many more distributed renewable
energy sources, almost exclusively
in the electric sector, all operating in
concert with the existing integrated
energy infrastructure (Table 1 and 2).
Importantly, the future of energy use
is not “either/or” between fossil fuels
and renewables. Rather, it is an “and”.
As in previous transitions, the
energy mix will include a widening
array of energy sources. Energy
sources will be chosen and tailored
for their purpose or use. LNG has
an important role to play, a point
underscored by the International

Note that low density biomass and animal labour continued to be widely used, even as societies increasingly relied on higher energy density sources such as coal for steam power.
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F IG URE 3:
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Source: World in Data.
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F IG URE 4 : LITERACY R AT ES HAV E SI G N I F I C A N TLY I N C R E AS E D ( 1 5 Y E A R S A N D O L DE R )

Source: World in Data.

F IG URE 5:

TREMEND OU S R ED U C T I ON S I N EX TR E ME P OV E R TY, 1 82 0 TO 2 01 5
( Extrem e p ove rt y i s d e f i ne d as l i v i n g o n le ss th a n 1 . 9 0 in te r n atio n a l $ p e r d ay )

Source: World in Data.
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TAB LE 1:
PR O PORTION OF P RI M A RY
WO R LD ENERGY CO N SU M P T I ON
BY F UEL TY P E, 2 019

Oil

33.1%

Natural Gas

24.2%

Coal

27.0%

Nuclear

4.3%

Hydro

6.4%

Other Renewables

5.0%

Source: BP Stats 2020.

Energy Agency (IEA) in each of the
scenarios presented in its annual
World Energy Outlook.3 In the near
term, LNG has and will continue to
displace more carbon-intensive coal
in the electricity sector. It provides
baseload and system balancing
services to enable the deployment
of renewables. This is especially true
for jurisdictions where nuclear or
hydroelectricity cannot play those
roles. Around the world, there is
also growing demand for natural
gas in heating and as an alternative
transportation fuel.4
For example, in China, electricity,
industry, and buildings account for
over 75% of natural gas consumption.
LNG accounts for 60% of China’s
natural gas imports. The IEA
forecasts a significant increase in
natural gas use by 2040, largely to
address air pollution in Chinese cities.
China’s government is using policy
and financial levers to encourage
fuel-switching by offering incentives
for coal-to-gas conversion of
industrial and residential/commercial
boilers under the China Blue Skies
initiative.5 Renewable energy use

3
4
5
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is also on the rise, but natural gas/
LNG will remain a critical part of the
country’s fuel mix.

China, where many countries have
less advanced, carbon-intensive
energy systems (Figure 7).

THE CHALLENGE OF
GREENHOUSE GAS
EMISSIONS

THE CRUCIAL ROLE OF
FUEL-SWITCHING IN
MITIGATING GLOBAL GHG
EMISSIONS

Notwithstanding the spectacular
benefits of economic modernization
enabled by fossil fuel-based energy
systems, much more is now known
about the negative externalities
of GHG emissions. Figure 6 below
shows historical contributions to
planetary carbon dioxide (CO2)
emissions by region since 1751.
Advanced economies in Europe
and the U.S. were initially major
contributors to global CO2 growth,
but in recent decades fuel-switching
to nuclear and later renewable
energy has helped slow or reduce
their contribution. Today, slightly
more than half of total global
emissions occur in Asia, particularly

B.C. is graced with plentiful natural
gas deposits and proximity to Asian
markets. These gifts of geology and
geography provide B.C. with the
opportunity to participate in LNG
export markets. Doing so will not
only benefit our economy, but also
contribute to improvements in global
living standards, while slowing the
growth or reducing CO2 emissions in
other regions.
Unless a jurisdiction has abundant
water resources for hydroelectricity
(e.g. British Columbia), or has
embraced nuclear power (e.g.
responsible for 75% of electrical
power in France), there is an

TA BL E 2 :
G LOBA L E N E R GY I N V E STM E N T, 2 01 9

USD Billions
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$756.00

40%
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45%
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5%
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$311.00
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$130.00

7%
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$39.00

2%

Transmission

$273.00

15%

Efficiency
Renewable liquid fuels

$249.00

13%

$33.00

2%

Source: World Energy Investment 2020, IEA..

