
what is it?  Tar sands, also known as oil sands or bituminous sands, are a mixture of sand, water and clay 
with a dense, sticky, semi-solid form of crude oil called bitumen. Although very similar in appearance, technically 
bitumen is not the same as tar, which is a man made product. Bitumen needs to be heated or diluted to make it flow, 
which distinguishes it from 'extra-heavy crude', another form of high density unconventional oil, the largest deposits 
of which occur in Venezuela's Orinoco Belt (see 'Extra heavy oil' in 'Other Unconventional Fossil Fuels' factsheet).

Most of the world's tar sands are found in Canada where extraction is taking place on an enormous scale, with 
devastating effects on the local environment and critical implications for climate change. Most of the Canadian tar 
sands are in three major deposits in Northern Alberta which together cover more than 140,000 km2, an area larger 
than England. In 2011, Alberta's bitumen production reached over 1.7 million barrels (270,278 m3) per day.1 

Tar sands also occur in other parts of the world, with the next largest deposits in Kazakhstan and Russia. Explor-
ation and test projects have been carried out in Russia, Madagascar, Congo (Brazzaville), and Utah in the USA.

tarsands

how is it extracted? 
Tar sands can be extracted and processed using a 
variety of techniques which can be classified as ‘surface 
mining’, where the tar sands are dug out and trans-
ported for crushing and processing, or in-situ (under-
ground) techniques, where the oil is made to flow by 
injecting steam, solvents and/or hot air into the sands. 

In shallower deposits, surface strip mining with huge 
shovels and trucks can be used. The resulting mixture 
of bitumen, sand and water is then taken to a crusher. 
Once broken up the bitumen is separated from water 
and other materials.

Deeper deposits, below around 225ft (69m), are extract-
ed using various in-situ techniques. The most com-
monly used, Steam Assisted Gravity Drainage (SAGD) 
and Cyclic Steam Stimulation (CSS) involve injecting 
the deposit with steam, which heats the bitumen to 
make it flow. The bitumen is then pumped out and 
transported for further processing. Of the two methods, 
SAGD is cheaper and has been widely adopted by the 
tar sands industry. Other in-situ processes have been 
experimented with, such as using solvents instead of 
steam, and Toe to Heel Air Injection (THAI), where the 
bitumen is ignited underground. 

Once the bitumen has been extracted and separat-
ed from the sand and water it is then either diluted 
with light oil or natural gas liquids to make ‘dilbit’ 
(diluted bitumen) which can be piped to refiner-
ies, or ‘upgraded’, where it is partially refined to 
produce ‘syncrude’ (synthetic crude).           

TAR SANDS OR OIL SANDS  CONSIST OF A THICK,  
DENSE TYPE OF OIL CALLED BITUMEN MIXED  
WITH SAND, WATER AND CLAY.
EXTRACTION REQUIRES ENORMOUS AMOUNTS OF 
ENERGY AND WATER, RELEASES VAST AMOUNTS OF 
GREENHOUSE GASES AND OTHER POLLUTANTS AND IS 
DEVASTATING HUGE TRACTS OF BOREAL FOREST AND 
WETLANDS IN CANADA.

All forms of tar sands extraction require huge 
amounts of energy and water, and are highly 
carbon intensive. However, in-situ processes, 
which will be increasingly required to access most 
of the tar sands deposits, use even more resources 
than surface mining, and have resulted in oil spills 
as heated, pressurised bitumen escapes into the 
environment (see ‘Oil Spills’ section below).
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Upgrading and Petcoke
Tar sands require much more processing than con-
ventional crude oil to convert them into useful prod-
ucts such as petroleum. In many cases an upgrading 
process, which involves taking out impurities and 
adding hydrogen, takes place near to where the tar 
sands are extracted. This ‘hydro-processing’ converts 
the bitumen into synthetic crude, which can then be 
transported to refineries for further processing. 

