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Introduction

Manitoba’s Climate Action Team (CAT) is a coalition of environmental organizations 
in Manitoba working to create a road to climate resilience in our province.

Manitoba’s Climate Action Team (CAT) is a coalition of 

environmental organizations in Manitoba working to create 

a road to climate resilience in our province. Member groups 

came together to independently review and consult with 

the public over the Province’s 2017 Climate and Green Plan. 

CAT formed one short year later when the Intergovernmental 

Panel for Climate Change (IPCC) 1.5 Report launched, stating 

that we have just 12 years (now less than 8) to drastically cut 

greenhouse gas emissions.

Member organizations include Climate Change Connection, 

Green Action Centre, Manitoba Energy Justice Coalition, 

Wilderness Committee and the Canadian Centre for  

Policy Alternatives.

Overview of R2R Pathway

The Climate Action Team released The Road to Resilience (R2R) 

in February 2021 to provide a pathway to full decarbonization 

in Manitoba by 2050 and a 45% reduction in total emissions 

by 2030 from 2010 levels. The pathway focused on four main 

essential objectives for Manitobans to become truly resilient: 

food, shelter, transportation, and energy. Also included were 

three foundational objectives on which we must build the 

pathway for success: Human Impacts, Economy & Green Jobs, 

and Natural Spaces / Wilderness.

Who is the Climate Action Team?

I N T R O D U C T I O N

Introduction to Energy Solutions 
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(R2RV2), this study, quantifies the energy essentials of the R2R 

pathway, specifically identifying how to heat all our buildings 

without natural gas, and how to fuel all our vehicles without 

gasoline or diesel. A first step on the path to becoming a zero-

emission province is to stop using fossil fuels and switch to 

low-carbon electricity instead. 

In their 2018 electricity load forecast, Manitoba Hydro 

indicated the peak load and energy required to make these 

changes, included in the chart below. The figures include 

growth projections up to the year 2050, as Hydro’s forecast 

only extends to the 2035/26 fiscal year. 

Note: Peak load is the maximum amount of electricity available 

at one time, while energy refers to the amount of electricity 

used over time. 

Element Peak (MW) Energy (GWh)

Current capability

Hydro's deliveries in 2017-18 5,906 32,000

Transition requirements

Heat all buildings electrically 7,000 16,000

100% electric vehicles 1,516 12,124

Future growth in demand to 2050 2,416 13,116

Additional requirement (TARGET) 10,932 41,240

Source: 2018 MB Hydro Electric Load Forecast

Table 1 – Power and Energy Targets
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Given that the Manitoba electricity grid will need to provide 

nearly 200% more power and over 150% more energy, this will 

without doubt be a significant challenge. Encouragingly, the 

results from this study provide strong data that it is not only 

possible to meet this challenge, but economically desirable 

as well, and we can accomplish it without building new hydro 

dams or using nuclear energy. 

The Climate Action Team investigated nine energy policies/

technologies and found five lower cost options that should 

provide enough low-carbon electricity to transition off fossil fuels: 

1. Return exported electricity to Manitoba for local use.

2. Make buildings more energy efficient and connect them 

to “district” geothermal heat pumps for heating/cooling. 

Install rooftop solar panels wherever feasible. 

3. Build more commercial-scale wind farms.

4. Build more commercial-scale solar farms.

5. Increase energy storage by using electric vehicles, residential 

home energy storage systems and constructing new 

commercial-scale battery-based energy storage facilities.

Energy Solution
Peak Demand  

(Firm Power MW)
Energy (GWh/yr) % of Target (Power) % of Target (Energy)

1. Return Energy Exports

Firm Exports 1,605 2,763 14.68% 6.70%

Spot Market Exports 0 6,192 0.00% 15.01%

Sub-Total 1,605 8,955 14.68% 21.71%

2. Deep Retrofit buildings 4,257 12,651 38.94% 30.68%

3. Solar Power

Solar - Rooftop 0 1,910 0.00% 4.63%

Solar - Ground Mounted 0 6,551 0.00% 15.89%

Sub-Total 0 8,461 0.00% 20.52%

4. Wind Power 2,000 22,150 18.29% 53.75%

5. Energy storage

Home Battery Storage 461 0 4.22% 0.00%

Commercial Energy Storage 1,600 0 14.64% 0.00%

Electric Vehicles 2,941 0 26.90% 0.00%

Sub-Total 5,002 0 45.76% 0.00%

Total Identified 12,893 52,234 118% 127%%
TARGET 10,932 41,240

Table 2 – Energy Solutions Summary 

Summary of Energy Solutions

The five energy solutions listed above will together produce 

12,893 MW of power and 52,234 GWh of energy. This will 

comfortably exceed the energy targets set by Manitoba Hydro, 

and provide enough room for estimated load growth to 2050.