International Energy Agency, World Energy Outlook, 2019.
B.C. is headquarters to one of the world’s top clean transportation technology companies, Westport Fuel Systems.
https://chinadialogue.net/en/pollution/10711-china-releases-2-2-action-plan-for-air-pollution/.
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F IG URE 6: A N N UA L CO2 EM I SSI ON S BY R EG I O N ( TO N N E S ) , 1 7 1 5 TO 2 01 8
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F IG URE 7:

WHICH COU N T R I ES W ER E T HE BI GG E ST CO2 E MI TTE R S I N 2 01 8?
(% OF TOTA L G LOBA L EM I SSI ON S)

35 countries between
0.10 and 0.40% each, 7%
Source: World in Data.
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immutable reason that fossil fuels are
at the centre of most jurisdictions’
electricity systems. Fossil fuels are
highly energy-dense, less spatially
intensive, can be transported by ship
beyond continental boundaries, and
can meet real time, instantaneous
customer expectations.6,7 In simple
terms, when a customer hits a switch,
energy must always be there. With
deliberate and proactive phase out
of coal use, natural gas/LNG is the
only rapidly deployable substitute
for higher emitting energy sources,
especially in electricity generation,
where most of the progress on
emissions reductions is taking place.

LNG PRODUCTION,
CONSUMPTION, IMPORTS,
AND EXPORTS
LNG is natural gas (mostly methane
CH4 along with some ethane C2H6),
cooled to -162 degrees through a
process known as liquefaction. The
liquid is 1/600th the volume of the
gaseous form, making it safer and
more portable. The key patents
for the liquefaction and storage
technologies were developed in 1915
and the mid-1930s, with the modern
industry taking off from around 1965
(Figure 8).
Natural gas was once considered a
waste product from oil development
and was discarded. Today, natural
gas is commonly used in residential
heating, transport, industrial
processes, and electricity generation.
Global LNG production has increased
by an average of 3% per year since
2010 and 12% in total since the
signing of the Paris Climate Change
Agreement in 2015.

Germany and the United
Kingdom are lauded for their
progress on GHG reductions. While
their investments in renewable
energy are important, the realities
of physics are that all intermittent
resources require balancing and
reliability support. A detailed look at
the fuel stock and flow in wholesale
electricity markets shows natural
gas and LNG playing a central role
in displacing coal. Similarly, United
States GHG emissions reductions are
almost exclusively attributable to the
coal-for-gas switch.

The Asia Pacific region accounts
for around 70% of total global LNG
import demand, followed by the
European Union (25%) and the
rest of the world (~5%, Figure 9).
Japan, China, India, and South Korea
are currently the major individual
country buyers, accounting for 51%
of global imports. But demand from
China and other emerging market
players, such as India, is expected to
drive almost all the future growth in
LNG imports.
In Europe, LNG imports are a
strategic resource and central to
the transformation of the electricity
sector. This reflects the gradual
phasing out of coal-fired electricity
generation for baseload needs,
dwindling domestic gas production,
security concerns (i.e. reliance on
Russia for much of the region’s
imported natural gas), and the ability
of natural gas to provide reliability
and balancing in electricity supply.8
In response to this mounting demand,
world exports of LNG have grown
at an annual average pace of 6.2%
since 2008, 9.5% per year since 2016,
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and 13% between 2018 and 2019.9
The top LNG exporting countries
are Qatar, Australia, United States,
and Russia. Together, Qatar and
Australia have about 44% of total
market share, and roughly half each
(Figure 10). The U.S. market share
has risen to around 10% over the
past decade or so because of shale
gas activities. Russia may increase its
market share in the future given that
it has the largest proven gas reserves
in the world (i.e. recoverable under
current technological and economic
conditions).10

