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Renewable Energies
and Microgrids
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Presentation Plan

1. Renewable energies and microgrids
•

Why are renewable energy projects important?

•

Renewable energy technologies

•

Definition of a microgrid

•

Advantages and challenges

•

Energy storage systems

•

Key steps

2.

Relais de la Cache micro-network

3.

Socio-economic and community aspect
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Why develop renewable energy projects?
• Reduces dependance on fossil fuels
• Diversifies energy supply

• Safety and energy autonomy
• With:
•

More reliability and sustainability;

•

Yields that keep growing;

•

Cost reductions in RE technologies, namely solar PV and storage technologies.

• Allows us to advance towards the targets set by the federal and provincial governments
•

Reduce GG emissions from 40 to 45 % by 2030, compared to 2005
o

Carboneutrality in 2050

o

In Quebec :

Reduce our consumption of oil products
Increase RE production by 25%
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RE projects are increasingly profitable!
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Electricity production in Canada

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
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Hydro 60%
Nuclear 15%
Natural gas11%
Wind 6%
Coal 5%
Biofuel 2%
Oil 1%
Solar PV 1%
Biomass 0%
Other sources 0%
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Electricity production in Quebec

Hydroelectricity: 94 %
Diesel-fueled power plant < 1 %

Wind: 6 %

99% in renewable energies

•

22 diesel-fueled power plants in self-sustaining
grids
o
o
o
o
o

Biomass: 1 %
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IDLM
Schefferville
Nunavik
Lower North Shore
Haute-Mauricie

•

62.7 million litres of diesel per year (76 million
litres in 2019)

•

GG emissions: 0.5 kg of CO2 eq. per MWh in
2020

•

228,000 tonnes eq. of CO2 in 2016
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Renewable Energy Technologies

Solar
What is it?
Solar energy is energy transmitted by the sun in the form of light and heat.

How does it work?
The photovoltaic pannel captures solar rays to convert them into continuous electricity. Then,
with inverters, the continuous current is transformed into an alternative current that's
compatible with the network.

Type

Advantages

Challenges

Low installment cost

Middling energy efficiency

Low maintenance cost

Costly for large power plants

Mature technology

Fluctuations in production

No noise pollution

Visual impact

Modular and decentalized production

Recovery and recycling of panels
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•

One-sided

•

Two-sided

•

Hybrid: Photovoltaic + thermal (PVT)
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Wind

Pale

What is it?

Rotor

A wind turbine is a device consisting of blades attached to a rotor situated at the top of a

pole.

Mât

How does it work?
The wind turns the blades which activate the generator to transform mechanical energy into
electric energy. A wind turbine is operational in winds between 15 km/h and 90 km/h.

Type
Advantages

Challenges

100% renewable energy

Fluctuations in production

Flexible and modular

Recycling and upgrading (end of life)

Easy insertion

Integration into electric grid

Mature technology

Cold climates (Frost, preventive
shutdowns)

Occupies a small surface area

Social acceptability
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•

Small wind turbine (< 500 kW)

•

Large wind turbine (> 1000 kW)
o

•

Wind farm

Micro-turbine (< 10 kW)
Home wind turbine
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BIOMASS

La biomasse
What is it?
Biomass is organic material (plants, animals) like wood, agricultural waste, landfill gas, soild
municipal waste, etc.

How does it work ?
Several procedures are possible to extract energy from biomass such as combustion (forest
biomass), decomposition by bacteria (natural gas or biogas) and conversion into a gaseous or
liquid fuel (biofuel).

Advantages

Challenges

Economic solution

Risk of pollution

Predictable and continuous production

Contamination of groundwater

Diversification of the produced energy

Loss of biodiversity

Alternative to fossil energies

Visual and olfactory nuisance

Development of a circular economy

Dependence on raw material
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Type
•

Wood (pellets)

•

Agricultural residues

•

Landfill gas

•

Municipal sewers

Nergica | 2022

Hydro-electricity
What is it?
Hydraulic dams use the kinetic energy (movement) of water to create mechanical energy
through a hydraulic turbine which is then transformed into electric energy with the help of a
generator.

