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Is Canada the cradle of a “green” natural 
gas liquefaction revolution? The Quebec 
company GNL Qué bec aims to produce 
carbon neutral liquefied natural gas 
(LNG) in a bid to export Albertan natural 
gas to Europe and China to accelerate the 
energy transition. 
A new underground pipeline is planned 
to run 780 km through the French-spea-
king Canadian province to supply the li-
quefaction plant in Saguenay. As const-
ruction is due to start in 2022 and opera-
tion in 2025, GNL Qué bec’s “greenest 
LNG-plant in the world” is facing scrutiny 
from state agencies and the scientific 
community. This new bid to export Ca-

nadian gas via the East Coast was initia-
ted in 2014 by two well-known Ameri-
can investors, Jim Illich and Jim Breyer. 
Together they formed the Ruby River 
LLC in Delaware, USA, before creating 
GNL Qué bec in the early summer of 
2014. In total the investments soar up to 
CAN-$ 7.8 billion as the plant is suppo-
sed to operate from 2025 until 2050. 

one project, two companies: É nergie sague-
nay and Gazoduq 
Two subsidiary firms oversee the imple-
mentation of the LNG project. É nergie 
Saguenay came into existence at the sa-
me time as GNL Qué bec and oversees the 
construction and management of the li-
quefaction plant in Saguenay. It should 
employ about 300 workers on site. 
A few years later, GNL Qué bec founded 
Gazoduq, responsible for building and 
maintaining the underground gas-pipe-
line. The team has planned a 780 km 

route between the TC Energy (formerly 
TransCanada) compressor station 105 in 
Ramore (Ontario) and the plant in Sa-
guenay Fjord. 
As the preliminary planning phase of the 
Gazoduq pipeline project is expected to 
end this winter, its technical specifica-
tions are not yet final. The latest presen-
tation to the Impact Assessment Agency 
of Canada, in October 2019, mentions 
that the pipe is expected to be made of 
high-strength steel with fusion-coated 
epoxy coating with an external diameter 
of 1,067 mm. It will necessitate a 30 m-
wide corridor passing through a dozen 
Quebec municipalities and numerous ri-
vers, lakes, eskers and forests in largely 
natural areas. 

É nergie saguenay: an lNG-plant on the 
shores of the saguenay Fjord 
Home to the new project is Saguenay-
Lac-Saint-Jean, a highly touristic region 
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expected to enter a major industrial de-
velopment phase in the next decade. The 
federal harbour at the Grande Anse ma-
ritime terminal will not only host É nergie 
Saguenay, but also a facility for the mi-
ning company Mé taux BlackRock. Ano-
ther harbour might be built a few kilo-
metres further upstream to export Arian-
ne Phosphate’s 55,000 daily tons of ore 
production at the future mine in Lac-à -
Paul. 
In this context, GNL Qué bec’s location 
choice is clear. As is explained in WSP’s 
Environmental Assessment of May 2019, 
“The site was selected because it is large 
and favourable for industrial develop-
ment and for the availability of the requi-
red infrastructure for the project (port, 
railways, drinking and sanitary water, 
etc.)”. 

aPci-c3Mr liquefaction process 
The plant itself will massively increase 
the size of the already existing harbour 
facilities. It will mainly consist of two li-
quefaction units, three 200,000 m3 LNG 
tanks, and two transhipment docks. The 
facility will also be equipped with an eva-
poration gas management system, flares 
and utility systems to produce deionized 
water, nitrogen, and compressed air. 
The WSP environmental assessment de-
scribes the pre-treatment and liquefac-
tion processes. After the natural gas arri-
ves at the plant, it will be pre-treated 
through the removal of remaining traces 
of mercury, acid gases (using the com-
mon amine treatment), and finally of hy-
drates. 
The liquefaction process then starts with 
the cooling to -162 °C, using the “propa-
ne pre-cooled mixed refrigerant” process 
(C3MR) from Air Products and Chemi-
cals Inc. (APCI.) After propane cooling 
followed by cooling with a refrigerant 
mixture, the precooled gas passes 
through a MCHE cryogenic heat ex-
changer before being sent to 55 m high 
storage tanks. 
The heart of the APCI-C3MR process is 
its proprietary spiral-wound heat ex-
changer (SWHE), which provides a ther-
mal efficiency of more than 93%. The 
whole process can be achieved twice si-
multaneously thanks to the two docks 
and liquefaction units. GNL Qué bec plans 
on using ground flares to reduce visual 
impact on the environment. The Alber-
tan gas imported through the TC Energy 
and Gazoduq pipelines will be liquefied 
at a rate of 44 million m³/d, so that the 
annual production capacity of the plant 
will be close to 11 million t/a. This comes 
close to the annual natural gas consump-
tion of Belgium (16.4 billion m3 in 2017). 

