
Canada Renewable Energy Science and 
Policy Programs

Geoff Munro
Chief Scientist & Assistant Deputy Minister 
Natural Resources Canada

4th International Conference on 
Integration of 
Renewable and Distributed 
Energy Resources 
December 6-10, 2010
Albuquerque, NM, USA

Presenter
Presentation Notes
(Version: Wed 1 Dec, 2010)

Introduce yourself.



I am happy to be here today, speaking with you at this unique international conference that brings together research experts in the field of energy economic, electricity market regulation and power system engineering – all in the interest of advancing energy innovation and influencing policy and decision makers.



Today’s presentation will focus on renewable energy science and policy programs in Canada.  
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Outline

• Introduction

• Federal and provincial initiatives

• Integration of renewable energy in distribution 
networks in Canada

• Clean energy investments – smart grid and 
renewable energy  

• Strategic planning and levers to encourage 
innovation

• Summary

Presenter
Presentation Notes
I would like to spend some time outlining the Canadian electricity context; the key drivers and provide you with an overview of federal and provincial initiatives.



I will highlight some of Natural Resources Canada’s effort addressing the challenges for the integration of renewable energy on distribution networks in Canada.  



There has been several targeted clean energy investments that encourage the demonstration of smart grid investments and innovative renewable energy applications.



(add personal remarks on your role as a chief scientist and/or Science and Policy integration role). 
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S&T is key to achieving NRCan’s Vision & Strategic Outcomes

Vision:  Improve the quality of life of Canadians by creating a sustainable natural 
resources advantage.

Strategic Outcomes:

– Economic Development: Natural resources sectors are internationally competitive, 
economically productive, and contribute to the social well-being of Canadians.

– Environmental Responsibility: Canada is a world leader on environmental 
responsibility in the development and use of natural resources.

– Safety, Security and Governance: Natural resources and landmass knowledge 
strengthen the safety and security of Canadians and contribute to the effective 
governance of Canada.

Our Mission:

– Champion of Sustainable Development
– World-Class Centre of Knowledge
– Leader in Science and Policy

Presenter
Presentation Notes
For NRCan, science and technology play a critical role in addressing challenges and opportunities in the natural resources sectors. 



We are working toward some key outcomes for Canadians.



To have resource sectors that are competitive internationally, but also environmentally responsible and sustainable over the long term.



To achieve this, our policies and programs must be based on strong research and evidence.



S&T is at the core of that evidence
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Canada has a Long Tradition of Natural Resources S&T

1842 - Geological Survey of Canada
1898 - Canadian Forest Service
1906 - Atlas of Canada
1908 - Canada Centre for Mineral and Energy Technology (CanMET)

Canada has a Long Tradition of Natural Resources S&T

1842 - Geological Survey of Canada
1898 - Canadian Forest Service
1906 - Atlas of Canada
1908 - Canada Centre for Mineral and Energy Technology (CanMET)

NRCan is a major science performer…

• One of the largest federal science organizations.

• $500M/year on S&T activities.

• 3000+ people working on S&T.

– 475 Research Scientists.

• ~900 peer reviewed publications per year.

• 288 NRCan scientists hold adjunct professorships

Presenter
Presentation Notes
NRCan is a major science performer



A lot of our resources go toward research, development and related science activities. 



Our scientists are fully engaged in the global science community. 



Through activities such as contributing new knowledge through peer-reviewed publications.



And through their work in academic settings, where they are helping to grow the next generation of Canadian scientists. 



Our science roots go back over 150 years.

- The Geological Survey of Canada was established in 1842 as Canada’s first scientific agency. 
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…with an S&T presence across Canada

Presenter
Presentation Notes
NRCan S&T is happening across Canada. 

This includes 18 of the Government of Canada’s 187 “major research facilities.”

These facilities act as important “home bases” for our scientists.

But our researchers are also active in the field. 

