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Highlights

* 'The shift from fossil fuels to clean energy alternatives creates a challenge in maintaining the reliability of energy supply.
Price shocks related to the transition could diminish public support for climate change mitigation policies.

*  Current underinvestment in the clean energy sector leaves the global economy on track to reduce oil and gas production
faster than it is replacing it with alternatives. If the status-quo continues, there is increased risk of price volatility and el-
evated energy costs due to the mismatch between the supply and demand of fossil fuels. A significant acceleration in clean
energy investment can lower the need for additional upstream fossil fuel investment.

* Lastyear's extreme weather events were another reminder of the urgent need to make the energy system more resilient to
climate impacts. Part of the investment in the energy system should be geared towards strengthening infrastructure against
physical damage and building sufficient electricity generation capacity to cover demand spikes from extreme temperatures.

The latest United Nations Climate Change Conference in Glasgow (COP26) reaffirmed the commitment made in 2015
at the COP21 Paris summit to limit average global warming to well below 2°C, and ideally to no more than 1.5°C, above
pre-industrial levels. Reaching this target will require large-scale reductions in greenhouse gas emissions, of which decarbon-
izing the energy system is a critical component. The system currently accounts for about three-quarters of greenhouse gas
emissions from human activity.!

In previous reports, we presented the main pathways for abating emissions and an argument for why carbon capture tech-
nologies should not be dismissed as part of the solution towards net zero emissions. In this report, we address the scale and
complexity related to the production and deployment of clean energy technologies, including the necessary infrastructure
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majority of the world's energy infrastructure. Source: International Energy Agency (2021), BP (2022), TD Economics.
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Chart 1B: Share of Primary Energy Consumption
by Source in the Net-Zero Scenario
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Source: International Energy Agency (2021), BP (2022), TD Economics.

'These challenges make it difficult to determine how fast
the world should be reducing investment in fossil fuels.
A faster ramp down in fossil fuel supply that is not com-
bined with an offsetting increase in renewables and the
decarbonization of the demand side would lead to sup-
ply shortfalls and price spikes, with economic repercus-
sions that include higher inflation and slower economic
growth. This, in turn, risks reducing political support for
the set of policies and frameworks necessary to support
the energy transition in the first place. There are already
warning signs appearing on the global stage. The surge
in the price of energy and other commodities following
Russia's invasion of Ukraine has worsened inflation and
risks hurting economic growth. In response, some gov-
ernments have reversed policies by cutting gasoline taxes,
providing income transfers, releasing supply from strate-
gic reserves or taking other measures. This highlights risk
aversion within the public and governments to bear the
economic cost that comes with sudden supply shortages.

To minimize the likelihood of future energy shortages, cli-
mate policy planning needs to strike a balance between the
long-term decarbonization vision and ensuring that we do
not move faster on dismantling the existing energy supply
than we do on building clean energy alternatives. As well,
increasing weather variability introduces new concerns for a
world that is to be progressively powered by energy sources
that are weather dependent. Overall, policy makers must
keep a holistic view on how the interaction of various de-
carbonization measures could affect the reliability of energy
supply and where necessary, craft policies to ensure that the
energy system has enough buffers in place. Below we pro-
vide an overview of the ongoing energy crunch focusing on
Europe, followed by a discussion of the risks that could af-
fect the reliability of energy supply over the coming years.

The 2021-22 energy crunch

Prices of various energy products were surging last year due
to supply shortages, well before the war in Ukraine further
exposed Europe's vulnerabilities and supply chain depen-
dencies. Given the role of Russia as one of the top export-
ers of oil and natural gas, the partial loss of its supplies
due to official sanctions and self-sanctioning by traders
has worsened the energy crunch that began in 2021. The
impact has been especially pronounced in Europe because
it depends heavily on imports of oil, natural gas and coal
from Russia. Prior to the war, the energy crisis in Europe
was largely confined to natural gas and electricity markets.
'The factors behind the pre-war gas supply shortages in-
cluded low regional gas inventories and lower than normal
gas imports from Russia. Additionally, a substantial decline
in wind power generation due to calm wind conditions and
emergency maintenance outages at several nuclear reac-
tors in France contributed to robust gas demand at vary-
ing points in the past several months. As a result of the
tight market conditions, the average quarterly gas price at
the Dutch TTF hub rose by 405% between Q1 and Q4
of 2021, while the average monthly gas price in Britain
has been triple its level in January 2021 since September
2021.%° Because gas plants tend to set wholesale electricity
prices in many countries in Europe, the surge in natural
gas prices has led to high electricity prices (chart 2). In
both the EU and the UK, rising carbon emissions allow-
ance prices also contributed to increasing electricity costs.
More recently, the Russia-Ukraine conflict has added to
these pre-existing tensions.

