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Highlights

Emissions reduction pathways are reliant on decarbonizing and expanding the electricity sector. In recent years, favorable
economics and climate policy commitments have increased the demand for renewable energy, giving cause for cautious
optimism. For instance, in Alberta, the proposed capacity from non-emitting resources awaiting approval to connect to the
grid now exceeds installed capacity in the province.

However, the challenges of connecting new generation projects to the grid could slow down the pace of grid decarboniza-
tion if unaddressed. Among other things, the recent surge in the number and capacity of projects applying to be connected
to the grid has led to longer processing timelines, a problem that is often exacerbated by the lack of sufficient spare grid

capacity.
Limited grid infrastructure can result in high interconnection costs as it often means that extensive network upgrades are
required before projects can be connected to the grid.

In many jurisdictions, cancelled projects have higher average interconnection costs than completed projects or those with
active applications, which suggests that high connection costs could be one of the factors behind projects getting cancelled.

Connecting solar and wind capacity levels needed to reach net-zero grids by 2035 could require as much as $25-50
billion in transmission investments. This includes spending on new interconnection facilities, network upgrades to exist-
ing transmission infrastructure, new high voltage lines to connect renewable rich areas and upgrades to inter-regional

transmission capacity.

'The electricity sector is expected to play a significant role in contributing to emissions reduction directly through the de-
carbonization of generation and indirectly through supporting the electrification of the transportation and other sectors. In

Canada, around 19% of the total emissions reduction target set by
the federal government for 2030 comes from the electricity sector,
with an aggressive target of net zero in the sector by 2035. Mean-
while, the transportation sector contributes 12%, with the adop-
tion of electric vehicles dependent on growing electricity genera-
tion (Chart 1). According to the Canada Energy Regulator (CER),
Canada's installed capacity from low-carbon resources could in-
crease by around 60% by 2035 and about 130% by 2050 from cur-
rent levels under net-zero pathways.! Solar and wind account for
about three-quarters of the new low-carbon generating capacity to
be installed. The recently released federal draft Clean Electricity
Regulations are expected to drive this trend in the changing mix
of generation assets once implemented, but broader regulatory cer-
tainty particularly as it pertains to federal-provincial alignment will
be essential to incentivize private sector investment. Reaching ca-

Chart 1: 2030 Emissions Reduction Target by Sector
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pacity levels projected for 2035 under the CER's net-zero
scenarios would require doubling average annual solar and
wind net capacity additions from the 2022 level between
now and 2035 (Chart 2 and Chart 3). However, a key fac-
tor in supporting such sizeable growth in renewable power
generation will be to connect these new assets to the grid,
which we estimate could require upwards of $25-50 billion
in transmission investments alone by 2035. Other invest-
ments in grid infrastructure that will be required are not
incorporated in this estimate. These include expenditures
to support load growth, expand the distribution system and
upgrade aging transmission and distribution infrastructure.

Moreover, there are underlying issues that could hamper
the deployment of new renewable energy capacity. These
include longer timelines for connection approvals due to
the surge in the volume of projects seeking to be connected
to grid. In North America, projects currently take about
five years from when they submit an interconnection re-
quest to when they reach commercial operation. This is of-
ten exacerbated by the lack of sufficient spare grid capacity,
which could force projects to be on hold for years while
the grid infrastructure is being upgraded. In addition, data
from the US suggests that limited spare grid capacity has
been driving up the cost of connecting new projects to the
grid in recent years as extensive and expensive system up-
grades are often required before projects can be connected.
Jurisdictions in Canada such as Nova Scotia are also deal-
ing with similar problems. High interconnection costs can
lead to projects getting cancelled to the extent that they
affect the financial viability of proposed projects. This is be-
cause for the most part, grid connection costs are hidden
from developers when projects are initially proposed since
actual costs only become clearer as projects go through the
various interconnection studies.

Chart 2: Net Solar and Wind Annual Capacity
Additions, Historical Versus Required for Net-zero
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Source: Canada Energy Regulator, TD Economics.

There is a need to rethink the approach to grid decarbon-
ization including through:

* Reforming the grid connection approval process to
make it more efficient;

*  Publishing more current data on spare grid capacity on
a regular basis to create more transparency in the ap-
plication process so that developers can better plan for
new developments financially;

*  Providing more government support for grid invest-
ments such as upgrading existing infrastructure and
building new high voltage transmission lines to con-
nect renewable rich areas to load centers; and

* Collaborating across all levels of government to ad-
dress local consultation and engagement to ensure
NIMBYism does not inhibit Canada reaching its net
zero goals. Solving the land use challenges is especially
important as solar and wind facilities have a large foot-
print.

