Manitoba’s Environment for
Rolling-out a Clean Energy
Transition: embedded in a
Global and Canadian
Context

Market Intelligence

May 8, 2024

Revised May 10, 2024

Economic Development Winnipeg
Authored by:

Chris Ferris, Senior Economist

Image Credit: Mike Peters

ECONOMIC
DEVELOPMENT
WINNIPEG

© 2024 Economic Development Winnipeg Page 1



Table of Contents

FYe] (01211 0 - TR O T PP PO PP PPN 3
D11 11 L 0] o PP 3
e G Te S A V=TS TU [ a0 o g = oY 4
INTFOTUCTION ceiiniiii ittt e et e e e b e et e e et sae e e enenaenns 5
The GLobal CONTEXT ...cuiiiiiiiiiii ettt e e e e e e aenennes 5

e g [=Tea o] o I PO TP PP PP 7
International energy oUtloOk 2023 - EIA ... nininiiiiiiir e rr e e e e e e eaeanas 7
USA Annual Energy OUTLOOK 2023 ....ouiniiiiiiiiiiiieie et e e e e e e e e e e e e e e anens 8
CanNada ProJECTIONS «.uiuieiii ittt et e et ee et eae e enetensaaneasnsasesnannsnsans 9

A Projected Path tONETZEI0 c..vniniii ittt e et e s e e e e e eanenens 9
Canada Electricity Generation MiX 2050 ......ccuiuiiniiiiiiiiiieiie e et eeeee e ee e enaanan 12
Energy Storage Canada’s ESS projection t0 2035 ......ceiiiiiiiiiiiiiii e e ans 12
Changes to Land Use Can Cut GHG EMISSIONS ....iuiiiniiiiiiii e eeee e e e eans 15
How ESS markets are Segmented.....c. ettt e s e e e e eaanens 16
US BXAMIPLES ettt ittt e et ettt et e e et eaa e eaeteansaeneatnensaasneaatnsassnsnsensnrens 16
Benefits and Uses of ESS for electricity generation .......ccceeeeiieiiiiiiiiiiiiieceeeeeeeee, 18
Which US states have utility-scale BESS installed.......ccovieeniiiiiiiiiiiieeereeeeeeens 18
Uses of utility-scale BESSinthe US ... ..o 19
Commercial and INduStrial .......cooviiiiiiiiiiiiii 19
Other BESS Market ANaLlY SIS . ui it iir ettt e e e e e et s e e e e e e eaeseaasananns 20
BESS Value Chain.....cuuiiiiiiiiiiei ettt e e e e 20
Recipes for Success in the BESS Market......c.vuiuieiiiiiiiiie e e 20
Canada - relevant legislation, frameworks, and plans ......cccoeeiiiiiiiiiiiiiiiiire s 21
Canada’s legislative frameEeWOrK ......c.iuiiiiriie et e e e e e e e enaanan 21
Prairie’s RegIiON frameEWOrK ......i i eaeae e e e e e e e e anaaaes 21
Manitoba Government PlansS.........ccoiiiiiiiiiiiiii e 21
0714V o) A A To | 1T 0T= - ST PP PRPRPPPPN 21
Other RESOUICES ...uiuiiiiiiiiiiiiii ittt ea et e e e ea et eanes 22

© 2024 Economic Development Winnipeg Page 2



@0 o Lo T F=7 10 o S0 22

=] aTo I N\ 0] {= T S PP 23
Acronyms

Acronym Stands for / definition \

BESS Battery Energy Storage System

CER Canadian Energy Regulator

CES Clean Energy Standard

EIA US Energy Information Administration

EPC Engineering, procurement & construction

ESC Energy Storage Canada

ESG Environmental, Social and Governance

ESS Energy Storage System

EV Electric Vehicle

EVCI Electric Vehicle Charging Infrastructure

GHG Green House Gases

IEO International Energy Outlook

IPCC Intergovernmental Panel on Climate Change

Nz Net Zero

NZE Net Zero Emissions

PV Photo voltaic

UPS Uninterrupted power supply

Measures of Power Capacity

kW Kilowatt (10”3 watts)

MW Megawatt (10”6 watts)

GW Gigawatt (1079 watts)

W Terawatt (10*12 watts)

Measures of Energy Capacity

kWh Kilowatt-hours

MWh Megawatt-hours

GWh Gigawatt-hours

TWh Terawatt-hours
Definitions

Power capacity: “the maximum instantaneous amount of electric power that can be
generated on a continuous basis and is measured in units of watts.”

Energy capacity: “the total amount of energy that can be stored in or discharged from the
storage system and is measured in watt-hours.”
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Executive Summary

Energy storage systems (ESS) are expected to play an increasingly significant role in power
systems. This is due to short-term backups for critical infrastructure, the normal swings in
hourly demand, and the increasing role of intermittent power sources (e.g., photovoltaic
and wind power generation).