The upgrading of tar sands produces ‘petcoke’ (pe-
troleum coke)’, a coal-like substance which is also a 
by-product of oil refining. At least 15 % of bitumen (by 
volume) ends up as petcoke.2 Canadian petcoke produc-
tion at upgraders in Alberta and Saskatchewan alone 
(excluding petcoke produced at Canadian refineries) 
was nearly 9 million tonnes in 2011. This has led to 
huge stockpiles forming. At the end of 2011, 72.3 million 
tonnes of petcoke was stockpiled in Alberta, an amount 
that is growing by about 4.4. million tonnes a year.3

Petcoke can be burned for energy, and it is mostly used 
alongside coal in power plants and to provide energy 
for cement production. However, when used as fuel it 
has been estimated to produce about 7% more CO2 per 
unit of energy than coal, making it a highly carbon-in-
tensive energy source.4 In addition, some pollutants, 
such as heavy metals, become more concentrated in 
the petcoke.5 This means that when it is used with coal 
for power generation it increases the already substan-
tial toxic emissions that result from burning coal. 

The increased production of petcoke from the process-
ing of bitumen and heavy oils in the last decade has led 
to a sharp rise in its use in coal power stations. This has 
had the effect of both making the highly polluting coal 
power stations more economical to run, and further 
increasing their already massive CO2 emissions.

Aside from tar sands, petcoke produced from conven-
tional oil refining is a serious global issue, and huge 
volumes of it are being burned in China for energy.6

Climate change
The extraction of tar sands produces three to four times 
the greenhouse gas (GHG) emissions of conventional oil 
extraction,7 making its total lifecycle emissions (including  
all emissions generated in extraction, transportation and 
end use) 8% to 37% higher than conventional oil.8 These may 
well be underestimates, as a full ‘well to wheels’ analysis 
should include emissions from all sources, some of which, 
such as methane emissions from tailing ponds, land-use 
change (particularly wetlands) and the emissions from re-
fining and upgrading (particularly downstream upgrading) 
are difficult to quantify and not included in some studies.

The tar sands industry has been keen to point out that it 
has reduced emissions intensity (emissions per barrel). 
However, these reductions are mainly from switching to 
natural gas to fuel operations (which happened in the early 
2000s), and it remains a highly carbon-intensive process. 
Overall emissions from tar sands have actually increased 
as reductions from intensity improvements are negated by 
increased production rates. In addition, as surface mining 
to remove the more easily accessible deposits is replaced 
by in-situ extraction, with higher CO2 emissions, the car-
bon-intensity of tar sands is starting to increase again.9 10 11

Regardless of how they compare to conventional crude, 
the Canadian tar sands represent a huge source of carbon 
which if fully exploited would result in billions of tonnes  
of CO2 being added to the atmosphere, putting us firmly  
on the path to irreversible catastrophic climate change.  
This has made the Canadian tar sands a major focus for 
climate campaigners across the world.

If we are to reduce carbon emissions  
to anything like the levels required to maintain a 
reasonably habitable planet we must move away from 
all forms of fossil fuel as fast as possible. Measuring 
from the start of the industrial revolution (around 
1750), a maximum of 500 Gigatonnes of carbon (GtC) 
can be emitted to the atmosphere while still avoiding 
most serious impacts and the risk of irreversible and 
uncontrollable changes to the climate.12 Between 1750 
and now (2014), we have already emitted about 370 GtC 
leaving a limit of 130 GtC that could be further added.13

In order to stay within this limit we have to leave the 
vast majority of the remaining conventional oil, coal 
and gas in the ground. Estimates vary significantly, 
but remaining conventional coal reserves alone are 
well over 500 GtC.14

‘SAFE’ 
EMISSIONS LIMIT

TAR SANDS CONVENTIONAL GAS

CONVENTIONAL OIL

325 GtC

264 GtC 277 GtC

130 GtC 

Fully exploiting the tar sands would add around 
264 GtC to the atmosphere.15 Therefore developing 
tar sands and releasing the enormous amounts of 
carbon they contain, is absolutely incompatible 
with staying below the limit outlined above.



