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Executive Summary
The world’s energy landscape is transforming rapidly as the cost of renewable-based electricity, particularly from
wind and solar, declines to become competitive with or lower than the price of electricity generated by fossil fuel and
nuclear power plants. Power utilities and companies are increasingly choosing to increase their generating capacity
using renewable sources rather than fossil power as the perceived problems of intermittent supply from solar and
wind are addressed with better supply and demand management using a combination of integrated smart grids and
battery storage. The price of batteries is falling precipitously leading to their application at local and grid-level scales
in the power supply system as well as facilitating significant electrification of transportation. The shift to an electricitydominated global energy mix will be accelerated as decreasing costs combine with increasing government and private
sector concerns over climate change, energy security and air pollution, particularly in developing countries where
the need for additional energy capacity is greatest. In combination, these drivers could lead to renewable-sourced
electricity replacing fossil fuels as the dominant form of primary energy used in the global economy for most industrial,
commercial and personal activity.

What is driving change?
•
•
•

Cost Reduction: many components of a renewable-based electricity system are declining in cost much faster
than predicted due to advances in technology, economies of scale and accelerating learning curves as experience
with these systems grows.
Digital Economy: digital systems run on electricity; as the global economy shifts to become increasingly digital,
the relative proportion of electricity in global energy use will increase.
Climate Change and Air Pollution: developing countries are embracing renewable energy to meet their
economic and development goals without trading off environmental quality and human health.

Policy Challenges: As the insights interact, what challenges could lie ahead?
•
•
•
•
•
•

A new electricity-based industrial ecosystem could emerge at a much faster rate than expected, significantly
disrupting fossil fuel markets.
Competition for energy markets of the future could be won by those with the best technologies for renewable
energy production, storage and management, rather than by those with deposits of fossil energy.
Minerals and metals such as lithium and rare earths could replace oil, gas and coal as strategic resources based on
their use in the batteries, electronics and photovoltaic cells of the emerging energy ecosystem.
Global oil demand could peak earlier and decline further and faster than expected with significant impacts on
high-cost producers.
Oil production could significantly outpace demand with resulting downward pressure on prices as producer
countries compete to maintain their share of shrinking markets while oil still has value.
Oil could lose its commodity status as purchasers begin to discriminate between oil suppliers on non-intrinsic
qualities such as embodied greenhouse gas emissions and/or other environmental, political or social criteria.
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Insights
Insights describe developments taking place now that could create further, highly disruptive change in the future
should they strengthen. Insights are selected for their disruptive potential and policy implications.

The primary energy supply of the globe is shifting to electricity
Electricity is expected to be the world’s fastest-growing form of final energy1 and to provide an increasing share of
the energy consumed across economic sectors.2 While energy demand from all sources is expected to rise by 37%
from 2012-2040,3 over the same period, world electricity demand is expected to increase by almost 80% representing
over half of the increase in global primary energy use.4 The emerging middle class in developing countries is expected
to drive electrification as it urbanizes and shifts from biomass to electric modern home appliances for cooking, light,
heat and cooling. Figure 1 is drawn from a roadmap study by China, the world’s largest economy, demonstrating that
it is economically and technically feasible for electricity to comprise over 60% of its end-use energy consumption by
2050.5 The emerging digital economy and related data storage and transmission infrastructure will require increasing
amounts of electricity6 as does the growing use of additive manufacturing processes. There are also signals that suggest
transportation may electrify more quickly than expected.7

Figure 1: Share of Electricity in End-Use Energy

Adapted from: China 2050 High Renewable Energy Penetration Scenario and Roadmap Study
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Renewable-based electricity is becoming cheaper than generation by fossil fuels
Electricity will be increasingly produced from renewable sources rather than fossil fuels. Rapid advances in renewable
energy technology and reductions in cost now permit electricity to be produced relatively inexpensively from a wide
range of sources including solar photovoltaics, wind, hydro, geothermal, biomass and biofuels.8 As shown in Figure 2,
most renewables can already produce electricity at a lower cost than fossil fuels.9 Renewables such as solar photovoltaics
are expected to drop in price to below fossil-fuel generation prices in the next two to three years in most markets.10
Although any individual country may lack the optimal conditions for every type of renewable electricity, all countries
are likely to have at least one or more options to produce electricity from renewables that will be cost comparative or
cheaper than generation by fossil fuels.11

Figure 2: Levelized costs of electricity: Renewables vs fossil fuel generation

* Solar and wind include estimated costs to integrate 40% supply of intermittent power into electricity grids.
+ Fossil fuel power range includes health and environmental costs.
Data Source: IRENA