Emission Reduction Potential

If all buildings and vehicles are operating without fossil fuels, 

we can eliminate approximately 60% of Manitoba’s total annual 

emissions. This would be the single-largest emissions reduction 

initiative ever in Manitoba, with two-thirds of the reductions 

coming from electrified transportation and the remaining one-

third achieved through better buildings.



Manitoba’s Road to Resilience – Volume 2: Energy Solutions  (2022 – v1.0)6

Returning  
Electricity Exports 

1.1.1 Description of Energy Solution

Every year, Manitoba Hydro meets the electricity demands of all Manitoba 
customers and sells additional electricity to Saskatchewan, Ontario and some 
American states. For this reason, most Manitobans believe we have “more electricity 
than we need”, but this is only true if we continue to ignore climate change. 

In truth, over 70% of the energy Manitobans use each year 

comes from polluting fossil fuels, primarily gasoline and diesel 

fuels for vehicles and methane (“natural gas”) for indoor heating. 

Re-allocating exported electricity to replace fossil fuel use is 

one of the easiest and most financially lucrative climate actions 

we can take in Manitoba. Manitoba Hydro’s exports happen in 

two different ways:

• “Firm” contracts are multi-year agreements where the 

customer pays a guaranteed price and Hydro guarantees a 

certain amount of power will be available 24/7. Most of the 

firm contracts will have expired by 2030, at which point we 

should allocate the electricity for use in Manitoba.

• “Spot Market” sales are very short term, with no guarantees 

or obligations on either side. This energy can and should 

also be used in Manitoba to replace fossil fuel use.

From 2014 to 2021, Hydro has, on average, sold twice as much 

electricity on the spot market compared to its firm contracts. 

Over the same time frame, firm contracts brought in a higher 

price at 8.5 cents per KWh compared to just 2.75 cents per 

KWh on the spot market. Both prices, however, are lower than 

the residential rate in Manitoba, which just increased (again) 

to 9.23 cents per KWh. Because the export prices are lower 

than our residential rate, every KWh used by a Manitoba 

homeowner will earn Hydro additional revenue than if that 

same KWh was sold elsewhere.

1.1 Energy Solution Overview

1.1.2 Energy Numbers

Manitoba Hydro has signed nine firm export contracts that will 

expire before 2050. These contracts are listed in the table below. 

R E T U R N I N G  E L E C T R I C I T Y  E X P O R T S 

Customer Power (MW) End Date

SaskPower 25 2022

Northern States Power 125 2025

Northern States Power 375 2025

Northern States Power 350 2025

Wisconsin 100 2027

Basin Electric 80 2028

Great River 200 2030

Minnesota Power 250 2035

SaskPower 100 2040

MW available by 2030: 1,255

Total MW available by 2050: 1,605

Source: www.hydro.mb.ca/corporate/electricity_exports/power_sale_arrangements

Table 4 – Firm Export Contracts

Manitoba Hydro’s annual reports include data on the amount of 

energy sold each year on firm contracts and on the spot market. 

This data for the past seven fiscal years (2014/15 to 2020/21 

inclusive) is compiled and summarized in tables 5 and 6 below. 

Only 88% of exported firm power will be available by 2050, as 

the remaining 12% is tied up in contracts that don’t expire until 

after that date.
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Returning  
Electricity Exports 

Recommended 
Actions

Peak Demand 
(Firm MW)

Energy 
(GWh/yr)

% of Target 
(Power)

% of Target 
(Energy)

Return Firm 
Exports

1,605 2,763 14.68% 6.70%

Return Spot 
Market Exports

0 6,192 0.00% 15.01%

TOTAL 1,605 8,955 14.68% 21.71%

Table 7 – Summary of Power and Energy Available from 
Returning Exported Electricity

The average annual amount of energy sold on firm 
export contracts:

3,142 GWh

Percentage of energy in export contracts expiring 
before 2050

88%

Estimated amount of firm market energy available 
to return to Manitoba by 2050:

2,763 GWh

Source: www.annualreports.com/Company/manitoba-hydro

Table 5 – Energy available to Return from Firm  
Market Exports

The average annual amount of energy sold on the 
spot market has been:

6,517 GWh

Assigned percentage of spot market energy that 
can be used in Manitoba:

95%

Estimated amount of energy from spot market 
exports available for use in MB

6,192 GWh

Source: www.annualreports.com/Company/manitoba-hydro

Table 6 – Energy Available to Return from Spot  
Market Exports

A key challenge to using spot market energy in Manitoba will 

be to greatly increase our ability to store this energy until it 

is needed. Even with improved storage, there is always the 

possibility that some surplus energy will need to be exported. 

We have therefore cautiously assumed that only 95% of spot 

market energy will be available for use in Manitoba.

1.2 Details and Assumptions

• Energy numbers assume all electricity contracts expiring 

before 2050 won’t be renewed, and the electricity is 

repatriated for Manitoba.