According to Energy Storage Canada (October 2022). “Energy Storage: A Key Net Zero
Pathway in Canada,” projections for Canada’s Energy Storage demand will be between 8
and 12 GW installed capacity by 2035. This is due to:

e Replacing power plants with high greenhouse gas emissions (with solar, wind,
hydro and/or nuclear, depending on the province), and

e Electrification of more economic sectors: transportation (e.g., EV), space heating
(e.g., heat pumps), and various industrial and commercial applications.

The fact that supply from solar and wind is intermittent, and demand varies, there are
cases for both short- (less than a day) and long-term (more than a day) ESS being added in
the grid and elsewhere.

While the most common ESS system is currently pumped hydro (itis about 10X battery ESS
in the USA), BESS is rapidly expanding, and is expected to keep on rapidly expanding for the
foreseeable future.

The US Energy Information Agency has a two segment take on BESS, but McKinsey and Co.
suggest three BESS segments:

1. Utility: (X>10 MWh),
2. Commercial and Industrial: (30 kWh <= x <= 10 MWh), and
3. Residential: (x <30 kWh)

McKinsey and Co. also note the breakdowns of the value chain for BESS, helping put the
various stages in context.
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Introduction

The Global Context

The people of Earth have several interrelated challenges facing us about energy use and
rising levels of anthropomorphically generated greenhouse gases (GHG). The
Intergovernmental Panel on Climate Change (IPCC) has produced significant research
showing the existence of climate change and put forward related ideas. A research note"
by Our World in Data in 2023 noted “The world emitted 41 billion tonnes of CO2 in 2022."
To have a 50% chance of staying below 1.5°C, we can only emit 250 billion tonnes. That’s
just six years of our current emissions.”

Figure 1: World per capita electricity generation (kWh), 2022

Per capita clectricity generation, 2022

Annual average electricity generation per person, measured in kilowatt-hours®.

0 kWh 500 kWh 2,000 kWh 10,000 kWh
No data 200 kwh 1,000 kWh 5,000 kwh 20,000 kWh
] |
Data source: Ember - Yearly Electricity Data (2023) and other sources OurWorldInData.org/energy | CC BY

1. Watt-hour: A watt-hour is the energy delivered by one watt of power for one hour. Since one watt is equivalent to one Joule per second, a
watt-hour is equivalent to 3600 Joules of energy. Metric prefixes are used for multiples of the unit, usually: - kilowatt-hours (kWh), or a thousand
watt-hours. - Megawatt-hours (MWh), or a million watt-hours. - Gigawatt-hours (GWh), or a billion watt-hours. - Terawatt-hours (TWh), or a trillion
watt-hours,

Itis unlikely we will achieve this in the time indicated, given current projections and the
slow legislative and investment activity to date. Vaclav Smil (2022) notes that the transition
will likely take decades, particularly for four key pillars of the modern world: Ammonia,
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Plastics, Steel, and Concrete." Still, we are at last seeing serious efforts to shift our energy
mix, particularly as technology matures and costs fall.

Figure 2: Energy use per person, 2022

Energy use per person, 2022

Measured in kilowatt-hours® per person. Here, energy refers to primary energy” using the substitution method?®.

0 kWh 3,000 kWh 30,000 kWh

No data 1,000 kWh 10,000 kWh 100,000 kWh
| I

Data source: U.S. Energy Information Administration (2023); Energy Institute - Statistical Review of World Energy (2023); Population
based on various sources (2023)

OurWorldInData.org/energy | CC BY

1. Watt-hour: A watt-hour is the energy delivered by one watt of power for one hour. Since one watt is equivalent to one Joule per second, a
watt-hour is equivalent to 3600 Joules of energy. Metric prefixes are used for multiples of the unit, usually: - kilowatt-hours (kWh), or a thousand
watt-hours. - Megawatt-hours (MWh), or a million watt-hours. - Gigawatt-hours (GWh), or a billion watt-hours. - Terawatt-hours (TWh), or a trillion
watt-hours.

2. Primary energy: Primary energy is the energy available as resources - such as the fuels burnt in power plants - before it has been transformed.
This relates to the coal before it has been burned, the uranium, or the barrels of oil. Primary energy includes energy that the end user needs, in the
form of electricity, transport and heating, plus inefficiencies and energy that is lost when raw resources are transformed into a usable form. You can
read more on the different ways of measuring energy in our article.

3. Substitution method: The ‘substitution method’ is used by researchers to correct primary energy consumption for efficiency losses experienced

by fossil fuels. It tries to adjust non-fossil energy sources to the inputs that would be needed if it was generated from fossil fuels. It assumes that
wind and solar electricity is as inefficient as coal or gas. To do this, energy generation from non-fossil sources are divided by a standard ‘thermal
efficiency factor’ - typically around 0.4 Nuclear power is also adjusted despite it also experiencing thermal losses in a power plant. Since it's

reported in terms of electricity output, we need to do this adjustment to calculate its equivalent input value. You can read more about this adjustment
in our article,

At the same time, people who currently do not have access to energy want access to it,
along with improved transportation, and other infrastructure. Also, those people who
already have access to energy and other infrastructure need to transform their energy mix
to reduce their GHG emissions. Understandably people who already have access to energy
and infrastructure do not want to be made worse off by changing their energy use for
electricity and various prime movers.
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For world per capita electricity generation (kWh) see Figure 1, and for primary energy
use per person see Figure 2, both from Our World In Data."

