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1.0 Introduction

Wind energy represents a substantial opportunity for Canada to meet electricity needs
and generate significant economic gains in an environmentally sustainable manner.

In order to enable Canada to achieve its full potential in this area, the Government of
Canada has provided support for an industry-led effort to create a technology roadmap
for wind energy.

The objective of the creation of the Wind Technology Roadmap (WindTRM) was for
technology developers, adopters, and users, to identify wind energy innovation priorities.
The WindTRM identified the key technology and policy needs of the wind energy industry
to succeed in the future and documented the actions required. Ultimately, the objective is
to identify key investments and actions so as to increase Canadian innovation and social
and economic outcomes.

This WindTRM process was led by a team of industry leaders who form the Industry
Steering Committee (ISC). In recognition of the diverse challenges and needs for the
wind energy industry, the ISC determined that four working groups (two of which were
further divided into two subgroups each) should be created. The structure of the working
groups is summarized as follows:

* Working Group 1 (WG1): Market and Economics: Focus on market, economic
and human resources concerns for wind developers in Canada as well as issues
faced by Canadian wind energy companies in the global market context.

* Working Group 2 (WG2): Wind Energy Resource: Focus on where Canadian
technologies, expertise and market leadership can be developed in the area of wind
resource assessment and wind engineering for both onshore and offshore projects.

* Working Group 3 (WG3a and WG3b): Wind Energy Systems: Focus on where
opportunities can be found or created with respect to Canadian technologies,
expertise and market leadership in the area of wind turbine manufacturing,
procurement, installation, and use. This working group will have a large wind sub-
group (3a) and a small wind sub-group (3b).

* Working Group 4 (WG4a and WG4b): Wind Energy Integration: Focus on the
regional challenges in integrating wind energy into the Canadian energy supply as
well as some possible technical solutions to them. This working group will have a
planning sub-group (4a) and an operations sub-group (4b).
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PricewaterhouseCoopers LLP (PwC) was engaged to:

* Administer the WindTRM process. This involved working with Industry Canada (IC),
Natural Resources Canada (NRCan) and the ISC to develop the format and agenda
of ISC meetings, workshops and working group breakout meetings;

» Facilitate the ISC meetings and workshops;

* Synthesize information and feedback after each phase and develop, draft, and
write the WindTRM Report, and deliver a PowerPoint presentation to federal
representatives and the ISC.

PwC'’s role was limited to facilitating the process: all content, including barriers,
recommendations, cost estimates and other information was based on input from
participants throughout the process.

The following chart illustrates the phases and timeline for the development of the
WindTRM.

The WindTRM Time Frame
10/08 11/08 12/08 01/09 02/09 03/09 09/09

Project
Planning

ISC review
of draft report:
September, 2009

WSH#1:
November 27, 2008

WSH#2:
January 15, 2009

WSH#3:
February 12, 2009

ISC Special
Working Session:
March, 2009

Developing the Vision and
Appreciating Barriers and Opportunities

Challenges and Next Steps

Technology Roadmap Effort
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2.0 Creating the Vision

The first workshop was attended by over 100 representatives from industry, government
and academia (see Annex 1 for a listing of all attendees). The objective of this workshop
was to bring together interested stakeholders to identify key opportunities and develop a
vision for the WindTRM.

To set the context for the WindTRM vision discussion, representatives from the Canadian
Wind Energy Association (CanWEA) and Toronto Hydro presented a summary of the
current status of the wind energy industry in Canada and worldwide.

2.1 Identifying Opportunities

The development of the vision was guided by an initial discussion on opportunities.

A number of key opportunities and considerations were identified by the workshop
participants that served as the basis for the discussion of the vision. The opportunities
were grouped into five major themes: Taking Advantage of Canada’s Wind Resource,
Exploiting Wind’s Economic Opportunities, Developing Innovative Technology, Creating
Employment, and Connecting with Complementary Initiatives. Specific opportunities are
listed below.

1. Taking Advantage of Canada’s Excellent Wind Resource
« Each of the regions in Canada has excellent wind energy resources.

 Increasing electricity from wind enables a reduction in the carbon footprint of the
energy sector.

» Wind is scalable, less expensive and better understood than other low emission
energy sources.

2. Exploiting Wind’s Economic Opportunities

» Canada’s substantial wind resource and North America’s interconnected electricity
grid provide the basis for strong export potential to the US by many regions across
the country.

» The credit crisis (being experienced at the time of the first workshop in November
2008) creates opportunities for further consolidation and optimization of the wind
energy industry. Given that Canada may be in a stronger economic position than
most other industrialized countries, this is the time to ensure that restructuring in
Canada leads to strength on a comparative basis globally.

» Canada’s cold climate and remote communities create opportunities for municipalities
to develop micro grids and for Canada to develop global niche market solutions for
rural and remote communities.
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An appropriate mix of energy source options needs to be developed taking into
account capital and operating costs, pricing considerations and the need for a
stable and secure energy supply.

Many industries with complementary assets (e.g. agriculture, transportation
equipment manufacturing) are currently experiencing a downturn and seeking
opportunities to have their assets (land, skilled resources, technology,
manufacturing machinery and equipment) devoted to a more productive use.

Efficiencies are possible through a variety of means, for example, developing an
integrated approach to site assessment, streamlining approval and permitting
processes, and taking advantage of offshore opportunities.

Government can leverage its role as power purchaser to increase the strength of
Canadian industry; for example, the Quebec government requires a proportion of
each project’s equipment be manufactured in the province, and Ontario’s Green
Energy Act proposes local content requirements.

Public investments in wind may help address the economic crisis through both the
creation of employment as well as the stimulation of additional spending.

. Developing Innovative Technology

Invest in improving R&D and all aspects of delivery (e.g. manufacturing, generation,
transmission, etc.) along the whole value chain.

Make better use of existing technologies and R&D in Canada and around the world.

Collaborate in R&D to bring a variety of actors together possessing different assets
such as modeling expertise, engineering expertise, data analysis expertise, etc.

Leverage strengths and skilled resources in Canadian R&D to access
world-leading R&D.

Identify distinct opportunities for three systems such as is done in Denmark and
Germany: large wind, community-based wind, and small wind.

Development is required in a host of areas, notably:

- Develop and implement better solutions for increasing the penetration of wind
into the electricity grid.

- Develop targeted energy solutions such as wind-diesel in the Canadian North and
in developing countries, and hydro based systems for storage of wind energy.
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- Develop technologies in key parts of the system such as components, storage,
and transmission infrastructure.

- Develop and harmonize codes and standards for grid interconnection.

- Design equipment with transportation/logistics in mind (e.g. near shore
and onshore).

Support leading technology we currently have, specifically for small wind turbine
manufacturing.

Bring Canadian expertise in engineering consulting to the global market:

In micro-scale modeling that can be coupled with meso-scale modeling.

For remote/cold climate knowledge and experience.

By providing research opportunities for academia.

Through transfer knowledge of aerodynamics between wind and other industries.

Use wind integration as an opportunity to update high voltage transmission systems.

4. Creating Employment

Leverage the fact that Canada has excellent wind resources, a highly trained
workforce, and competitive labour rates.

Take advantage of labour opportunities, specifically: the automotive industry
downturn (being experienced at the time of the first workshop in November 2008),
the opportunity to capitalize on youth interest in renewable energy, immigration, and
the aging workforce/turnover opportunities.