The tar sands and 
Carbon Capture  
and Storage  (CCS)
Proponents of unconventional fossil 
fuels often argue that with CCS technol-
ogies, these new energy sources could  
be exploited at the same time as reduc-
ing greehouse gas (GHG) emissions. 
However, even if the huge problems 
with CCS technology are overcome 
(and this currently looking extremely 
unlikely), it would not change the fact 
that we need to move away from all 
forms of fossil fuel, conventional and 
unconventional, as soon as possible.

 In the most optimistic (and highly 
implausible) scenario, CCS could be 
used to reduce a small proportion of 
emissions from fossil fuels. In reality, 
the promise of CCS being implemented 
in the future is being used to allow 
the continued expansion of fossil fuel 
production, to prevent alternatives 
from being developed, and to deflect 
attention away from approaches 
which tackle the underlying systemic 

"The Alberta Tar Sands cover more than 
140,000 km2, an area larger than England"

causes of climate change and other 
ecological crises. Ultimately CCS is a 
smokescreen, allowing the fossil fuel 
industry to continue profiting from the 
destruction of the environment. (see 
‘Carbon Capture Storage’ factsheet for 
more information).

In particular, CCS has been cited by 
tar sands companies as a means of 
avoiding criticism over GHG emis-
sions. For example, Shell’s Quest 
project in Alberta, Canada aims to 
do precisely this. The CCS project 
at Shell’s Scotford Upgrader is used 
to boast about the company’s com-
mitment to the environment yet 
the company nevertheless exploits 
the Albertan tar sands, perhaps the 
most environmentally destructive 
extractive project on the planet. 

Despite supposed industry enthu-
siasm for the technology, research 
shows there are fundamental limits 
on the GHG emissions reductions 
that can be offered by using CCS in 
tar sands production. This is partly 
because most of the emissions 

from tar sands, such as from trucks 
used in mining, or waste gas from 
burning natural gas, are not well 
suited to CCS.16 Even the most 
optimistic industry estimates have 
suggested that overall reductions 
from upstream operations could 
be in the 10 – 30% range at only 
the best locations by 2020, and 30 – 
50% by 2050, whereas reductions of 
around 85% would be required to 
make tar sands emissions compa-
rable with the average for conven-
tional oil production.17 Considering 
there are 264 Gt of carbon locked 
up in tar sands, even with the most 
optimistic reductions from CCS 
there would still be more than 
enough carbon released to easily 
blow the 130 Gt remaining budget 
(see climate section above). On top 
of this CCS would not be ready to 
be fully implemented for decades 
to come, far too late to effectively 
reduce emissions. With or without 
CCS, tar sands development is 
disastrous for the global climate.

 Julia Kilpatrick, the Pembina Institute 



Water
Tar sands extraction is extremely water intensive, re-
quiring about three barrels of water to produce a bar-
rel of tar sands using surface mining techniques18 and 
more than a barrel for in-situ techniques.19 Canadian 
tar sands production in 2011 used around 170 million 
cubic metres, 20 almost none of which can be returned 
to the water cycle.21 Production of the Athabascan Tar 
Sands in Canada also draws large volumes of water 
from the Athabasca river basin and there are concerns 
that this may already be over taxing the river system 
and that there will not be sufficient water to support 
future expansion.22 23

Contaminated water from tar sands production is 
either pumped back underground, or stored in enor-
mous tailings lakes (‘tailings’ refers to waste material 
suspended in water). These lakes now cover an area 
of 176km², with an estimated 11,000 cubic metres of 
contaminated water seeping from tailings lakes into 
adjacent surface and groundwater each day. Liquid 
tailings are expanding at a rate of 200 million litres 
every day.24 The tar sands industry currently has no 
plans for how to deal with liquid tailings.