How does it work?
The difference in the level before and after the dam creates a movement of water (current)
allowing the dam to produce electric power.

Advantages

Challenges

Mature technology

Reconditioning

100% renewable energy

High investment

Good yields

State-owned projects (monopoly)

Flexibility of production

Flooding

Continuous production *

Erosion and sedimentation
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*Except for regions where the climate is very cold; in such cases, a large quantity of frozen water can significantly slow the flow.

Type
•

Large hydraulics

•

Small hydraulics

•

Marine energy: tides, waves and
wind
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Geothermal Energy
What is it ?
Geothermal energy is the use of ground heat from the ground and deep rocks to recover their
heat and thus their energy.

How does it work ?
Energy and heat production passes through a heating system which is the heat pump. The
pump consists of an evaporator (heat exchanger) and a condenser.

Advantages

Type
Défis

Predictable and ongoing production

High cost of drilling

Vast installation site

Conversion of heat into electricity

Versatile source (hot water, electricity,
heating)

High risk

Sustainable solution

High investment

Easy maintenance

Preservation of groundwater
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•

Shallow geothermal energy (less than
1,500 m) at a low temperature

•

Deep at a high temperature (2,000 m).

•

Very deep at a high temperature

(10,000 m)
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Nuclear Energy
What is it?
Nuclear energy depends on uranium, a fossil fuel whose minerals are contained in the earth's
subsoil. It allows us to produce electricity, in electro-nuclear power plants, with the heat generated

by the fission of uranium atoms.

How does it work?
The fission of uranium atoms produces heat, which transforms water into steam, which moves a
turbine connected to an alternator which produces electricity.

Advantages

Type

Challenges

•

Pressurized Water Reactor (PWR)

No CO2, emissions just steam

Managing nuclear radioactive waste

•

Boiling Water Reactor (BWR)

Available year-round

In the event of an accident, could have severe
consequences on health

•

Heavy Water Reactor

Low cost at a large scale

Limited uranium resources

•

Fast Neutron Reactor (FNR)

Power plant has 40+ year life span

High installation, maintenance and dismantling
costs

•

Gas Coolant Reactor (GCR)
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Microgrids

What is a microgrid?
• A set of decentralized energy sources
and interconnected medium and low
tension charges capable of providing a
reliable electric and thermal supply.

• The capacity to interconnect to an
integrated electric grid or operate in
island mode in a controlled and
coordinated manner.
• Characterized by its resilience and
flexibility.

17
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The components of a microgrid
The indispensables
1. Production of local energy
2. Renewable energy technologies allowing for the production of electricity
autonomously or on the grid.
•

Backup generator (diesel or propane): in case of an outage or extreme
weather.

3. A storage system

•

Allows for energy management over a long period despite
the intermittency of renewable energies

4. An intelligent management system
•

o Peaks in demand and production
o Variable rates: according to the time of
day and weather conditions
o The production capacity of
production installations for renewable
energy technologies

Ensures the constant balance between electricity production and

demand, by considering:

18
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Types of grids
Heat Grid
•
•

Distribution system (pipes and substations) for heat

VS

Electric Grid
•

Distribution system (transmission and substation) for

produced by a centralized system (boilers).

electricity produced by a centralized system (turbines or

Intended to meet the needs for heating buildings and/or

power plant).

providing sanitary hot water to several consumers.

•

Intended to meet the needs for electrifying the buildings of
several consumers.