Externality costing will accelerate the shift to renewables
Electricity from renewable sources has significantly lower environmental impacts than from fossil fuels, most obviously
on greenhouse gas emissions12 but on other variables as well such as air pollution and water use.13 Environmental
externalities of fossil fuels are increasingly likely to be factored into the cost of their use14 and could lead to renewables
becoming the technology of choice for almost all new capacity. Deployment rates for renewables are already very high
in countries with an electricity shortage but could accelerate.15 Rapidly declining costs for storage16 and advances in
demand and supply management17 could permit renewables to replace significant portions of the existing fossil-fueled
electrical generation as power plants reach their end of useful life and are retired – both in emerging and developed
economies.18
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Renewables can reduce distribution infrastructure costs
Wind and photovoltaic power systems are highly scalable19 and distributable. They can provide power from the individual
level through to utility scale and can be completely autonomous or fully integrated into electrical grids at local through
to transnational scale. While grid- connected renewables will likely prevail in developed countries with existing grid
infrastructure, the highly distributable nature of these renewables, combined with effective storage or load shifting,
may permit countries with underdeveloped infrastructure to reduce costs of electrification by bypassing the traditional
electrification pattern of extending grids from central power plants.20

Storage solutions are emerging and evolving faster than anticipated
An electricity-based ecosystem that incorporates significant solar and wind power will require storage to smooth the
intermittent supply from these sources. This can be met by proven technologies like pumped hydro storage where
conditions permit. While experience with renewables supply and demand management using integrated smart grids is
growing, it is expected that energy-dense, low-cost batteries will be required for renewable-based electricity to dominate
the global energy mix. Technologies in this area are emerging and evolving rapidly as researchers and companies work
to meet the emerging demand for a wide range of battery applications, particularly in the power and transportation
sectors.21 Simultaneously, costs are declining faster than forecasted.22 Tesla Motors is reported to be producing lithium
ion batteries for the automotive and home energy23 markets at its Gigafactory24 for around US$300 per kWh – a price
point that the International Energy Agency (IEA) predicted would not be reached until 2020.25 Battery manufacturers
in Asia are building battery factories at similar scales to Tesla’s Gigafactory that will triple battery production by 2020.26
These economies of scale are expected to further reduce the cost of batteries to US$150 per kWh by 2020.27 At this
price point, electric vehicles will become fully competitive with those powered by internal combustion engines. There
is significant attention on lithium-ion technology and expanding the capacity and configurations of batteries using this
chemistry. Research is also being conducted on other types of batteries such
as sodium-ion or aluminum-air with the potential to substantially reduce
Tesla Powerwall launch event
the cost per kWh of manufacturing28 while improving energy density29,
on April 30, 2015.
recharge performance and storage capacity. Further application of batteries
(17:57 minutes)
is expected in a range of transportation modes including trains30, trucks31
and even aircraft.32
Batteries are also likely to be widely deployed in stand-alone33 or grid-integrated photovoltaic and wind energy
units to permit continuous power supply.34 Utility-scale energy storage technologies are available now and may be a
cheaper alternative to peaking power plants as well as new transmission lines35 by allowing public utilities to position
battery plants near high demand areas like large cities and industries and improve load-balancing while reducing GHG
emissions. Battery manufacturers are developing different sizes of stationary battery units that store enough energy
to power a single home or a factory and could be used by utilities.36 There is also potential to convert used lithium-ion
batteries from electric vehicles into non- automotive applications like stationary storage units37 as the batteries still have
significant energy storage capacity.

Electricity’s flexibility allows it to cross energy silos and substitute for fossil fuels
Electricity is a versatile energy form which can be used efficiently for a variety of applications. Integrated energy
production, storage and use systems are expected to develop in which electrical energy flow between uses will become
more seamless and fluid.38 Systems thinking that focuses on shifting stored electrical energy between services as they
are required (e.g. mobility, heat, light, computing) could allow electricity to become a fungible energy source across
platforms that have traditionally been tied to a particular energy source (e.g. mobility using gasoline, building heat
by natural gas, light and computing by electricity). Home owners may choose to charge their electric vehicles in offpeak hours and then connect the vehicle batteries into the home power system39 to act as a power source during peak
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demand hours. This type of multipurpose storage could dramatically increase efficiency of the overall energy system by
shaving peak requirements and smoothing demand thereby accelerating the shift to intermittent renewables integrated
with storage.