Waste from tar sands production contains a number of 
toxic and carcinogenic substances including naph-
thenic acids, polycyclic aromatic hydrocarbons (PAHs), 
phenolic compounds, ammonia and mercury.25 There is 
strong evidence demonstrating how these substances 
are entering the environment. Independent research 
has found that levels of PAHs have dramatically 
increased in lake sediments since the production of tar 
sands began,26 and that PAHs and heavy metals such as 
mercury, arsenic and lead from tar sands production 
have been polluting rivers.27 Federal research has 
confirmed that toxic chemicals in water from tailings 
lakes are leaching into groundwater and seeping into 
the Athabasca River.28 

Air pollution
As well as GHG emissions, tar sands operations 
produce large volumes of air pollutants. These include 
nitrogen oxides and sulphur dioxide, which cause acid 
rain, volatile organic compounds (VOCs) and particu-
late matter which are known to affect human health.29 30 

In 2014 a study published in the Proceedings of the 

National Academy of Sciences showed that production 
in the Athabasca oil sands region is leading to the 
airborne emissions of levels of polycyclic aromatic 
hydrocarbons (PAHs) one hundred to one thousand 
times greater than previously thought.31

Most air pollution from tar sands production comes 
from refineries used to upgrade bitumen, but other 
sources, such as emissions from vehicles, also cause 
significant pollution. The vast tailing lakes, where liquid 
waste from operations is stored, also pollute the air, as 
volatile organic compounds evaporate from the surface. 

Natural gas use
Tar sands production requires a huge amount of ener-
gy, most of which is currently provided by natural gas. 
In particular producing steam for in-situ techniques 
such as SAGD requires a lot of gas. According to the 
National Energy Board (NEB), it takes about 34 cubic 
metres (1200 cubic feet) of natural gas, enough to heat 
the average Canadian home for over 4 days, to produce 
one barrel of bitumen from in-situ projects.32 

Natural gas consumption from tar sands production 
in Canada is estimated to increase to 45 million cubic 
metres per day in 2015 (1.6 billion cubic feet),33 enough 
to heat over 6 million Canadian homes.34 This is taking 
up a significant proportion of Canada’s natural gas 
supplies, and if projected increases in tar sands pro-
duction take place, nuclear power or unconventional 
gas may be needed, further increasing the environ-
mental impact of tar sands extraction.

Other social and environmental issues

Athabasca region Healing Walk

 Julia Kilpatrick, the Pembina Institute 



Pipelines
The Albertan tar sands have already resulted in huge 
pipelines networks being built across Canada, with 
other major pipelines such as the Keystone XL and 
Energy East pipelines planned. Pipeline construction 
on such a scale has a significant direct impact on the 
local communities and environment, but there is also 
the risk of leakages and oil spills. In Alberta, the oil and 
gas industry averaged 762 pipeline failures per year 
between 1990 and 2005, for a total of 12,191 failures.

Oil spills
Oil spills occur both at the sites of tar sands extraction, 
such as the spills at Cold Lake, Alta36 and along the 
routes of pipelines, with devastating effects on the 
local environment. The Kalamazoo tar sands disaster 
in 2010, where an Enbridge pipeline carrying diluted 
bitumen from the Canadian tar sands burst, was one of 
the largest and costliest onshore spills in US history. It 
resulted in well over a million US gallons (4.5 million 
litres) of oil flowing into Talmadge Creek,37 a tributary 
of the Kalamazoo River in Michigan, and cost over a 
billion dollars to clean up.38

Destruction of habitats and landscape
The areas of Canada where tar sands are found are 
covered in primary boreal forest and wetlands, home 
to sensitive ecosystems and a wide variety of wildlife. 
The Canadian boreal forests represent huge globally 
significant stores of carbon, and the greenhouse gasses 
released through deforestation and destruction of 
peatlands for tar sands production are unlikely to  
ever be recovered.39  

False industry promises 
Tar sands extraction in Canada is leaving a toxic legacy 
of vast tracts of devastated habitats and huge toxic tail-
ings lakes that will last long after the companies have 
left. Only a tiny percentage (0.15%)40 of the land affected 
by tar sands production has been certified as reclaimed41 
and the certification of ‘reclaimed’ land itself has come 
under strong criticism.42 Many areas, such as boreal 
forests, will never recover to their previous state.43 

In addition, the reclamation of peatlands (fens or bogs) 
in the Athabasca Boreal region has never been demon-
strated to be possible44 and according to the Pembina 
Institute there is no demonstrated long term way to 
deal with liquid tailings.