19
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Types of Microgrids
Variant
• Connected: distribution network
• Off-grid: Hydro-Québec autonomous distribution networks
• Island or isolated: Ex.: Relais de la Cache

• Campus or institutional
• Commercial and/or industrial

• Eco-neighborhood (Ville de Lac Mégantic)
• Community-based and resilient

• Military
• Public distribution service

20
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Microgrid
Advantages

Challenges

•

Provides electricity to isolated regions

•

Social acceptability

•

Decentralizes electric production

•

The quality of the energy

•

Facilitates the integration of renewable energies

•

Connection to an electric grid

•

Reduces the consumption of diesel and GG emissions

•

Maintaining stabilty and reliability (in island mode or during

•

Reduces the costs of O&M and transmission

•

Increases the grid's reliability when connected

•

Optimizing the management of controlling energy flow

•

Favors the developments of Smart grids and local partnerships

•

Managing the different response dynamics (source, consumption)

•

Regulates the frequency, tension and management of the demand

resynchronization with the IEG)

in conjunction with the integrated electric grid (IEG)
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Why is storage important?
1.

Makes up for the intermittency of resources

2.

Increases the grid's flexibility

3.

Improves the quality of the electricity

4.

Limits the saturation periods

5.

Simplifies the integration of
decentralized production

6.

Ensures a certain period of autonomy in the event
of an outage

22
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Why is storage important?
During the day

Village 1

Village 2
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Why is storage important?
During the night with wind

Village 1

Village 2
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Why is storage important?
During the night without wind

Village 1

Village 2
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Different types of storage
Short term

Flywheels

Super condenser

Long term

Medium term

Batteries

Lead-acid

Lithium-ion

Compressed air

Small scale

Large scale

Thermal
Accumulator

Turbine pumping

Hydrogen

Aquifer

Alkaline water
electrolysis (ALK)

High temprrature

Polymer
electrolyte
membrane
electrolysis (PEM)

Sodium-Sulphur
Accumulator
(NaS)

Redox batteries

26
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Key steps for the integration of RE
• Do an energy portrait (current consumption; hourly load demand, needs, current production)
• Establish targets:
o

Reduce GG emissions (consult federal, provincial and municipal targets)

o

Increase the penetration rate of renewable energies

o Review current projects to reach these targets

o Assess the energy resource (wind, sunshine) and the site's environment (geographic location,
means of transport)
• Do a portrait of community engagement
• Prioritize actions to be taken and stagger them out in time

27
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Recommendations
• It's important to know the RE integration limits on the grid and off-grid
• Have an action plan for the training of local staff to operate the system
• Know the financial vehicles

• Ensure that you integrate the appropriate technology according to the community's needs
• Optimize the resource as much as possible
• Have a measurable and well-defined target for each project

• Demand-based management; how to increase the rate of RE penetration:
• Improve energy efficiency
o Renovation (door, window, insulation, LED, etc.)

o Reduce consumption
⇒
28

The best type of energy is the energy we don't use
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Relais de la Cache
Microgrid

Image : Radio-Canada, Isabelle Larose

Presentation Plan

1.

Énergies renouvelables et microréseaux

2. Relais de la Cache Microgrid

3.

•

Background

•

Microgrid – plan & operations

•

Installation and result of Phase 1

•

Future installations - Phase 2

Image : Radio-Canada, Isabelle Larose

Aspect socio-économique et communautaire
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Background
Relais de la Cache
• Tourism complex exploited by the Micmacs of the Gesgapegiag

reserve, situated at the 62nd kilometre of Route 299 on the Gaspé
Peninsula.
• The hotel isn't connected to an electric transmission grid; it's supplied

by a diesel generator due to its remoteness.
• Integration of an autonomous microgrid with renewable energy

sources and energy storage systems.