Europe's experience raises a number of important points
with implications for the clean energy transition. First,
the prolonged period of low wind power generation high-
Chart 2: Great Britain Day Ahead Gas Prices and
Baseload Electricity Prices, Monthly Average
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lights the need for more dispatchable generation to offset
intermittent resources. This role is currently filled by gas-
fired and other conventional generators, but there is also
a need to invest more in battery storage, dispatchable low
carbon generators and carbon capture technologies. The
second point has to do with the fact that intermittent and
non-dispatchable resources like wind are unable to provide
backup when unexpected generation losses occur, such as
the recent nuclear maintenance outages in France. That
limitation means conventional dispatchable generators will
continue to be necessary until low carbon alternatives are
ready. Third, although Europe is one of the leading regions
in installing solar and wind capacity, the continent is still
strongly dependent on natural gas. At the same time, de-
clining domestic gas production has left Europe increas-
ingly dependent on imports, especially from Russia, and
with limited options for dealing with supply shortages.

The importance of reliable energy supply in the
transition debate

Price shocks due to volatile energy supply could potentially
diminish public and political support for climate change
mitigation measures. For example, faced with energy prices
rising at more than 10% since April 2021 and over 20%
since October 2021 on an annual basis, leaders in several
EU countries have become more hesitant to support a pro-
posal to expand the emissions trading system (ETS) to the
road transport and heating sectors.* The new ETS program
is among the measures that were proposed by the Euro-
pean Commission in July 2021 to aid achieving the target
to reduce EU emissions by at least 55% by 2030 relative
to 1990. However, the surge in energy prices has height-
ened concerns over the program's impact on households.
If adopted, the new ETS would take effect around 2025,
but it would still be difficult for governments to make a
program that, by design, is intended to make fossil fuels
more expensive acceptable to the public at a time when en-
ergy prices are already high. As it is, current soaring energy
bills led to protests in parts of Europe last year,® indicating
that countries have to maintain a delicate balance between
setting appropriate price signals to encourage a move away
from fossil fuels, while also ensuring that prices do not rise
too much and make energy unaffordable. All this rests on
keeping supply reliable to prevent price shocks.

Potential risks to the reliability of energy supply

There are several vulnerabilities in the energy system that
could impair the reliability of energy supply over the com-

Chart 3: Annual Inflation and the Energy
Component, European Union
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Source: Eurostat (2022), TD Economics.

ing years. These include current underinvestment in the
energy system; physical impacts of weather and the chang-
ing climate; the intermittency of solar and wind and the
challenges it poses for maintaining reliable electricity grids;
and risks related to the geographic concentration of critical
natural resources. The list is by no means exhaustive but
merely covers a handful of examples.

Underinvestment in the energy system

Global investment estimates from the last few years show
a mismatch between investment in clean energy and up-
stream oil and gas, which indicates a disparity between the
pace in which the world is adopting clean energy versus
the pace of the ramp down in supply on the fossil fuel side.
Specifically, investment in clean energy is a third lower
than what is consistent with the net zero emissions by 2050
pathway (chart 4A).%” On the other hand, investment in oil
and gas production in 2020 and 2021 was close to the level
estimated to be consistent with the net zero path developed
by the International Energy Agency (IEA) and BP (chart
4B).% To put the numbers in context, under the IEA and
BP net zero by 2050 scenarios, current investment levels
in upstream oil and gas are aligned with a world in which
oil demand in 2030 would be lower than its 2019 level by
8%-26% while natural gas demand would be about 4% be-
low its pre-pandemic level (charts 5A and 5B)."® However,
as we discuss below, that is not the demand trajectory the
world is currently on, which increases the risk of a mis-
match between the supply and demand of oil and gas if the
clean energy sector is unable to scale up and if efforts to
decarbonize end-use services are not adopted fast enough.