I.e. Setting up and operating season field camps, permanent survey plots and other research outposts. 
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Integrated approach to planning clean energy R&D

Clean & 
Renewable 
Electricity

Cleaner 
Transport

Cleaner Fossil 
Fuels & 

Alternatives

Clean Energy RD&D

Energy 
Efficiency

Presenter
Presentation Notes
 NRCan has always taken an integrated approach to planning clean energy R&D.  We have three national energy technology laboratories that drive this energy innovation in Canada



We are proud to contribute to moving ideas from the lab to the marketplace - no projects done alone, partnerships are the norm: industry-government consortia; federal – provincial – university (adjunct professorships) - achieve high level of leverage and engagement



We are linked formally to OGD laboratories and programs via interdepartmental agreements as well as to internationally renowned laboratories



This permits us to build on an extensive networks and contribute to working groups at the national and international levels



We provide foundational S&T for  clean energy R&D efforts in Canada and abroad: i.e. Canada- US Clean Energy Dialogue / Ministerial Roundtables / Clean Energy Fund R&D
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Drivers

• Electricity demand continues to increase 
• Public interest in renewable and low-impact 

technologies
• Green economy job creation
• Increasing concern about security, power quality, 

and reliability of the grid, including transmission 
and distribution losses

• High cost of building additional transmission 
systems as well as replacement of aging systems

• Government of Canada’s GHG goals

Presenter
Presentation Notes
In general terms there are 6 key drivers for the development in the electricity sector in Canada.



 Electricity demand continues to increase 

Public interest in renewable and low-impact technologies

The Green Economy job creation potential

The increasing concern about security, power quality, and reliability of the grid, including transmission and distribution losses

High cost of building additional transmission systems as well as replacement of aging systems

Govt of Canada’s GHG goals (see next slide)
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Canada’s Challenge – Policy Direction

• Reduce Canada’s GHG emissions by:
– 17% below 2005 levels by 2020

– 60% - 70% below 2005 levels by 2050

• Achieve 90% of Canadian electricity from Non- 
emitting Sources by 2020

Presenter
Presentation Notes
The world is on the cusp of a massive energy transition, similar to the transition from wood to coal in the 19th century and from coal to oil in the 20th century.



But the 21st century transition will be more dependent on policy. 



Canada is not immune to these pressures and the Government has established the following policy goals:



Reduce Canada’s GHG emissions:

17% below 2005 levels by 2020

60% - 70% below 2005 levels by 2050



And, obtain 90% of Canadian Electricity from non-emitting sources by 2020

( Currently, we’re at 77% from non-emitting sources)
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Electricity 
Management:

• North-South 
interconnected grid 
with the US

• Diverse resource 
options across 
country  no one- 
size fits all

• Varying electricity 
policies across 
provinces

Statistical Source: NRCan (provincial electricity supply), 
North American Electric Reliability Council (NERC, grid) 
Map Source: Global Energy Network Institute (GENI)

Canadian Electricity Supply Mix

Presenter
Presentation Notes
Canada has a diversified and balanced portfolio of energy resources, including the world’s second largest oil reserves and the third largest production of hydroelectricity. 



We have one of the cleanest electricity mixes in the world.



 However, regional distinctions characterise Canada’s energy profile, including an energy distribution that is varied.  



This is why I would like to address the challenges of integrating renewable energy sources on the electricity distribution network.  



This includes rural and remote networks where infrastructure investments, such as smart grid technologies has a potential to improve the delivery of electricity services.
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North American Electricity Transmission*

*main electricity transmission lines

Regional System Network Improves Market Efficiencies

Presenter
Presentation Notes
This slides shows the major transmission lines between Canada and the USA.  There are several regional systems that improves market efficiencies. 

(Note: for Canada, it is a north-south link vs east-west)



As we learned in the 2003 black out, significant annual investments have to be made to maintain the reliability of the grid. There is a need to reinvest to prepare the grid for increased renewable energy generation.  