On a global basis, most countries have net zero declarations of some sort. This is
illustrated by Figure 3’s map from Our World in Data.""

Figure 3: Status of net-zero carbon emissions targets

Status of net-zero carbon emissions targets

The inclusion criteria for net-zero commitments may vary from country to country. For example, the inclusion of
international aviation emissions; or the acceptance of carbon offsets. To see the year for which countries have
pledged to achieve net-zero, hover over the country in the interactive version of this chart.

[ Achieved (self-declared) [] Pledged [M In Law [ In Policy Document [E Proposed [] No data

Data source: Energy and Climate Intelligence Unit, Data-Driven EnviroLab, NewClimate Institute, Oxford Net Zero - Net Zero Tracker
(2023)
OurWorldInData.org/co2-and-greenhouse-gas-emissions | CC BY

For some information about energy storage, a good Canadian source is Energy Storage
Canada, particularly their webpage ES 101.

Projections

The US Energy Information Administration (EIA) produces analysis & projections of crude
oil and petroleum liquids, gasoline, diesel, natural gas, electricity, coal prices, supply, and
demand projections and more.™

International energy outlook 2023 - EIA

According to the US EIA, total world energy consumption will be driven by industrial use,
followed by transportation, residential and then commercial use, see Figure 4. They note
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that “across all IEO2023 cases, energy consumption increases, and global demand grows
fastest in the industrial and residential sectors.” *

Figure 4: Total energy consumption by sector, world
Total energy consumption by sector, world /-\
quads ela

450 2022

projections
400
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300
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Data source: U.S. Energy Information Administration, International Energy Outlook 2023 (IEO2023)
Note: Quads=quadrillion British thermal units. Each line represents IEO2023 Reference case projections. Shaded regions represent maximum and
minimum values for each projection year across the IEO2023 Reference case and side cases.

USA Annual Energy Outlook 2023

The US EIA produces an annual projection for the USA as well.” Their projections to 2050
sees total installed generating capacity more than doubling across most scenarios (Figure
5), with a significant increase installed solar capacity and the use of stand-alone storage to
manage the intermittent power supply that results, see Figure 6.

Figure 5: USA Total Installed capacity in all sectors, 2022 and 2050 (in GW)

Total installed capacity in all sectors, 2022 (history) and 2050 =
gigawatts €ia

2022

Reference
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High Qil and Gas Supply
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Data source: U.5. Energy Information Administration, Annual Energy Ouflook 2023 (AEC2023)
Note: ZTC=2ero-Carbon Technology Cost. other=geothermal, biomass, municipal waste, fuel cells, hydroelectnc, pumped hydro storage.
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Figure 6: Hourly US electricity generation and load by fuel for selected cases and representative years (billion kilowatt-
hours)

Hourly U.S. electricity generation and load by fuel for selected cases and representative years <
billion kilowatthours ela
Reference case, 2022 Reference case, 2050 Low Oil and Gas Low Zero-Carbon

Supply case, 2050 Technology Cost case, 2050
400

e 1]

-100
1 12 24 1 12 12 24
hour of the day

curtailment
stand-alone storage

hybrid solar PV

wind
hydroelectric
natural gas
combined-cycle
natural gas and oil
peakers

nuclear

Data source: U.S. Energy Information Administration, Annual Energy Qutiook 2023 (AEO2023)

Note: Negative generation represents charging of energy storage technologies such as pumped hydro and battery storage. Hourly dispatch estimates are
illustrative and are developed to determine curtailment and storage operations; final dispatch estimates are developed separately and may differ from total
utilization as this figure shows. Standalone solar photovoltaic (PV) includes both utility-scale and end-use PV electricity generation.

Canada Projections

For a Canadian projection to 2050, we turn to Canada Energy Regulator (CER)’s Canada’s
Energy Future 2023: Energy Supply and Demand Projections to 2050.¢

A Projected Path to Net Zero

We saw the Net Zero pledges by country as of 2022 in Figure 3. How does Canada get to
net zero GHG (leaving aside other’s actions)? We can see from Figure 7 by Canada Energy
Regulator (CER) a projected path by 2050.*"
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Figure 7: Canada GHG Emissions Modelled to get to Net-zero by 2050
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The CER’s projections for energy demand by 2050 are heavily dependent on hydrogen,
moving from zero percent of the demand mix to 11.3 per centin 2050, Figure 8. According
to the US EIA, hydrogen, produced by electrolysis may be considered a form of energy
storage.® This may be a realistic ESS demand once the technology is mature enough to be
commercialized at scale.
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Figure 8: Canada Total End-Use Demand for all Sectors Modelled in Canada Net-Zero
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Risk to Canada’s Net Zero Scenario

Hydrogen for industrial use seems realistic (since this is currently the main area that
hydrogen is used), so long as itis used close to where it is produced. Hydrogen for
transportation close to where it is produced may also be realistic. But hydrogen as such,
used for transportation far from where itis produced, or transported over long distances as
supercooled hydrogen is thought to be unrealistic at this time, and may remain so.*

Thus, the hydrogen part of the projection is at risk. Various technologies are being
researched, as noted by papers such as Hassanpouryouzband, A., Joonaki, E., Edlmann, K.
et al. (2020).% Still, the lack of any commercial-scale installations to date makes assuming
we can rely on the technology a risky bet. At this time, it is more likely that we will see some
mix of nuclear,”" solar and wind [collocated with expanded energy storage systems (ESS)
—most likely some form of BESS] taking up the slack.