After declining in 2020, demand for natural gas had fully
recovered by the end of 2021. Oil demand was also on track
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Chart 4A: Global Investment in Clean Energy in
Net-Zero Scenarios
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Note: Both IEA and IRENA estimates are based on scenarios that assume net zero emissions in 2050.
IRENA estimates exclude fossil fuel and nuclear while IEA estimates include nuclear and fossil fuels fitted
with CCUS. Source: International Energy Agency (2021), International Renewable Energy Agency (2021),
TD Economics.

to reach its pre-pandemic level this year, prior to the recent
rally in energy prices due to the war in Ukraine (charts
5A and 5B).*'%!" Additionally, projections from the IEA's
Stated Policies Scenario (STEPS) and BP's New Momen-
tum scenario (NM) suggest that oil and gas demand could
remain strong over the next several decades. STEPS is
based on current and announced policies while NM takes
into consideration the recent pace of decarbonization and
makes assumptions on the likelihood that global climate
pledges will be achieved. In these trajectories, gas demand
in 2030 is higher than its pre-pandemic level by about 15%
and oil demand is 5% higher than its 2019 level. The pro-
jected demand for 2030 would exceed supply from current
producing fields and those already approved for develop-
ment as of 2021 by around 40% for oil and about 20% for
gas (charts 5C and 5D). Under these demand scenarios,
average annual investment in upstream oil and gas over
the coming years would have to increase to up to double
its level in 2020 and 2021 and new fields would need to
be approved for development to ensure that future supply

Chart 5A: Global Oil Demand in 2030 by Scenario
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Source: International Energy Agency (2021, 2022), BP (2021, 2022), TD Economics.

Chart 4B: Global Investment in Oil and Gas Production
by Scenario
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Source: International Energy Agency (2021), BP (2022), TD Economics.
would be compatible with demand. The climate implica-
tions of our current fossil fuel demand trajectory are dire
as continuing on this path virtually guarantees that global

emissions will not reach net zero by 2050.

Naturally, the actual path of oil and gas demand this decade
will depend on the progress the world makes on boosting
the supply of clean energy and replacing technologies that
run on fossil fuels with clean energy substitutes. Invest-
ment needs to increase significantly across all sectors to
reduce the need for further oil and gas investment. Renew-
able generation capacity has made great strides, led by solar
and wind capacity, and its growth is expected to acceler-
ate. That said, the projected annual capacity addition for
2021-26 is just over half of the level required for net zero
by 2050. Simply put, investment needs to nearly double be-
yond what is already planned for this period." In the trans-
portation sector, countries have to work towards increasing
the share of electric vehicles (EVs) in the global passenger
car stock from 1% in 2020 to 20% by 2030.! Norway, where

Chart 5B: Global Natural Gas Demand in 2030 by
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Chart 5C: Oil Demand by Scenario v. Supply from
Current Fields and Fields Approved for
Development as of 2021
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the share of EV's was already 17% in 2020, serves as a mod-
el for the measures that other countries could employ to
meaningfully move the needle. Progress in other sectors
has also been slow, for instance electrifying space heating
in residential and commercial sectors and improving build-
ing insulation. Increased R&D spending is needed to de-
velop solutions for sectors such as aviation that currently
have limited decarbonization options.

'The final aspect of the clean energy underinvestment story
relates to mineral supply. Clean energy technologies such
as electric cars are more mineral intensive than conven-
tional technologies (chart 6). For virtually all minerals,
mining and processing capacity and output must increase
significantly to match the expected demand. However, in-
vestment plans for many of the minerals are lower than the
levels that are required to enable a faster transition."

Chart 6A: Minerals Used in Electric Cars Versus
Conventional Cars
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Chart 5D: Natural Gas Demand by Scenario v.
Supply from Current Fields and Fields Approved
for Development as of 2021
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Geographic concentration of critical natural resources

Although solar and wind resources are widely available, there
is geographical concentration in many of the metals and
minerals that are utilized in manufacturing components of
solar photovoltaic modules and wind turbines, and of other
products like battery storage systems. For example, over 70%
of the reserves of minerals like lithium, cobalt and rare earths
are in just three countries.* Reserves refer to the portion of
mineral resources that is estimated to be commercially vi-
able based on current economic conditions. Similarly, the
production of minerals is primarily dominated by a hand-
ful of countries (chart 7). There is also concentration on the
processing side, as China accounts for over half of cobalt and
lithium processing and more than four-fifths of rare earth
mineral processing.”® The concentration of supply in a few
countries poses the risk that disruptions in a major producer
due to natural disasters or adverse political, regulatory and
economic changes could not just slow the pace of the clean
energy transition, but also undermine its success.