Mechanisms are now in place to monitor the reliability of the grid and minimum reliability standards have been developed through committees under the North American Electricity Reliability Corporation (NERC). 



A landmark agreement was reached in 2004 and 2005 and approved by the Federal-Provincial-Territorial Electricity Working Group of the Council of Energy Ministers of Canada.  



MOUs with the National Energy Board and provincial government organizations have been signed and there is a high degree of collaboration between NERC and the federal and provincial transmission operators.  This includes a review regarding potential smart grid standards requirements. 
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Canada’s Wind Capacity reached 3.4 GW

• Average annual growth of 56% from 
2003 to 2008

• Requires infrastructure investments in 
Transmission and distribution assets

Presenter
Presentation Notes
With a huge landmass, lengthy coastlines, and quality wind resources, Canada has enormous potential to generate electricity from wind. This has exceeded 3 Giga-watt of installed power.



In 2009, Canada installed more than 900 Mega-watt of new wind power capacity, placing Canada in the top 10 worldwide for new installed capacity. It is estimated that new wind developments represented more than $2.2B in investment last year. 



Investment in the RD&D of emerging technologies, such as wind and photovoltaic, have contributed to reducing their cost.   The process of “technology learning” requires long-term, S&T and early deployment programs for renewable energy technology. 

(Ref: “ Experience curves for Energy Technology Policy”, IEA report)



In 2009, Canada completed its Wind Technology Road Map (an industry-led, government-supported initiative). The resulting long-term vision and action plan is designed to encourage the growth of domestic wind energy expertise, and the development of wind energy technology specifically relevant to Canada. 

(you may wish to mention your role as chair of the ADM Wind TRM Ctee)
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189% increase in solar photovoltaic in 2009 

Cumulative PV Capacity installed in Canada 
from 1992 - 2009
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Presenter
Presentation Notes
The rapid growth in the deployment of solar photovoltaics in recent years indicates that the technology is quickly gaining ground in Canada.



Canada also has abundant potential for solar electricity and the recent Ontario feed-in tariff program has been very popular. This led to a 189% increase in PV installed capacity in Canada with 47.1 MW “utility scale” power systems in the province of Ontario.



This afternoon, in Session 2, Mr Travis Lusney from the Ontario Power Authority will be presenting the detailed results of the FIT program. This impressive program has attracted a lot of attention worldwide and is an excellent opportunity to follow the progress that being made through the initial deployment phase in Canada.



Through our international collaboration with the IEA, we have been collecting data and studying the trends in the cost reduction of photovoltaic. I can report that the Photovoltaic module prices have gradually declined from $ 11.09 per watt in 1999 to $ 3.31 per watt in 2009. This represents an average annual price reduction of 10% over this 10-year period.



We expect that this trend will continue with the investments in research supporting novel and emerging PV technologies by the National Research and Engineering Council of Canada and the private sector in Canada.  
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A wide ranging effort have been initiated by the 
provinces targeting renewable energy development

• Ontario Green Energy and Green 
Economy Act, 2009 – Wind, 
biomenergy, solar, hydro focus on 
job creation

• Québec released its Energy 
Strategy in 2006. Jointly with its 
Plan Nord objectives, more than 
7 500 MW of hydroelectric power 
and 4 300 MW of wind power will 
be implemented before 2035

• Northern territories (Yukon, 
NWT, Nunavut):

– Creating a Brighter Future
– Reducing dependence on 

diesel power in remote 
communities

– Geothermal, Solar, Wind

• British Columbia -Clean energy 
Act, 2010

• Alberta – Bioenergy, wind 
energy and transmission

• Manitoba wind-hydro balancing 
and synchrophasor

• New Brunswick power shift 
project – wind integration

• Nova Scotia Renewable 
Electricity Plan - Wind and Tidal 

• Newfoundland Labrador Hydro 
power and transmission

• Prince Edward Island wind 
energy strategy

• Saskatchewan, wind

Presenter
Presentation Notes
Energy ministers across Canada meet regularly to discuss key Climate change  and sustainability.  A broad range of strategic plans have been published by provincial and territorial governments in Canada. 