Develop programs to retrain and transfer expertise from other sectors and create
sustainable jobs in all regions.

Forge partnerships between industry and colleges, universities and academia to
better target knowledge development and skills development

5. Connecting with Complementary Initiatives

Harmonize CanWEA vision with economic and technical barriers.

Feed into NRCan’s Policy Framework discussion that is currently underway.
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2.2 Articulating a Vision to Guide the Wind Energy
Technology Roadmap

Following the identification of opportunities as described above, participants suggested
and discussed key vision statements. A fundamental starting point was that there was
broad support for CanWEA'’s vision of having wind satisfy 20 percent of Canada’s
electricity demand by 2025. A review of the vision statements illustrated that there

were multiple themes agreed upon by the participants. In order to assess the strategic
importance of each of the themes, a survey was sent to all participants, asking them

to rate the importance of each theme. The ISC met to review the report from the first
workshop, along with the survey findings, and collaborated and agreed on a consolidated
vision that incorporated the key themes. The themes and the vision are included in the
following chart.
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3.0 Identifying specific barriers a
action items to address the vis

The second workshop involved identifying the barriers to achieving the vision. The
schedule for the day involved the following:

* The workshop opened with a plenary session wherein the work on the vision
leading up to the second workshop was discussed.

» There were two presentations during plenary sessions on issues that affect the
North American Wind Industry. Mark Lauby from the North American Electric
Reliability Corporation first spoke on the key challenges and opportunities of
planning and integration for the new wind projects. Steve Lindenburg from the
United States Department of Energy then spoke on a recent initiative undertaken
by the Department looking at overcoming obstacles to meeting 20% of the United
States’ electricity demand with wind energy by 2030. Copies of both speakers’
presentations are available on the WindTRM forum.

» The bulk of the day was devoted to break-out group discussions on barriers and
action items.

» The groups reconvened in a plenary session at the end of the day, wherein the chair
persons from each of the working groups reported back on the key barriers and
action items for next steps.

The third workshop consisted of a series of plenary and break-out group sessions.

» The workshop opened with presentations from Geoff Nimmo of Industry Canada, on
“Implementing Wind Technology Roadmap Priorities” and from Liuchen Chang of
the University of New Brunswick on the “NSERC Wind Energy Strategic Network”.

» The participants provided recommendations on priority action items in the morning
and afternoon breakout sessions.

» |ISC chairs reported back to the group following the afternoon breakout session.

The report from the Third WindTRM workshop represented the culmination of several
rounds of input from industry practitioners, government experts and academic specialists
from both the third workshop and follow-up conference calls after the third workshop. The
report presented 76 recommendations provided by stakeholders and synthesized shared
messages across the broader wind energy community. These have been broken down
into issue categories in the following chart.
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Recommendations by Issue Category

30 +—

Recommendations

1- 2-— 3-— 4— 5- 6— 7-
Procurement  Articulating Data for Modelling Supply Ancillary Small
and the Value of R&D, Chain Services Wind

Permitting Environmental  Testing,
Externalities ~ Validation

and

Planning

Theme

The ISC met to prioritize the recommendations and agreed on six top action items. The
body of the report was drafted with the collective input of the ISC and support by PwC.
While the body of the document presents the priorities and action items at a high level,
the following text presents a more fulsome discussion of the barriers that the priorities
sought to address, and the specific action items.

It is important to note that these action areas overlap in many cases. For example,

much of the emphasis in many actions areas will be focused on large wind. However,
small wind represents both an important opportunity and a need for Canada. Hence, the
issues pertaining to small wind have been discussed in one action area focused on small
wind, but steps specific to small wind will need to be addressed in other action areas.
Consequently, the “Small Wind” section demonstrates the need to inform Canadians
about the small wind opportunities and benefits, but specific steps in this regard should
be undertaken under the action area to “Inform and Engage Canadians”.
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3.1 Strengthen the Policy Framework

What is Required

The need for a strong policy framework to support the continuing growth of wind energy
in Canada has never been more important. Without comprehensive, consistent nation-
wide policies regarding wind energy, and renewable energy more generally, wind energy
will not achieve its full potential in Canada.

Why Action is Needed

Currently in Canada, and indeed around the world, the true value of non-emitting energy

sources has not been fully taken into account. The lack of a national carbon tax, cap and

trade system or alternative mechanism for the valuation of environmental impacts, forces
wind energy to compete on an “uneven playing field” with other traditional energy sources
that create more negative environmental impacts.

Canada has the opportunity to establish a framework and send a clear message to
power purchasers and manufacturers that wind energy is a truly economical and
environmentally-sound choice for power generation. In addition, with the recent push
towards renewing transmission grid infrastructure across North America, there is an
opportunity for provinces and territories to adopt and establish a long-term planning
strategy for transmission corridors that could better facilitate the integration of wind
energy into the current power mix.

Current Challenges and Barriers

Challenges associated with the current policy framework were noted in several of the
working groups.

WG4a noted a host of barriers associated with the existing policy framework.

* Akey barrier, also noted by numerous groups, was the fact that substantial new
transmission investment will be required to incorporate any significant amount
of wind energy. However, it takes much longer to develop new transmission
capacity than it takes to develop a new wind farm. The long permitting process
for transmission development aggravates this problem. It was also noted that
sequential “bit-by-bit” treatment of additional generation capacity is a problem for
bulk system planning.

« They noted that there was a lack of clarity on how wind fits in with other renewable
energy sources.
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WGH1 reported that Canada lacked:

* Along-term view and provisions to ensure wind capacity objectives are met with
respect to current procurement processes;

» East-west and north-south transmission connectivity;
» National and regional cooperation and planning;

* Incentive mechanisms to enable wind to meet its long-term potential and be
competitive with traditional energy sources; and

» Certainty around permitting and approval processes for new wind projects.
Other challenges were highlighted by WG3a and WG3b, including:
* Lack of sustained demand for wind power technologies and new wind farm projects;

» Lack of incentives to support production of small wind turbine systems for
demonstration and deployment into-grid connected and remote community markets;
and

» Lack of evolution in regulatory and utility frameworks to accommodate small wind.

Key Action Items

Overall, the wind energy policy framework in Canada is still in its developmental stage.
In order to ensure that wind energy can continue to advance and provide economic
growth and ecological benefits, there must be a strong policy framework established. This
requires attention in a host of areas to ensure the procurement process meets Canada’s
long-term wind energy goals. There must be regional cooperation in the planning of wind
energy installations, in addition to certainty about the permitting and approval process
for developers. There is also a need to properly value environmental externalities to
demonstrate the true environmental costs of energy. In order to maintain stable demand
for wind energy in the near- to medium-term there must be adequate mechanisms put in
place to ensure that wind energy is recognized and valued appropriately for its positive
attributes. These points are outlined in the table below.
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Action item

Put in place temporary incentive mechanisms

a) Put in place renewable energy incentive mechanisms. 6 Months- Government
Long-term
b) Establish a broad coalition of stakeholders seeking to 1 year Government,
ensure that wind energy is able to obtain value for its industry and
environmental attributes within the context of leveling NGOs

the playing field (e.g., municipalities, environmental
groups, health organizations, aboriginal communities
etc.).