Data management will become a key element of the electrical energy system
The distributed and intermittent supply from some renewable power sources like wind and solar could add significant
complexity to balancing supply and demand in electrical energy systems.40 Different business models will likely arise
for integrating renewables into electrical systems depending on the degree to which a country already has an existing
centralized power generation and distribution system. However, in all cases, intelligent energy management systems
are expected to become more pervasive as increasing numbers of energy consumption and storage devices become
connected in the Internet of Things.41 This could give rise to large integrated energy/data management companies that
rival or replace government central utilities as the key actors in electrical energy systems.42

Heat from renewables could reduce demand for fossil fuels
Advances in technology could permit renewable sources to replace fossil fuels43 for much of the energy used for heating.
Solar thermal can provide industrial hot water and steam in a temperature range of up to 400°C - warm enough to meet
the demand from the textile, chemical, plastic, food and beverages and pulp and paper industries.44 Concentrated solar
power can go higher.45 China leads the world in solar water heating capacity with 180.4 GWth46 and plans to increase its
solar water heating capacity to 560 GWth by 2020.47 Solar heating technologies could be applied to supply hot water
and space heating in the buildings sector thereby reducing the carbon footprint of the residential, commercial, and
institutional sectors.48 Investments in transportation and distribution infrastructure for fossil fuel could be reduced or
avoided if distributed solar thermal systems are widely adopted for space heating and processing heat.49 In addition,
growth in demand for space heating (or cooling) may be lower than projected if robotics, remote control and automation
remove humans from large parts of manufacturing and processing facilities or from mines to reduce the capital and
operational costs of heating, cooling or ventilating.50

Renewables enhance national energy security, productivity and economic stability
Countries that do not have domestic supplies of a fossil fuel can increase their energy security and productivity while
reducing economic risk by shifting their economies to renewable- generated electricity and heat. Most renewables
can produce electricity and heat at lower cost than fossil fuels which makes economies that invest in renewables more
competitive. Reducing the need for foreign supplies of coal, oil or gas reduces the requirements for political, military or
economic geostrategic investments in fossil fuel rich regions as well as lowering the risks of price shocks if the flow of
resources is interrupted.51
Some forms of distributed renewable energy like solar lead to greater overall employment and more locally-based
employment than centralized power plants.52 By providing inexpensive and reliable electricity close to the end use,
decentralized renewables could create a feedback loop in which local economic activity evolves to take advantage of
electricity, which will stimulate additional demand for electricity that will be met by additional supply by renewables.53
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The increasing recognition of the multiple benefits of renewables compared to fossil fuel generation is reflected in
Figure 3 which shows the global shift in the technologies being chosen to add electricity generating capacity. While
significant investments in renewables are being made by national and state utilities and private utilities, many nonenergy private sector companies also are directly investing in renewables as costs decrease and customers expect them
to act on climate change. In search of energy self-sufficiency, IKEA has announced an investment of 500M euros in wind
energy and 100M euros in solar energy for the next five years.54 Apple has announced a US$850M investment to build a
280 megawatt solar farm in California.55 Many companies listed in the Fortune 100 have adopted corporate renewable
energy programs that scale up their use of on-site solar and wind power systems.56 To overcome some barriers with
on-site power systems and meet their energy goals, 19 big brands representing a combined demand of more than
10 million megawatt hours per year or enough power to run 1 million homes for a year have signed last year the
Corporate Energy Pledge, asking public utilities to make it simpler for them to buy power generated through solar, wind,
fuel cells and other alternatives sources that are less subject to price fluctuations than fossil fuel.57 One of the objectives
of the concerned companies is to have access to longer-term, fixed-price energy and renewables.

Figure 3: Power generation capacity additions (GW)

Source: Bloomberg New Energy Finance
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Transportation may electrify more rapidly than expected
A number of factors could converge to shift a significant percentage of transportation to electricity over the next
15 years. The growth in electric vehicle sales shown in Figure 4 could accelerate, particularly in markets in which vehicle
sales are expected to grow. Many of the countries making the greatest investment in adding renewables to the energy
mix are the same ones facing the greatest regulatory pressures to reduce air pollution and greenhouse gas emissions
as well as the highest projected demand for vehicles.58 Restrictions on vehicle purchases59 and incentives to purchase
electric vehicles60 could accelerate their adoption in emerging markets. Potential declines in electric vehicle cost61
and increases in supply62 coupled with potentially lower than expected overall demand for personal vehicles due to
emerging trends like car-sharing63 and telework64 could lead to a proportion of the global vehicle fleet that is more
electrified than expected in many projections.65 66 A turnover of the vehicle fleet could occur much faster than historical
averages if consumers and governments embrace autonomous vehicles for their enhanced safety and convenience.67
It is likely that those with the highest imported oil supply will shift to electrification of transport at the highest rate to
reduce the risk of supply disruption or price volatility.68