31
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Relais de la Cache
Island Microgrid
Phase 1
• Installation of 108 photovoltaic panels
o

44 kW of installed electric power

o

Equipped for the collection of weather data

• Storage system with lithium-ion batteries
o

102.3 kWh

o

2 days of autonomy

• 2 back-up propane generators
• 24 kW each

32
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Microgrid Plan

1. Two flow systems

•

•

Electric:
o

PV Panels

o

Battery

Thermal

o

Electric boiler

o

Propane boiler

2. Back-up system
•

Propane generator

3. Flow management system

33

•

SCADA

•

Control of energy flows

Relais de la Cache
Island Microgrid

• 10,000 litres of diesel
consumption avoided per

year
• 32 tonnes of GG
emissions avoided per
year
• Reduction of dependence
34

on diesel
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Economic & Social Aspects of Solar
Energy

Image : WSP

Presentation Plan

1.

Énergies renouvelables et microréseaux

2.

Microréseau du Relais de la Cache

3. Economic and social aspects of solar energy
4.

36

Evolution of costs and prices
•

Versatile solar energy

•

Socio-economic benefits
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Evolution of costs & prices

Costs VS Prices?
• The cost price ($/kWh) of electricity produced by solar energy is a
cost ratio per energy produced over the project's life span,

including:
o The cost of investment

o The cost of operations and maintenance
o The costs of externalities
o The financial costs

• The price of solar energy ($/kWh) represents the market price.

38
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Why is solar energy so favorable?
A decade of lowering renewable energy prices, but at different paces

Why ?
• Technological development
• Effect of scale economy
39

• Governmental policies
• Solar potential
• Strong competitiveness
• Major industrialisation
• Etc.

Source: RE Power Generation Costs, 2020
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The costs of a project

1.
•
•
•
•
•

40

Cost of investment

Adjoining costs

Incitation and help
Permit
Design
Legal documents
Line of credit

2.
•
•
•
•
•
•

Cost of materials
(equipment)

Solar panels
Inverters
Cabling
Assembly
Security (fence, cameras...)
Connection to the grid and
transformer station
• Weather system
• Data control system

3.

Costs of
installation

• Mechanical
installation (construction:
setting up of panels and
inverters, tracing of cables, etc.)
• Electric installation (connection
of CC modules and cabling,
surveillance and control system,
etc.)
• Inspection and supervision
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Photovoltaic panels in cold climates
The benefits of solar power in cold climates
1. Cooling of panels
•

Cold climates:

The panels' efficiency is directly linked to their temperature. A colder
temperature improves the panels' production.
•

Wind cooling:

Northern regions generally have more wind resources. A strong, cold wind
will further reduce the panels' temperature.
10 m/s

41

1 000 W/m2

+ 8,2 %
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Photovoltaic panels in cold climates
Benefits of solar power in cold climates
2. Snow cover
•

Albedo (capacity to reflect light)

Snow reflects light on the panels offering better production.

Annual loss associated with snow
cover: :
•

In most cases, about 6 %

•

Up to 12 % for off-grid installations

Solution :
•

Increase the angle of inclination

•

Better placement of panels: vertically, facing
south

•

Choose panels with a larger area and without
frames

•

Consider the historical maximum snow
accumulations to raise the panels off the
ground

42
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The Canadian Market
At a residential, commercial or central scale, the cost of investing in solar energy is scaling down for

Canada

•

Government policy (energy transition)

•

Incentives

•

Effect of the scale economy

•

Competitiveness compared to other renewable energy

sources

Source: Énergie solaire photovoltaïque dans le mix énergétique québécois, Nergica 2021

43

Nergica | 2022

Versatile Solar Energy

The cost of investment
The lowering of the costs of solar
energy is mainly impacted by the cost
of investment
Reduction of solar technology costs due to: :

•

Degree of maturity

•

Strong competitiveness

•

Major industrialisation

45
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Source: RE Power Generation Costs, 2020
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Having an integrated vision
Adopting an integrated approach allows one to maximize benefits
•
•

All the community's groups have

supply

access to energy
•

All the community's groups are able

Effective management of the primary energy

Safety

•

Reliability of energy infrastructure

•

Capacity to meet current and future demands

•

Preservation of ecological system (air, water, etc.)