Provinces implementing noteworthy and progressive energy laws, such as British Columbia’s 2010 Clean Energy Act and Ontario’s Green Energy & Economy Act.



Other provinces has held consultations and published comprehensive clean energy strategies and electricity plans.



The Northwest Territories have initiatives to reduce their dependence of diesel fuel for their electricity supply



Emerging trends in the provinces: Provinces reclaiming some of the authority over grid network that was previously deregulated in anticipation of the required expansion and complexity of distributed generation.  They are providing investments in renewable and clean energy technologies.  They are moving toward time of day electricity prices and implementing demand side programs.
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This 2007 average price of electricity did not 
reflect the time of day electricity costs

Presenter
Presentation Notes
Since the regulated price of electricity was low – there was little  incentives for residential customer to shift their electricity use and conserve.
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Transition to time of day prices that reflect 
the supply and demand for electricity 

ONTARIO Energy Board  TOU rate set every 6 months

Nova Scotia TOU rate Winter months

Presenter
Presentation Notes
With the implementation of residential smart metering infrastructure, there is a rapid transition towards time-of-use pricing rates.  



It is one way to educate the customer on the peak demand time and encourage them to shift their energy use to off-peak hours.
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Innovation and policy levers

Prototype & 
Demonstration 
Technologies

High-price Gap 
Technologies

Low-price Gap 
Technologies

Mature 
Technologies

Concept Market

Engaging OGD, provinces, territories and other stakeholders

Standards, Codes, Regulations (e.g. GHG Framework) 

PRIVATE ( or Ratepayer)  

Policy and Programs

Science, Technology 
and Knowledge

Regulations and 
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Influence

NRCan 
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Basic and 
Applied R&D

A B C D

Technology improvement

Incentives, tax measures 
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Technology development/demonstration Resource Assessment
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Universities,

Government 
labs

Prototype & 
Demonstration 
Technologies

High-price Gap 
Technologies

Low-price Gap 
Technologies

Mature 
Technologies

Concept Market

Engaging OGD, provinces, territories and other stakeholders

Standards, Codes, Regulations (e.g. GHG Framework) 

PRIVATE ( or Ratepayer)  

Policy and Programs

Science, Technology 
and Knowledge

Regulations and 
Standards

Influence

NRCan 
Levers

Basic and 
Applied R&D

A B C D

Technology improvement

Incentives, tax measures 

Analysis/Advice

Technology development/demonstration Resource Assessment

PUBLIC (or Taxpayer) 

Universities,

Government 
labs

Presenter
Presentation Notes
(Introduce the NRCan Innovation Energy Technology levers to move technologies from research to demonstration)
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Federal support for the establishments of 
four national  research networks

www.solarbuildings.ca

(2005-2010)

www.PVINNOVATION.ca (2009-2014)

Smart Grid research network      
(2010-2015)

www.wesnet.ca (2007-2012)

Wind energy System Network

Presenter
Presentation Notes
NRCan has contributed to the establishment of 4 cross-cutting “Scientific” networks that are now funded by the National Science and Engineering Council.  These efforts tend to focus on “systems” approach to research. It is complementary to the more traditional academic scientific research.  It allows graduate students to work on “applied” and real world problems at a systems-level.  



We have found this to be exceedingly important in encouraging Canadian students to pursue graduate studies in the field of energy.  Through these networks Canada is fostering the development of highly educated professionals in fields that will allow them to find employment as soon as they graduate. 



SOLAR BLDGS:  The first and most challenging area was to establish a network focussed on the innovation in the construction industry. This included a coordinated effort on advanced in “zero-energy” solar homes through join research and demonstrations

WIND ENERGY:  largest network in Canada that brings together 39 wind energy researchers from 16 universities.  The timing of such a network was excellent and coincident with the Wind Technology Roadmap effort in Canada.