Impact on Indigenous  
(First Nations) populations 
Almost all the land on which tar sands extraction is 
occurring in Canada is on or near indigenous territo-
ries. This, along with associated projects such as the 
Northern Gateway pipeline and Keystone XL pipelines 
which also threaten indigenous lands, has seriously 
threatened the cultural heritage, land, ecosystems and 
health of Canadian First Nations peoples. Despite sign-
ing up to the UN Declaration of Rights of Indigenous 
People’s (UNDRIP), the Canadian government rou-
tinely ignores the right of ‘Free, Prior and Informed 
Consent’ (FPIC) of Indigenous People enshrined in 
the declaration. Many First Nation communities have 
responded with legal action and widespread protest 
and resistance (see ‘Resistance’ section below).

Impact on public health 
The tar sands developments in Canada have raised 
various public health concerns related to water and air 
pollution (see ‘Water’ and ‘Air pollution’ sections) and 
worries over higher rates of rare cancers in areas pol-
luted by tar sands production. In 2006, unexpectedly 
high rate of rare cancers were reported in the commu-
nity of Fort Chipewyan. In 2009, an investigation by 
the Alberta Cancer Board found higher than expected 
rates of biliary cancers, but said that it was not enough 
to be a cause for concern and called for further mon-
itoring.    However, the report did not investigate any 
possible relationship with environmental exposures 
related to tar sands production.    Serious concerns 
remain around the impact of tar sands operations on 
local public health.

 Tar Sands Blockade 
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Where and how Much?
Global oil in place: 2,511 billion barrels, natural bitu-
men reserves estimated at 250 billion barrels. 

About 70% of the world’s tar sands reserves are in 
Canada (169 billion barrels),    most of which can be 
found in three major deposits in Northern Alberta: the 
Athabasca-Wabiskaw oil sands, the Cold Lake deposits, 
and the Peace River deposits. Together these cover 
more than 140,000 km², an area larger than England. 
Tar sands extraction in Canada is now a major indus-
try, producing 1.7 million barrels of bitumen per day 
in 2011.50 However, while there are huge remaining 
resources, future production is currently limited by 
the country’s ability to export tar sands in crude form. 
Various pipelines aimed at increasing export capacity 

companies involved
A wide variety of companies are involved in tar sands projects, from small local producers, to multinational 
‘supermajors’ such as Shell and BP. Notable tar sands companies include: Suncor Energy, Syncrude Canada, 
Canadian Oil Sands Limited, Canadian Natural Resources, Shell, BP, Exxon Mobil, Connoco Philips and Total.

are in construction or planned, such as the Keystone 
XL pipeline which would link the tar sands to the 
refineries in the Gulf Coast of the US, and there are 
plans to increase tanker exports to Asian markets by 
expanding ports. 

Tar sands also occur in other parts of the world, with 
the next largest deposits in Kazakhstan (42 billion 
barrels of bitumen reserves), and Russia (28 billion 
barrels).51 Exploration and test projects have been 
carried out in Russia, Madagascar, Congo (Brazzaville), 
Utah in USA, and Trinidad and Tobago.

Syncrude oilsands facility  Julia Kilpatrick, the Pembina Institute 
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Resistance
Albertan tar sands
First Nations Canadians have been leading the resistance to tar sands operations in 
Alberta. Canada has treaty agreements that protect the First Nations people’s rights to 
use the land for traditional practices such as hunting and fishing in perpetuity. Many 
indigenous communities have attempted to use the courts to uphold their treaty rights 
and prevent tar sands extraction. However, bills introduced by the Canadian govern-
ment, primarily aimed at expanding tar sands developments, ignored the treaties and 
have prompted a huge protest movement against them. The Idle No More movement 
aims for environmental protection and indigenous sovereignty and has resulted in a 
wave of direct action and solidarity protests around the world. 

The Keystone XL pipeline has become a major focus of protests in Canada and the US, 
with widespread civil disobedience and direct action targeting the project. Campaigners 
have identified it as a key strategic point of resistance, in an attempt to limit export 
capacity, and therefore further expansion of tar sands in Canada. Attempts to develop 
tar sands deposits in Utah, US have also been met with strong local opposition.
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