•

Improved health and quality of life

•

Reduction of emissions

to pay their energy bills
•

Energy access and prices aren't an

obstacle to project development.

Affordability

Durability

46
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Having an integrated vision
Think solar during designing and operations and after the life span of socio-economic
projects.

1.

Design
Phase

Construction

47

•

Housing

•
•
•
•
•

Hospitals
School
Street lighting
Greenhouses
Etc.

2.

Operational
Phase

Integration
• Solar energy in existing
constructions (roofs,
facades)
• Floating PV (hydraulic plant)
• Residential mini-plant

3.

End-of-life
Phase
fin de vie

Decision

• Reform
• Extending the life span of
socio-economic projects
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Socio-economic Benefits

Reduces the
energy bill

What are the
benefits of solar
energy?

Minimizes
emissions and
improves air
quality

Ensures better
use and
appreciation
of a territory

Benefits from
financial aid

Helps preserve
the ecosystem

49

Reduces
electrical
shutdowns

49 49

Creates jobs
and a new
economic
dynamic
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What are the benefits of solar energy?
Development of territory
Re-using of degraded and
unused sites , integrated use
of socio-economic projects

Energy Market

Diversification, deregulation

50

Infrastructure
Transmission lines/grids
reduced, reliable supply in
isolated areas

Industry, R&D, Education
Job creation, vocational
training

Policy
Indépendance
énergétique locale,
Localtransition
energy independence,
energy
transition
énergétique

Public & marketing

Increased environmental
awareness, image
enhancement
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The benefits of solar energy
How do we maximize benefits through solar energy?
Participatory governance combined with

progressive financing as socio-economic
development tools.

•

Creation of jobs

•

Equity

•

Industrial development

•

Vector of autonomy

51
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The benefits of solar energy
Solar energy has recorded the most significant increase in job development among renewable
energy sources between 2012 and 2020
•

~15% of solar jobs are on isolated sites, or
46% of direct jobs

•

Solar power represents 1/3 of the workforce
in renewable energies

•

~ 32% of the positions are held by women

•

And this trend seems to continue for the
future.

52

Source: Renewable Energy and Jobs, Annual Review 2020 IRENA
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A FEW PROJETS
Featuring the integration of
renewable energies by
Nergica and others

Solar energy

Wind energy

Storage system
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Old Crow, Yukon, Indigenous community
• Off-grid community
• 250 inhabitants
• Solar installation in 2008
o 2,160 PV monocristalline panels
o 940 kW DC, 480 kW AC

o 350 kWh of storage
o 450 kVA Smart inverter

54
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Old Crow, Yukon, Indigenous community
• 190,000 litres of diesel avoided per year
• 750 tonnes of CO2 avoided per year (about
140 cars)
• Expected profit: 410,000$/yr over 25 yrs
• Total of $10.5 M in profits over the project's
life span
Old Crow projet solaire
55
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Lac-Mégantic, Quebec, Municipality
• First Hydro-Québec electric microgird
• Island mode or connected to a distribution grid

• 2,200 photovoltaic panels
o Mainly installed on the roofs of public buildings

o 800 kW of power

• Storage battery of 700 kWh
• 8 charging stations for electric vehicles
Lac-Mégantic
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Autonomous Grids
Projects planned in the short-term

57
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Favoring Indigenous Innovation

Nergica supports Indigenous communities by offering several services

including:
1. Opportunity and feasability studies
2. Training sessions

3. Accompaniment during the installation of new systems
4. Full-scale tests at our research site in Gaspé

5. Drafting of funding requests
6. Transfer of knowledge
Nergica | 2022

58

Nergica's role
In energy transition for communities

1. Accompaniment and technical support throughout the process
2. Integration of renewable energies and storage systems
3. Establishment of client needs

4. Development and evaluation of technologies
5. Optimization of operations and maintenance
6. Adaptation to cold climates

7. Meteorology applied to energy resources
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Thank you
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