Figure 4: Number of electric car sales by year and country

Source: Zentrum für Sonnenenergie- und Wasserstoff-Forschung Baden-Württemberg
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Challenges and Opportunities
A new global energy ecosystem emerges rapidly
As electricity becomes more abundant, it may challenge fossil fuels in unexpected areas of transportation, processing,
manufacturing and metallurgy which could previously only be performed technologically and affordably using fossil
fuels.69 While the technical ability to generate renewable energy from wind and solar has been possible for decades,
advances in technology and reductions in cost are permitting the globe to “discover” renewable-sourced electricity
as a new energy source. Just as coal and then oil stimulated the development of technologies that used these energy
sources, the emergence of cheap, reliable, abundant and non-polluting electricity combined with affordable energydense battery storage could accelerate the evolution of an electricity-based technological and industrial ecosystem that
could out-compete and largely replace the current fossil-fuel based system.

Competition for emerging energy markets based on technology rather than
resources
The assumption that regions such as Latin America or Africa will follow similar development paths to the West or even
Asia and hence will be the next market for fossil fuels may be questionable. In an electricity-driven industrial and
commercial ecosystem, emerging economies may leap-frog directly to renewable-generated electricity as the primary
energy for their economic growth and development. Competition for these energy markets may be based on providing
the best renewable energy technology and integrated energy efficiency/management systems rather than providing
natural resources like fossil fuels. Those who develop the best technology would be the energy superpowers rather than
those with the best oil, gas or coal deposits.

Minerals become strategic assets
Key minerals such as those required for batteries, photovoltaic cells and electric motors may replace petroleum as
strategic energy-related assets. Latin America (Bolivia, Argentina and Chile) holds the largest lithium reserves in the
world70 while China and Brazil have nearly 60% of the world’s reserves of rare earth metals.71 As storage and mobility
become larger components of the electricity-powered ecosystem, there is potential for the creation of cartels or
coordinated market manipulation for key minerals.72 This potential threat may spur countries to explore alternate battery
chemistries that could further accelerate and expand the conversion to electricity by lowering cost and expanding
options across sectors.73
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Oil demand for transportation declines more rapidly than expected
A growing number of weak signals suggest a potential shortage of demand for fossil fuels rather than a shortage of
supply. As electricity increases its proportion of the world’s primary energy supply and that energy is increasingly
met with low-polluting, cost-competitive renewable generation, transportation could shift towards electrical power.
Coupled with other factors that could reduce transportation demand (see Figure 5), demand for oil could peak sooner
and decline faster than expected.

Figure 5
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Fossil fuels could lose their commodity status leading to splintering of the oil
market
The assumption that fossil fuels such as oil are essential to drive economies may begin to be eroded as the availability
of cost-competitive renewable-based energy increases and industrial and economic ecosystems embrace and evolve
to use it. Grades of oil, natural gas and coal are largely considered uniform commodity products once they enter global
markets. However, their sources vary significantly as can the geopolitical, environmental or social impacts of their
extraction, production and transportation. If demand outstrips supply, discrimination between oil, coal or gas on the
basis of these impacts may be limited, but if supply exceeds demand, pressure could mount to provide quantitative and
qualitative information related to the source of the fossil fuel being sold. In this plausible future, the concept that coal,
oil or gas is a globally uniform product could fail leading them to lose their commodity status.
If this were to occur, the global market for a fossil energy like oil could splinter into three broad tiers - the bottom (price
only), middle (best mix of price but with floors on key criteria) and premium/high end (the purchaser will pay a premium
to ensure all criteria are met). Embodied carbon in the production of the fossil fuel will likely be the first discriminator to
be widely adopted. Others may follow such as associated environmental degradation; water consumption; air pollution;
human rights record; indigenous inclusion; democratic freedom; inclusion of women; political and economic stability;
lack of conflict; etc. If this were to come about, some fuels may have to sell at a steep discount to offset aspects of their
production that are considered negatives by potential buyers. Rather than being price-takers from suppliers, consumer
countries could become price-makers on different sources of oil as suppliers adjust pricing to maintain share of a
diminishing and more discriminating market place.
Although oil is generally not segregated in the supply chain currently, increased data from sensors, big-data analytics
and the Internet of Things could provide the information needed by purchasers at all points in the supply chain to more
effectively track and discriminate between fossil fuel products from different sources. A system for open, transparent and
verifiable tracking of oil from different sources and the products derived from them could be built using a Blockchain
process. Similar programs are currently being developed to track the provenance of foods or other products from
primary sources to end products.74 Alternately, fuel suppliers could emerge that only source their oil from suppliers
meeting top tier criteria. Although the actual oil received by a purchaser may come from a pool of oil from all suppliers,
the purchasers contracting from those suppliers would receive confirmation that top tier oil offset bottom tier oil in the
pool and that the payment was directed to the producer of the top tier oil. This system would shift revenues from low
tier producers to upper tier producers without disrupting a pooled oil handling system. This system would be similar to
that used currently for “green power” from a provincial electricity grid.75 Delivered price could become only one of
several characteristics used by purchasers of energy. It could be difficult to challenge these purchase decisions in the
current multilateral trade regime as they would be made by individuals rather than at country level.
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Scenarios
Scenarios are used to visualize how the future could evolve under different drivers and conditions. Scenarios are not
attempts to predict the future, but rather to explore how the future might emerge, in order to test current assumptions
and potential policy approaches against a range of alternatives.