See Energy Storage Canada (2024) report: Long Duration Energy Storage (LDES)
Opportunity Assessment.“* The report covers hydrogen risks, and costs, benefits and other
factors related to many different LDES systems from a view on Ontario’s market.
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Canada Electricity Generation Mix 2050

Figure 9: Electricity Generation by Region Modelled in Canada Net Zero (2022 vs 2050)

CANADA NET-ZERO Electricity Generation by Region Modelled in Canada Net-zero in GW.h
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Figure 9 shows hydro (+ wave and tidal) power increasing in Canada, with a significant
increase in generation of electricity using wind, nuclear, solar, and biomass / geothermal.®™
Canada may see more of an increase of solar versus wind, but both will need to rely on ESS
or BESS installations to smooth out the delivery of their intermittent electricity generation
throughout the day, as noted in Figure 6. Coal & Coke, and Qil are projected to be
essentially irrelevant to electricity generation by 2050.

Energy Storage Canada’s ESS projection to 2035 ™

While the CER projections are a potential future, they have some potentially problematic
assumptions and do not address how constraints can be unlocked and product built and
installed. This is better addressed by an Energy Storage Canada report.

Energy Storage Canada (2022) contracted Power Advisory LLC to author a report
considering the role that energy storage can play in helping Canada reduce greenhouse
gases (GHG) and achieve net zero emissions (NZE) by 2035. They estimated the potential
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installed capacity necessary to achieve NZE and highlighted the importance of removing
barriers to implementing ESS within each Canadian jurisdiction. They note that two primary
components determine how much ESS is needed to achieve NZE by 2035. See Figure 10,
for an illustration of one and two below. These are:

1. Growing electricity consumption is due to the electrification of other economic
sectors: transportation (EV), spacing heating (source heat pumps), and other
industrial and commercial applications.

2. Replace/Convert existing carbon-intensive generating units (coal, or natural gas).
The reduction of carbon-intensive generation is driven by: Government policy,
corporate environmental, social and governance (ESG) objective, and general
support by Canadians.

Figure 10: Illustrative Example of Resources Needed for Net Zero

Resource Adequacy Need

2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

mExisting Supply ®mCarbon Intensive Supply Replacement  m Mew Electrification Demand

Non-emitting generation resources include nuclear, hydroelectric, wind, and solar. Each
has their strengths and weaknesses, and each province has their own unique potential
with some provinces having significant remaining hydroelectric potential, while others
have already exploited much of their potential.

The report estimated electrification demand growth from electrification in three broad
steps:

1. Established a baseline demand growth by province using published power system
planning dOCuments.XX”" XXiv
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2. Added energy growth from various electrification sources (transportation, space
heating, industrial, commercial, and residential appliances), and

3. Convert annual energy demand growth (TWh/year) into a winter peak demand
resource requirement (GW/year).

Figure 11: 2035 Energy Consumption Forecast Growth by Province (Stats Canada Table 25-10-0016-01 and projection) *
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Figure 12: Total Energy Production from Combustible Fuels, 2021 (Statistics Canada Table 25-10-0015-01)
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Figure 11 compares electricity consumption in 2021 (580 TWh for Canada, of which QC is
36%, ON is 24%, AB is 14% and BC is 11%) to ESC’s 2035 projection. Figure 12 shows how
much of the provinces and regions’ electricity is generated by combustible fuels. The
Canadian total for 2021 was 124 TWh, of which AB is 53%, SK 17%, ON 13%, and Atlantic
Canada 11%.
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The 2035 energy mix was projected using planning documents or rate-regulated supply
outlooks as a base. ™

The ESC projection also modeled electricity demand by hour, summing up separate load
shapes for EV, space heating, industrial, and residential/commercial demand growth,
including local weather sensitivities. Figure 13 gives an example of Storage for Capacity on
a Winter Peak Day.

Figure 13: Example of Storage for Capacity on a Winter Peak Day
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Excess net supply from inflexible generation can be stored and dispatched when supply
would be in deficit. This projection process results in energy storage potential of 8 to 12
GW by 2035 in support of a net zero electricity grid.

Essentially, for periods of time where electricity supply exceeds electricity demand, the
excess would be stored in ESS, and drawn on in periods where electricity supply is less
than electricity demand (within day storage). Longer duration storage helps when thereis a
need to shift energy over several days.

Changes to Land Use Can Cut GHG Emissions

According to research published on RMI’s website, Korn, et al (2024), urban sprawl is
directly or indirectly responsible for one-third of all GHG pollution.* This is based on PhD
research by Michael Mehaffy (2015)*vii Urban sprawl responsible for 30% of all greenhouse
gases (tudelft.nl).