Interconnection queues are overwhelmed by
the rise in the number and capacity of projects
seeking approval

The first challenge the sector faces is simply that the inter-
connection approval process has become long and ardu-
ous. Interconnection queue wait times are currently long
in many regions, which could slow down the build out
of renewable energy capacity and hinder decarbonization
goals. The average time from an interconnection applica-
tion submission to commercial operation has increased
from less than two years in 2008 and three years in 2015
to five years currently for US projects.? In Europe, the

Chart 3: Net Solar and Wind Capacity Additions by
Province, Historical Versus Required for Net-zero

Electricity Generation Capacity Additions, MW

4,500 Net-zero _
4000 | mNU ®NT YK ®PE =NL Scenario i ?
3500 | =NB mMB SK NS %QC Projection Z
3000 | ¥BC ®WON =AB Z
2,500 %
2,000 % % % -
1,500 = ’ﬁ,
1,000 | — ﬁ _ % 7 :j
— 7, ¥’
500 |g & ., 2
&= -
"lizgaN i iﬁmgi
A D DO N D 00 A D0 D AR DS
IO RN SR SN NUR NS SN SN N IR S A ) > 3
i S N
e

*Average net annual addition for the periods stated, average of the Global and Canadian Net-
zero Scenario projections by Canada Energy Regulator.
Source: Canada Energy Regulator, TD Economics.
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wait time to connect to the grid is as long as eight years in
parts of France and as much as fifteen years in parts of the
UK.? More recent information in Canada is available from
Alberta and the timelines are comparable to those in the
US. Transmission-connected solar and wind projects that
went online in the province in the last couple of years also
took nearly five years to reach commercial operation from
when they filed an interconnection request. This is in line
with the completion timelines for Ontario's feed-in tariff
program (FIT 1) projects that became operational during
2013-2018 and had filed a request to build transmission

lines with the province's energy sector regulator.*

'The longer wait times have been caused by the surge in the
number and capacity of new projects seeking to be con-
nected to the transmission grid, as well as limited spare
capacity in some regions. For example, the amount of
proposed capacity from wind, solar, storage and hybrid
solar-storage systems in the interconnection queue in Al-
berta increased by 65% to approximately 25 GW between
January 2019 and January 2023. There is more proposed
capacity in the queue now than there is installed capacity
in the province (Chart 4). While this is a positive devel-
opment, the higher number of projects in interconnection
queues has overwhelmed applications systems and led to
longer processing times. Before any project can connect
to the grid, it needs to undergo studies to assess its im-
pact on the reliability of the grid, determine mitigation
measures for any potential material adverse impacts and
estimate interconnection costs. In some jurisdictions, the
problem has been compounded by insufficient grid capac-
ity, which means that projects have to wait long periods for
the grid to be upgraded or expanded before they can be
connected. An extreme example of this issue occurred in
the PJM Interconnection, the regional authority managing

Chart 4: Alberta Proposed Renewable Capacity
Versus Installed Total Capacity
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the transmission system in 13 states in the US. Last year it
suspended new applications so that it can clear the current
backlog of grid connection applications and reform the ap-
plication process.’

In addition to the question of how to get proposed projects
built faster, there is also a need to ensure that the right
conditions are in place to enable more of the projects to be
developed. If data from the US is any indication of what to
expect in Canada, then just a fraction of proposed renew-
able energy projects is likely to be built. Only 14% of solar
projects and 20% of wind projects that joined interconnec-
tion queues across the US between 2000 and 2017 were
operational by the end of 2022.° Factors contributing to the
low completion rates include siting issues, high intercon-
nection costs, and speculative applications whereby devel-
opers submit the same project to multiple queues to deter-
mine the best location for building the project. In Canada,
issues that have hindered the development of projects in-
clude lack of sufficient transmission capacity in Ontario
from the late 2000s to the mid-2010s when renewable en-
ergy installations rose to replace retiring coal power plants.’
Recent project cancellations in Alberta seem to have been
driven by among other things siting issues related to envi-
ronmental concerns® and potentially high interconnection
costs, which we discuss below.