• No firm power is available from returning spot market exports, 

given the seasonal fluctuations in the electricity production 

from Manitoba’s hydro dams. Energy storage will need to be 

utilized to guarantee a reliable power supply.
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D E E P  R E T R O F I T S  A N D  G E O T H E R M A L  S Y S T E M S

Deep Retrofits and 
Geothermal Systems

2.1.1 Description of Energy Solution

Much of the energy used to heat buildings comes from fossil fuels, mainly natural gas 
from Alberta. Simply switching to electric heating would require enormous amounts 
of electricity and be very expensive for building owners. Conducting building retrofits 
is one of the most cost-effective ways to reduce energy usage in buildings.

Building retrofits are classified as either light or deep. We need 

widespread deep retrofits in order to meet our R2Rv2 objectives.

• Light retrofits involve less investment and achieve minimal 

efficiency gains, such as from upgrading furnaces, replacing 

windows, etc. Data from Natural Resources Canada suggest 

that 1 million residential retrofits have occurred so far in 

Canada. Almost all have been “light” retrofits, achieving on 

average about 23% efficiency improvement. This level of 

retrofit does not achieve the energy reduction targets that 

Manitoba needs to immediately move away from fossil fuels.

• Deep retrofits require more upfront investment and deliver 

substantial energy and cost savings. They usually include a 

complete building enclosure upgrade (walls, roof, basement, 

windows, doors, etc), a switch to geothermal energy, and 

installation of on-site/rooftop solar panels. Deep retrofits 

will reduce a building’s total energy consumption by 60%, 

80% or even achieve Net Zero Energy status by generating 

electricity on-site.

Geothermal heating systems (or more precisely “ground-source 

heat pumps”) use electricity to extract heat from below the 

ground surface and use it to heat buildings. This process can 

be reversed to cool buildings in the summer. Air source heat 

pumps are gaining popularity in locations with milder climates, 

but are not a sufficient option for Manitoba’s very hot summers 

and very cold winters.

2.1 Energy Solution Overview

Although individual systems can be installed for each building, 

district heating systems that connect multiple buildings 

together will allow for increased efficiency. These systems 

could be installed using directional drilling techniques and 

placed under existing laneways, roadways, parking lots, 

athletic fields, and other public properties with minimal surface 

disruption. Installation in areas like this reduces the disruption 

to individual properties and improves cost efficiency.

2.1.2 Energy Numbers

1. What is the total amount of energy used in 
Manitoba buildings in 2020/21 (natural gas  
and electricity)?

Data from Efficiency Manitoba shows how much energy was 

used in the 2020/21 fiscal year in Manitoba’s residential and 

commercial buildings (see Appendix A for a full copy of 

Efficiency Manitoba data). Energy from burning natural gas 

was calculated into KWh to obtain a common unit of energy 

at a conversion rate of 10.55 KWh/m3. The average efficiency 

of natural gas furnaces/boilers is 87%, according to Manitoba 

Hydro, so this is the figure used to calculate gas energy to 

electricity units. The calculations for the total amount of energy 

used in the 2020/21 fiscal year are shown in the table below.
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Building Type m3 of gas Convert to kWh-e Electricity (KWh)  Totals # of Customers

Residential 554,676,376 5,091,097,117 7,791,050,805 12,882,147,922 469,771

Commercial 513,473,193 4,712,913,702 2,729,245,359 7,442,159,061 28,114

TOTAL 1,068,149,569 20,324,306,983 497,885

Source: Appendix A

Table 8 – Total Amount of Energy used in Manitoba in the 2020/21 Fiscal Year

2. What is a reasonable percentage decrease  
in energy usage when a building undergoes  
a deep retrofit?

The Efficiency Manitoba fact sheet “How The Average Manitoba 

Home Uses Energy” provides energy consumption breakdown 

for residential and commercial buildings. Not all energy used in a 

building can be reduced through a deep retrofit (e.g. electronics, 

appliances). Calculations and results are shown in the table below.

Building Area Residential Commercial

Space heating 59% 52%

Appliance & Electronics 17% 20%

Hot water 16% 7%

Lighting 4% 17%

Space cooling 4% 4%

% of Energy Available to be Reduced 83% 80%

% cut by deep retrofit 80% 80%

% overall energy reduced 66% 64%

Source: efficiencymb.ca/articles/how-the-average-manitoba-home-uses-energy

Table 9 – Available Energy Savings in Residential and 
Commercial Buildings

Residential Commercial

Energy consumption 12,882,147,922 7,442,159,061 KWh

% energy reduction 66% 64%

Energy reduction possible 8,553,746,220 4,762,981,799 KWh

Total 13,316,728,019 KWh

Total in GWh 13,317 GWh

Table 10 – Maximum Amount of Energy Savings 
Available through Deep Retrofits

3. What is the maximum amount of energy  
that could be saved if buildings received  
a deep retrofit?

Using the total energy consumed in Manitoba in the 2020/21 

fiscal year, the maximum amount of energy that can be reduced 

through deep retrofits has been calculated in the table below.
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5. What is a reasonable percentage of buildings 
that could receive a deep retrofit by 2050?

