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Executive Summary

Canada currently derives 17 percent of its primary energy supply from renewable energy sources. This
isaggnificant quantity of energy given the fact that tota primary energy supply is about 11 Exgoules
(EJ) annudly. Hydrodectricity isthe sngle most important source of renewable energy, accounting for
about 11 percent of total primary energy and over 60 percent of electricity generation or about 342
000 GWh annualy. Energy from biomass is the second largest source of renewable energy, accounting
for about 6 percent (over 620 Petgjoulesly) of totd primary energy. Energy production from these
sources has increased over the last decade. Hydroelectricity hasincreased by about 15 percent ten
years ago and bioenergy has increased by 35 percent in the same period. Renewable energy from
emerging technologies, such as energy from wastes, ethanol from grains and dectricity from wind and
photovoltaics are now starting to grow in importance. These latter technologies currently account for
over 20 Petgjoulesly of primary energy.

Bioenergy feedstocks include firewood and wood processing residues, landfill gas methane, municipa
solid wastes, and industria wastes and sewage biogas. A mgor gpplication is the combustion of waste
materids from the forest products industries to generate dectricity, seam, and heat for their own use.
Onasmdler scale, resdentia gpace heating using wood and the recovery of landfill gas are additiond
sources of energy from biomass.

Active solar energy technologies have been deployed most cost effectively in low-temperature heating
gpplications, such as domestic water heating, pool heating and pre-heating of commercid/indudtria
ventilation air. Over 12,000 residentia solar hot-water systems and about 300 commercia/industria
systems are currently in operation. Other potentid markets include solar heating for car wash water,
resdential swimming pool water, and seasona systems at recreation Sites.

The ingtdled capacity of photovoltaic (PV) systemsin Canadain 2000 was gpproximately 7.2 MW
and isgrowing rgpidly. The bulk of this capacity isfor off-grid gpplications where PV is proven to be
price competitive againg grid-extension or conventiona stand-aone power sysems. Typicd
aoplicationsinclude: eectric power for telecommunication systems, water pumping and purification;
remote monitoring and control; and coast-guard lighting and beacon systems. At the sametime, thereis
grong public interest in demondrating PV on buildings.

Totd ingtaled capacity of wind turbinesis growing rapidly as aresult of strong public interest and new
government incentives in response to climate change concerns. Current ingtalled capacity is about 200
MW, with a projected annua energy generation in excess of 500 GWh. Under the new Wind Power
Production Incentive program, the Government of Canadawill provide financia support for the
ingalation of 1000 MW of new wind energy capacity over the next five years.
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Current forecasts indicate that hydrodectricity will grow to about 398 000 GWh by 2020, while other
renewable energy forms, particularly bioenergy and wind, are also expected to grow sgnificantly. The
principa driving force will be the need for meeting the Kyoto targets of reduced CO, emissons by Six
percent below 1990 levels by 2010. Despite these increases, the renewable energy share of total
primary energy production in Canada should remain relatively congtant.

The principa barriers to extensive deployment of renewable energy technologies in Canada are
economics and technology. However, thereis aneed for improved standards and regulations, and
better education of the public on the vaue of using renewable energy.

Programs to assist research and development and commercidization of renewable energy have beenin
place for over 25 years, funded by various levels of government in response to defined policy
objectives. The main funding organizations are the Office of Energy Research and Development for
research and development (R& D) and the Renewable and Electrica Energy Divison of Naturd
Resources Canada for market development. The main performer for energy R&D isthe CANMET
Energy Technology Centre at Natural Resources Canada.
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1. Background

Energy from renewable sources has long been important in Canada, particularly prior to the turn of the
twentieth century. For centuries, wood was used for hesting and cooking, while weater and the wind
were initidly used for mechanica power and later for eectrical power as rdevant technologies evolved.
Theterm “renewable energy” refersto severd energy sources that have little in common from a
technology standpoint, but share one characterigtic: they dl produce dectrica, therma or mechanica
energy without necessarily depleting the resources. Renewable energy sources generdly include energy
from water, biomass, wind, solar, earth, and wastes. Renewable energy technologies other than hydro
and conventional combustion of biomass options are often referred to as “emerging” technologies. In
this paper, “emerging” refers to energy from newer biomass technologies, wind, solar, earth and
wastes.

All renewable energy technologies am to subgtitute for conventiond fuelsin asustainable and
environmentally sound manner thus promising to maintain and improve the qudity of life of present and
future generations of Canadians. Because of our extensve geography, Canada has ample renewable
resources that can be used for energy. They range from the use of wood for residentia heeting in rurd
Canada, to solar collectors for domestic and swimming pool water heating for middle class Canadians,
to indugtria process heat and steam from thermd plants using biomass residues, to eectricity generation
from hydro-electric projects across the country. In addition, newer technologies to generate electricity
with wind turbines and solar photovoltaics, aswell as biochemica and thermochemica processing of
biomass for the production of gaseous and liquid fuels, are gaining importance and are the focus of
recent interest.