High interconnection costs could impede the
pace of decarbonization

The second challenge is that interconnection costs them-
selves could be significant. Broad policy discussions about
decarbonizing power generation often focus on the costs
of solar PV panels, wind turbines, etc., and rarely on the
costs of connecting dispersed assets to the existing grid in-
frastructure. Although renewables are among the cheapest
new generation installations as measured by the levelized
cost of energy (LCOE), this metric does not include the
cost of connecting projects to the grid, which can be a pro-
hibiting factor for the rapid adoption of clean energy. In
contrast to the LCOE of solar and wind which has plum-
meted from the highs of the late 2000s and early 2010s,
interconnection costs have been rising in many regions.
For example, for both the PJM Interconnection and the
Midcontinent Independent System Operator in the US,
the average connection cost for projects that completed
the interconnection process in recent years (2019/2020
— 2021/2022) has doubled from earlier years (2000 —
2018/2019).%1° Interconnection costs for active and with-
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generation growth falls under this category.
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Text Box 1: Categorization of transmission investments for connecting new generation

Adding new generation and storage capacity to the transmission grid requires building new spur transmission lines and|
other facilities such as substations that connect individual generation facilities to the grid. In addition, it is often neces-|
sary to upgrade or expand the bulk transmission grid when the system has insufficient capacity to accommodate new
generation without causing operational issues (e.g., exceeding line thermal limits). Investment in transmission infra-
structure to support the integration of new generation and storage capacity can be classified into two broad categories:*|

1. Bulk transmission: networked infrastructure that moves electricity from multiple generators and storage facilities to
load centers. This includes investment to upgrade parts of the existing system and to expand the grid to new areas
For instance, building new high voltage transmission lines to connect regions experiencing or expected to have high

2. Interconnection facilities: this includes spur lines, which are transmission lines that move power from individual
generators to the bulk grid, and point of interconnection facilities that connect spur lines to bulk transmission lines

Transmission cost parts for new generation projects
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Source: TD Economics, Adapted from Andrade and Baldick (2017)
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drawn/cancelled projects in these regions have increased
even more. In general, the increase in costs is being driven
by rising network upgrade costs and not interconnection
facilities costs. Additionally, renewables have higher inter-
connection costs than natural gas, which is likely because
solar and wind generation facilities tend to be located in
remote areas that have limited transmission capacity.™

High interconnection costs are likely one of the drivers be-

hind projects getting cancelled based on information from
Alberta and the US. In Alberta, the available data indicates
that the average interconnection cost is higher for can-
celled projects than for active and complete projects (Chart
6). A similar result is observed for projects from the Mid-
continent Independent System Operator, PJM, Southwest
Power Pool and ISO-New England regions in the US
(Chart 5). In the PJM for instance, interconnection costs
comprise 19-38% of total project capital expenditure for
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Chart 5: U.S. Average Interconnection Cost by
Region and Project Status
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Source: Lawrence Berkeley National Laboratory, TD Economics.

cancelled solar and wind projects compared to just 4-7%
for complete solar and wind projects.’* Cancelled projects
are those that have been withdrawn from the queue while
active projects are still undergoing interconnection studies.
Complete projects on the other hand refer to those that are
already in operation or if not operational, have finished the
studies and the transmission facilities have been construct-
ed and energized in the case of Alberta. For the US juris-
dictions, complete projects are either already operational
or have completed the studies and are negotiating or have
signed an interconnection agreement.

Interconnection costs depend on many factors such as the
length of the spur transmission lines, whether the lines are
built overhead or underground, the terrain on which fa-
cilities are built and the complexity of the required system
upgrades. Generally, developers are fully responsible for the
cost of the interconnection facilities while the allocation
of network upgrades costs varies by region. In some juris-
dictions, though developers pay for the network upgrade
costs upfront, they are eligible for a refund on a portion of
the network upgrade costs that have wider system benefits.

Chart 6: Average Interconnection Cost by Project
Status, Alberta
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Note: The average cost is for projects studied in 2011 and 2015-2022.
Source: Alberta Electric System Operator, TD Economics.

Since interconnection costs are only revealed as projects
go through the interconnection queue, it can make finan-
cial planning for projects challenging, especially for small
developers that may not have previous experience to draw
from to estimate these costs. Moreover, in regions where
information about available capacity at existing transmis-
sion line interconnection points is not published, develop-
ers submit applications unaware if the chosen points of
interconnection can accommodate the proposed project
capacity without triggering major costly system upgrades.