Scenario 1: Resisting and reacting to change
•
•
•

•

•

Canada continues a narrative that it has energy super power status based on its petroleum reserves. It continues
to invest economic, social and political capital in expanding and maintaining production from the oil sands as a
driver of employment, economic growth and tax/royalty revenues.
Canada dismisses or actively resists domestic and international initiatives to encourage divestment in fossil fuels
or to differentiate oil in international markets based on non- intrinsic qualitative measures.
By defending the World Trade Organization rules that prevent discrimination of oil or petroleum based products
based on their origin, and not taking steps to categorize oil based on non-intrinsic criteria, Canada is increasingly
at risk of missing the expanding “premium” oil market and becoming a price taker. Needing to sell to the bottom
of the market is further eroding investment in petroleum resources with impacts on tax and royalty revenues
and employment. Its traditional market, the U.S., requires steep discounts on Canadian bitumen-derived oil as it
needs to compensate purchasers for the downstream costs of emissions credits or carbon taxes that are imposed
in the U.S., to permit it to meet the significant GHG reductions targets it accepted in negotiations with China.
Negative perceptions on its climate/energy stance are spilling into non-energy related matters. Canada’s
international “brand” is being significantly damaged and a wide range of Canadian products and services are
considered “dirty” in the international market place.76 Soft power and influence continue to wane across a
spectrum of issues.
Significant financing costs for investments in fossil fuel infrastructure may need to be written off by the private
sector or absorbed into government budgets at the taxpayer’s expense.

Scenario 2: Embracing and leading change
•

•

•
•
•

Canada recognizes the growing importance of low-carbon energy as a key discriminator in a carbon-constrained
global economy. It is expanding its already high electrification from renewable/non-emitting sources. Promoting
its clean electricity story internationally is leading to its products and services being recognized and sought out
for their low-carbon content.
Canada is becoming increasingly adept at using its clean electricity by developing and/or being an early adopter
of new technologies and processes in the expanding electricity- based industrial and commercial energy
ecosystem. It is becoming an increasingly dominant global player in a number of key niche areas of electrical
energy use such as data farming and mineral resource extraction/refining using new electricity-based processes.
By taking a progressive role in developing and codifying the emerging international information base for the decommodification of oil, Canada is positioning itself as an important player in this subset of the climate/energy
issue.
Shifting the component of Canada’s oil exports to premium (essentially conventional) sources is allowing it to
retain and grow a share of the declining global oil market. Carbon Capture and Storage is cost effective due to
advances in technology and environmental credits gained for recovering oil from existing conventional deposits.
Research efforts continue on using the energy potential of the oil sands for alternate fuels through in situ
biological transformation into hydrogen, ethanol and syngas which are used in transportation, chemicals, plastics
and clean combustion to produce electricity for the U.S. Market.
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Implications for Canada
Canada would be relatively well placed to take advantage of an electricity-based
industrial ecosystem
Access to electricity is essentially universal in Canada77 and
approximately 66% of the electricity it produces comes from
renewable hydro power and non-greenhouse gas emitting nuclear
power.78 This is in stark contrast to low electrification rates in
many developing countries79 and to global electricity generation
in which 75% is generated by fossil fuels. While significant parts
of the world still need to add capacity and to shift to renewables,
Canada has not only sufficient electricity for its domestic needs but
capacity to export nearly 10% of its production.80 Canada also has
significant potential to increase its total electricity production81
and to shift its electricity production further to low-carbon
sources.82 These factors place Canada in an enviable position to
export low-carbon electricity directly to markets in the U.S. and
Mexico. Both economies could be expected to see increasing
electricity demand while seeking to reduce their greenhouse
gas emissions. The potential for long-distance transmission to
further markets could increase as technology advances.83 Canada
could also export technology, software and expertise in electrical
energy production, particularly from hydro-electricity, as well as in
electricity distribution, management, use and storage.