Water: a central resource for GNl Qué bec 
The LNG is then charged onto the LNG 
carriers. The wharf will be able to cater 

for two Q-Flex class tankers at a time, 
which GNL Qué bec often presented as a 
“greener” alternative to other carriers 
thanks to their slow-speed diesel engi-
nes. But the company anticipates that 
“considering their international availabi-
lity, these [...] tankers will not constitute 
the majority of the tankers that will come 
to the site for supply”. 
Instead, GNL Qué bec says that most will 
be membrane-system carriers with a ca-
pacity of 160,000 m3 to 180,000 m3 and 
that they should be better “adapted to the 
cold navigation conditions”. An estima-
ted three or four of them will travel to 
the export markets every week, totalling 
approx. 150–200 carriers yearly. To pro-
tect underwater fauna such as the Belu-
ga, the LNG tankers would be forced to 
navigate at less than 10 knots/h in the 
Saguenay Fjord. 
But water is not only a feature in trans-
porting the LNG to other continents. It 
could also play a crucial role in powering 
the future É nergie Saguenay liquefaction 
plant. The 550 MW of electricity needed 
yearly could be provided at low costs by 
Hydro Qué bec, the provincial hydroelec-
tricity producer. Hydroelectricity provi-
des for 96% of Quebec electric energy, 
enabling local companies to use a chea-
per, renewable source of power. 

a potential carbon neutral project 
Not only does the use of local hydroelec-
tricity cut production costs, but it could 
also massively reduce É nergie Saguenay’s 
carbon footprint. The International Refe-
rence Centre for the Life Cycle of Pro-
ducts, Processes and Services (CIRAIG) 
has been commissioned to produce a life 
cycle analysis of the plant in Saguenay. A 
report that GNL Qué bec uses in claiming 
that it will be “the greenest LNG-plant in 
the world”. 
The plant will generate 84% less GHG 
than a generic terminal located in the 
Gulf of Mexico, according to the CIRAIG’s 
analysis. É nergie Saguenay is expected to 
emit 421 kt of carbon dioxide equivalents 
(stemming from various greenhouse ga-
ses measured on the basis of their global-
warming potential) per year (kt CO2-
eq/a) directly, in addition to 107 kt of 
emissions related to electricity consump-
tion and another 176 kt related to infra-
structure, generally located outside Que-
bec. 
Even when considering extraction from 
hydraulic fracturing in Alberta, transmis-
sion and operation, the GNL Qué bec pro-
ject could still generate 33% fewer emis-
sions than a regular terminal, as the CI-
RAIG estimates the total GHG emissions 
of the GNL Qué bec project at nearly 7.8 
Mt CO2-eq over 25 years. This achieve-
ment will only be possible by virtue of 
the unique geographical conditions of 
Quebec. “Because of the Nordic climate, 

the plant uses 20 to 25% less energy to 
power than a regular LNG-plant,” exp-
lains Pierre-Olivier Roy, Lead Energy 
analyst for the CIRAIG and writer of the 
analysis. Beyond that, a standard termi-
nal runs by self-subsistence on the natu-
ral gas input, whilst the plant in Sague-
nay will mostly be powered by hydro-
electricity. 
The chair of the eco-advisory council at 
the Université  du Qué bec in Chicoutimi 
has been commissioned to evaluate how 
É nergie Saguenay could be carbon neut-
ral. In this report, the chair used CIRAIG’s 
analysis and data. It concludes that if it 
wants the plant to be carbon- neutral, 
GNL Qué bec will need to compensate 
421 kt CO2-eq/year—the GHG emissions 
amount that Energy Saguenay would be 
directly responsible for during opera-
tions. 