PHOTVOLTAICS:  focuses on next gen solar cells that can bring down the cost of solar electricity as well as develop innovative “solar cell devices” that can be commercialized. 

SMART GRID:  brings together researchers in the telecommunication and power system field to develop innovative solutions for smart grid applications and  micro grids.

http://www.solarbuildings.ca/
http://www.pvinnovation.ca/
http://www.wesnet.ca/
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Smart Grid initiatives to modernize the 
electricity system

• Federal :
– Clean Energy Fund demonstration projects

– Smart Grid Technology and Standards Task Force

– Wireless spectrum allocation 1800-1830MHz band

– International Smart Grid Action Network

• Industry:
– Smart Grid Canada participating in the Global Smart Grid Federation

– Smart grid project implementation by electricity distribution companies

– Manitoba Hydro project as part of the North American Synchrophasor 
Initiatives

Presenter
Presentation Notes
Several smart grid initiatives to modernize the electricity system  This includes:

New clean energy initiative on smart grid technologies that will promote the growth of renewable energy.  These technologies will also help consumers and businesses to better measure and manage their energy use, improve the reliability of the electrical system, and speed the introduction of fuel-saving electric vehicles. This is represents an cross-cutting portfolio of projects and applications.



The national smart grid standards task force - NRCan and the standards council of Canada are co-chairing a national task force to facilitate the adoption of smart grid standards. 



One point I wanted to add is the role of industry Canada to dedicate a wireless spectrum band to electricity companies to facilitate the establishment of a reliable wireless infrastructure in the 1800-1830 Megahertz band.  This decision is particularly important for companies deploying smart grid infrastructure in rural and remote regions of Canada.



And Canada’s commitment to join the International Smart Grid Action Network (note that this will be discussed by US keynote speaker).



In addition, significant effort through diligent planning by the industry have been initiated:

This includes the industry effort with Smart Grid Canada  joining  the Global Smart Grid Federation

The significant plans by electricity distribution companies to prepare for the increased number of “connection” request by customers who are also generators

A a unique project within the North American Synchrophasor Initiative (NAPSI) and the work of Manitoba Hydro in joining this strategic smart transmission initiative.
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New Brunswick Power 
Corporation

• Project will install monitoring 
and control systems in 2500 
buildings in PEI,NB and NS. 
Load control will be driven by 
availability of regional wind 
power

• 4 utilities involved
• $32M project

Hydro-Quebec-Institute de 
recherche

• Development of a smart 
zone in Boucherville 
including PHEV charging 
infrastructure

• $20M project

Power Measurement Ltd
• Load curtailment and peak 

shaving in large commercial 
buildings

• Partners include Brookfield 
Properties, ENMAX

• $10M project 

BC Hydro
• Installation of two 1MW 

storage systems at two 
locations to support remote 
and weak grid systems 

• $13.4M project 

Clean Energy Fund (CEF) demonstration projects

Wind Energy Institute of 
Canada

• 9MW wind-based research 
park combined with energy 
storage on a weak grid

• $25M Project 

Cowessess First Nation
• First-nation managed 

wind/storage system.
• $5.5M project.

Presenter
Presentation Notes
19 projects were announced by the NRCan minister on January 11 2010 in 6 technology areas with $146M in CEF contribution: Smart Grid, Wind/Storage, Marine/Hydro, Biomass, Built Environment/Solar, Biomass, Northern and Hybrid Systems.  Six projects are highlighted in this slide :

Wind and Storage Demonstration in a First Nations Community - Lead proponent: Cowessess First Nation�Strategic Area: Wind/Storage -  Location: Cowessess, Saskatchewan - aims to demo a combined wind & storage energy system in a First Nation community.  The successful demonstration would prove this system as a model for other First Nation’s communities across Canada.