Wood was the mgjor energy source in Canada until the end of the nineteenth century (Table 1). Inthe
twentieth century, the use of convenient fossl fudsled to the indudtrid revolution, urbanization and
heavy use of trangport. Although the use of wood declined during the firgt hdf of the twentieth century,
the use of hydrodectricity rose quickly, contributing in large part to the eectrification of Canada
Currently, renewable energy sources, primarily hydraulic and biomass such as fud-wood and wood
residues, account for about 17 percent of Canada’s primary energy and are an important economic
activity for many parts of our society. These contributions put Canada among the world leaders, in
terms of renewable energy production. Large-scae hydrodectricity condtitutes the bulk of renewable
energy supply in Canada and accounts for over 60 percent of tota dectricity generation. Biomass has
doubled its contribution in the last 20 years to about six percent of the total primary energy. In short,
renewable energy in Canadais amgor business and is growing congtantly with the introduction of new
sources as technologies improve.
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From an energy policy point of view, public interest in renewable resources emerged and grew during
the oil supply crises of the 1970s and early 1980s. Canadians, like citizens of other International
Energy Agency (IEA) member countries, have been keenly interested in renewable energy for along
time. Even though many Canadian provinces had been deriving most of their eectricity from
hydrodectric power, the firgt ail crises of the 1970signited a strong interest in dl forms of renewable
energy. Inthe late 1970s the Government of Canada and most provincia governments responded to
the strong public interest for the subgtitution of oil and other fossl fuels with renewable energy sources.
It was recognized at the time, through resource assessment surveys, that Canada had large physical
reserves of biomass aswell as ample potentia of solar, wind, geotherma and other forms of sustainable
energy to develop and commercidize. A number of initiatives were started then to research, develop,
demongtrate and commercidize renewable energy technologies. Most Government of Canada
expenditures in support of renewable energy occurred in the early 1980s, when it alocated about $100
million per year to expedite the development of technol ogies and encourage their market penetration.

Under the evolving policy objectives of “energy self-rdiance’, “security of energy supplies’, “energy
diversty”, “sugtainable development”, “clean ar” and “climate change’ initiatives, the Canadian
governments introduced many programs over the last few decades in support of renewable energy.
These programs took the form of cost-sharing research, development and demongtrations for new
energy technologies and, in some cases, fisca measures that provided tax incentives to encourage the
broad market penetration of renewable energy. Other rdated activitiesincluded informing the public
about the merits of renewable energy, facilitating the development of standards and training tools, and
greamlining regulations.

In addition to federd government resources, Canada s ten provincia and two territorial governments
play akey rolein the development and commercidization of renewable energy. While federa
jurisdiction on the energy market refersto internationa and inter-provincia trade and facilities,
provincia governments are respongible for energy production and distribution within the province. Any
regulatory initiatives to increase production must be undertaken at the provincia leve. In the case of
hydrod ectricity, the provincid governments, through their hydro utilities, are the main playersin
developing and managing these resources. In the past, provincid programs for emerging renewable
energy technologies usudly complemented federd government efforts. They were aimed primarily a
demondtration projects and/or consumer information initiatives. Although many provincia programs
related to emerging renewable energy technologies have, for the most part been eliminated, afew
provinces maintain some core expertise and programs. Being close to the loca scene where projects
are taking place, they continue to provide vauable assistance in terms of project sdection, monitoring
and dissemination of results.
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Initid objectives for market share of emerging renewable energy in Canada were optimistic and
successes were not dways commensurate with expectations. The lack of quick breskthroughsin
technology improvements, as well as the expanding availability of natura gas and low oil prices
moderated expectations for quick market acceptance of new products, especialy those based on
emerging technologies. On the positive Side, renewable energy in Canada has congtantly grown in
gpplications where it made economic sense, such as the use of biomass resduesin therma and
electrica gpplicaions, solar heating of swimming pools, and innovative hydro projects (less than
20MW). New technologies developed through R& D and growing market acceptance include: the
Canadian-designed Solarwal™ systern which uses metal solar collectors that transfer heet to ventilation
make-up; PV and smdl hybrid syssemsfor off-grid gpplications, wind energy for utility-scae
gpplications; and efficient wood stoves. A more complete description of these successes follows later.

Current overal impressions are that renewable energy is aviable energy source in a growing number of
gpplications and offers many environmenta benefits as well asincreased loca economic opportunities.

Asin many IEA member countries, Canadalooks at renewable energy development and

commercidization as one of the key driversto help address Kyoto and other globa environmenta
objectives. Many of the current programs in support of renewable energy in Canada are driven by
redligtic expectations, and the stakeholders involved have a better understanding of the timeframe
required to perfect new technologies and compete in the marketplace.

Tablel
Per centage Shar e of Canada’s Ener gy Consumption by Sour ce
Year Qil Gas Cod Hydro- Nuclear Wood and
Electricity Other
1871 0.5 0 11 0.0 0 88
1900 1 0.0 51 0 0.0 47
1920 6.8 04 75.0 15 0 16.3
1940 20.1 2.7 57.5 6.5 0 13.2
1960 54.4 13.2 16.9 10.8 0.0 4.7
1980 50.1 21.4 115 9.9 1.6 5.5
1997 395 28.1 12.2 114 2.8 6
1998 41.6 26.4 13.0 10.9 2.3 5.7
1999 41.7 26 12.8 11.0 2.5 6
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2. Overview of the Renewable Energy Industry in Canada

Canadais aworld leader in the production of renewable energy with about 17 percent of its primary
energy supply coming from renewable sources. By comparison, the average for IEA member countries
was six percent in 1996 (IEA report on the Evolving Renewable Energy Market). Canada s renewable
energy production is primarily derived from two sources. water and wood.

Hydroel ectricity from conventiona large- and smaller-scale systems represents 11 percent of Canada’'s
primary energy supply and is the dominant source of dectricity in Canada, representing over 60 percent
of total generation. Mot of this hydroe ectricity comes from large projects developed by eectric
utilities and, to alesser extent, by various industries for their own use.