co2 as a resource 
To achieve this goal, GNL Qué bec will 
need a strategy, but also to “buy offset 
credits on the SPEDE carbon market at 
least during the first five years of operati-
on, while new techniques are implemen-
ted,” said Claude Villeneuve. 
Among the possibilities his team expo-
sed, the most promising are carbon se-
questration and biogas production. Both 
need a shift to see that “CO2 is not only a 
pollutant, but also a resource. It’s all 
about industrial ecology,” says Claude 
Villeneuve. 
Carbon Capture and Usage (CCU) con-
verts leftover CO2 from the liquefaction 
and treatment process into industrial car-
bon-based products such as syngas, poly-
mers or cement. It can work as a symbio-
sis between one CO2-producing and one 
CO2-receiving facility “in an approach of 
industrial ecology and circular economy”. 
The study concludes that “they would re-
quire the federal and provincial govern-
ments, the City of Saguenay and the Port 
Authority to be involved in the planning 
of an innovation zone and a model in-
dustrial park”. 
Claude Villeneuve’s team also recom-
mends replacing natural gas with biogas 
in the liquefaction and export process. It 
could be achieved through placing a lar-
ge quantity of wood debris along the Ga-
zoduq pipeline, which would heat the 
debris and produce biogas that could 
then be liquefied and exported. But ac-
cording to the chair’s report, this option 
could need until 2030 before becoming 
functional. 
Claude Villeneuve and his team wrote in 
their report, that achieving carbon-neut-
rality will need intense investments, such 
as adjusting the plant’s design, making 
partnerships with the forestry industry, 
universities, and other companies or lob-
bying the government to simplify the re-
gulations. The analyst regrets that pro-
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vincial laws in Quebec don’t offer a clear 
regulatory frame for carbon markets. 
The chair showed that reforestation or af-
forestation was limited by the large num-
ber of regulations, even if GNL Québec 
wanted to favour this avenue. For now, 
neither the public nor Claude Villeneuve 
knows how the firm plans to achieve car-
bon neutrality. GNL Québec never 
answered our numerous requests. 

From carbon neutrality to reducing global 
emissions 
Beyond the carbon neutrality of its plant, 
GNL Québec claims it “aims to support 
the fight against climate change in Euro-
pe and Asia”. According to CIRAIG’s ana-
lysis, if GNL Québec’s export scenario is 
correct, its natural gas could reduce glo-
bal GHG emissions by 28 Mt CO2-eq/year 
by “offering transition energy, that is clea-
ner than those currently in use, such as 
coal and fuel oil”. 
GNL Québec plans that 50% of the natu-
ral gas will go to Asia, replacing coal for 
heating; 40% is aimed at Europe to subs-
titute coal and nuclear power for electri-
city; the last 10% is intended for South 
America. A goal that makes sense for Éric 
Tétrault, former politician and president 
of the Association de l’Énergie du Québec, 
who believes not only that GNL Québec’s 
natural gas can be the greenest but also 
that it can participate in the transition. “If 

the project aims to remove a large 
amount of GHG emitted, it must be do-
ne!” he said. 
Indeed, global demand for natural gas is 
expected to rise by more than 10% over 
the next five years, reaching more than 
4.3 trillion m³ in 2024, according to the 
International Energy Agency’s latest an-
nual market report, Gas 2019. 