Chart 6B: Minerals Used in Select Power Generation
Technologies
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Chart 7A: Share of Top 3 Countries' Reserves of
Selected Natural Resources, 2020
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Chart 7B: Share of Top 3 Countries' Production of
Selected Natural Resources, 2020
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'The Russia-Ukraine conflict could exacerbate the clean en-
ergy sector's supply chain issues that began last year. In ad-
dition to being a top three producer of oil and gas, Russia is
also one of the leading producers of minerals such as nick-
el, silicon and cobalt and holds large reserves of rare earth
minerals, zinc, nickel and copper.’ Beyond their impact on
oil and gas supply, sanctions and the avoidance of Russian
commodities by traders could also affect the country's ex-
ports of minerals, with implications for long-term supply.

Intermittency of solar and wind

Global solar and wind electricity generation has risen ex-
ponentially in recent years. From 2010 to 2020, their com-
bined power output increased sixfold while their share of
generation increased from 2% to about 9%.% The two en-
ergy sources are slated to expand further over the coming
decades as more capacity is installed to meet clean energy
targets. Though good for emissions reduction, the two re-
sources create challenges for grid reliability because they

only produce electricity when the sun is shining or the wind
is blowing and thus, cannot be counted on to be available
when needed. Intermittency can happen on all timescales
from seconds to hours and even across seasons. In Canada,
for example, solar power generation is significantly higher
in the spring and summer relative to the fall and winter de-
spite solar panels being more efficient in cooler weather.'®

'The variability issue came into focus in Europe last year
when unusually low wind conditions — likely driven by a de-
crease in average wind speeds caused by climate change, re-
terred to as global stilling — led to a reduction in wind power
generation. In the UK, wind power generation dropped
by 14%-30% in the first three quarters of 2021 compared
to the same periods in 2020, while wind's share of power
generation declined by more than 4 percentage points year-
over-year.”” For context, installed wind capacity increased
by 2%-4% year-on-year over the same period. On the worst
windless days such as July 22nd (chart 8), wind's contribu-
tion to domestic power output was negligible with natural
gas making up most of the shortfall. The Intergovernmental
Panel on Climate Change has estimated that global warm-
ing could lead to lower wind speeds in Europe especially
during the summer," implying that jurisdictions should be
planning for potential future extended lulls in wind power
generation. Wind intermittency is an issue in other regions
too. For instance, New York state had 74 low-wind incidenc-
es in 2020 during which wind power output was less than
5% of installed capacity for at least 8 consecutive hours."”

As the share of solar and wind capacity rises relative to con-
ventional capacity, electricity systems will require sufficient
dispatchable resources to balance electricity demand and
supply. Conventional generators currently provide most of
the flexible capacity globally, but lithium-ion battery ca-
pacity is growing in some jurisdictions enabled by falling
costs of the technology. While current battery assets can
store enough energy to provide backup for just a few hours,
as illustrated by the lithium-ion battery storage projects
contracted by the US utility PG&E in 2020,**' techno-
logical advancements for solid state batteries offer promise
for longer-duration storage. Providing backup for weeks-
long or seasonal intermittency will require dispatchable
low-carbon power generators such as nuclear and there
may also be a role for fossil fuel-fired generators paired
with carbon capture. With electricity demand expected to
rise rapidly in the coming decades as more sectors are elec-
trified, the reliability of supply from the grid will become

€ven more important.
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Chart 8A: Wind Electricity Generation and Capacity, UK
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Chart 8C: July 22, 2021 Half Hourly Electricity
Generation by Source, GB
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Physical climate impacts

'The energy system is the main contributor of the greenhouse
gas emissions that are driving climate change. At the same
time, the system is vulnerable to the impacts of the changing
climate. Extreme weather events have become more com-
mon and are expected to increase in frequency and intensity
with rising global temperatures. This means the world needs
to be preparing to deal with more years like 2021, which
came with a broad range of extreme weather events that
affected the energy system, from winter storms to floods,
droughts, wildfires and heat waves. Both energy demand
and supply are vulnerable to the impacts of extreme weather.

On the demand side, extreme temperatures can signifi-
cantly increase energy demand for heating and cooling. For
instance, during the heat wave that hit British Columbia
in June 2021, electricity demand (both peak load and total
load) during the hottest days was as much as 20% higher
than demand from a typical day in June in the three-year

Chart 8B: Average Half Hourly Wind Electricity
Generation, GB
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Chart 8D: August 13, 2021 Half Hourly Electricity
Generation by Source, GB
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period from 2017-19. If household air conditioner own-
ership in British Columbia (33% in 2019) were as com-
mon as in Ontario (82%) and Manitoba (85%),* electricity
demand at the peak of the heat wave would have jumped
up more. Likewise, the extreme cold temperatures that the
province experienced towards the end of December set
new records for electricity consumption (chart 9). While
British Columbia has sufficient generating capacity and
can more easily absorb increases in demand due to extreme
temperatures, demand spikes can put a strain on the elec-
tric grid in regions that have limited generating reserves.
That said, even in regions like British Columbia which
have excess generating capacity, heat waves can still disrupt
supply by damaging grid infrastructure as seen in June. The
high temperatures caused a number of transformers to fail,
which led to localized power outages.