Generation by dectric utilities and mgjor industria producers amounted to 341 944 GWh in 1999 with
a plant-gate vaue, assuming awholesde price of $0.03 per kilowatt hour (kWh), or about $10 billion.
About one-tenth of this power is exported to the United States, either as firm or interruptible power,
with an export vaue of about $1 billion. The remainder of Canada s renewable energy supply comes
from conventiona combustion of biomass and from sources considered to be emerging. Biomass
energy provides asgnificant fraction (Sx percent) of Canadd s primary energy supply, in the form of
combustion of wood and wood derivatives for industria process heat, generation of dectricity, and
gpace heating. Biomass from grains such as corn and wheet, and from waste streams containing sugar
or starch is dso used to generate ethanol for trangportation purposes. Various emerging technologies
based on biochemicd and therma conversion are being adapted to awide range of biomass
applications.

Other emerging renewable energy sources include wind for dectricity production and mechanica
power, earth heat for space and water heating and cooling using ground-source heat pumps, and the
sun for both therma energy and dectricity generation. Small-scale independent hydroelectricity is
considered by some to be emerging because the focus of hydro development during the second part of
the twentieth century has been on large-scale projects. Technologies are aso being developed to
harness the power of low-head hydro resources, i.e. falswith avertical drop of less than five to Six
meters. A priority in both areas isto minimize the ecologica and environmentd effects of energy
projects by developing fish-friendly turbines and civil works.

Table 2 provides data on energy production by source. Statistics are available for hydrodectricity and
the indudtrid use of biomass. However, the production of energy from many emerging sourcesis not
measured by regular surveys. Thus, Table 2 provides estimates by technica experts working in these
fiddsthat are presented here for comparison purposes.
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Table?2

Estimates of Primary Energy Production from Renewable Sour ces, 1990 and 1999

Electricd in GWh Thermd in PJ (input)
1990 1999 1990 1999
Hydro 293980| 341944
Tidd 26 29
Wind Electricity <1 222+
Solar Photovaltaics <1 6+
Biomass
Industrid Pulp and Paper —Electricity from Wood 2099+ 4767+
Wastes and Spent Pulping Liquor
Independent Power Production (1PP) —Electricity 189 1626
from Wood Wastes
Electricity from Landfill Sites 0 670+
Electricity from Municipd Solid Wastes (MSW) 19 19
Waste Water Trestment Plants 23 58
Industrial Pulp and Paper — Heat from Wood 376* 513*
Waste
Reddentid Space Hesting 84 95
Thermd Energy from Landfill Stes N/A 2.4
Therma Energy from MSW 12.0
Ethanol from Biomass 4.1
Earth Energy Systems 1.0
Active Solar — Thermd (Water and Air) 0.1 1.1
Totd Renewable Energy 296 338| 349341 460.1 628.6

+ Current generation islikely higher. Reported generation usualy underestimates red activities because

of the difficulty in differentiating between various fuds used as input.

* Totd therma energy inthe fuel used. It includes the dectrica output shown under ‘ Indudtria Pulp

and Paper’.

N/A: not avallable

Source: Renewable Energy Market Overview 2000, Statistics Canada and others.
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In 1999 the segment of the industry considered as emerging had gross revenues of about $1.4 billion,
including $400 million in exports. It employed an estimated 3,700 Canadians. Sdes and employment
often vary subgtantiadly on ayearly basis, depending on the number and size of projects underway.

The segments of the emerging renewable energy industry with the best prospects for growth in the short
to medium term, appear to be wind and photovoltaics. In addition to the improving economics of these
options and growing niche markets, there is strong public interest that often results in additiona policy
initiatives supporting commercidization efforts. In the longer term, with improvements in technology
and additiona climate change rdlated initiatives, there is great hope for both eectricity and liquid fuel
options from renewable energy.

Renewable Energy in Canada — Status Report 2002



3. The Status and Potential by Energy Source

3.1 Hydroelectricity

Canada has abundant water resources and a
geography that provides many opportunitiesto
produce low-cost energy. Thus, it is no surprise that
hydrodectricity has played amgor rolein the
economic development of Canada. During the
twentieth century, mgjor hydroelectric projects were
edtablished throughout the country resulting in the
current dominant position of this supply option.

As shown in Fgure 1, hydrodectricity remains the
dominant source of dectricity (60.3 percent) in
Canada, with foss| fuds and nuclear providing most
of the balance. Canadaisthe world leader of

Figure 1 - Electricity Generation 1999

Tossil Fuels 26.2%

TTydro 60.3%
Nuclear 12.2%

) Other RE 1.3%

hydroelectricity production with about 342 000

GWhly, followed by the United States and Brazil. Ingtdled capacity isover 67 GW, with ahigh
capacity utilization rate of 50 percent due to large reservoirs. Proper management of reservoir water is
important because mog of the water is available in the spring from precipitation and melting of snow
while pesksin demand occur in December and January for heating purposes.

AsFigure 2 indicates, the
bulk of this production is

Figure 2 - Hydroclectricity by Province

D] Proiluction GWh
— B capaciy Mw

generated in about half of |200,000

Canada's prgw neces, with 150,000 _
Quebec leading. The

largest producers are 100,000

provincidly owned 50,000

electric utilities such as ’;L
Hydro-Québec, BC 0

Hydro, Newfoundland Nid Q¢ Oo

JEN-E A

M:n BC  Others

and Labrador Hydro, and

Manitoba Hydro. These utilities have developed a series of large-scale hydro Sites across the country.
The La Grande complex on the Quebec side of James Bay isthe largest hydrod ectric development in

the world, with a capacity of over 15000 MW.

In addition to the provincia eectricd utilities, severd industries own and operate hydrodectric facilities
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for their own use. In many cases, this practice goes back to the first haf of the twentieth century and
pre-dates the genera eectrification of Canada by the dectric utilities.