Numerous papers address this, including The Impact of Urban Sprawl on Environmental
Pollution: Empirical Analysis from Large and Medium-Sized Cities of China - PMC (nih.gov),

and Lugman, M., Rayner, P.J. & Gurney, K.R. “On the impact of urbanization on
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CO: emissions.” npj Urban Sustain 3, 6 (2023). https://doi.org/10.1038/s42949-023-00084-

2.

How ESS markets are segmented

US examples

McKinsey & Company (2023) segment the demand side of the BESS market into three
segments.** These installation segments include: electricity generation and distribution,

commercial and industrial, and residential (Table 1).

Table 1: Customer Segments for Battery energy storage systems

Front-of the Meter
Utility/ Electricity
generation and

distribution

installations
Electricity
generation
ranges

X>10 MWh

Public arbitrage

Behind-the-Meter

Commercial and
Industrial installations

30 kWh <=X<=10
MWh

Use Cases
Renewable integration
(rooftop photovoltaic)

Residential
installations

X <30 kWh

Home integration of:

Long-term capacity

Uninterruptable power

Renewable
integration (rooftop

Use Cases

payments supply (UPS) photovoltaic)
Ancillary service Power cost EV charging
markets optimization infrastructure

Derisking renewable
generation

Electric-vehicle (EV)
charging
infrastructure

Investment deferral

McKinsey & Company estimates that most of the growth through 2030 in the USA would be

for the utility market (Figure 14).

© 2024 Economic Development Winnipeg
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Table 2: US utility-scale energy storage systems for electricity generation, 2022**

Number of
Storage plants and

Power Energy Gross Net
capacity capacity generation Generation
Systems of
’ generators (MWh) (MWh)

40 -152 22,459,700 -6,033,905

Pumped-
storage hydro

batteries 403 -429 8,842 11,105 2,913,805 -539,294
el 2.3 405 NA NA NA
thermal

Compressed

air 1-2 110 110 h NA 57
flywheels 4-5 47 17 NA 0

NA is not available.

The US EIA segmented the ESS market (Table 2) into:
Figure 14: Annual added BESS capacity (%)

Annual added battery energy storage system (BESS) capacity, %

B Utility 8 Commercial and industrial [l Residential

100% in CAGR,
GWh= 110-140 140-180 175-230 215-290 975-370 350-470 440-580 520-700 2023-30
o Cwn)

C13% )

2023 2024 2025 2026 2027 2028 2029 2030

Market size, 44-55 50-65 60-75 65-85 75-100 90-115  105-135 120-150
$ billion

Mote: Figures may not sum to 100%, because of rounding.
Source: McKinsey Energy Storage Insights BESS market model

McKinsey & Company

o utility or large scale: (X>=1 MW) net generation capacity, owned by electric
utilities orindependent power producers to provide grid support services,
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e Small scale: (X<1 MW) net generation capacity, often use photovoltaic systems to
charge a battery.

For the USin 2022, an increasing number of BESS are paired or co-located with a
renewable energy facility (e.g., 3,612 MW BESS near PV or wind energy projects).

Benefits and Uses of ESS for electricity generation™

Balancing grid supply and demand, and improving quality and reliability,
Peak energy demand shaving and price arbitrage opportunities,

Storing and smoothing renewable electricity generation,

Deferring electricity infrastructure investments,

Back-up power,

Reducing end-user demand and demand charges, and

N oAM=

Integration with microgrids.

ESS can be designed for short duration (scale of minutes and power oriented), and
diurnal or daily duration (scale of hours and energy oriented).

Which US states have utility-scale BESS installed®™*"

Table 3: Power and Energy capacity and gross electricity generation of US BESS in selected states, 2022

Power Capacity Energy Capacity Gross Generation

State

(MW) (MWh) (MWh)
California 2,086,196
Texas 2,087 2,078 268,209
Florida 538 528 203,606
All other states 1,488 3,773 355,794
US Total 8,842 11,105 2,913,805
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Uses of utility-scale BESS in the US

Table 4: Applications served by US utility-scale BESS, 2021

Reported application

Number of

Percentage of total power

o Xxxiii

Generators

capacity (%)

Frequency regulation 128 63%
Arbitrage 103 58%
Ramping/spinning reserve 64 42%
Excess solar and wind energy storage 148 30%
Voltage or reactive power support 34 23%
Load management 62 18%
Load following 32 10%
Peak Shaving 147 10%
Co-locating renewable firming 38 5%
T&D deferral 14 2%
Backup power 33 2%

In the US, here is where BESS was installed (Table 3), and the applications of BESS (Table
4). US BESS capacity surged from 2020 onwards.

Commercial and Industrial

The McKinsey & Company (2023) article lays out four subsegments for the commercial and

industrial segment (Table 1). They are:

e Electric vehicle charging infrastructure (EVCI),

e Critical infrastructure: telecom towers, data centres, and hospitals,

e Public infrastructure, commercial buildings, and factories, and

e Harsh environments: mining, construction, oil and gas exploration, and events such

as outdoor festivals.
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Other BESS Market Analysis

BESS Value Chain

Figure 15 The BESS value chain includes manufacturing, system integration, and customer acquisition

The battery energy storage system value chain includes manufacturing,
system integration, and customer acquisition.