Create effective procurement practices

c) A study should be prepared and distributed to all 6 months Government
provincial governments, crown utilities and procurement and Industry
authorities, that would review different procurement
methods for wind energy that have been utilized around
the world for wind energy and assess them against the
following criteria:

1. Ability to create a transparent long-term (10+ years),
steady and stable procurement plan for wind energy;

2. Ability to reflect and adapt to changing economic
circumstances within the wind energy industry;

3. Ability to generate investment in local content
(e.g., manufacturing supply chain);

4. Ability to align with long-term local planning/
transmission/demand issues;

5. Ability to allow wind energy projects to obtain and
retain value for their environmental attributes;

6. Ability to produce cost-effective electricity production;

7. Ability to accommodate a broad range of potential wind
energy project developers; and

8. Ability to consider elements of “project quality” other

than price.
d) Seek to establish simplified permitting and approval 1 Year Government,
processes for wind energy in all regions in Canada utilities

(e.g. a one-window approach would likely be optimal for
developers).
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Action item

Promote long-term planning of transmission corridors

e) Provide clear information (transparency) on available
transmission capacity today, and modest near term
upgrades which would inform developers and wider
marketplace. From a transmission provider’s perspective,
identify the best place for developers to build.

f) Address long transmission permitting cycles by allowing
advance permitting for a transmission line that could/
would be constructed in the future, and by establishing
transmission right of ways and corridors. This
recommendation addresses both land use as well as
current regulatory hurdles which requires “proof of need”.
This would involve the following steps:

« Utilities need to establish what they might need to
provide for future generation capacity for wind;

« Utilities communicate with regulators and discuss a list of
options for long-term planning. Potentially allow monies
to be spent on developing transmission plans; and

« Utilities communicate with governments (all levels) about
land use planning to set aside right of ways with various
levels of certainty. With a large amount of crown owned
land, the government can set aside broad corridors
which can be set aside/reserved for future use.

Produce regulatory roadmaps

g) Every jurisdiction should prepare a wind energy regulatory
roadmap that clearly identifies all permits and approvals
required for a wind energy project and the timelines
associated with these permitting and approval processes.

h) Development of a Class Environmental Assessment for
wind energy and improve harmonization and/or delegation
of Federal and/or provincial environmental requirements
as practical.

Initial Utilities

identification

—1year

and ongoing

thereafter

Varies by Utilities

jurisdiction

1 year Government

1-2 years Government
and NGOs

The cost for incentives is estimated to be between two and three billion dollars over
a 15 year period. Other actions, such as the establishment of a regulatory roadmap,
streamlined permitting process or a class environmental assessment, are expected to

have no incremental, or a modest, cost.

How These Actions Will Contribute to Achieving the Vision

Commitment of public funding and improvements in approval processes and long-term
planning will create a competitive environment for wind in Canada that will attract global
investments, generating environmental and economic benefits for all Canadians.
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3.2 Inform and Engage Canadians

What is Required

The wind energy industry has the opportunity to leverage broad public support within
Canada to facilitate integration of wind energy into Canada’s electricity supply. The key
to cementing public support lies in its ability to provide credible and empirically-supported
data to dispel misperceptions regarding wind energy and installations.

Why Action is Needed

More fulsome information on the real costs and benefits associated with wind energy, as
well as better information on Canada’s competitive strengths, is necessary to encourage
the investment of time, money and effort of government, industry, academia, investors
and workers into wind energy. For example, with a significant proportion of small wind
manufacturers being based in Canada, it is important to inform Canadians that in some
respects Canada is already at the forefront of wind energy technology, but that greater
support is needed, in particular from municipalities where by-laws and regulations can
often impede greater penetration of wind energy. Equally important is the need to provide
the correct signals to the current generation of students, namely that the wind energy
industry is supported in Canada and that pursuit of wind energy-related education is a
prudent choice. This will further the goal of developing a strong and highly-trained human
capital base to serve wind energy operation, wind firming, manufacturing and other
ancillary services required by the industry.

Current Challenges and Barriers

Key challenges in securing broad action-oriented public support for wind energy were
noted across most of the working groups.

It is believed that the general public lacks a full understanding of the costs of
traditional energy technologies and sources. By understanding the complete
lifecycle and environmental costs of energy sources and their potential negative
impacts, Canadians would be able to make more informed decisions on their choice
of energy (WG1);

« While there is public support at a national level for wind energy, social acceptance
of wind projects at the local level remains a concern; some Canadians want wind
power, but “Not in my backyard” (the NIMBY phenomena) (WG3a);

» Relatively recent developments in wind energy have highlighted the current lack
of skilled personnel in commissioning, operations and maintenance services,
contracting, and engineering for wind energy projects (WG3a);
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» Developers and manufacturers have difficulty raising debt and/or equity due to the
lack of broad acceptance and understanding of costs and benefits of wind energy
(WG3a);

» There is a lack of public awareness of the potential of small wind installations
(WG3b); and

» Education programs provided by university programs in engineering and other
related areas do not adequately address the needs of the wind industry. (WG4a)

Key Action Items

In order to promote wind energy as both an ecologically and economically beneficial
industry in Canada, the public must be engaged by credible representatives of
government, NGOs and industry that can provide the facts on wind energy. From a public
and municipal government standpoint, resistance to wind energy must be countered

with empirical evidence to build greater support for wind installations. The cost to initially
provide documents to support the aforementioned goals, per target group, would likely
be modest; however, longer term maintenance and expansion of such documentation
could cost from one to five million dollars per target group. From an economic standpoint,
universities and other educational institutions must partner with industry to develop
programs that will provide students with the skill sets necessary to meet the needs of

the wind industry in Canada. The following table lists some of the action items needed to
meet these goals.

Action item When Who

Create a centralized repository of peer reviewed studies

a) Develop and maintain an authoritative set of government 6 months Government,
documents, based on global literature reviews that and industry, NGOs
address key concerns raised about wind energy projects continuing and academia
(e.g., noise, infrasound, ice throw, structural failure, to the
effects on wildlife). Long-term

Provide analysis to decision makers of costs and benefits of wind in electricity systems

b) Provide decision-makers with information on the 1 year Government,
environmental impacts of electricity production and the industry, NGOs
costs associated with such impacts to support arguments and academia

for valuation of wind energy’s environmental attributes.
Afirst step in this process would be to produce a solid
communications / outreach document based on a
literature review of work done on the environmental
impacts of electricity production and their costs — this
should primarily draw on work from North America and
Europe.
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Action item When Who

c) Complete analysis to develop a national perspective 9 Months NGOs,
(e.g. adaptation of US DOE 20% Integration Study). Government,
Academia

and/or Industry

Share evidence-based information with decision-makers, media, opinion leaders and the
general public

d) Address public acceptance issues by developing public Immediate Industry, NGOs
relations and communications material through industry and ongoing and Ultilities
associations and government programs (eg. campaigns
against littering or smoking), with increased emphasis on
jobs and economic benefit.

e) Establish a broad coalition of stakeholders seeking to 1 year NGOs
ensure that wind energy is able to obtain value for its
environmental attributes within the context of leveling the
playing field (e.g., municipalities, environmental groups,
health organizations, aboriginal communities etc.).