The vast majority of Manitoba’s current residential and 

commercial buildings will still operate in 2050. It is assumed 

that 5% of buildings will not have been retrofitted by 2050 

or will have been demolished due to disrepair. This leaves 

378,107 buildings to be retrofitted by 2050, at a rate of 

approximately 13,500 buildings retrofitted every year.

6. How much energy (GWh) will be saved from 
deep retrofits?

Building Type
# of 

Buildings

Estimated Peak 
Load Savings per 

Building (kW)

Total Peak 
Load Savings 

(MW)

Single Unit Residential 
Buildings

386,910 9 3 482

Multi Unit Residential 
Buildings

8,286 90 746

Commercial Buildings 2,811 90 253

Total 398,008 4,481

Source: Building Data from Efficiency Manitoba Appendix A

Table 11 – Estimated Total Peak Load Savings from  
Deep Retrofits

4. What is the maximum reduction in peak load 
that could be achieved if buildings received 
a deep retrofit?

It is assumed that the average single detached home will need 

between 14-19 kW of power, with commercial buildings needing 

approximately ten times that amount on average. Significant 

reductions (6-9 kW for homes) can be made from simply switching 

to geothermal energy for heating, with even more reduction 

achieved through deep retrofits. A conservative peak load savings 

of 9 kW has been assumed for each home, and 90 kW for each 

commercial or multi-unit building, given their larger average size.

Maximum energy savings 13,317 GWh

% buildings deep retrofit by 2050 95%

Total Available Energy Savings 12,651 GWh

Table 12 – Estimated Total Energy Savings from  
Deep Retrofits

Maximum peak load savings 4,481 MW

% buildings deep retrofit by 2050 95%

Total Available Energy Savings 4,257 MW

Table 13 – Estimated Total Peak Load Savings from 
Deep Retrofits

7. How much peak load (MW) could be obtained 
from deep retrofits?

Summary

Recommended 
Actions

Peak Demand 
(Firm MW)

Energy 
(GWh/yr)

% of Target 
(Power)

% of Target 
(Energy)

Deep Retrofits 
to Buildings

4,257 12,511 38.94% 30.68%

Table 14 – Summary Table for Deep Retrofit Savings

D E E P  R E T R O F I T S  A N D  G E O T H E R M A L  S Y S T E M S
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2.2 Details and Assumptions

• In our analysis of this opportunity, deep retrofits include a 

complete building enclosure upgrade (walls, roof, basement, 

windows, doors, etc), and a switch to geothermal energy. 

Rooftop solar is a key component of many deep retrofits, but 

is calculated separately in the section on Solar Power.

• Deep retrofits on industrial buildings will provide additional 

energy and peak load savings, but a lack of available data 

prevented any calculations and so they have not been 

included here. The following are worth noting:

• Industrial customers have consumed on average  

7,500 GWh per year or roughly one-third of Manitoba’s 

domestic electricity use.

• Industrial customers will also have much larger peak 

load demands.

• However, industrial processes likely account for much 

of these energy and peak load demands, rather than 

their heating and cooling requirements.
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S O L A R  P O W E R

Solar Power

3.1.1 Description of Energy Solution

To meet the energy requirements of the R2R pathway, we are recommending 
building more commercial-scale solar farms and installing rooftop solar panels 
wherever feasible. Manitoba has the third best ‘solar resource’ (sunshine) in Canada 
and we can harness this potential energy source. Large-scale solar energy projects 
exist elsewhere in Canada and have existed for decades around the world. 

Solar technology has improved immensely in recent years and 

the cost of installing solar energy has dropped dramatically. In 

fact, it is cheaper to install solar energy now in Manitoba than it 

was during Manitoba Hydro’s previous subsidy program.

Currently, solar energy in Manitoba makes up a tiny portion of our 

overall electricity generation, with less than 100 MW from solar 

in a grid of nearly 6,000 MW. This means solar energy currently 

contributes less than 2% to our electrical grid. Adding significant 

amounts of solar energy capacity will help replace fossil fuel use 

and protect Manitoba Hydro from the impacts of drought. The 

energy numbers below examine both commercial-scale ground-

mounted solar projects and rooftop solar installations as viable 

energy sources for Manitoba’s Road to Resilience.

3.1.2 Energy Numbers

3.1.2 - Part A. Commercial (Ground-Mounted) Solar Projects

1. How much new peak load (MW) can be created 
per unit of land in Manitoba?

To estimate the amount of new peak load (MW) that can be 

created per unit of land in Manitoba we considered the largest 

ground-mounted commercial solar facility that currently exists in 

Manitoba on Fisher River Cree Nation. The 1 MW facility covers 

7 acres of land which is equal to 0.14 MW per acre. Using the 

Fisher River project as a reasonable average for future Manitoba 

projects, it follows that every 1,000 MW of ground-mounted 

commercial solar power will require 7,000 acres.