As the above suggests, finding information about intercon-
nection costs is difficult. The information for Canada is
based on preliminary cost estimates for projects in Alberta,
Nova Scotia, British Columbia and Ontario for which we
were able to find data. The cost estimates are usually up-
dated as projects undergo further studies and more infor-
mation becomes available. However, the final or actual in-
terconnection cost numbers are not publicly available. The
sample size for each region is too small to allow analysis of
trends over time, but US data (discussed above) helps pro-
vide more context about how the surge in projects applying

Table 1: Average Interconnection Costs, $ Million per Project & $ per kW of Proposed Generation Capacity (Estimates)

Alberta Nova Scotia Ontario » .
) ) British Columbia
Technology (Interconnection Interconnection Network (Interconnection
s . Total e (Network Upgrades)
Facilities) Facilities Upgrc|des1 Facilities)
Solar $4.4M $3.4M $6.8M
$22/kW $47/kW $48/kW $94/kW
Wind $13.7M $3.9M $13.0M $24.0M $11.3M
$79/kw $50/kW $17/kW $167/kW $185/kW $235/kwW
$3.3M $8.6M
Wind (2022)°
ind (2022) $35/kW $56/kW $91/kW

Note: Monetary values in 2022-Canadian dollars.

® To match solar data in Nova Scotia, which is only available for 2022.

" Network upgrades assume projects choose a network resource interconnection service (NRIS) and not an energy resource interconnection service (ERIS) where both estimates are available. ERIS allows generators to
connect without significant network upgrades and use the transmission capacity as available while NRIS provides more secure access but often requires network upgrades.
2 Cost estimates include only projects with transmission lines in excess of 2 km, which were required to file a leave to construct application with the Ontario Energy Board as a result.

Source: TD Economics calculations based on information collected from Alberta Electric System Operator, Nova Scotia Power, Ontario Energy Board, Independent Electricity System Operator, and BC Hydro.
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to connect to the grid is affecting interconnection costs.

Costs seem to vary by region and technology within the
country. In Alberta, average interconnection costs are
higher for wind projects than for solar projects (Table 1).
This is in part due to the costs of spur transmission lines
as wind projects are on average connected to the grid by
significantly longer spur lines compared to solar projects.
Comparing Alberta and Nova Scotia, interconnection
costs for solar and wind generation facilities are on aver-
age higher in the latter than the former. Network upgrades
costs especially for wind projects contribute to the higher
average total interconnection costs in Nova Scotia. As well,
projects in Alberta are generally larger (in terms of capac-
ity) which explains the much lower $/kW cost. The ben-
efits of scale are also seen within Nova Scotia for solar and
wind estimates from 2022. Although the average intercon-
nection cost per project is higher for wind projects ($8.6
million) than solar projects ($6.8 million), when the cost is

normalized by the capacity of the proposed projects, costs
are slightly lower for wind ($91/kW) than solar ($94/kW).

Billions of dollars in capital spending will be re-
quired to connect new solar and wind resources

Expanding renewable energy capacity over the coming
years is going to require large amounts of investment in
grid infrastructure. Roughly $25-50 billion in capital in-
vestments on transmission facilities could be needed to
connect new solar and wind capacity that is required to
clean up Canada's grids by 2035. This amount includes ex-
penditures on interconnection facilities, network upgrades,
new high voltage transmission lines to connect renewable
rich areas as well as upgrades to strengthen inter-regional
transmission capacity. The estimate does not include trans-
mission connection costs for other types of new generation.
It also excludes additional grid infrastructure investments
that will be required over the coming decades such as in-
vestments to support load growth, expand the distribution
system and upgrade aging transmission and distribution
infrastructure. Incorporating these excluded categories
would bump the needed investment in grid infrastructure
significantly higher.