A more recent trend has been the development of an industry of independent power producers during
the 1980s and 1990s as aresullt of gradua deregulation of the industry. These producers usualy sdll
their power to eectric utilities. They develop smdl-scae projects, usudly inthe 1 to 50 MW range,
which hdlp utilities match the growth in demand with smdl increments in capacity. Thisfidd presently
accounts for about 1800 MW of ingtalled generating capacity producing some 9000 GWh/ly of energy.

Traditiondly, the cost of generating hydroe ectricity in Canada has been one of the lowest in the world.
Thisdlowsfor very low retall dectricity prices, which benefit resdentia users and dectricity-intensive
indudtries, such asthe duminum industry. According to recent estimates, development of new
hydroelectric sites could enable more low-cost eectricity production ($0.03-$0.045 per kWh).

According to Canada’ s Energy Outlook (1997) and Canada’ s Emissions Outlook: An Update
(1999), hydrodlectricity production is estimated to increase by about 15 percent during 2000-2020 to
397 740 GWhly. Increased generation is expected to come from avariety of projects in Quebec,
British Columbiaand Manitoba. The continuoudy increasing demand for dectricity and the need for
reducing greenhouse gas emissions, as well as the compstitive cost of hydroe ectricity, will undoubtedly
contribute to Sgnificant additional growth in the future. In fact, Canadal s federd and provincid energy
and environment ministers concluded at their October 1998 meseting that hydrod ectricity can play an
essentid role in Canadal s domestic and international climate change strategy.  For more information on
hydrodectricity in Canada, please visit the Canadian Electricity Association web Ste at:
www.canelect.ca

3.2 Tidal Power

The continuous movement of ocean water in the form of waves and tides embodies a huge amount of
energy. However, to harvest this energy is quite chalenging. One way to do S0 isto capture ocean
water in reservoirs a high tide, and later release it through hydroe ectric turbines as the tide ebbs.
There are only afew tidal power plants around the world operating in thisway. The largest is the 240
MW plant on the La Rance River in France. The second largest oneis the Annapolis Tida Generation
Station in Nova Scotia, Canada, which has a capacity of 20 MW.

The bay area between Nova Scotia and New Brunswick is one of few placesin the world where tides
rise about 10 m high and occasondly as high as 16 m. Following feasibility studies on the potentia for
tida power inthe Bay of Fundy during the 1960s and 1970s, the Annapolis plant was built as alow-
head demonstration project and started operationsin 1984. The plant has an annual output of about 30
GWhly.
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Currently, extraction of energy from the tidesis consdered practica only where large tides and suitable
geography provide favourable conditions for tidal plant congtruction. Estimates for world capacity
range from a conservative 100 GW to as much as 1000 GW. In Canada, potential future supplies
exis in severd locations, and especidly at three different stesin the Bay of

Fundy considered the best economica potentia with atota capacity of 8500 MW and an annual
production of 22 000 GWh.

Environmental concerns, particularly the impact on migrating fish stocks, as well asthe high capitd costs
of tidd stes and the need to synchronize tida power production with utility system load requirements
are key challenges that reduce the prospects of significant near-term development of tidal power.

3.3 Bioenergy

Biomass resources are widely available worldwide and provide amgor share of renewable energy in
most countries. In Canada, bioenergy provides Six percent of primary energy, the second most
important source of renewable energy after hydrodectricity. A maor application is the combustion of
wagte materias from the forest products and pulp and paper industries to generate eectricity, steam,
and hest for their own use. On asmaller scale, resdential space heating using fud-wood, and landfill
gas are other sgnificant sources of bioenergy. Biomass feedstocks in Canadainclude: fuel-wood,
wood processng residues (often called “hog fud” in western Canada); landfill gases methane; municipa
solid wastes (MSW); industriad wastes, and sewage biogas. Thereisdso interest in developing
additiona energy supplies and liquid fuels from crop residues, short rotation energy plantations and
agricultural crops such as willow, poplar, and switchgrass.
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Table3
Bioener gy Generation and Potential by Sub-technology
Sub-technology Current (1999-2000) Physicd Potentid Redigtic Expangon by
2010
Electricd | Thermd Electricd | Thermd Electricd | Thermd
GWh PJ GWh PJ GWh PJ

Forest Industry Related 6393* 513 Large 12-30
(hog fue and spent pulp
liquor)
Resdentid Heating 95 Large N/A
Energy from Wastes 747 14 1500 Large 600 N/A
Emerging Supply 4.1 Large Large 5+
Options (crops,
ethanol, etc.)
Totas for Bioenergy 7140 626 1512+ 600+ 15-35

* Electrical energy generated from combustion of various resdues. It isincluded in the 513 PJ

reported in the next column for therma energy derived from hog fuel and spent pulping liquor.

The contribution of the main bioenergy sub-technologiesis shown in Table 3. Because of the extensve
land base avallable in Canada, thereislarge physical potential for additiond solid, gaseous and liquid
fuesand chemicals, aswell as eectrical energy from biomass. The main barriers preventing the
redization of this potentid are the costs of capitd for the initia equipment associated with bioenergy
systems and the operating cogts related to biomass fuels.
When dl is consdered, the find cost per unit of energy produced is often not competitive with the cost
of useful energy produced from systems using fossl fuds. For example, compared to fossil fudls (ol
and naturd gas), wood and other agricultura sources have low energy densty, and high collection,
trangportation and handling costs per unit of energy. Unlikefoss| fue utilities, they do not have a
common fud digtribution infrastructure. Efforts to decrease these bioenergy supply costs could lead to
aggnificant increase in the use of biomassin the future.