3.1 Energy Solution Overview

To put this into perspective, the city of Winnipeg covers 115,000 

acres and the province of Manitoba comprises 160,000,000 acres. 

Based on these numbers, we concluded that space does not appear 

to be a barrier to commercial-scale solar expansion in Manitoba. 

2. How much energy (GWh) can be generated  
per MW of new solar capacity, given Manitoba’s 
“solar resource” (sunshine)?

Given Manitoba’s ‘solar resource’ we estimated the amount of 

energy in GWh that can be generated per MW of new solar 

capacity. Using information from Living Skies Solar, we know the 

amount of KWh per installed KW from ground-mounted solar 

panels angled at 50 degrees in different Manitoba locations.  

This data is shown in the table below.

Manitoba Location KWh per KW

Dauphin 1,652

Pinawa 1,587

Virden 1,645

Winnipeg 1,586

Average 1,618

Table 15 – Average Manitoba Solar Resource Potential

Converting the average value from the table above to GWh per 

MW we can conclude an average of 1.62 GWh per MW from 

energy per MW of new solar capacity in Manitoba. 
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Parameter Quantity Units

Reasonable amount of solar 4,050 MW

Energy created 6,551 GWh per year

Land required 28,350 acres

This is equal to 44 sections of land

24.65% of Winnipeg

0.02% of Manitoba

Table 16 – Manitoba’s New Solar Capacity (MW)

Parameter Quantity Units

Assumed available space  
per building

360 sq ft

Size of solar panels 18 sq ft

Number of panels per 
building

20 panels

KW per panel 0.4 KW

KW per building 8 KW

Convert to MW 0.008 MW

Source: www.energyhub.org/manitoba

Table 17 – Average Building Capacity for Rooftop Solar 

Parameter Quantity Units

Estimated number of  
capable buildings

199,004 buildings 

Estimated average KW 
installed per building

8 KW

Estimated province-wide 
potential

1,592,030 KW

Convert to MW ( /1000) 1,592 MW

Percentage of buildings to  
be retrofitted by 2050

95 %

Convert to MW ( /1000) 1,512 MW

Table 18 - Manitoba’s Total Rooftop Solar Capacity (MW)

3. How much new solar capacity (MW) could 
reasonably be installed?

To estimate the amount of new solar capacity in MW that 

could reasonably be installed, we used the numbers in the 

following table.

From the data in table 16, we can conclude that 4,050 MW of 

available solar can reasonably create 6,551 GWh per year of 

new energy for the province. 

3.1.2 - Part B. Rooftop Solar Projects

1. How many buildings in Manitoba could install 
rooftop solar?

Using data from Efficiency Manitoba, we estimate the number of 

buildings in Manitoba to be 398,008. However, not all buildings 

will be suitable for rooftop solar. Some are too small, receive 

too much shade, or have the wrong roof angle, amongst other 

issues. Some buildings also already have rooftop solar, but this 

is assumed to be a negligible number. We assumed 50% of 

buildings in Manitoba are suitable for rooftop solar installations 

for a total number of capable buildings equal to 199,004. 

2. How much capacity (KW) could the average 
building install?

The average rooftop solar panel has a capacity of 300 watts 

(0.3 KW) and is 18 sq ft in size. Buildings come in many sizes, so 

to err on the side of caution we assumed the average building 

roof is only 1,000 square feet. A 1,000 square foot building, 

however, will not have 1,000 square feet of ideal space for 

rooftop solar due to the roof slope, trees, and shade factors. 

The estimations shown in the table below were made based on 

these assumptions.

3. How much rooftop solar capacity could be 
installed province-wide?

The amount of rooftop solar capacity that could be installed 

province-wide is estimated using the data in the following table 

to be 1,512 MW.
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S O L A R  P O W E R

4. How much energy (GWh) would be created by this amount of rooftop solar?

We found three different data sources to compare the amount of energy in GWh that could be created from rooftop solar. The Energy 

Hub website suggests on average across Manitoba, 1,272 KWh of energy is created per KW of installed solar capacity. Information 

supplied by Living Skies Solar indicates the following energy generation values for rooftop solar in various Manitoba communities  

as shown in the table below. 

Southern Region (95% population) Northern Region (5% pop)

Virden Pinawa Dauphin Winnipeg Thompson The Pas

South-Facing 1,539 1,488 1,532 1,490 1,346 1,360

-10% snow -154 -149 -153 -149 -135 -136

Adjusted 1,385 1,339 1,379 1,341 1,211 1,224

Regional Average 1361 1218

Weighted Average 1293

Table 19 – Energy Generation in Manitoba Communities
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Our third source was Manitoba Hydro, which suggested rooftop 

solar performance is more in the range of 1,200 KWh per 

KW installed capacity. Using Manitoba Hydro’s more cautious 

estimate the following table details the conservative conclusion 

of 1,910 GWh of energy.