Improve and update education and training to build a sustainable and skilled workforce.
This recommendation has two major target groups — appropriately educating new
graduates coming out of university, as well as retraining the current workforce and
providing continuing education resources to both groups.

a) Make promotional materials available to public schools to Ongoing Industry, NGOs,
promote wind as a career option. academia and
government
b) Define what basic skills utilities need/want students to 1 year Utilities
have.
c) Create, promote and support educational opportunities 2 years To be determined

for target audiences to provide training in the appropriate
areas (e.g.: probabilistic planning tools). For example,

this could involve: a conference/training workshop for
continuing education (focusing on technical and practical
skills), a series of lectures by experts, and/or recorded
lectures by experts at utilities for use by professors in their
lectures/courses. As some of the target group would be
students, funding and/or sponsorships would be needed.

d) Rebuild educational programs to refocus engineering Several Academia
curriculums with a view to the future (where industry is years
going) rather than where the industry was.

e) Continuing education could be taken over by the center 2-5 years To be determined
of excellence, or this could become a profit center for a
university institution with expertise in power systems.
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How These Actions Will Contribute to Achieving the Vision

Improved communication to the public, the workforce, financiers and government officials
of the real benefits and opportunities for wind energy will create an environment wherein
the broader population in Canada will commit funds, time and energy to the advancement
of the wind energy industry.

3.3 Expand the Role of Canadian Industry

What is Required

The success of wind energy in Canada ultimately rests on the shoulders of Canadian
industry. As such, it is critical to conduct research and map all the potential roles and
areas of competitive advantage for Canadian industry, so as to encourage investment in
the areas where Canada can be most successful. It is important to note that this mapping
should consider all inputs, including services, technologies, materials, infrastructure, and
so forth, in the wind energy industry.

Why Action is Needed

The mapping of the full life-cycle value chain of the wind energy industry will enable
identification of key strengths and opportunities for improvement and illustrate where
there is room for Canada to grow and become a competitor in the world market. It can
also help to highlight bottlenecks and cost pressures that currently limit development of
wind energy in Canada. This mapping is necessary to identify what should be imported,
what areas Canada should focus on for development within its borders, and what areas
Canada can serve as a competitive global leader. The mapping can also identify critical
areas for future research and development efforts and enable Canada to be at the
technological leading edge.

Current Challenges and Barriers

Some of the main challenges currently facing Canadian industry in its efforts to establish
a strong domestic wind energy manufacturing and services base were highlighted by
WG2:

* Insufficient knowledge of supply chain opportunities in Canadian industry;
* Limited number of manufacturers for key components; and

* Lack of R&D collaboration between industry and academia.
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Other challenges were also highlighted by WG3a included:

» Import and export duties across Canada/US border create higher costs; and

» Lack of clarity of investment opportunities and associated returns creates difficulty
in raising debt and/or equity for developers and manufacturers.

Key Action Items

In order to fully realize the economic benefits of the wind energy industry, the entire value
chain must be mapped out. This mapping will then enable identification of viable supply
chain opportunities and potential areas for competitive advantage. It is also necessary

to identify key partners and collaborators and leverage existing infrastructure that could
be repurposed for the wind industry so that the whole supply chain in Canada can be

as efficient as possible. Some of these initiatives, such as mapping the value chain

and facilitating partnerships, are expected to cost in the range of a quarter of a million
dollars each. Other activities, such as identifying opportunities for Canadian industry, are
anticipated to require larger investments (in the order of approximately one million dollars
each). An understanding of requisite investment levels for creating an attractive climate
for investment in wind energy overall will require continued analysis and consideration as
the market matures.

Action item When Who

Map the value chain

Map out full life-cycle supply chain for onshore and 6 months NGOs, Government
offshore projects, building on existing work. This and Industry
includes estimating value and volume of the Canadian

large wind industry and potential export opportunities.

Identify opportunities for Canadian industry

Identify supply chain opportunities based on the NGOs, Government
results of value chain mapping. 1 Year and Industry
Assess current Canadian context and identify 9 Months NGOs, Government
opportunities based on the mapping activity. This could and Industry

include an adaptation or similar work to recent wind
turbine supply studies done in the US.

Facilitate partnerships and encourage Canadian sourcing of materials, components
and services

Identify Canadian capability for innovation and export 1 Year NGOs, Academia
and scale of potential export market and how to build
on the opportunities.

Create an attractive climate for investment in wind energy

See other action areas (e.g. Strengthen the Policy
Framework, Inform and engage Canadians, etc.)
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How These Actions Will Contribute to Achieving the Vision

Identification of key areas of need and opportunity for Canada, through mapping of the
value chain, will create the information necessary to spur investment by industry and
educational institutions in developing infrastructure, operations and skill sets to support
the advancement of the wind energy industry in Canada.

3.4 Create Centres of Excellence

What is Required

To efficiently implement higher levels of wind penetration in the Canadian electric energy
supply mix, better data, technologies, systems, services and tools are required. Centres
of excellence have been used widely throughout Canada to foster this type of extensive
industrial development in a variety of sectors. These typically function as hubs of
innovation where researchers, practitioners and policy makers can collaborate on a wide
variety of issues. Cross-fertilization in thinking may be further enhanced by direct support
for specific initiatives, such as a small wind research program or a shared repository of
peer reviewed research on the impacts of wind development.

Why Action is Needed

The achievement of the WindTRM vision requires improved modeling and wind
integration technologies and tools which reduce uncertainty when designing and planning
the system. This will in turn reduce development and integration costs while diminishing
financial risk. The currently available technology is based on data and models which
were not specifically developed for wind energy and therefore lack the necessary
relevance. Wind flow models lack the required level of precision and accuracy for large
wind penetration levels. Current transmission planning models and operation room tools
are not well suited to the stochastic and variable nature of the wind energy. Wind firming
technologies have not been sufficiently developed to ensure adequate behavior of the
overall electrical system. Lack of action will exacerbate the shortcomings of the current
tools and paradigms. This will inevitably lead to higher cost, reduced efficiency and more
risk. On the other hand, concerted action by relevant stakeholders will not only allow
higher levels of wind penetration into the system but also will it contribute to a modern
and more reliable electricity system.
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Current Challenges and Barriers

A lack of advanced and reliable tools to facilitate large wind farm development,
transmission planning and short-term forecasting (real-time and day-ahead modeling)
was cited as a key barrier to the advancement of wind energy by most participants
throughout the process.

WG2 indicated that there was a significant lack of accurate and robust modeling
technologies for: micro-scale models, meso-scale models, array loss models,
technical loss models, climate change models and short-term forecasting models.

WG4a similarly concluded that a lack of validated planning models, updated
planning material and methods of determining the reliability of wind plants was
substantially limiting the progress of the industry.

WGA4b also reported that a lack of precise and reliable short-term forecasting
modeling tools was severely hindering the advancement of the industry. Specifically,
they noted challenges in regards to inadequacy or lack of forecasting tools

and technologies for: providing reliability assessments of the system, providing
probability predictors for generator dispatch, predicting the behaviour of wind
turbines, monitoring embedded generation, providing information on wind specific
alarm events and guidance on how to react to them, and in general understanding
and quantifying risks. They also noted the difficulty in finding personnel to carry out
short-term forecasting, which usually requires the ongoing monitoring of relevant
meteorological stations.

Challenges in improving current models and tools are due in part to the barriers related
to accessing sufficient and adequate data for validation purposes. In particular, WG2
identified the following factors as high priority barriers which need to be addressed in
order to enable the emergence of next generation simulation and resource assessment
tools to achieve the WindTRM vision:

Lack of standards for collecting data. This includes a lack of a standard for wind
resource assessment, operational reporting and a lack of instrument certification.
Moreover, the Canadian cold climate needs to be specifically addressed to reduce
uncertainty.