Theindustry involved in bioenergy activitiesis diverse. It includes manufacturers of boilers, wood
stoves and other combustion appliances, manufactured fuels such as pellets and liquid fuels, aswell as
the large number of part-time suppliers of fuel wood. In totd, there are severa thousand people
employed full-time or part-time in thisindustry.
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3.3.1 Bioenergy from Forest Industry Activities

Energy from wood biomass often comes as a byproduct of Canada' s many forest industry activities.
For example, wood waste is produced in sawmills during the manufacturing of lumber, in furniture
plants, doors and other millwork, and the production of pulp and paper and dlied products. The wood
waste produced is often in the form of bark, sawdust, planer shavings, pulping byproducts and others.
It must be disposed of in the most economica and environmentaly benign manner. In the past, much of
this resdue was combusted in specid waste burners or dumped in piles and left to gradudly
decompose. The shortage of energy has brought about the development of modern bioenergy
technologies that alow the handling and combustion of these resdues for the generation of heet, Sseam
and dectricity. In many cases, surplus residue that is not needed at the Site of production is shipped to
other plants whereit isused asafud. Commonly, the solid wood industries generate more residues
than they can use for their own energy needs and they sdll the surplus to either nearby pulp mills or
independent power producers. The last two categories have large boilers that use their own residue
plus purchased wastes and generate process heet, steam and e ectrical power with steam turbines.

The use of wood waste and spent pulping liquor by the Canadian forest industry amounted to 513 PJ of
thermal energy in 1999. The single largest user of industrid biomassis the pulp and paper industry. In
fact, hdf of the pulp and paper industry’ s energy needs are met with bioenergy. The second most
important user of bioenergy is the sawmill industry, which often uses wood resdues to heat lumber
drying kilns.

Interms of electrical energy, the pulp and paper industry has about 1500 MW of dectricity generating
capacity in co-generation units. Typicdly, aplant haslarge boilers that are fueled with biomass wastes
and other fuels such asfud oil and naturd gas. The steam produced is used to generate eectricity in
conventional steam turbines and the balance is then used for processes such as drying.

Beyond the pulp and paper industry, severd independent power producers (IPP) were established in
the last 20 years which generate electricity from the combustion of wood wastes usudly obtained from
sawmills eager to dispose of them. A dozen such plantsin Canada with an ingtalled capacity of about
128 MW produce dectricity to sdll to dectric utilities. The largest plant, at William Lake, British
Columbia, has a capacity of 66 MW.

Tota dectricity generation at both the pulp and paper and IPP Sites is dependent on many operationa
factors. Theseinclude: the fluctuating capacity of the plants generating the residue; the operations of
the residue users such as pulp and paper factories; and the price and availahility of fossl fuds. The
electricity production reported by Statistics Canadaisfairly low considering the ingtalled capacity

(6000 to 7000 GWh). This seemsto indicate either an erroneous system of reporting or a sporadic use
of biomass for eectricity generation in pulp and paper facilities.
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Overdl, it appears that the use of biocenergy in industry has increased by one-third over the last ten
years. But the trend has been shifting recently because of lower energy prices and the recognition that
the net delivered costs for new bioenergy systems are often higher than those using fossil fuels. The
diminishing availahility of inexpengve resdues, and the high capital and operating codts, inherent to the
nature of biofuels, as wdl as environmenta congraints and regulatory uncertainties, have lessened
interest in such projectsin favor of energy efficiency

and/or switching to naturd gas. The potentia for expanded supply of bioenergy seemsto have
moderated.

Sector-gpecific analyses carried out in 1999 under the Climate Change Initiative to identify
opportunities for reducing CO, and other emissions provided a much-needed analysis of options. These
assessments, under fifteen Issue Tables, took the form of discussions by expert groups and developed
Options Reports for each subject matter area. 1n the case of bioenergy from forest resources, it was
concluded that, through the use of surplus sawmill residues, the contribution of bioenergy could increase
by another 12-30 PJ. This potentia new energy will probably be redized at co-generation facilities
gmilar to those operating now, where inexpensve resdues are combusted in large boilers generating
both heat and dectricity. This additiona energy can only be redlized either at higher energy prices or
buy-back rates thet take into consideration the environmental advantages of renewable energy. The
projects being considered are at severd sites in Quebec and western Canada, where there is sufficient
concentration of residues and steady demand for low-grade hest.

It should also be noted that the above potentia for future expansion of this option is dependent on
technologica developments within the forest industry. For example, it appears that the availability of
resdues from forestry operations has been declining in the last few years. Overdl annud surplus
residue has been estimated in 1999 at just over five million tonnes. The decline came about as a result
of the increased use of the same residues within the forest industry (e.g. sawdust and low-grade chips)
and for energy or in new processes and/or products such as new pulping technologies and medium
density fiberboard. Thereis potentid to bring additiona logging residuesin from the forest but the
delivered codts for such fuels are not currently competitive with natural gas and petroleum products.

The Canadian Boiler Society is the association of the mgor boiler manufacturers usudly involved with
projectsin thisarea. Information on their activities can be found at: www.canadianboilersociety.ca
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3.3.2 Residential Space Heating with Wood

Using wood for residentia space heeting and cooking has along history in Canada and around the
world. While most Canadians now prefer the convenience of eectricity and fuels like natura gas and
fud ail, wood heating remains part of the Canadian way of life. About one-third of Canadian
households have wood burning equipment. The incidence of resdentia homes using fud-wood is
highest in Atlantic Canada (especialy Newfoundland and Labrador) and lowest in the Prairies.