Parameter Quantity Units

Manitoba Hydro’s estimate 1,200
KWh per KW  

installed capacity

Amount of installed capacity 1,592,030 KW

Amount of energy generated 1,910,436,000 KWh

Convert to MW ( /1000) 1,910 GWh

Table 20 – Energy Created by Rooftop Solar (GWh)

3.2 Details and Assumptions

None of the new solar capacity proposed for Manitoba is 

assumed to be firm/reliable due to the variability of solar power 

and the unreliability of the resource. Although 0% of the capacity 

is considered firm, solar is still considered to be a valuable 

renewable option towards meeting our energy demands.
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W I N D  P O W E R

Wind Power

4.1.1 Description of Energy Solution

To achieve the goals of the R2R pathway, we are recommending harnessing 
Manitoba’s wind power potential by building more commercial-scale wind farms. 
Manitoba has a significant “wind resource”, especially in the southern portion of 
the province and in the Interlake region.

Adding a significant yet reasonable amount of wind energy 

will diversify Manitoba’s grid and reduce the risks of climate 

change. Increasing our use of wind power will help provide the 

electricity we need to stop using fossil fuels. 

Extensive mapping of our wind resource hasn’t happened yet, 

so the calculations below are based on the best data available. 

4.1.2 Energy Numbers

1. How much economically viable (capacity factor 
of 40% or better) wind power potential (in MW) 
is there in Manitoba?

Data on the size and location of Manitoba’s wind resource 

is unfortunately not readily publicly available. Much of the 

data collected to date was done and is owned by private 

wind power companies. It is, however, well understood that 

Manitoba has a significant wind resource. We just haven’t 

captured much of it yet. 

4.1 Energy Solution Overview

Compared to other provinces, Ontario is the Canadian wind 

power leader with 94 wind farms containing 2,681 turbines and 

a total capacity of 5,436 MW. Coming in second, Alberta has 38 

wind farms with 1,781 MW of installed wind capacity. South of 

Manitoba, North Dakota has 1,500 wind turbines with installed 

capacity of 3,000 MW. 

Even though Manitoba is surrounded by jurisdictions with 

significant installed wind capacity, we only have 2 wind farms with 

133 turbines and capacity of 260 MW. Wind power technology 

continues to improve, so modern turbines generate more 

electricity than their predecessors. For example, the turbines 

in Manitoba’s existing wind farms have an 80-meter hub height 

and achieve a 40% capacity factor, while modern 115-meter 

hub turbines can achieve 50%. Local wind expert Marc Arbez 

has used meteorological data to suggest 3,000 MW of wind 

capacity is entirely possible just in the southwest corner of 

Manitoba south of Brandon. 

Considering the demonstrated size of the wind resource 

in neighboring jurisdictions and expert projections, it is 

recommended that Manitoba should install 5,000 MW of new 

wind power to maximize our realistic use of this resource.
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3. How much of the installed MW capacity could 
be considered “firm” power with sufficient 
energy storage?

Modern wind turbines have a firm capacity factor of 50% or 

better. Future technological improvements could see this number 

increase over time. Manitoba Hydro has suggested 40% as a more 

cautious number, which we accept. We have therefore used a 40% 

capacity factor in the power calculations shown in the table below. 

4.2 Details and Assumptions

Please note that to properly capture a wind resource, individual 

turbines are spread out over large areas. The actual footprint 

of a wind turbine is very small at only 0.75 acres per installed 

MW including the turbine itself and all access roads. Roughly six 

sections of land (less than 4,000 acres) is needed to install 5,000 

MW of new wind turbines. 

Parameter Quantity Units

Chosen wind power goal 5,000 MW

Capacity factor 40 %

Firm power 2,000 MW

Table 22 – Firm Wind Power in MW

Parameter Quantity Units

MW installed 3 MW

Capacity factor 50 %

GWh per turbine per year 13.3 GWh

GWh per MW installed 4.43 GWh

Chosen wind energy goal 5,000 MW

New turbines needed 1,667 Turbines 

GWh provided 22,150 GWh

Table 21 – Wind Power in GWh

2. How many GWh would this additional wind 
power produce?

Using the Vesta V126-3.0 Wind Turbine in our estimations,  

the wind power potential would be as follows in the table below.
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B A T T E R Y  E N E R G Y  S T O R A G E  S Y S T E M S  ( B E S S )

Battery Energy Storage 
Systems (BESS)

5.1.1 Description of Energy Solution

Our final major energy recommendation for the R2R pathway is to increase 
energy storage in Manitoba. We could do this by returning exported energy 
storage capacity, using electric vehicles, on-site energy storage in buildings 
and constructing new commercial-scale battery-based energy storage facilities.