Value chain breakdown of battery energy storage systems (hardware only)
Battery pack Balance of system (:;z) Estimated profit pools

Customer
acquisition Commissioning

Battery system manufacturing (50-55% _ 10—20%

Cell Pack Inverter Containerization ~ System design  Grid optimization Project
d int ti ft |
Interconnection  SCADA'/controller and integration EMis? SOrware development
and control Marketing

Power electronic

system design and sales

2rgy Storage Insights BESS market model

McKinsey & Company

The McKinsey & Company (2023) article lays out the BESS value chain in Figure 15. They
estimate 50 to 55% of the profit pool will be in the battery system manufacturing part of the
value chain.

They estimate that system integration will compose between 25 and 30 % of the profit
pool, with the remaining 10 to 20% of the profit pool falling into the customer acquisition
portion of the value chain.

Recipes for Success in the BESS Market

The McKinsey & Company (2023) article lays out some factors they view as being needed
for success in the BESS market.

1. ldentify an underserved need in the value chain.
a. E.g., software toimprove the management of energy flows.
2. Build resilience in supply chains
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Strategic partnerships,
Multiple sourcing,

Local sourcing,

Plan for technology shifts, and

® 20 0o

Another bottleneck: engineering, procurement & construction (EPC)
capability and capacity.
3. Focus on the product features that matter most
a. Have a customer segmentation strategy. The right product roadmap
improves the odds of having a unique value proposition for any segment
that a firm is trying to address.
4. Think Big and Move Fast
a. Those with IP need to take some risks to build market share and avoid
being muscled out by those backed with more money.

Canada - relevant legislation, frameworks, and plans

Canada’s legislative framework

Canada’s federal government passed the Canadian Net-Zero Emissions Accountability Act

(justice.gc.ca),

Prairie’s Region framework

Canada’s federal government passed the Building a Green Prairie Economy Act

(justice.gc.ca), and Prairie’s Can prepared The Framework to Build a Green Prairie
Economy - Canada.ca.

Manitoba Government Plans
Province’s plan: subject to change, since it was made before the October 2023 election:
Province of Manitoba | Climate and Green Plan (gov.mb.ca).

CER information for Manitoba: CER — Provincial and Territorial Energy Profiles — Manitoba

(cer-rec.gc.ca).

City of Winnipeg

The City of Winnipeg put together their Community Energy Investment Roadmap (CEIR)
that shows their plan to reach net zero. This may have some relevance to understand the
City of Winnipeg opportunity Community Energy Investment Roadmap (CEIR) -

Sustainability - City of Winnipeg.
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https://www.laws-lois.justice.gc.ca/eng/acts/C-19.3/index.html
https://www.laws-lois.justice.gc.ca/eng/acts/C-19.3/index.html
https://laws-lois.justice.gc.ca/eng/acts/b-9.88/index.html
https://laws-lois.justice.gc.ca/eng/acts/b-9.88/index.html
https://www.canada.ca/en/prairies-economic-development/programs/green-prairie-economy/framework.html
https://www.canada.ca/en/prairies-economic-development/programs/green-prairie-economy/framework.html
https://www.gov.mb.ca/climateandgreenplan/index.html
https://www.cer-rec.gc.ca/en/data-analysis/energy-markets/provincial-territorial-energy-profiles/provincial-territorial-energy-profiles-manitoba.html
https://www.cer-rec.gc.ca/en/data-analysis/energy-markets/provincial-territorial-energy-profiles/provincial-territorial-energy-profiles-manitoba.html
https://legacy.winnipeg.ca/sustainability/ceir.stm
https://legacy.winnipeg.ca/sustainability/ceir.stm

Other Resources

A few other useful reports/papers worth reviewing for more technical information about
ESS that include:

e Energy Storage Canada (2024),>V
e Haas, etal (2022),*

e Reilly, etal (2022),> and

e Hossain, et al (2020).0vi

A new report from the International Energy Agency (April 2024) Batteries and Secure Energy

Transitions — Analysis - IEA may also be worth looking into.

Conclusion

Regardless of the global politics of the energy transition, the changing nature of power
generation to increasingly intermittent sources means that there is a case for adding some
form of ESS. BESS is increasingly being turned to around the world.

Given Canada’s legislation, and Net Zero goals by 2050 (including achieved goals by 2035),
offering ESS solutions, particularly BESS solutions will be needed.

Energy Storage Canada estimates that the ESS capacity in Canada by 2035 will range from
eight to 12 GW installed capacity. The largest opportunity is expected to be in Ontario.
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End Notes

"Source: Energy storage for electricity generation - U.S. Energy Information Administration (EIA).

Tibid.

it Source: Our World in Data. How much CO2 can the world emit while keeping warming below 1.5°C and
2°C? - Our World in Data.

v This figure includes fossil fuels, industry, and land use change.