WHAT THE GLOBAL LNG
SECTOR MEANS FOR
BRITISH COLUMBIA
Economic impact
British Columbia’s standard of
living ultimately depends on labour
productivity, that is, its ability to
generate the highest possible level
of income per unit of labour input.
High labour productivity results
from the intensive use of physical
and intangible organizational capital
to produce goods and services,
along with advanced skills and
technologies, economies of scale,
and agility in shifting inputs across
industries and firms to their highest
value use.
B.C.’s highest value-added sector
– by a wide margin – is natural
resource production (Figure 11).
The mining, oil and gas production
sector generates five times as much
real GDP per unit of labour input as
the average for the business sector
overall ($53 per hour). For every hour
worked in the natural resource sector

6

Smil, Vaclav. Power Density, MIT 2015, p. 216.
https://bcbc.com/dist/assets/publications/hail-electricity/EEBv11n3.pdf.
International Energy Agency, Global Gas Security Review 2019.
9
BP 2020 Statistics.
10
https://www.nrcan.gc.ca/science-data/data-analysis/energy-data-analysis/energy-facts/natural-gas-facts/20067.
7
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F IG URE 9: LN G IMPOR TS BY R EG I ON
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Source: BP Stats 2020.
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F IG URE 10: LN G EX POR TS BY COU N T R I ES/R EGI O N
( % of 2019 g l ob al tot al )
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F IG URE 11: WHICH I N D U ST R I ES " PAY T HE BI L LS " F O R B R I TI S H CO LU M B I A?
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in 2018, B.C. generated $248 of
real GDP. That is well above utilities
($203 per hour), leasing ($151),
information and cultural industries
($85), finance and insurance ($80)
and manufacturing ($61). The
high levels of income (and export
revenues) generated upstream from
B.C.’s highest GDP per hour sectors
create demand downstream for other
goods and services across the rest of
the economy.
A further decomposition of labour
productivity in the natural resources
sector highlights the outsized
contribution of B.C.’s conventional oil
and gas sub-sector – most of which
relates to natural gas – to provincial
GDP (Figure 12). In 2018, the oil and
gas sub-sector yielded $1,378 in real
income per hour of employment.
That is 26 times the average GDP per
hour of B.C.’s business sector overall.

VOLUME 12, ISSUE 2, JULY 2020

A recent study by the Conference
Board of Canada (CBC), conducted
on behalf of the Canadian LNG
Alliance, estimates the potential
economic impact of a 56 milllion
tonnes per annum LNG industry
based in B.C.11 The study finds that
natural gas resource development
for LNG could raise B.C.’s GDP
by upwards of $8 billion per year
between 2020 and 2064. In turn,
an industry of this size would raise
provincial employment by about
3 percent annually, or 71,000 jobs,
and boost real wages in B.C. by
$4.6 billion. In terms of provincial
government taxes and royalties, the
Conference Board estimates the LNG
sector would contribute around $2
billion per annum.
Based on the historical labour
productivity data from Statistics
Canada, and the forward-looking

economic impact modelling by the
Conference Board, the LNG sector
appears to have the horsepower to
help pull the provincial economy out
of the very deep COVID-19 recession.

BALANCING THE BENEFITS
OF LNG DEVELOPMENT
WITH CLIMATE CHANGE
CONCERNS
B.C. became the first jurisdiction in
North America to adopt a carbon tax
in 2008, having introduced carbon
emissions targets the previous year.
However, B.C.’s economy is too
tiny to have any meaningful impact
on the quantum of planetary GHG
emissions – which is ultimately all
that matters to mitigate climate
change. At 67 MT, B.C. contributes
about 0.2% of the global GHG
emissions. By contrast, China’s