There is a growing market for energy storage as battery 

technology matures, leading to lower costs and increasing 

capacity. Energy storage has multiple benefits: load leveling, 

capacity firming, deferred upgrade costs for existing 

infrastructure, and increasing grid resilience and stability. 

Manitoba will need to increase its capacity to store energy  

as exported energy is returned for domestic use and as more 

intermittent energy sources (solar & wind) are added to our grid. 

The energy numbers below detail the potential of BESS and 

examine these three major opportunities for the Road to Resilience. 

5.1 Energy Solution Overview

Name of battery Battery type
Power rating 

(kW)
Energy capacity 

(kWh)

Tesla Powerwall Li-Ion 5 13.5

Panasonic EverVolt Li-Ion 4.6 11.4

Generac PWRcell Li-Ion 6.7 18

Average 5.4 14.3

Table 23 – Common Energy Storage Systems

5.1.2 Energy Numbers

1. What is the energy storage potential from 
buildings in MB?

A few of the most common energy storage systems are currently 

at the residential level, such as the Tesla Powerwall, Panasonic 

EverVolt, and Generac PWRcell. By 2050, it is expected similar 

energy storage products will be available for larger buildings. 

The average power, capacity, and cost of the three systems will 

provide a reasonable estimate of a common residential energy 

storage system.
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We estimate the current number of residential and commercial buildings in Manitoba to be 398,008. Manitoba Hydro’s 2018 

Electric Load Analysis predicts growth of 1.0-1.5% per year. Assuming a therefore conservative growth rate of 1%, the total number 

of estimated buildings by 2050 will be roughly 530,000. The percentage of these buildings assumed to have on-site energy 

storage in 2050 is 20%. The total energy capacity estimation calculations are shown in the table below.

Storage Type Total # of Buildings
Percentage of homes 
with Storage Systems

# of Building Storage 
Systems

Power Potential @ 80% 
of Total (MW)

Total Energy Capacity 
(MWh)

Buildings 530,000 20% 106,000 461 1,516

Table 24 – Total Energy Capacity Estimations

Based on the above calculations the total energy capacity is taken to be 1,516 MWh. The “firm” capacity factor of building batteries 

is taken to be 80% of 576 MW for a total firm power available from buildings equal to 461 MW.



Manitoba’s Road to Resilience – Volume 2: Energy Solutions  (2022 – v1.0)20

Large Scale Projects - Battery Energy  
Storage Systems (Year Built/Location)

Type of Battery Total Power (MW)
Total Energy 

Capacity (MWh)
Energy Duration 

 (hr)
Estimated Lifespan 

(yr)

Hornsdale Power Reserve (2017/Australia) Li-ion 100 129 15

Wallgrove Grid Battery Project (2022/
Australia)

Li-ion 50 75 1.25 15

Manatee Energy Storage Centre Li-ion 409 900 2.2 15

Lithuania Battery Storage Project Li-ion 200 200 1 15

Broad Reach Power (North Fork and Bat Cave) Li-ion 200 200 1 15

Saticoy BESS in California Li-ion 100 400 4 15

Moss Landing Energy Storage Facility Li-ion 400 1,200 4 15

Gateway Energy Storage Facility Li-ion 250 250 1 15

Hokkaido VRFB energy storage plant Vanadium Flow 15 60 4 20

VRB Energy Storage Plant in Hubei Vanadium Flow 100 500 5 20

Abu Dhabi Power plant Sodium-Sulfur 108 648 6 15

Mitsubishi Buzen Substation in Japan Sodium-Sulfur 50 300 6 15

Table 25 – Major Energy Storage Projects Analysis

2. What is the commercial energy storage potential in MB?

An analysis of the cost and power capacity of major energy storage projects around the world helped us assess the potential for 

Manitoba. Lithium-Ion (Li-Ion) batteries are the most cost-effective and commonly used battery technology in large scale projects.

B A T T E R Y  E N E R G Y  S T O R A G E  S Y S T E M S  ( B E S S )



Manitoba’s Climate Action Team (CAT) 21

Normally, 0.8 GW of back-up energy storage is required 

for approximately every GW of wind and solar capacity. In 

Manitoba the situation is unique because of our ability to store 

large amounts of energy in hydro dam reservoirs. Manitoba 

will also have additional storage capacity from buildings and 

electric vehicles. Most of the energy generated by rooftop solar 

will be used by the buildings themselves. The total amount of 

energy requiring storage will occur over the span of a year and 

not arrive all at once. We are therefore left with an educated 

guess as to the reasonable amount of commercial energy 

storage required. The estimated firm load available from 

commercial storage is shown in the table below.