V[250/ 41 = 6 years].

V'Vaclav Smil (2022). “How the World Really Works,” Viking.

Vi Energy and Climate Intelligence Unit, Data-Driven EnviroLab, NewClimate Institute, Oxford Net Zero - Net
Zero Tracker. (2023). with minor processing by Our World in Data. "Data page: Status of net-zero
carbon emissions targets." [data set]. Retrieved April 25, 2024, from Our World in Data:
https://ourworldindata.org/grapher/net-zero-targets.

Vil Energy and Climate Intelligence Unit, Data-Driven EnviroLab, NewClimate Institute, Oxford Net Zero - Net
Zero Tracker. (2023). with minor processing by Our World in Data. "Data page: Status of net-zero
carbon emissions targets." [data set]. Retrieved April 25, 2024, from Our World in Data:
https://ourworldindata.org/grapher/net-zero-targets

* Source: Analysis & Projections Projection Data - U.S. Energy Information Administration (EIA).

*Source: International Energy Outlook 2023 - U.S. Energy Information Administration (EIA).

" bid.

i Source: Annual Energy Outlook 2023 - U.S. Energy Information Administration (EIA).

Xt Source: Canada’s Energy Future 2023: Energy Supply and Demand Projections to 2050.

XV Source: Exploring Canada's Energy Future - Canada Energy Regulator (cer-rec.gc.ca)

* Source: Energy storage for electricity generation - U.S. Energy Information Administration (EIA).

*i Source: SPECIAL REPORT | Why shipping pure hydrogen around the world might already be dead in the
water | Recharge (rechargenews.com).

wi Hassanpouryouzband, A., Joonaki, E., Edlmann, K. et al. Thermodynamic and transport properties of
hydrogen containing streams. Sci Data 7, 222 (2020). https://doi.org/10.1038/s41597-020-0568-6

il Source: The Future of Nuclear Power | MIT Energy Initiative.

X Energy Storage Canada (January 2024). “Long Duration Energy Storage (LDES) Opportunity Assessment: A
Critical Component in Growing Ontario’s Clean Energy Economy,” Download PDF, and link.

*Source: Exploring Canada's Energy Future - Canada Energy Regulator (cer-rec.gc.ca). The author combined
the Maritimes and Territories.

*i This section is based on Energy Storage Canada (October 2022). “Energy Storage: A Key Pathway to Net
Zero in Canada,” download PDF, from link.

1 bid.

i Manitoba Hydro (July 2023). “Integrated Resource Plan,” Download PDF, link. See also Integrated
Resource Plan (hydro.mb.ca). The Energy Storage Canada (2023) document’s analysis may not have
considered Manitoba Hydro’s Integrated Resource Plan from July 2023. This plan noted increased
demand for electricity from earlier analysis, so would boost the amount of both generating capacity
and for ESS.

»v Manitoba Government (2023). “Manitoba’s Energy Roadmap: Pathway to Prosperity,” Download PDF

* Energy Storage Canada (October 2022). “Energy Storage: A Key Pathway to Net Zero in Canada,” download
PDF. Data is from Statistics Canada Table 25-10-0016-01.

*i This did not consider Manitoba Hydro’s Integrated Resource plan from 2023, since it was released after
the ESC report.

it Korn, J., Lombardi, J., Muralidharan, R., Subin, Z., Zetkulic, A., House, H., and Nanavatty, R. (Feb 2024)

“Why State Land Use Reform Should Be a Priority Climate Lever for America, RMI, link.