Lack of validation data. This includes a lack of high-quality and long-term data

on wind, a lack of detailed data for operational wind power plants, (which is not
accessible because it is privately owned) and a lack of high-resolution topographic
and land use data (which is critical for improved precision).
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Similarly, WG4b identified challenges with accuracy, metrics and standards as high
priority barriers. More specifically, they highlighted problems due to a lack of data and
information exchange:

* between system operators;

* between system operators and utilities;

* between system operators and owner/operators;

» between developers/owner/operators;

* between Environment Canada and system operators; and

* between manufacturers and system operators regarding turbine behaviour.

Lack of training for system operators and skilled operating room personnel was also
noted as a key barrier to growth for WG4a and WG4b.

The gap in wind integration and energy storage solutions was repeatedly identified as a
high-priority barrier to achieving the vision by many of the working groups

* WG1 emphasized the limitations due to the lack of cost effective energy storage
technologies and/or balancing systems given the variability of wind power

* WG4a noted a number of integration challenges mostly related to a lack of
understanding in various areas, such as: the level of reinforcement required to
integrate wind, the amount of wind energy that can be integrated into each specific
Canadian region (flexibility/stiffness of the grid), the generation interconnection
process and the queue system. It is also not clear how the grid can be optimized
so as to maximize the integration of renewables. Given that capacity factors drive
the demand for ancillary services it is also difficult to fully understand the ancillary
services that will be available in 2025 and how best to use them.

* WG4b identified similar challenges, including understanding how generation
responds to load when there is a significant amount of wind supply on the system
as well as the long-term operational impacts of wind with respect to the overall
penetration and the concomitant requirements on ancillary services and associated
costs.

Key Action Items

In summary, high-quality field and laboratory data, long-term reference data for wind
and detailed data from operational wind power plants are necessary for the initialization,
testing and validation of various engineering models. Access to such data will enable
the validation and implementation of more advanced and more precise planning and
operational models and tools. Both wind farm developers and utilities will benefit from
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such improvements as more precision and less uncertainty will translate into less risk
and therefore less cost. Developers will have a better access to capital and utilities will
be able to integrate more wind energy with confidence without requiring unnecessary and
costly reserves.

Furthermore, in order to improve system operation while meeting reliability requirements,
new technologies and operating requirements will need to be developed so as to reach
20% of Canada’s electricity demand. The “optimal” technology will depend on the
regional characteristics and energy mix. It is likely that wind energy can be integrated at
very little cost in some parts of the North American system (although these areas have
yet to be fully identified).

Clearly, there is much work to be done to advance the development of the wind energy
industry in Canada and optimize the use of wind in Canada. The involvement of a wide
range of players from academia, industry and government will be required. In order to
prioritize efforts, and facilitate development in multiple areas, it has been recommended
that three separate, but interrelated Centres of Excellence be formed.

i. Wind Resource and Energy Yield Assessment. This Centre of Excellence would
focus on developing databases and associated data standards, as well as a wide
range of modeling tools. The work would largely be performed by data analysis and
modeling experts, with utility companies and developers providing input on critical
needs.

ii. Advanced Operation and Transmission Planning Methodologies. This Centre
of Excellence would focus on further developing new probabilistic transmission
planning tools and improving operating room tools to integrate short-term wind
forecasting, using the data and tools developed in the Wind Resource and Energy
Yield Assessment Centre of Excellence. In this Centre of Excellence, utility
companies and developers would be the drivers, while data experts and modelers
would play a supporting role.

iii. Ancillary Services: Wind Integration and Wind Firming Technologies. This Centre of
Excellence would focus on developing the ancillary services that would be required
to fully optimize the use of wind energy.

It is believed that investments of $15 to $25 million, over a period of a few years’ time
(see tables below), is required for each Centre of Excellence to facilitate the advances
that are necessary to move the industry forward towards achieving the vision. The
following chart presents the key action items and timing for each Centre of Excellence.
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Centre of Excellence I: Wind Resource and Energy Yield Assessment

Theme 1: Wind Resource Modeling Technology

A) Improve Quality of Experimental Data

Lack of validation data is a major barrier for improving and validating models. The required data
includes: high-quality field and laboratory data, long-term reference data for wind and detailed
data for operational wind power plants. It is imperative that data be available and accessible

at the appropriate comprehensiveness, region and level of detail. It is important to note that

a lack of high-resolution topographic and land use data also increases simulation errors and
uncertainties. However, no specific actions were recommended to address this issue.

Action item When Who

a) Establish a committee to develop better standards  2-5 years Government, NGOs,
and procedures for data collection, resource industry
assessment, planning and operational reporting.

b) Establish a federal authority to create and maintain 1-2 years to Government, Industry
a public database for wind energy-related data set up, then
(long-term reference, wind & operational data). continuous

c) Develop public domain test sites and test facilities  1-10 years Government, Academia,
with high-quality instruments for validating flow Industry
models.

d) Develop measurement technologies specific to 1-5 years Industry, NGOs,
Canadian conditions. Academia

e) Develop a publicly accessible R&D wind farm. 1-2 years Government, NGOs,

Academia, Industry

B) Enhance model accuracy, precision and robustness

Lack of accurate and robust modeling technologies is a major barrier to increasing reliability in
simulations and hence reducing cost. Model improvement needs comprise a range of scales and
purposes including micro-scale models; meso-scale models; array loss models; technical loss
models (aerodynamic and unavailability); and climate change models.

Action item When Who
a) Strengthen international collaboration and Ongoing Government, NGOs,
contribute with models addressing Canadian Industry, Academia
specificities.
b) Plan a follow-up for the NSERC Wind Energy 5 years Government , NGOs,
Strategic Network (WESNET), as funding will end Academia, Industry
in 2013.
c) Enhance and promote Canadian technology. 1-2 years Government, Academia,
Industry
d) Establish benchmarks for model validation. 1 year to Government, NGOs,
set up, then Industry
continuous
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Theme 2: Short-Term Forecasting Technologies

Improved short-term forecasting is a necessary condition to achieve high levels of wind
penetration in the Canadian energy mix. The current forecasting technologies are based on
various deterministic, statistical and stochastic approaches which lack the required degree

of precision and reliability. Therefore a significant R&D effort in developing and validating the
models is required. It is important to note that many of action items from Theme 1 equally apply
to forecasting.

Action item When Who

a) Develop and test higher resolution (time and space) 2-5yrs Government,
Numerical Weather Prediction (NWP) tools using local and Academia,
regional data sets. Research new methodologies such as Industry
ensemble average NWPs. Develop methodologies including
operational data from existing wind farms to improve
performance.

b) Develop and validate high-level tools for wind farm and grid ~ 1-2 yrs Utilities,
operators. Utilities and developers will need to define their Operators,
needs early in the process. Industry
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Centre of Excellence II:
Advanced Operation and Transmission Planning Methodologies

Develop modeling methodologies and analytic tools that will account for both generation
and transmission probabilistically. Stability and reliability are fundamental cornerstones of a
well-functioning electricity grid. As the energy regime evolves to include new forms of electricity
and demand-side management initiatives, system planners will require more advanced tools to
predict power generation and balance transmission loads. Currently, uncertainties in production
capacities lead to overbuilding in generation, transmission and distribution to meet a predicted
level of demand. Even marginal levels of wind integration complicate system planning as supply
characteristics are difficult to accurately predict with deterministic models. New models that apply
probabilistic estimation processes to regional wind characteristics are required to reduce the
uncertainties in forecasts. This action involves numerous steps outlined as follows:

Action item When Who

a) Utilities first define the needs 18 months Utilities

b) Vendors to produce customized tools 2 years Industry, Academia,
Utilities

c) Develop standards concerning probabilistic ~ 2-4 years Industry, Academia,

planning models. Utilities, Goverrnment
d) Change planning standards 10 years Utilities
Improve operating room tools to integrate 2-4 years Industry, Academia,

short-term wind forecasting. The real time
operations of a regional electricity grid involve
matching supply with varying demand within
the confines of a strict regulatory framework.
Thus, the more uncertainty in the system,

the harder it is to meet stability requirements.
Traditional energy sources have historically
been the “lever” through which operators
balance demand loads. The variable nature of
wind power production complicates the task of
providing system reliability. As Canada moves
towards a 20% penetration level of wind power,
control room operators will need advanced
real time and day-ahead tools to meet ramping
and load balancing requirements. Research
on the analyses and forecasting models that
Environment Canada maintains for each of
the regions will also be required. Utilities and
vendors will need to work together to integrate
short-term wind forecasting tools into the
operating room.

Utilities
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Centre of Excellence lll:
Ancillary Services: Wind Integration and Wind Firming Technology

There is a need for improved ancillary services to help balance supply and demand with
large amounts of wind penetration. Potential solutions include: enhancements of energy
storage devices; the development of interregional wind systems to take advantage of the
diversity of wind production in different geographic areas; and the creation of solutions
to meet generation increase/decrease requirements including demand management and
more flexible energy interchanges between regions.

Action item

When

Who

a) Develop a consistent methodology to
determine requirements for ancillary
services. For example: what factors/inputs
must be considered to produce consistent
assessments across the country?

12-18 months to
scope out research

Utilities, NGOs, Industry

b) Assess the extent to which demand loads
can be met by using wind from one area to

12-18 months to
write whitepaper on

offset variances in wind from another area methodology
(i.e. wind firming wind) instead of relying on
ancillary services.

¢) Quantify the amount and type of ancillary Afew years
service required in a balancing area as wind  to quantify

penetration increases.

geographical
diversity benefits

d) Identify storage technology options that can
optimize wind energy on the grid and identify
benefits, co-benefits and cost of various
storage technologies.

1 year

e) Explore options (conventional and non
conventional), for providing these ancillary
services and conduct a cost-benefit analysis
of each. Non conventional options include
demand-side management (DSM), smart
grids, pumped storage and other storage
systems. There is a need to:

* Inventory what kind of work is already
ongoing in other jurisdictions; and

» Assess what is appropriate for Canada.

3+ years to quantify
ancillary services
(AS) requirements
as wind penetration
increases

f) Explore options for designing and constructing
Flexible AC Transmission Systems (FACTS)
to address the future need.

1-3 years for
university research
on AC options, 3-5
yrs to run a pilot
project

Government, Utilities,
NGOs, Industry

g) Develop educational program(s) on the
interpretation of various forecasts in the
context of system operation.

Ongoing

NGOs, Academia
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How These Actions Will Contribute to Achieving the Vision

The Creation of Centres of Excellence will enable the necessary developments in
tools, systems, technologies and services, so as to develop competitive niche areas for
Canadian industry and drive down the cost of, and therefore increase the incentive to
invest in, wind energy in Canada.

3.5 Accelerate Development of Small Wind Technology

What is Required

With almost one seventh of all small wind manufacturers operating in Canada there are
numerous opportunities to advance small scale wind technology. In order to facilitate the
success of this developing industry there needs to be increased support in Canada —
publically, financially and technically.

Why Action is Needed

While small wind is perceived as having a relatively small market, there actually may be
greater potential than that for large wind in terms of applications for remote and off-grid
communities. Within the Canadian context, there remains strong potential for integrating
systems with diesel generators to provide reliable co-generation for remote and northern
communities. If provided with sufficient financial incentives to reduce GHG emissions in
the North (or other incentive mechanisms), wind-diesel may experience an exponential
increase in interest. In addition to direct financial incentives, small wind could realize
benefits from its potential to generate carbon offsets; however the emission reduction
potential would likely need to be aggregated across a community to qualify under
currently proposed cap and trade schemes.

Current Challenges and Barriers

There are numerous difficulties facing the small wind industry, both within and outside of
Canada. Key technical barriers faced by small wind were highlighted by WG3b:

* Low investment levels in the small wind sector have left unresolved deficiencies in
many aspects of small wind technology;

» Small wind developers need access to wind tunnel testing, in addition to better
promotion of such facilities in Canada; and

» The installed cost for small wind projects is still too high and reliability is too low.
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There were also broader policy and regulatory difficulties identified by WG3b:

» Regulatory and utility frameworks have not yet evolved to accommodate small wind;
» Certifications, codes and standards have to be developed for small wind;
* Interconnection codes and standards discourage small wind usage;

» There is a lack of policies and incentives to support production of small wind
systems for demonstration or deployment into grid-connected and remote
community markets; and

* Permits, by-laws and ordinances currently discourage the technology.

Key Action Items

One of Canada’s key wind energy strengths is the strong presence of domestic small
wind manufacturers. However, these manufacturers need assistance on a number

of different fronts, starting with policy support for the technology in communities,
particularly where wind-diesel co-generation is possible. There is also a need for
streamlined interconnection standards that are consistent and transparent to promote
more small wind adoption. The cost for this is estimated to be less than one million
dollars. Additionally, there is a significant need for funding to promote technological
enhancements that will enhance the efficiency, durability, reliability and cost-effectiveness
of small wind turbines. In aggregate, these actions are anticipated to cost on the order
of five to ten million dollars within the next decade. Some of key action items to achieve
these goals are listed below:
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Specific Key Action Items of Small Wind in Need of Technical Remediation and Innovation

Action item When Who
Research technology enhancement opportunities
a) Develop and test advanced blade design; different rotor 1-3 years Government,
size options for modest wind and high wind regimes; Industry and
and tall towers for modest wind regime. NGOs
b) Adopt synthetic lubricants; and gearbox insulation 1-3 years Government,
and heating. Industry and
NGOs
c) Adopt and develop passive blade de-icing technologies 1-3 years Government,
(special coating). Industry and
NGOs
d) Develop and deploy universal inverters for three-phase and 1-3 years Government,
single-phase applications, and for standalone systems. Industry and
NGOs
e) Improve manufacturing technologies for turbine 1-3 years Government,
components (including blade process technologies such Industry and
as vacuum assisted resin transfer molding (VARTM)). NGOs
f) Develop and improve self-erecting technology such as 1-3 years Government,
tilt-up towers; towers for various ground conditions ranging Industry and
from rock to sand to permafrost and foundations that NGOs
can avoid importations of cement and expensive drilling
equipment.
Improve system performance and reliability
g) Develop remote monitoring, diagnosis and firmware/ 1-3 years Government,
software upgrade as well as short-term and fast acting Industry and
energy storage. NGOs
h) Develop a coordinated program to support small wind 1-3 years Government,
testing and certification. Industry and
NGOs
i) Examine alternatives for increased reliability. 1-3 years Government,
Industry and
NGOs
j) Develop improved siting tools for small systems (wind 1-3 years Government,
resource estimation, noise estimation, etc.). Industry and
NGOs
k) Develop templates for wind turbine documentation 1-3 years Government,
(installation, interconnection, commission, operation and Industry and
maintenance and troubleshooting). NGOs
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Specific Key Action Items of Small Wind in Need of Technical Remediation and Innovation