Data Centres: Economic Hubs of the
Digital Economy
As digital technologies enable and
penetrate more sectors of the global
economy, electricity demand associated
with data processing, storage and
transmission is increasing both in absolute
terms as well as share of end-use energy.
Intercontinental exports of electricity
are not yet cost-effective, but data can
today be transferred efficiently between
continents using high-speed fiber optic
cables. Data centers can be located in
areas with low-cost, low carbon electricity
and favourable climates to reduce energy
demand for cooling. Large, fast and reliable
data centers could become innovation
and economic hubs by attracting activities
for which computational speed and/or
volume are important. In an increasingly
digital economy, benefits will come to those
who are able to store, manipulate, transfer
and apply data at the greatest speed
and security and at the lowest cost and
environmental impact.

Canada could become a global player in the emerging electrical
industrial ecosystem in a number of ways. By hosting data centres,
Canada could provide a significant share of the rapidly growing
global electrical energy demand from the rising digital economy.84
As the economy becomes more digitally-based and additive
manufacturing expands, many areas of production could be reshored. Electricity could be exported to support similar re-shoring
in the U.S. and Mexico. The cost competitiveness or preference
Iceland proves ideal for carbon neutral data
for Canadian products or services produced with clean electrical
centre
energy could be increased in a carbon-constrained world. Canada
could export low-carbon energy embodied in products or services85
by attracting production of goods or services that require a lot of
electricity but are currently being produced in other countries using relatively high percentages of electricity generated
using fossil fuels.
Canada could lead on research to switch industrial processes that are currently fossil-fueled to use electricity and/or
be an early adopter of technologies developed elsewhere to produce low embodied-carbon products using electricity.
Mineral processing and metallurgy are generally considered mature industrial sectors in which Canada may have a
comparative advantage in developing or adopting disruptive technologies using electricity.86
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Canada may hold many of the minerals and metals of an electrified digital world
As a new industrial ecosystem evolves to take advantage of electricity, the materials that are used in it will shift. New
technologies will require greater amounts of minerals and metals such as lithium, graphite and cobalt for batteries as
well as rare earths for the permanent magnets in electric motors.87 Canada’s well-developed exploration and mining
expertise could place it in a relatively strong position to develop or partner with others to find and develop new sources.
Opportunities to find new applications for existing materials or to develop new bio-based materials could also be
explored.

Canada may need to review the anticipated demand for its petroleum assets
A significant shift to electrification of personal transport combined with the potential slowing of demand for
transportation of goods and people could result in oil demand peaking sooner and declining faster than forecast.88 If
these trends were to continue, Canada may find that not all of its petroleum is marketable at prevailing prices, particularly
if low-cost producers keep prices low by maintaining or even increasing supplies to keep market share and maximize
the sale of their oil assets while oil still has economic value.89

Canada may need to reconsider the marketability of different types of oil reserves
If global or regional markets for Canadian oil begin to differentiate oil based on non-intrinsic values such as embodied
greenhouse gas emissions and splinter into tiers, Canadian producers could become either price-makers or price-takers
depending on whether their reserves were rated as premium, middle ground, or low tier. It would be important for
Canada to understand the criteria that are likely to emerge to define tiers and which of the deposits of fossil fuels
in Canada could meet those criteria. As Figure 6 indicates, greenhouse gas emission metrics on some Canadian oil
resources are lower than international reputation would suggest. Canada’s greenhouse gas emissions profile could be
improved by selective development of oil sources even within oil sands deposits.
The emergence of a rating system for deposits that classified them based on their tier could significantly reduce
shareholder and company value if deposits are rated low or, conversely, increase shareholder value for companies
with premium rated deposits. Potential spillover effects could be seen in stock markets like the TSX which are heavily
weighted to resources like oil and from there into the economy as a whole.
Canada has a bulk handling system for oil, gas and coal but may have to consider source segregation, identification and
certification for different tiers of oil to avoid rejection of low tier oil by a premium tier purchaser. If linked to a carbon
pricing/tax scheme geared towards reducing carbon emissions, one could see a situation in which a purchaser could
avoid paying carbon taxes or purchasing emissions permits by buying oil which already has a lower embodied-energy
of production - the emission reduction would be considered to be intrinsic to the oil. Higher embodied-energy oil
would sell at a discount because it would incur higher taxes or emissions permit costs when used.
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Figure 6: A comparison of greenhouse gas emissions: Canadian vs global oil fields