© 2024 Economic Development Winnipeg Page 23


https://www.eia.gov/energyexplained/electricity/energy-storage-for-electricity-generation.php
https://ourworldindata.org/how-much-co2-can-the-world-emit-while-keeping-warming-below-15c-and-2c
https://ourworldindata.org/how-much-co2-can-the-world-emit-while-keeping-warming-below-15c-and-2c
https://ourworldindata.org/grapher/net-zero-targets
https://ourworldindata.org/grapher/net-zero-targets
https://www.eia.gov/analysis/projection-data.php
https://www.eia.gov/outlooks/ieo/
https://www.eia.gov/outlooks/aeo/
https://www.cer-rec.gc.ca/en/data-analysis/canada-energy-future/2023/
https://apps2.cer-rec.gc.ca/energy-future/?page=emissions&mainSelection=greenhouseGasEmission&yearId=2023&sector=&unit=megatonnes&view=&baseYear=&compareYear=&noCompare=&priceSource=&scenarios=Global%20Net-zero&provinces=ALL&provinceOrder=YT,SK,QC,PE,ON,NU,NT,NS,NL,NB,MB,BC,AB&sources=WASTE,AGRI,BUILD,HEAVY,TRANSPORTATION,FOSSIL,LAND,ELECTRICITY,HYDROGEN,AIR&sourceOrder=WASTE,AGRI,BUILD,HEAVY,TRANSPORTATION,FOSSIL,LAND,ELECTRICITY,HYDROGEN,AIR
https://www.eia.gov/energyexplained/electricity/energy-storage-for-electricity-generation.php
https://www.rechargenews.com/energy-transition/special-report-why-shipping-pure-hydrogen-around-the-world-might-already-be-dead-in-the-water/2-1-1155434#Boil-Off%20and%20Shipping%20Costs
https://www.rechargenews.com/energy-transition/special-report-why-shipping-pure-hydrogen-around-the-world-might-already-be-dead-in-the-water/2-1-1155434#Boil-Off%20and%20Shipping%20Costs
https://doi.org/10.1038/s41597-020-0568-6
https://energy.mit.edu/research/future-nuclear-power/
https://www.energystoragecanada.org/s/Dunsky_ESC-LDES-Report_dist.pdf
https://www.energystoragecanada.org/long-duration-energy-storage-opportunity-assessment
https://apps2.cer-rec.gc.ca/energy-future/?page=electricity&mainSelection=electricityGeneration&yearId=2023&sector=&unit=gigawattHours&view=region&baseYear=2050&compareYear=2050&noCompare=&priceSource=&scenarios=Canada%20Net-zero&provinces=ALL&provinceOrder=YT,SK,QC,PE,ON,NU,NT,NS,NL,NB,MB,BC,AB&sources=BIO,COAL,GAS,HYDRO,NUCLEAR,OIL,SOLAR,WIND&sourceOrder=BIO,COAL,GAS,HYDRO,NUCLEAR,OIL,SOLAR,WIND
https://www.energystoragecanada.org/s/2022-Energy-Storage-A-Key-Pathway-to-Net-Zero-in-Canada.pdf
https://www.energystoragecanada.org/es-net-zero
https://www.hydro.mb.ca/docs/corporate/irp/irp-2023-integrated-resource-plan.pdf
https://www.hydro.mb.ca/corporate/planning/
https://www.hydro.mb.ca/corporate/planning/
https://www.hydro.mb.ca/corporate/planning/
https://www.gov.mb.ca/jec/files/mb_energy_roadmap.pdf
https://www.energystoragecanada.org/s/2022-Energy-Storage-A-Key-Pathway-to-Net-Zero-in-Canada.pdf
https://www.energystoragecanada.org/s/2022-Energy-Storage-A-Key-Pathway-to-Net-Zero-in-Canada.pdf
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=2510001601
https://rmi.org/why-state-land-use-reform-should-be-a-priority-climate-lever-for-america/

xit PhD Thesis 'Urban Form and Greenhouse Gas Emissions: Findings, Strategies, and Design Decision
Support Technologies.” Urban sprawl responsible for 30% of all greenhouse gases (tudelft.nl).

¥ McKinsey & Company (August 2, 2023). “Enabling renewable energy with Battery energy storage systems,”
link: Enabling renewable energy with battery energy storage systems | McKinsey.

**Source: Energy storage for electricity generation - U.S. Energy Information Administration (EIA).

x| pid.

XXxii Ibld

xdiit gome have multiple uses so total exceeds 100%.

©v Fnergy Storage Canada (Jan 2024). “Long Duration Energy Storage (LDES) Opportunity Assessment: A
Critical Component in Growing Ontario’s Clean Energy Economy.” Download PDF, link.

* Haas, R., Kemfert, C., Auer, H., Ajanovic, A., Sayer, M., & Hiesl, A. (2022). On the economics of storage for
electricity: Current state and future market design prospects. Wiley Interdisciplinary Reviews: Energy
and Environment,11(3), e431. HAASET AL. 27 of 27. Download PDF, Link.

xi Riley, J., Poudel, R., Krishnan, V., Anderson, B., Rane, J., Baring-Gould, I., and Clark, C. (June 2022).
“Hybrid Distributed Wind and Battery Energy Storage Systems,” NREL/TP-5000-77662, Download
PDE.

il Hossain, Eklas, Hossain Mansur Resalat Faruque, Md. Samiul Haque Sunny, Naeem Mohammad, and
Nafiu Nawar. 2020. "A Comprehensive Review on Energy Storage Systems: Types, Comparison,
Current Scenario, Applications, Barriers, and Potential Solutions, Policies, and Future Prospects"
Energies 13, no. 14: 3651. htips://doi.org/10.3390/en13143651

© 2024 Economic Development Winnipeg Page 24


https://www.tudelft.nl/en/architecture-and-the-built-environment/research/research-stories/urban-sprawl-responsible-for-30-of-all-greenhouse-gases#:~:text=Urban%20sprawl%20accounts%20for%20a,draws%20in%20his%20doctoral%20research.
https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/enabling-renewable-energy-with-battery-energy-storage-systems
https://www.eia.gov/energyexplained/electricity/energy-storage-for-electricity-generation.php
https://www.energystoragecanada.org/s/Dunsky_ESC-LDES-Report_dist.pdf
https://www.energystoragecanada.org/long-duration-energy-storage-opportunity-assessment
https://wires.onlinelibrary.wiley.com/doi/epdf/10.1002/wene.431
https://doi.org/10.1002/wene.431
https://www.nrel.gov/docs/fy22osti/77662.pdf
https://www.nrel.gov/docs/fy22osti/77662.pdf
https://doi.org/10.3390/en13143651