Home heating usualy takes the form of stand-aone wood stoves, water or forced-air wood furnaces,
fireplaces with advanced combustion inserts, high-efficiency fireplaces, and high-thermal-mass masonry
heaters. Survey results show that there are over 1.5 million Canadians who use wood for home
hesting. Another 1.5 million households use wood as a secondary source of heating. Open fireplaces
are a'so common in many older homes in Canada but are not considered here as heating applications.
Round wood is usudly the fud of choice, but dternatives include wood chips and wood pellets. A
sgnificant portion of firewood is harvested and prepared by the end-user. Therest is usudly supplied
by smdll operators, such as farmers who own small wood lots, ether as split firewood ready for use or
as longer logsfor final processing by the purchaser. Natura Resources Canada estimates the primary
energy vaue of the wood used for resdentia space heeting to be about 90 to 96 PJly.

Technology advancements over the past decade are making residential wood hesting a more attractive
proposition. New stoves using advanced cataytic combustion technol ogies minimize the amount of
smoke and other air pollutants. Particulate emissions are reduced by about 80 percent relative to
conventiona stoves manufactured before the mid-eighties. The sysems dlow for a more complete
combustion of the fue and consequently provide more heat insde the house than conventiond stoves.
Aswell, the aesthetic gpped of new stoves has increased, as large ceramic glass windows alow the
homeowner to view the flame without sacrificing efficiency.

In many circumstances, heating with wood makes good economic sense. Severd factors are at play.
The nearby availability of alow-cost high-qudity fuelwood supply isimportant. The cogt of
conventiond energy sources such asfud ail, naturd gas and dectricity is another important factor. High
fud heeting codts create a strong incentive for homeowners to use wood as a secondary heating source.
An impediment to growth isthe lack of large firewood suppliers asin the case of fud oil, naturd gas
and dectricity. Wood heating is not resource congtrained. Canada has alarge forest resource and only
amargind fraction of its exploitation is currently for energy purposes. Thereis potentid for increased
fud-wood use in residences under higher conventiond energy costs and/or improved fud supply
mechanisms
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In addition to home heating, wood is used for commercial and ingtitutional buildings. However,
there is no detailed data on this practice. There are afew biomass-based digtrict energy systemsin
Canada. Thelargest isthe 1.2 MW didtrict heating system in Charlottetown, Prince Edward Idand. In
operation since the mid-1980s, the system is currently serving over 60 customers and 84 buildings using
sawmill and other biomass wastes.  In the village of the Oujé-Bougoumou Cree Nation of Quebec, a
wood-fired hesting plant has supplied both heat and hot water to dl the buildings of the village since
1992.

There are numerous other biomass space heating applications, including farm use, rurd stores, schoals,
hospitals, and government buildings. Most of these are of small capacity systems in the 50 to 300 kW
range.

For more information on the use of wood for resdentia heating, please vist:
www.nrcan.gc.cal/es/erb/reed/wood

3.3.3 Energy from Wastes

Bioenergy derived from wastes is gaining momentum in Canada. Energy recovery from landfill Sites,
from biogas generated by various sources and from combustion of municipa solid wastesis proving to
be the most sensible way of dedling with an environmental problem. Tota energy generation from
wagtesis currently about 747 GWh (Table 3) with a potentia to double over the next decade.

Landfill gas (LFG) generated at municipa waste landfill sites contains gpproximately 50 percent
methane (CH,) and 50 percent carbon dioxide (CO,), plus some trace compounds. It isamagor
source of anthropogenic methane and accounts for 21 percent of Canada s methane emissions.
Methane has a globa warming potential 21 times higher than CO,. There are two ways to manage
LFG once it has been captured: it can be flared or used as an energy source. Flaring converts methane
into CO,, alesser globa warming gas. Aswadll, it eiminates odour problems and destroys
contaminants. When LFG is used for energy, it successfully deals with the problem and dso conserves
non-renewabl e sources of energy.

In 1999, 290 kilotonnes of methane were collected and either flared or used to produce energy in
Canada. These practices reduced greenhouse gas (GHG ) emissions by about six million tonnes of
CO, equivdent (6Mt CO,,), which has the same effect as taking 1.5 million cars off theroad!  About
97 percent of the methane captured for energy purposes was used to generate eectricity for sdeto
eectric utilities. Ingtalled eectrica generating capacity totaled 86.8 MW in 1999 which, assuming a 90
percent capacity utilisation, could produce about 670 GWh of eectricity per year.
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The Climate Change Municipalities Table Options Report confirmed that it is possible to double the
amount of landfill gas captured at Canadian landfill Stes, from 6 to 12 Mt/y of CO,. Such ameasure
could encourage the generation of dectricity from the captured gas, hence reducing the need for
electricity generation from other sources.

Methane can aso be produced by anaerobic fermentation during the treatment of sewage and indudtrial
effluents. This process breaks down biologica solids produced by a wastewater treatment system.
Over 78 percent of Canadians are now using sewage systems connected to some type of wastewater
treatment plant. In most cases, these plants use part of the methane production to heet their digester.
In & least nine plants, the methane is used in a cogeneration mode. Thetotal ingtalled capacity is
edimated at 17 MW with an estimated annua generation of 58 GWh.

For more information on this sector, please visit the web site of the Landfill Gas Industry Alliance:
http:/mww.Ifgindustry.org

An dternative to the landfill of municipa solid waste is direct combustion. About Sx municipa waste
incinerators in Canada have energy recovery plants. These plants combust 1.2 million tonnes of
municipa solid waste which has a primary energy content of 12.5 PJ. Some produce steam for sdleto
nearby indudtrid facilities. It is aso possible to generate both steam and eectricity in a cogeneration
mode. After transformation losses, the energy produced by these plantsis estimated at 6.3 PJ.