Action item When Who
I) Improve turbine output power quality (power factor, 1-3 years Government,
harmonics, flicker etc.). to initiate; Industry, Utilities
and NGOs
1-3 years
to engage
utilities and
resolve
issues
m) Develop cost effective, integrated and certified protection  1-3 years Government,
and interconnection equipment and solutions. to initiate; Industry and
NGOs, Utilities
1-3 years
to engage
utilities and
resolve
issues
n) Develop long-term energy storage and load management  1-3 years Government,
& control technologies. to initiate Industry and
continuingto NGOs
Five to Ten
years
o) Develop advanced drive-trains such as direct-drive 1-3 years Government,
generators for variable speed operation and variable pitch  to initiate Industry and
mechanism; advanced power electronics for maximizing continuing NGOs
performance and for integrating storage technologies. to Five to
Ten years
Reduce life cycle energy costs
p) Investigate lower life-cycle cost turbine components. 1-3 years Government,
Industry and
NGOs
g) Advance wind-diesel integration technology. 1-3 years Government,
Industry and
NGOs
r) Develop templates for wind turbine documentation 1-3 years Government,
(installation, interconnection, commission, operation and Industry and
maintenance, troubleshooting). NGOs

There were also a host of action items that, while championed under “other” action areas,

highlight needs specific for small wind advancement.
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Other Key Action Items Pertaining to Small Wind

Action item When Who
Adopt streamlined and consistent interconnection standards
a) Acknowledge the benefits that small wind Urgently needed, Government
can bring to Canadians (including a market in Short-term
study of international small wind potential and
potential benefits to Canada)
b) Establish policy support for wind-diesel Commence in Government
systems in remote communities Short-term, Continue
for Medium Term
c) Establish policy support for grid-connected Commence in Government
systems Short-term, Continue
for Medium Term
d) Public outreach for ensuring that Small Wind  1-3 years Small wind

Certification Corporation (SWCC) guidelines
are understood and applied

advocate groups

e) Develop cost effective, integrated and 1-3 years to initiate; Government,
certified protection and interconnection Industry, Utilities
equipment and solutions 1-3 years to engage and NGOs

utilities and resolve
issues

f) Increase the engagement of utilities across 1-3 years to initiate; Government,
Canada to better understand and document Industry, Utilities
technical concerns and collectively find 1-3 years to engage and NGOs
solutions utilities and resolve

issues
g) Engage utilities to streamline the process 1-3 years to initiate; Government,

for connecting small wind.

1-3 years to engage
utilities and resolve
issues

Industry and NGOs,
Utilities

h) Adopt uniform standards in Canada for
utility-interconnection

1-3 years to initiate;

1-3 years to engage
utilities and resolve
issues

Government,
Industry and NGOs

i) Engage municipalities to ensure SWCC
certifications are reflected in zoning
regulations

1-3 years

Small wind
advocate groups
and Government
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How These Actions Will Contribute to Achieving the Vision

Collaboration, funding and support for advancements in small wind systems will both
allow Canada’s individuals, small businesses and communities to have stable, secure,
economical, wealth generating energy solutions, and provide leading-edge solutions for
rural and remote communities around the world.

3.6 Fund Innovative Demonstration Projects

What is Required

In order to gain broader acceptance of wind energy and to enable further implementation
it will be important to demonstrate several of the technologies identified in the WindTRM.
This could entail research and development in wind firming technologies such as: battery,
capacitor, compressed air, and pumped hydro storage technologies, as well operational
approaches such as hybrid operation (e.g. wind-hydro or wind-diesel combinations),
smart grids and grid operation techniques that are demand-response driven and that shift
energy sourcing depending on wind power availability. Collaboration with the Centres

of Excellence described in section 3.4 is key to successful innovative demonstration
projects.

Why Action is Needed

Marquee and demonstration projects are critical to reducing uncertainty in wind energy
both from a public and engineering point of view.

Current Challenges and Barriers
The working groups highlighted three broad barriers in this area:
* Alack of easy access to an operating wind farm for R&D experimentation (WG1);

* Alack of demonstration and deployment programs for small wind projects (WG3b);
and

» Other technological barriers (e.g. modeling tools) as discussed throughout this
document.
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Key Action Items

To promote innovation and public and private support for wind energy there is a strong
need for operational testing and demonstration of wind technology. The establishment of
an R&D wind farm would provide a perfect testing ground for technologies that can adapt
to Canadian climate conditions. Such a wind farm could also provide an area where
academia and industry could collaborate on joint R&D ventures. Additionally, innovative
demonstration projects could enable pilot technologies to be exported to other nations
with similar climatic conditions. It is anticipated that a fund in the order of one hundred
million dollars would be required to enable the investments necessary to achieve the
outlined goals.

Action item When Who

Wind “firming’ technology demonstration projects

Demonstrate and pilot promising storage technologies  1-3 years Government, NGOs,
Utilities, Industry

Forecasting pilot building on Alberta and Quebec experience

These types of demonstration projects across other 1-3 years Government,
jurisdictions can significantly advance the industry. Industry, NGOs

Community scale wind diesel demonstration project

Public outreach by the deployment of demonstration 1-5 years Government,
projects. Industry and NGOs

Probabilistic modeling pilot

As transmission planning tools are developed there will  Ongoing Industry
need to be pilots or demonstrations in order to prove
their acceptability to system planners and operators.

How These Actions Will Contribute to Achieving the Vision

Support for innovative demonstration projects will clearly illustrate the economic and
environmental feasibility of, and returns on investments in, wind energy, thereby enabling
the full realization of benefits from all action areas.
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Annex A: List of Attendees
for WindTRM Workshops

First Name

Last Name

Organization

Stakeholder

Group
1. Bouaziz Ait-Driss Hélimax Engineering /
Consulting
2. Bill Appleby Environment Canada Federal Gov
3. Eric Barker Industry Canada Federal Gov
4. Cory Basil Skypower Developer
5. Jean- Beland AREVA Canada Inc Manufacturer
Francois

6. Liliana Benitez Natural Resources Canada Federal Gov
7. Serge Besner Environment Canada Federal Gov
8. Sarah Jayne Blair Natural Resources Canada Federal Gov
9. Chris Boivin Sustainable Development Non-Profit

Technology Canada
10.  Mario Boucher Hydro Québec Utility
11.  Claude Bourget Energie PGE Inc Manufacturer
12. Mike Bourns TransAlta Wind Developer
13. Jonathan Brady Natural Resources Canada Federal Gov
14. Rob Brandon Natural Resources Canada Federal Gov
15.  Bill Breckenridge New Brunswick Department Provincial

of Energy Government
16. Carl Brothers Frontier Power Systems Developer
17.  Matthew Bulmer Aerojoule Manufacturer
18.  Michael C. Burns Naikun Wind Development Inc Developer
19.  Kelly Cantwell Nova Scotia Power Inc. Utility
20. Laura Carlson Lethbridge College Academic
21.  Rupp Carriveau University of Windsor Academic
22.  Paul Champigny Gamesa Wind Manufacturer
23.  Liuchen Chang University of New Brunswick Academic
24.  Stephen Cheeseman Chinook Power Corp. Developer
25.  Paul Choudhury British Columbia Transmission Corp  Utility
26. Jenny Chuang Natural Resources Canada Federal Gov
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First Name