A ot of this investment is expected in the provinces that
are expected to drive renewable capacity additions in the
country. Alberta accounts for about two-fifths of the so-
lar and wind capacity projected to be installed in the years
leading up to 2035 (Chart 3). Together with Ontario, Brit-

Chart 7: Estimated Number of Solar and Wind
Projects, Historical Versus Required for Net-zero

Number
120 Net-zero
Scenario
100 mSolar ®Wind Projection*
80
60
40
20
0
Ol DO O NI DO X0 00 290NN SSRPINY
LO PN N AN NN NN NN 9 9t ) 57 O
PR PP P PR P PR P PR P PP PP
v

*Annual numbers calculated from the average of the Global and Canadian Net-zero Scenario capacity
projections by CER and average project capacity over 2018-22 from CanREA.
Source: Canada Energy Regulator, Canadian Renewable Energy Association, TD Economics.

ish Columbia, Nova Scotia and Saskatchewan, it accounts
for more than 90% of the projected solar and wind capac-
ity additions by 2035. Post-2035, Ontario is expected to
lead renewable energy installations and accounts for nearly
three-quarters of the growth in solar and wind capacity

projections between 2035 and 2050.

Policy Considerations

'The volume of projects that have to be connected to the
grid over the coming decades requires proactive planning
and public support to prevent bottlenecks delaying the
pace of decarbonizing the grid. To stay on track to reach
net-zero grids by 2035, we need to quadruple the number
of utility-scale wind and solar facilities that come online
each year in Canada from recent installation levels (Chart
7). Achieving this will require changes to how grid decar-
bonization is approached. This should include measures to:

*  Improve the efficiency of the grid connection process;

+  Allow interconnection costs to be eligible for financing
incentives for clean energy;

*  Support the development of inter- and intra-regional
high voltage transmission lines;

*  Address facility siting challenges; and

*  Support workers to develop the skills necessary for the
clean energy sector.

Several changes have been proposed in recent years to im-
prove interconnection processes. Among these is replacing
individual serial studies of projects with cluster studies,
which could reduce wait times and study costs. As an ex-
ample, the recent switch from serial to cluster studies by
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the Alberta Electric System Operator is expected to cut
study times by about three-quarters.”® Additionally, pub-
lishing available capacity at interconnection points and
historical connection costs could disincentivize speculative
applications aimed at discovering costs. As well, prioritiz-
ing projects that are more likely to be built when assigning
transmission capacity could speed up capacity additions.

Public financial support such as the federal Clean Technol-
ogy and Clean Electricity investment tax credits will be
essential for keeping grid decarbonization on track. While
there is no mention of interconnection costs in the initial
descriptions of the tax credits, it would be prudent to in-
clude them among eligible expenses in the final legislation.
'The US Inflation Reduction Act has a similar approach al-
though only connection costs for small projects (up to 5
MW) qualify for the investment tax credit. One aspect of
transmission investment that will justifiably be eligible for
the Clean Electricity Investment Tax Credit are costs for
transmission projects that connect provinces and territo-
ries. However, there is a need to also support investments
to connect renewable resource rich areas to demand centers
within regions. There is room for provinces to chip in to
support these investments through tax credits or recover-
ing part of the costs through the tax base.

Proactive planning for transmission investments is also
critical as transmission projects tend to take longer to com-
plete than solar and wind farms. In a way this means that
jurisdictions have to be willing to invest in big transmis-
sion projects that often have high capital costs to open up

renewable rich regions and get ahead of the chicken and
egg problem vis-a-vis transmission and generation project
development.

Addressing siting constraints for generation and transmis-
sion infrastructure is necessary too. Solar and wind facili-
ties have a large footprint, which tends to increase local
opposition to project siting and in turn this can slow the
deployment of new renewable capacity. According to some
estimates, these facilities use at least 10 times more land
per unit of energy produced compared to fossil fuel gen-
eration.” Moreover, solar and wind facilities being more
dispersed means more transmission infrastructure require-
ments, proportionally increasing the land needed for elec-

tricity supply.
'The availability of skilled labor is another key element for

the success of decarbonizing the grid. Doubling solar and
wind capacity installations from current levels as would be
required to reach net-zero grids by 2035 creates the need
for more workers who can install solar PV panels, wind
turbines, build grid infrastructure, and operate and main-
tain these facilities. The demand for these skills is expected
to continue post-2035 due to electrification efforts. To the
extent that domestic manufacturing of renewable energy
technologies and related downstream supply chain activi-
ties can pick up, then labor demand in those sectors could
also rise. Overall, it is going to become increasingly im-
portant to support workers to develop the skills that are
necessary for these growing sectors.

Examples of measures to speed up the
deployment of renewable generation capacity

Improving the efficiency of
the grid connection process

Providing financial support
for interconnection costs

Proactive planning for
transmission investments

Addressing siting issues

Supporting workers to
develop the required skills
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