Extreme weather such as droughts and storms can lead to
a shutdown or reduction in energy supply or in some situ-
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Chart 9: Daily Total Load v. Average Daily
Temperature, 2017-2019 and 2021, BC
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ations damage infrastructure, potentially resulting in long
disruptions in supply to the extent that it takes a while to
repair the damage. Examples here include the ongoing
historic drought in the Western U.S. which led to a 19%
decline in hydropower output in California in 2021 com-
pared to 2020.% The power outages that were caused by a
winter storm in Texas at the beginning of 2021 represent
a worst-case scenario of the failure of energy supply. Mil-
lions of people were left without electricity and heat dur-
ing one of the coldest periods in the state's history when
the snow and freezing conditions knocked out much of
the grid infrastructure including coal plants, natural gas
plants, gas pipelines, solar panels and wind turbines. After
previous cold winters impacted power output, the state
was advised to winterize its energy infrastructure, but
these recommendations were never implemented because
the risk of extreme cold leading to widespread blackouts
was considered low.?* However, the incident serves as a
warning that countries should be doing more to make the
energy system resilient to climate impacts, including cli-
mate risks that may have looked negligible in the past.

Going forward

The clean energy transition is expected to substantially
transform the energy system over the next couple of de-
cades at a speed and scale without historical precedence.
This is not going to be an easy undertaking due to the
complexity of the energy system and the transition itself.
However, ensuring that energy supply remains stable as
the system moves from old forms to new forms of energy
should be a priority and will require addressing the chal-
lenges highlighted above.

This should include a substantial increase in investment
in the energy system. On the clean energy front, there is
a need for more policy support to incentivize households
and firms to pivot away from fossil fuel technologies. In
general, regions that have done better at promoting the
adoption of clean energy technologies relied on a variety
of policy measures such as purchase subsidies, tax incen-
tives and supporting the development of the enabling in-
frastructure. Additionally, it is also important to diversify
clean energy supply chains beyond the few countries that
currently dominate the sector as a way of building resilien-
cy into the supply system. Diversification is needed across
the entire value chain from the extraction of raw materials
to the manufacturing of final products. There is room for
Canada to play a bigger role given its deposits of critical
minerals like nickel and rare earths, mining and manufac-
turing expertise, and skilled labor force.

The threat posed by extreme weather events requires re-
gions to be more proactive in making the energy system
more resilient to the effects of extreme weather and bet-
ter able to recover quickly when disruptions do happen.
Adopted measures could include demand-side solutions
such as insulating buildings or supply-side options such as
refurbishing infrastructure to strengthen it against physical
damage. Regions have to also make sure that there is suf-
ficient generating capacity to cover spikes in demand due
to extreme temperatures, including taking into account the
possible unavailability of intermittent variable generation
in areas that have high shares of them or the possibility of
reduced hydropower capacity in areas prone to droughts.

Finally, the transition will require flexibility to adapt plans
it conditions change either positively or negatively or as
more information on the impact of adopted decarboniza-
tion measures on the reliability of energy supply becomes
available. To end on a more positive note, technologies that
are required for the clean energy transition are evolving
and increased investment in R&D could lead to break-
throughs that improve the performance of existing tech-
nologies or introduce new technologies that could enable a
faster transition beyond what seems possible now based on
current technologies.
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Disclaimer
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investment or tax advice. The report does not provide material information about the business and affairs of TD Bank Group and the members of TD Economics
are not spokespersons for TD Bank Group with respect to its business and affairs. The information contained in this report has been drawn from sources believed
to be reliable, but is not guaranteed to be accurate or complete. This report contains economic analysis and views, including about future economic and financial
markets performance. These are based on certain assumptions and other factors, and are subject to inherent risks and uncertainties. The actual outcome may be
materially different. The Toronto-Dominion Bank and its affiliates and related entities that comprise the TD Bank Group are not liable for any errors or omissions in
the information, analysis or views contained in this report, or for any loss or damage suffered.
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