Last Name

Organization

Stakeholder

Group
27. Tony Claroni DMI Canada Inc Manufacturer
28. Doug Coleman CN — Marketing — Engineering/
Metals & Minerals Consulting
29. Nancy Cowan FPL Energy Developer
30. Michael Dang Hydro One Networks Inc. Utility
31 Kayla Dawson Finavera Renewables Developer
32 Johan de Leeuw Wind Energy Solutions Canada Manufacturer
33. Paul Dockrill Wind Energy Institute of Canada Test Site
34. Marc Dorion McCarthy Tétrault LLP Finance
35. Wil Dubitsky Canada Economic Development Federal Gov
for Quebec Regions
36. Dariush Faghani Hélimax Energie Inc. Engineering/
Consulting
37. Dawn Farrell TransAlta Corporation Industry Chair
38.  Stuart Fee Industry Canada Federal Gov
39. Simon Ferguson Garrad Hassan Canada Inc Engineering/
Consulting
40. Laetitia Fiere AAER Manufacturer
41.  Suzanne Flannigan Lethbridge College Academic
42.  Alain Forcione Hydro-Quebec (IREQ) Utility
43.  Yves Gagnon Université de Moncton Academic
44.  Tracy Garner Ontario Power Authority Engineering/
Consulting
45.  Brett Gellner TransAlta Developer
46. Dan Goldberger Canadian Electricity Association/ Industry
New Paradigm Capital Corp. Association
47.  John Gorjup Natural Resources Canada Federal Gov
48. Peter Grover Innergex énergie renouvelable inc. Developer
49. Berk Gursoy Brookfield Power Corporation Developer
50. Kent Gustavson Stantec Engineering/
Consulting
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First Name

Last Name

Organization

Stakeholder

Group
51.  Cynthia Handler Natural Resources Canada Federal Gov
52. Horia Hangan University of Western Ontario Academic
53. Jana Hanova BC Hydro Utility
54.  Scott Harper Wind Energy Institute of Canada Test Site
55.  Christopher Holz Campbell Strategies Engineering/
Consulting
56. Robert Hornung Canadian Wind Energy Association Industry
(CanWEA) Association
57. Paul Huebener Macquarie Capital Markets Finance
Canada Ltd
58. Saif Imran Shell Canada Ltd Developer
59. David Jacobson Manitoba Hydro Utility
60. Jeff Jenner Suez Energy North America Developer
61. Paul Jensen DMI Industries, Inc Manufacturer
62. Joanne Johnson PricewaterhouseCoopers Facilitator
63. Heather Johnstone Ministry of Energy, Mines and Provincial Gov
Petroleum Resources
64. Tim Karlsson Industry Canada Federal Gov
65. Robert Kelly Precision Wind Engineering/
Consulting
66. Khagan Khan Independent Electricity System System Operator
Operator (IESO)
67. Juliane Kniebel-Huebner NaturEner Energy Canada Inc. Developer
68. Anthony Kosteltz Environment Canada Federal
Government
69. John Kourtoff Trillium Power Wind Corporation Developer/
Offshore
70. Pierre Lacombe Genivar Engineering/
Consulting
71.  Antoine Lacroix Natural Resources Canada Federal Gov
72.  Marc-André Laflamme McCarthy Tétrault LLP Finance
73. Simone Lalande Natural Resources Canada Federal Gov
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First Name

Last Name

Organization

Stakeholder

Group
74. Mathieu Landry Université de Moncton Academic
75. Mark Lauby NERC Utility
76. David Lawlor ENMAX Corporation Developer
77. Marc LeBlanc Garrad Hassan Canada Inc Engineering/
Consulting
78. Tanya Leger Natural Resources Canada Federal Gov
79. Robert Leth Precision Wind Engineering/
Consulting
80. Derek Lim Soo General Electric (GE) Canada Manufacturer
81 Steve Lindenberg U.S. Department of Energy Federal Gov
82 Doug Little British Columbia Transmission Corp  Utility
83. Malcolm Lodge Entegrity Wind Manufacturer
84. Matthew Lynn Garrad Hassan Canada Inc Engineering/
Consulting
85. Wayne MacQuarrie PEI Energy Corporation Utility
86. John Marrone Natural Resources Canada Federal Gov
87 Christian Martel Aerojoule Manufacturer
88.  Christian Masson Ecole de technologie supérieure Academic
89. Margaret McCuaig- Natural Resources Canada Federal Gov
Johnston
90. Pamela McKinnon Nova Scotia Power Inc. Utility
91 Joyce McLean Toronto Hydro Utility
92 Roslyn McMann GE Energy — Power Generation Manufacturer
93. Tom Molinski Manitoba Hydro Utility
94.  Wilfried Moll Private Consultant Engineering/
Consulting
95 Geoff Nimmo Industry Canada Federal Gov
96. Alastair Nimmons PricewaterhouseCoopers Facilitator
97 Steve O’'Gorman Canadian Hydro Developers Developer
98.  Morel Oprisan Natural Resources Canada Federal Gov
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First Name

Last Name

Organization

Stakeholder

Group
99. Chris Padfield Natural Resources Canada Federal Gov
100. Steven Pai British Columbia Transmission System Operator
Corporation
101. Al Paulissen Wenvor Technologies Manufacturer
102. Richard Penny Nova Scotia Department of Energy Provincial
Government
103. Jaime Peralta BC Hydro Utility
104. Roger Peters Canadian Renewable Energy Alliance Non-Profit
105. Greg Peterson Lethbridge College Academic
106. Franco Petrucci Environment Canada Federal Gov
107. Jean-Paul Pinard JP Pinard Consulting Engineering/
Consulting
108. Blaine Poff Manitoba Hydro Utility
109. George Porter NB System Operator System Operator
110. Mark Riley Natural Resources Canada Federal Gov
111.  Louis-Omer Rioux Hydro-Québec TransEnergie Utility
112. Susanne Ritter Canadian German Chamber Manufacturer
of Commerce
113. Pierre Rivard Magenn Power Inc. Manufacturer
114. Marc Rousseau General Electric (GE) Canada Manufacturer
115. Magdalena  Rucker BC Hydro Utility
116. Jim Salmon Zephyr North Ltd. Engineering/
Consulting
117. Scott Sasser Precision Wind Engineering/
Consulting
118. Brian Schmeisser Atlantic Canada Opportunities Agency Federal Gov
119. Randy Seager Wenvor Technologies Manufacturer
120. Bob Singh Hydro One Networks Inc. Utility
121. BiIll Sutherland Manulife Financial Corporation Finance
122. Jeff Sward PricewaterhouseCoopers Facilitator
123. Paul Taylor Naikun Wind Development Inc Developer
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Stakeholder

Group
124. David Timm AIMPowerGen Developer
125. Jim Titerle McCarthy Tétrault LLP Finance
126. Daniel Van Vliet Indian and Northern Affairs Canada Federal Gov
127. George Vegh McCarthy Tétrault LLP Legal
128. Tony Verrelli Cleanfield Energy Corp. Manufacturer
129. Leslie Welsh Environment Canada Federal Gov
130. Sean Whittaker Canadian Wind Energy Association Industry
(CanWEA) Association
131. Corey Wilson ENMAX Corporation Developer
132. Helge Wittholz SYNOVA Engineering/
Consulting
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