Uncertain markets 
“Claiming that 28 Mt CO2-eq/year will be 
reduced can be justified scientifically, but 
there’s no certainty,” said Pierre-Olivier 
Roy, author of the CIRAIG life cycle ana-
lysis. “If GNL Québec sells its natural gas 
without controlling its uses, there will be 
no guarantees of substitutions,” explained 
Claude Villeneuve. 
Indeed, CIRAIG’s analysis gives different 
scenarios, which can nuance the firm’s 
projections. The global GHG emissions 
could indeed lower if GNL Québec’s natu-
ral gas replaces coal and oil products, but 
they would definitely rise if they replace 
(future decommissioned) nuclear power 
plants or if it is used additionally to the 
current energy consumption in Asia and 
Europe. 
To implement its exportation and utiliza-
tion scenario in Europe and China, the 
firm will have to “make partnerships and 
buy carbon credits”, warns Claude Ville-
neuve. Depending on how a country will 

use the GNLQ gas, the final GHG emissi-
ons fluctuate approximately between a 
global reduction of 80 million and a glo-
bal rise of 50 million tons of CO2-eq year-
ly. 
According to Franziska Holz, an econo-
mist at the German Institute for Econo-
mic Research (DIW), importing natural 
gas from Canada is “not interesting for 
European markets”. She said that GNL 
Québec’s natural gas could enable transi-
tion in very specific sectors such as tourist 
ferries, which can use “green branding” 
for their promotion and could rely on na-
tural gas instead of kerosene. Yet, Pierre-
Olivier Roy affirms that GNL Québec 
could make a difference compared to 
Russian gas, which is sent to Europe over 
pipelines with a number of leaks. 

scientific scrutiny 
Beyond the global scale of GNL Québec’s 
project, its effects on the French-speaking 
Canadian province and Alberta are also 
debated by the scientific community. 
The project, seen as a whole, would “can-
cel the last 26 years of carbon reduction 
in Quebec”, claim 150 researchers in a 
letter published in Le Devoir in June. In-
deed, the province reduced its yearly 
GHG emissions by 7.9 Mt CO2-q from 
1990–2016 and the total GHG emissions 
of GNL Québec’s project (including ext-
raction, transmission and liquefaction, 

Abb. 2 Énergie Saguenay general site layout (Source: WSP Summary of the environmental impact assessment, May 2019, p. 13) 
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but not export and final use) are estima-
ted at 7.8 Mt CO2-eq. 
But CIRAIG’s analysis nuances this claim, 
as “only” 0.66 Mt CO2-eq yearly would be 
emitted inside Quebec – the rest stems 
from extraction in Alberta and transmis-
sion to Ontario, representing 91.6% of 
the projects total GHG emissions. CIRAIG 
estimates show that the sole liquefaction 
plant would account for 1% of all annual 
Quebec-based GHG emissions. 
“A significant uncertainty in these calcu-
lations concerns the amount of fugitive 
gas emissions (leaks) occurring during its 
extraction, throughout the transport 
chain and after the closure of the wells,” 
state the 150 researchers in their open 
letter. Normand Mousseau, senior resear-
cher and physician at Polytechnique 
Montreal, further warns that “since natu-
ral gas is essentially methane, a green-
house gas 84 times more powerful than 
CO2 over a 20-year horizon, the contribu-
tion of these leaks to global warming is 
enormous, and it is therefore possible 
that the total GHG emissions associated 
with this project may be considerably 
higher than the best available estimates”. 
Pierre-Olivier Roy explained that fugitive 
emissions are a “complex issue that has 
become a debate among scientists.” Inde-
ed, starting from 2010, several studies on 
the matter have been carried out and 
provided different conclusions. While so-
me argue that fugitive emissions repre-
sent 1 to 2% of total emissions (based on 
direct on-site measurements), others 
(carried out by atmospheric measure-
ments and traced back to its “origin” with 
atmospheric modelling) yielded a fugitive 
emission rate in the 10 to 12% range. 
“Lately, a study has somewhat reconciled 
these two methodological approaches, 
with atmospheric measurements now 
yielding an average fugitive emission rate 
of 2% across the United States of Ameri-
ca,” specified Pierre-Olivier Roy. 

environmental assessment in the spotlights 
Beyond GHG emission figures lies the en-
vironmental issue, which is primordial 
for this new LNG project. A crucial phase 
is actually taking place as the Canadian 
Environmental Assessment Agency (CE-
AA) is reviewing Énergie Saguenay’s en-
vironmental assessment. It has already 
sent GNL Québec a list of more than 200 
questions and clarification demands con-
cerning various aspects of the liquefac-
tion plant as documented in WSP’s as-
sessment of May 2019, which states that 
the local environment, fauna and flora 
might be exposed to risks that are descri-
bed as “low to medium – not important”. 
Among these numerous questions, an 
important concern relates to the risks for 
the endangered species such as the Belu-
ga population of the St-Laurent River. 
The CEAA affirms, that “the information 