Parameter Quantity Units

Commercial storage required 2,000 MW

Adjust for firm capacity factor 80 %

Firm load available from 
commercial storage

1,600 MW

Table 26 – Firm Load from Commercial Storage

Parameter Quantity Units

Current road vehicles in MB 
as of Dec 2021

1,082,372 vehicles 

Assumed growth per year 0.5 %

Estimated # of road vehicles in 
2050

1,250,813 vehicles

Estimated % that should be full  
EV in 2050

95 %

Estimated # of EVs available to 
store energy

1,188,272 EVs

Estimated usable KW per vehicle 
for V2G storage:

10 KW

Estimated Potential Power 
Available

11,883 MW

% of vehicles available 25 %

Total stored power available at 
peak demand time

2,970,681 KW

Firm load available from Electric 
Vehicles:

2,971 MW

Table 27 – Firm Load from Electric Vehicles

3. What is the Vehicle-to-Grid energy storage 
potential if all cars in MB were electric?

If all cars in Manitoba were electric vehicles (EVs) the estimated 

firm load available from EV storage would be as shown in the 

table below.

4. What is the storage potential of all Manitoba 
Hydro dams currently in use?

Manitoba Hydro uses the reservoirs behind its dams to store 

energy. Manitoba Hydro has a contract with Minnesota Power 

to “firm up” wind power generated by the company’s wind 

turbines in North Dakota. This agreement is for up to 187 MW 

and the deal expires in 2035, so this firming capacity would be 

added to Manitoba’s own storage potential by 2050, except 

that Manitoba Hydro has indicated this storage capacity is 

needed to meet expected domestic load growth and so 

shouldn’t be counted as storage potential. The capacity for 

returning firming capacity to Manitoba from Manitoba Hydro 

dams is therefore 0 MW. 

5.2 Details and Assumptions

We conservatively proposed an estimate of 20% of Manitoba 

buildings having storage capacity by the year 2050. This 

estimate includes residential and commercial buildings and 

could be a low estimate in terms of the potential of this source  

of energy storage. 

Data for major energy storage projects in Canada was 

unfortunately limited, so our estimations in this section 

include data from storage projects across the world where this 

technology already exists and is being successfully implemented. 
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A P P E N D I X  A  -  E F F I C I E N C Y  M A N I T O B A  D A T A

Appendix A –  
Efficiency Manitoba Data

S# Sector
Average

Elec Custs
20/21
kW.h

Average Use
kW.h/Cust

20/21
Revenue

Average
Gas Custs

20/21
m3

Average Use
m3/Cust

20/21
Revenue

41
RES SINGLE 
DETACHED

134,089 3,804,900,467 28,376 $351,698,651.28 3,589 2,568,633 716 $1,141,579.97

42
RES MULTI 

INDIVIDUAL
6,334 117,275,704 18,515 $11,003,629.85 81 28,293 351 $15,533.21

43 RES MULTI SHARED 1,734 26,765,357 15,439 $2,550,811.35 19 14,157 748 $6,261.36

44
RES TOWNHOUSE/

ROWHOUSE
11,538 171,950,678 14,902 $16,395,485.32 134 42,626 319 $28,460.55

45 RES MOBILE HOME 8,249 200,411,642 24,297 $18,626,396.05 49 18,152 372 $11,903.22

46
RES APARTMENT 

SUITE
36,608 285,612,897 7,802 $29,055,783.95 22 10,566 480 $5,910.28

47 RES COTTAGE 10,356 69,603,608 6,721 $7,107,276.08 2 322 133 $479.09

48 RES NON-DWELLING 13 181,366 14,413 $17,368.85 0 0 $.00

49 RES UNCODED 622 11,537,757 18,554 $1,076,766.86 2 1,486 743 $626.99

TOTAL 209,543 4,688,239,476 22,374 $437,532,169.59 3,898 2,684,236 689 $1,210,754.67

S# Sector
Average

Elec Custs
20/21
kW.h

Average Use
kW.h/Cust

20/21
Revenue

Average
Gas Custs

20/21
m3

Average Use
m3/Cust

20/21
Revenue

41
RES SINGLE 
DETACHED

2,940 89,561,148 30,462 $8,232,790.38 0 0 0 $.00

42
RES MULTI 

INDIVIDUAL
25 395,903 15,836 $37,598.46 0 0 0 $.00

43 RES MULTI SHARED 4 96,788 24,197 $9,026.89 0 0 0 $.00

44
RES TOWNHOUSE/

ROWHOUSE
165 2,531,146 15,340 $238,777.90 0 0 0 $.00

45 RES MOBILE HOME 41 1,322,659 32,658 $121,346.28 0 0 0 $.00

46
RES APARTMENT 

SUITE
42 505,646 12,063 $49,154.24 0 0 0 $.00

47 RES COTTAGE 15 137,068 9,399 $12,150.43 0 0 0 $.00

49 RES UNCODED 4 74,726 17,583 $6,994.63 0 0 0 $.00

TOTAL 3,235 94,625,084 29,247 $8,707,839.21 0 0 0 $.00

Sector Summary for Residential for Electric (Not Incl Geo)

Sector Summary for Residential for Geothermal
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