Source adapted from: Carnegie Endowment for International Peace, “Know Your Oil: Creating a Global Oil-Climate Index”,
March 2015

Leading an orderly and responsible transition to a post-oil future
An emerging grid of actors opposed to oil production could be potentially very disruptive to the Canadian oil sector.
The campaign to encourage investors to divest in fossil fuels90 may gain momentum. Recognizing that oil will still be
a significant component of the global energy mix, at least in the near future, but that some oil is likely to remain in
the ground, an opportunity may exist for Canada to demonstrate global leadership in an orderly and responsible
transition to a post-oil future. If the market can choose amongst suppliers as a means to address climate change or
other goals, it is likely that the demand will be greatest for the least environmentally or socially damaging oil. Canada
may have oil that meets an emerging higher bar and by being active in this space, be able to bring this oil to market. An
implication of tier- ranking is that some deposits may not be marketable and will have to be written off. This may require
Canada to shift its thinking about where to invest in infrastructure and the tax/royalties streams that are likely from
different types of oil deposits. There are also potential issues related to decommissioning stranded existing petroleum
production and transportation infrastructure. Alternately, Canada may need to research and develop alternate uses for
potentially stranded petroleum deposits or means to convert them into energy in forms other than oil such as methane
or hydrogen.91 Use for plastics is not likely to be an option considering that no oil is used in plastic production in major
markets like the U.S.92
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Rethinking Arctic Development Strategy
There are potential implications for Canada’s Arctic if global oil and gas demand does not increase as expected. Arctic
oil may be less marketable in an era of global oversupply because of its high cost (including embodied energy of
production) but also high perceived environmental risk. Energy companies may be less interested in securing rights
to oil and gas deposits in the Arctic or in the development of existing holdings which could reduce economic and
employment opportunities for the region. However, materials such as minerals and metals needed in an electricitybased energy ecosystem or natural resources such as fisheries may emerge as assets with strategic and economic value.
A shift away from oil and gas as an economic driver could require shifts in development and infrastructure investment
decisions.

Low cost renewables could challenge Canadian power utilities’ business models
The potential for unsubsidized and decentralized renewables to produce electricity for the same (or lower)
cost as traditional power plants may challenge Canadian utilities to provide cost-competitive electricity
under the existing central utility model. In coming years, innovation, increased mass production capacities
and market expansion of Asian, European and American companies will continue to drive down the cost of
renewable energy devices and could undermine the competitiveness of Canadian central utility models.93

Canada may face multiple pressures to deregulate its electricity markets to permit
greater penetration of renewable energy production and different business models
for its distribution
The rapid expansion of renewables, particularly in Asia, may lead to new business models for electricity production and
distribution based on the low-cost, scalability and decentralization of renewable energy. Renewable energy technology
producers could look to expand their global share in foreign markets. Combined with the potential trade liberalization
of environmental goods through the conclusion of the Environmental Goods Agreement94 within the World Trade
Organization, foreign-made rooftop photovoltaic power or wind turbines and storage technology may become viable
economic options for Canadian electricity consumers owning buildings in commercial, agriculture, institutional,
governmental and industrial sectors. Consumers at the individual and corporate level may also drive a shift towards
increased share of renewables, which may not be connected to the existing grid, based on their low cost and low carbon
emissions.