(provided by WSP) is outdated and con-
tains several errors”. GNL Québec is thus 
called upon to “modify the conclusion 
that the project will not generate risks of 
separation of a mother and her calf due to 
underwater noise”, for example. GNL 
Québec says it is currently working on an 
assessment to answer these questions. 
Back on dry land, issues are being dis-
cussed around the effects of the planned 
pipeline, for which no environmental as-
sessment is yet available. The pipeline’s 
route was planned carefully by Gazoduq, 
so as to avoid the natural protected areas 
such as the “Matthieu Berry” esker and 
the habitat of Caribou populations in Ab-
itibi. But many agencies have voiced con-
cern over the risks the pipeline poses for 
wetlands and forests. The 30 m corridor 
needed to securitize the underground 
pipes will be a “fracture, an open ground 
for numerous predators and invasive spe-
cies,” fears Clémentine Cornille, head of 
the Regional Centre for the Environment 
in Abitibi-Temiscamingue (CREAT). 

Public health and mitigation measures 
WSP’s assessment as well as CIRAIG’s 
analysis both underline that GNL 
Québec’s project implies “less public 
health issues than a standard liquefaction 
plant” thanks to numerous mitigation 
measures that the company claims it will 
undertake. Énergie Saguenay could fea-
ture equipment and facilities designed to 
reduce visual and noise pollution. GNL 
Québec says it will use LED lamps of 1800 
K, and nature-like colours and materials 
during construction. Tests conducted for 
the WSP environmental assessment show 
levels of 40–60 decibels during simulated 
operation, which is fairly quiet – some 
where between a library and ambient 
background music. Yet, Éric Notebaert, 
an emergency room physician, warned 
that the plant’s noise could cause stress 
and could degrade the quality of life of 

people living nearby. GNL Québec affirms 
natural gas is “is odourless and, if a leak 
should occur, it will not mix with water 
or soil and will have no direct impacts on 
wildlife and vegetation.” Omar Daouda, 
director of the Watershed Organization of 
Abitibi-Jamesia, confirms this statement. 
“Since natural gas is lighter than water, if 
there is a leak, it stays on the surface and 
will evaporate. The impact on soil and 
water is less than that of oil,” he said. 
Nonetheless, these claims are insufficient 
in the eyes of Eric Notebaert, who warns, 
that “the Énergie Saguenay plant will 
emit carbon monoxide, sulphur dioxide 
and nitrogen, together with fine particles 
that induce significant lung problems”. 
The WSP assessment annex 7–9 shows 
that the concentrations of nitrogen dioxi-
de (NO2) could be as high as 138% of ac-
tual federal thresholds for some situa-
tions, such as the use of emergency pow-
er generators. All other measurements of 
particles and gases emitted (such as 
PM2.5 fine particles) stay well under the 
federal and provincial thresholds. But 
these regulations have been criticized for 
being too low by 540 scientists in an open 
letter to the Trudeau government in Feb-
ruary 2018, calling for a reform of the Ca-
nadian Environmental Protection Act, 
1999 (CEPA), which is not legally binding 
for projects such as Énergie Saguenay. 
As both Énergie Saguenay and Gazoduq 
are currently undergoing public scrutiny, 
GNL Québec has yet to determine how 
exactly it plans to compensate its GHG 
emissions and to successfully mitigate 
risks for wildlife, the environment and 
human health. The scientific community 
as well as the industry in Quebec are mo-
bilizing their resources in order to con-
vince the state agencies – even though 
the provincial government has already 
voiced its support – and the public opini-
on of the advantages and hazards of GNL 
Québec’s new LNG project. 

Abb. 3  The TC Energy (formerly TransCanada) underground pipeline as seen close to the 105 Compressor 
Station in Ramore, Ontario. It is where Gazoduq’s pipeline should start before running 780km to Sa-
guenay. Source: Philippe Pernot, September 13, 2019 
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