In Canada, the waste disposal practice has tended to be toward landfilling rather than combusting the
wadte because of the availability of land. Also, past incinerator projects have generated public
concerns about ar emissons, partly due to old incineration systems designed without proper pollution
control equipment. However, thisimpediment should no longer be the case, as modern, properly run
municipa incinerators have along history of good performance and low air emissons.

Whileit is unclear whether new plants would be built in the near future, difficulties in securing new land
for land-filling waste will likely lead to consderation of the energy recovery option. Many opportunities
in this area are now being assessed under new programs announced by the Government of Canada
under its climate change policies. The Green Municipa Funds Program has a budget of over $125
million to carry out assessments and assst projects that will help Canadian municipaities improve their
infrastructure for better environmenta practices. Severa projects will address issues related to
extraction of energy from wastes.

Crop residues from large cered and canary seed operationsin regions of southern Manitoba that have

aurplus straw are being combusted in bail burners on farms. It was estimated that the total Canadian
agriculturd resdues available for energy contain the equivaent of severa hundred PJ.
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The Department of Agriculture and Agri-food Canada recognizes that anima litter (manure) from
anima husbandry operations presents disposal problems and contributes about 3.4 percent of
Canada s GHG emissions. If used properly, the heeting vaue of dry manure ranges from 14 to 18
Giggoules per tonne. Thetotd available energy is42 Ply.

3.3.4 Bioenergy for the Future

As mentioned earlier, because of the extensive land base and the available skills in both forestry and
agriculture, Canada has the potentia to develop much more of its energy needs from renewable
biomass. Biomass plantations are sustainable sources of energy when the fue is grown and

harvested in a sustainable manner. During the 1980s, a number of experimenta plantation sites were
established in Canadafor: the selection and testing of hardwood species and clones; the improvement
of productivity through hybridization; and the genetic transformation and nitrogen fixation for many short
rotation tree crops including willows and poplars. While these plantations have proven that the
development of bioenergy crops could be feasible, no sale of energy has taken place asyet.

Smilarly for agriculturd crops, experimenta plantations have been established and monitored with
switchgrass and other grasses. Canada has over 20 million hectares suited to energy crops. However,
the exact potential and energy crop plantation resourceis yet to be determined. Although yields from
such crops were impressive, there are many technology and economic issues remaining to be
addressed. For asummary of activities under the ENergy from the FORests Program (ENFOR) vist
the web ste:

http:/mww.nrcan-rncan.ge.calcfs-scf/science/enfor/index_e.html

Ethanol produced from agriculturd sources through fermentation and ditillation can be blended with
gasoline a concentrations of up to 10 percent ethanol and used in conventiona internal combustion
engines without any engine modifications. In Canada, there are currently about 1,000 service Sations
offering ethanol-blended gasoline at blends varying from five to ten percent ethanol, depending on the
retailer and provincia requirements. In order to be used as a high proportion of the fuel content, or as
the only fud for acar, conventiond car engines will need to be dtered. Some North American car
manufacturers are now offering vehicles that can use ablend of up to 85 percent ethanol in gasoline,
caled E85. However, there are no public E85 refueing stations. Natural Resources Canada has one
of the few private E85 refuding stations feeding a fleet of departmenta cars.

In Canada, five plants located in Manitoba, Saskatchewan and Ontario produce ethanol from corn or
whest for use as trangportation fuel. Based on the ingtalled production capacity in 1998, annual
production of ethanal is estimated at 215 million litres. About 15 million litres annually are produced
from pulping process wastes in Quebec. About 164 million litres'year of ethanol are used to blend into
gasoline and represent an energy value of 4.1 PJ.
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Severd new ethanol plants are at the advanced planning sage. They include projects in Ontario,
western Canada and Quebec. Should these projects proceed, the production of fud ethanol would
increase substantialy, reaching about 500 million litres during the next few years. Along with the
exiging plants, the new plants would produce ethanol from grains such as corn and whesat. The process
for producing ethanol from these starch-based feedstocks is mature from atechnology point of view.
However, the ethanol produced is currently not cost competitive with gasoline and it is made possblein
part because of federal and provincid tax incentives.

In an effort to reduce the cost of producing ethanol to make it cost competitive with gasoline on anon-
subsidised basis, research is underway to develop technologies for the production of ethanol from
plentiful, low-cost cdllulosic biomass such as wood or agricultura crop waste. Subgtantial savings
would arise from the reduced cost of such feedstock. Technology being developed envisons
“biorefineries’ that use the raw materid in an optima manner to derive awide range of fudsand
chemicas. Current targets are for producing 200 to 400 million litres'year of ethanol from this source
within 10 to 15 years a a cost equivaent to gasoline produced from oil at $32/barrel (approx.
US$20/barrel).

For more information on ethanol activities in Canada, please visit the web ste of the Canadian
Renewable Fuds Association at: http:/Aww.greenfuels.org

3.4 Geothermal Energy and Earth-Energy Systems (EES)

Truly geothermd energy from the earth’s crugt isfound in severd parts of Canada, especidly in the
western provinces. Following initial outlining of the resource for possible use of the steam for eectrical
generation, activities have stopped. In recent years, the term “geothermal or ground source’ has been
applied to an end-use technology for space-conditioning and domestic water hesting. It incorporates
piping systems to capture and upgrade through heat pumps, the heat from a ground or water source.