The cost of electricity from central power plants may become more expensive95
In the Canadian system in which supply from provincially-owned centralized power plants already meets demand,
additions of renewable energy from other actors will offset energy production from the central power plants. Costs of
electricity from provincial utilities could increase because large scale nuclear and thermal power plants are optimized
for continuous operation. Varying or reducing output from them can reduce their efficiency and increase their cost
of operation. Provincial utilities also have debt servicing burdens to cover as well as significant costs associated with
maintenance of extensive long-distance transmission lines that may not be required by decentralized renewable-based
alternatives.96 Uncertainty about the time frame in which energy from decentralized renewable systems becomes costcompetitive with central utilities’ energy prices could increase the risk of public investments in state-owned power
plants because the revenues from large, capital-intensive new power plants may not be sufficient to service the public
debt incurred to build them.
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Conclusion
It is increasingly plausible to foresee a future in which cheap renewable electricity becomes the world’s primary power
source and fossil fuels are relegated to a minority status. This plausible future would seem to favour strategies that
develop Canada’s own energy production and distribution systems to adopt and benefit from low cost renewable
electricity. This would also provide Canada with the necessary expertise to participate in the growing global market
for renewable powered electrification. By contrast, this plausible future would seem to recommend against long term
investments in oil and gas production, refinement, and distribution infrastructure as these could be at high risk of
becoming economically unviable as prices in renewable electricity further decline. At a minimum, this plausible future
would suggest that governments ensure that the risks of further investments in oil and gas infrastructure be borne by
private sector interests rather than taxpayers. Finally, while overall prospects for fossil fuel producers appear limited in
this plausible future, there may be potential for some low-cost, low GHG-emitting Canadian producers to serve a niche
market for green and ethical oil. Overall, the potential for significant disruptions in energy over the next 10-15 years, as
illustrated in the plausible future described in this paper, would argue for caution by both governments and business to
avoid long term investments that may not be viable under changing conditions.
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Annex A: Assumptions
This foresight study challenges current assumptions about the expected future of the global energy landscape. It
proposes alternative assumptions that are more likely to be robust across a range of future scenarios instead.

Assumption

Robust Assumption

Fossil fuels will continue to dominate global primary
energy supply.

Electricity will increase as a percentage of primary
energy globally and may challenge fossil fuels as
the predominant form of energy consumed in many
economic sectors.
Renewable energy requires subsidies to be cost
Many types of renewable-based electricity generation
competitive with coal or natural gas powered
are already cheaper without subsidies than generation
generation.
by fossil fuel; those that are not are likely to be so within
10 years.
There may not be a requirement to incur environmental
Environmental and social considerations will remain
secondary to economics in energy supply and
or social tradeoffs in increasing energy supply. Declining
costs of renewable energy technology combined with
consumption decisions.
increasing internalization of environmental and health
costs of emissions from fossil fuels could make all forms
of renewables the least expensive source of electricity
within 10 years.
State-based centralized electricity utilities and
The scalability of renewables, particularly wind and solar
extensive grids will continue to be the dominant
could lead to regional or continental mega-grids that
business model for supply.
span multiple jurisdictions as well as to hyper-local or
captive power that is not connected to a utility’s power
grid.
Regional integration of wind and solar generation
The contribution of wind and solar to electricity
combined with advanced demand management can
generation will be limited by the high cost of storage
smooth intermittency significantly; storage may not be a
needed to compensate for the variability of supply
limiting factor until wind and solar exceed 70% of supply;
meaning that peaking plants will always be required.
storage battery costs could continue to decline to be
more cost effective than peaking plants; disseminated,
internet-connected batteries in buildings and vehicles
could act as virtual peaking plants.
Adoption rates for electric vehicles will remain low due Battery costs will decline to the point at which the
to high upfront costs compared to internal combustion drive-away cost of an electric vehicle is competitive
engine vehicles, short driving ranges and limited
with a conventional internal combustion engine vehicle;
charging infrastructure.
consumer experience with electric vehicles will reduce
range anxiety; fleets may change over more quickly
than historical average due to changing concepts of
car ownership and regulatory measures to reduce
environmental and health impacts of fossil fuel use.
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Assumption

Robust Assumption

Global demand for crude oil will substantially grow
over the next 10-15 years, mainly driven by a rising
vehicle market in emerging countries and growth in
freight and aviation sectors.

Worldwide demand for fossil fuels could peak earlier and
decline faster than predicted, leading to a softening of
global demand. Emerging technologies such as electric
vehicles and behavioural shifts such as virtual work and
the sharing economy in the mobility industry may reduce
the demand for oil for transportation.

Major oil producing countries will rebalance supplies
to increase and stabilize prices.

Low-cost oil producers may not curtail supply in order
to maintain their share of a diminishing market, seeking
to maximize the extraction of their reserves before oil is
replaced as a predominant energy source.
Purchasers at all points in the supply chain may be able
to track products produced from different sources of
oil and discriminate between those products based
on intrinsic qualities of the source oil as well as nonintrinsic qualities such environmental or social impacts
of extraction, transportation and production of the
products.

Petroleum-based fuels and products are commodity
goods.
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