Energy Management Business Intelligence Platform Development and Demonstration Lead proponent: Power Measurement Ltd. Strategic Area: Smart Grid   -Location: Commercial buildings in Calgary, Alberta, Ontario and BCIT Burnaby, British Columbia - will develop and demonstrate smart grid technology, voluntary load curtailment and peak shaving in a commercial building setting. Most projects of this type to date have focused on residences.  This technology will also enable tenants to voluntarily reduce their demand based on real-time price signals.

2Megawatt Energy Storage for Near-Capacity Substation includes a site with a local small hydro generator -Lead proponent: BC Hydro Strategic Area: Smart Grid/Electricity Storage Location: Golden and Field, British Columbia - demonstrates the integration of energy storage as a mechanism for reducing electricity demand at near-peak capacity substations.  This type of solution has the ability to be used in other remote communities where the grid reliability is low and the cost of the transmission line upgrade is uneconomical.

Interactive Smart Zone Demonstration in Québec  - Lead proponent: Hydro-Québec – Institut de recherche�Strategic Area: Smart Grid Location: Boucherville, Québec - will ensure the installation of an interactive network area in a neighbourhood of Boucherville. This will demonstrate different technologies and concepts related to modernization of electrical networks, in particular the deployment of infrastructure for charging electric and hybrid rechargeable vehicles.

10 MW Wind Technology Research and Development Park Lead proponent: Wind Energy Institute of Canada Strategic Area: Wind/Storage   Location: Prince Edward Island - proposed will be the first wind/storage combination in Prince Edward Island.  The project’s research base has a strong focus on information dissemination, and would be a good base for supporting additional wind research.

Electricity Load Control Demonstration Lead proponent: New Brunswick Power Corporation�Strategic Area: Smart Grid  - Location: Four maritime communities in New Brunswick, Nova Scotia and Prince Edward Island - focuses on the integration between smart grid technologies, customer loads and intermittent renewables in a region with potentially significant renewable electricity capacity.  It will allow utilities to better understand how customers will react to smart grid and which loads can be controlled by real-time demand balancing in up to 750 buildings, thereby assisting these utilities to capitalize on renewable resources in the region. 
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Smart Grid Technology and Standards Task Force

Transmission & 
Distribution

Consumer 

Security
& Privacy 

Presenter
Presentation Notes
NRCan and the Standards Council of Canada are co-chairing a national task force to facilitate the adoption of smart grid standards.  This is a key initiative identified during the North American Leaders Summits.



This slide focuses on three key areas for transmission and distribution, security and privacy and the consumer.



Smart grid provides the opportunity to virtually revolutionize a consumer’s use of energy.  



Consumers can also become generators through the incorporation of generation technologies such as wind, solar.



Individual appliance demands can be monitored and at the consumers discretion operated during off-peak hours.  



The work that has been achieved to date has been enabled by “mobilizing” a broad range of experts to accelerate the development of standards.  Canada is committed to contributing to the development and harmonization of these standards.
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Actions that we can champion

• Support the establishment of a reliable and efficient electricity 
distribution infrastructure able to integrate renewable and 
distributed energy resources;

• Support and influence the development and harmonization of 
standards;

• Establish a consortium of leading industry/utility research 
centers, national laboratories, and universities and increase 
the pool of specialists that this industry needs to bring their 
products and services to the market place;

• Facilitate the market acceptance of renewable energy that will 
contribute to meeting Canada's policy goals.

Presenter
Presentation Notes
In conclusion, I would like to finish by providing my view on actions that we support as the energy S&T arm of the Canadian federal government. 



We work with the experts and align research, development and deployment performed by others to GoC priorities, such as renewable and smart grid technologies.



Our Federal national energy laboratories have the technical resource and knowledge base to champion the development of clean energy related regulations, codes, standards.



We foster a broad range of successful research partnerships with manufacturers, academia, planners, builders, and all levels of government, by working collaboratively to identify, test, and innovate products and processes.



Through strategic science and policy integration –particularly in the energy S&T area, we can contribute to meeting Canada’s goals.
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