F IG URE 12: DECOMP OSI N G L A BOU R P R OD U C T I V I TY I N B .C . ' S N ATU R A L R E S O U R C E S S E C TO R
Labour p rod uct i v i t y (R e al G D P at ba sic p r ice s p e r h o u r wo r ke d ) ,
compone nt s of mi ni ng , oi l & g as s e c to r, 2 01 8 , B .C . )
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Conference Board of Canada, A Rising Tide, The Economic Impact of B.C.’s Liquified Natural Gas Industry, July 2020.
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emissions grew by 400 MT in a single
year between 2018 and 2019.
B.C. has a low carbon footprint
relative to other jurisdictions,
including in natural resource
industries such as LNG and large
parts of the manufacturing sector.
The principal reason is that the
province is blessed with abundant
water resources for hydroelectricity
generation. More than 95% of
B.C.’s electricity needs are met
by renewables – and the province
has scope to further expand the
renewables sector over time.
Other jurisdictions are not so
geographically fortunate, however.
They will continue to require fossil
fuel resources for energy generation
for the foreseeable future. They can
either import those resources from
B.C., where our carbon footprint is
low and environmental restrictions
are strict, or instead import the same
resources from jurisdictions with
bigger carbon footprints and less
stringent environmental standards.
But either way, other countries will
import the resources they need to
support their economies and protect/
enhance the living standards of their
citizens.
For LNG production, B.C.’s carbon
footprint is the smallest, based on
CO2e per tonne of LNG, of any LNG
producing jurisdiction in the world.
When used for electricity generation,
natural gas results in 65% less CO2e
than coal. At 0.15 tonnes of CO2e
per tonne of LNG produced, LNG
Canada’s product is expected to be
75% better than global LNG average
emissions of between 0.26 and 0.35
tonnes of CO2e.12 The relatively
short travel distance from Kitimat to
Asia Pacific markets offers a further

12

advantage for B.C. in GHG emissions
in the transportation sector
compared to competing export
jurisdictions.
LNG from the Woodfibre project is
expected to produce 0.06 to 0.08
tonnes of CO2e per tonne of LNG,
which is lower than the LNG Canada
project, and is only 16% of the global
average for LNG plants. If all the
annual plant throughput were used
to generate electricity, it would result
in around 45% lower GHG emissions
compared to an equivalent amount
of electricity generated by coal. The
emissions intensity of the Woodfibre
plant is 63% less than the upper limit
specified in B.C.’s Industrial reporting
and Control Act.
LNG as a stepping-stone to hydrogen
as liquid fuel for transportation is a
logical progression. The technology
is not mature yet, but B.C. has the
resources and talent to be a leader
in the hydrogen sector. The province
is home to several companies in
the business, including Ballard and
Ekona Power.

CONCLUSION
B.C. was a leader in the 2000s
in facing up to the challenge of
climate change. Continuing to lead
requires taking a planetary – not
local or isolationist – perspective
to lowering or slowing the rise of
total global GHG emissions. B.C.
scores well in the carbon intensity
of its own energy consumption, due
mostly to the province’s abundant
hydroelectric energy resources.
Other jurisdictions are not so
geographically fortunate, however.
Throughout history, transitions
to higher efficiency energy
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sources have enabled spectacular
improvements in living standards,
health and education and
tremendous reductions in poverty.
The reality is that many jurisdictions
around the world will continue
to rely on fossil fuels, largely
due to the physics and intrinsic
characteristics of these resources:
energy density (i.e. watts per m3),
portability, and flexibility. Fuel
switches – coal-for-gas, coal-fornuclear, or augmentation of energy
systems with renewable sources
that, crucially, are backstopped and
balanced by existing energy sources
– are the key mechanisms by which
most jurisdictions will be able to
tamp down on their domestic GHG
emissions.
The potential economic benefits
to B.C. from developing an LNG
export industry are considerable. In
2018, the conventional oil and gas
sub-sector yielded almost $1,400 of
real GDP per hour of employment,
about 26 times the overall business
sector average ($53). The COVID-19
pandemic has punched a very deep
hole in B.C.’s GDP. Growth in B.C.’s
burgeoning LNG export industry
could help pull the economy out of
that hole, catalyzing demand across
other sectors of the economy, and
accelerating the overall recovery in
investment, hiring and economic
activity.
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https://www.lngcanada.ca/news/canadas-lng-carbon-footprint-seen-as-better-than-best-in-class/.
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