A geotherma heat pump or ground-coupled heat pump (GCHP) system uses the subsurface
temperatures of solar-heated earth or water as amain heat source and sink in order to provide heating
or cooling. Natura heat from the earth or water source is absorbed into aliquid, heat transfer medium
circulating in buried pipes and carried to abuilding. It is then upgraded to a comfortable room
temperature through a heat pump unit. When cooling is required, the sysemisreversed. Hest is
returned to the cooler ground and/or water source and is again transferred back to the building where it
isdigtributed at cooler temperatures. Ground source heat pumps use the earth or ground water asa
source of heat in winter and asa”snk” for heat removed from indoor air in summer. For this reason,
ground-source heat pumps have come to be known as “earth —energy systems (EES)”.
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EES are primary energy production devices. While they require eectrical energy to power their loop
and heat pumps, EES typically generate three to four units of energy output per unit of input. Thereare
gpproximately 30,000 residential EES in Canada. Annua sales peaked in the early 1990s, primarily as
aresult of an Ontario Hydro incentive program. During that period, Ontario Hydro provided cash
incentives for the resdentia ingalation of GSHP in areas not serviced with natura gas.

Sdes of EES in Canada represent less than one percent of the tota heating, ventilation and air
conditioning (HVAC) market. According to arecent market development study carried out for the
industry, there are 1,500 to 2,200 units sold and ingtalled per year. About two-thirds are in the
resdentia sector, mainly in new homes with the remainder in the commercia/ inditutiondl sectors. Totd
ingdled vaue of these unitsis about $10 million. Mot of this market isin the provinces of British
Columbia, Ontario, Nova-Scotia, Manitoba and Quebec.

The main barriers to the rapid commercidisation of EES are economic. EES often have a higher capita
cost than competing systems due to the ingtdlation of the underground loop. This may discourage
potential buyers. However, operating and maintenance costs are greetly reduced and EES can be quite
gppeding when considered on alife-cycle basis. The economics of EES must be compared to
dternatives for both heating and cooling. It is particularly attractive in areas where the costs of heating
fuds and dectricity for conventiond cooling are high.

Other barriersinclude agenerd lack of familiarity with the technology, higher transactiona costs due to
inefficiencies in the marketing infrastructure, as well as aneed for streamlining and harmonisation of
standards and test procedures.

For more information on the EES option in Canada, including member companies, please vist the web
gte of the Earth Energy Society of Canadaat:  http://www.earthenergy.ca/contahtml

3.5 Electricity from Wind

Wind energy isthe fastest growing renewable energy technology worldwide. It isamost universdly
consdered the most promising technology for pollution-free dectricity generation in the short to medium
term. Technica advances combined with marketing innovations and low interest rate financing have
combined to expand capacity from about 2000 MW in 1990 to over 20 000 MW in 2001. Current
annud sdes of wind turbines and associated equipment are over $5 hillion. Recent ingdlations are
primarily in Europe because of higher eectricity prices and nationd commitment to the Kyoto Protocol.
In Denmark, 12 percent of nationa eectricity supply is derived from wind, and Danish legidation
demands an increase to 50 percent by 2020.
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Canadian interest in wind as a source of energy was rekindled following the ail crises of the 1970s and
1980s. Early efforts to quantify the physica resource were based on existing meteorologica data and
predicted a potentia of about 28 000 MW, which could meet 11 percent of Canadian electricity
demand. These estimates were basad on the potentid proximity of wind farmsto exigting transmisson
lines. Loca resource assessment studies carried out more recently suggest that the above early
estimate may be conservative.

The first commercid Canadian wind project was established about ten years ago a Cowley Ridge,
near Pincher Creek, in southern Alberta. The Cowley Ridge wind farm has since been doubled to over
40 MW and other ingtdlations in southern Alberta now total an additiona 60 MW. 1n 1998/99 a 100
MW wind farm (Le Nordais) was built on the south shore of the S. Lawrence River on the Gaspé
Peninsulain Quebec. The project comprises 134 turbines, each with a capacity of 750 kilowaits.
Electricity production of about 300 000 MWhy is sold to Hydro-Québec under along-term contract
paying areported $0.058 per kWh.

In 2001, a5 MW wind farm was commissioned on Prince Edward Idand to utilise the strong winds of
the Gulf of St. Lawrence. Suncor and Enbridge, two mgor fossil fud organizations in Saskatchewan,
are completing the 11 MW SunBridge wind farm near Gull Lake. The wind-generated power will be
supplied by the province s dectric utility, SaskPower, to federal government offices across the
province. In June 2001, SaskPower announced the construction of a second wind farmin the
province. This5.3 MW wind farm will supply dectricity to the Saskatchewan government’ s facilities
and SaskPower’ s head office. Excess capacity will be offered to SaskPower customers. This should
lead to a green power product option for al Saskatchewan residents and to more wind-generated
power. The second wind farm should be running by August 2002. In Prince Edward Idand, asmilar
Green Power Program is dready underway (early 2002) with over 200 customers.

Severd other individua large wind turbines were recently erected throughout Canada, often as
forerunners at potentia wind farm sites, bringing totd ingtalled capacity to about 200 MW with a
projected annual energy generation in excess of 500 GWh.

To date, the uncertain nature of the Canadian wind energy market has inhibited the establishment of
ggnificant indigenous wind turbine manufacturing companies. Nevertheess, the current wind indudtry in
Canada consists of about 50 firms, employing approximately 300 people and generating about $18
million in annua sdes. With the increasing capacity of wind energy, these sdles will increase quickly.
Some manufacturing of smal wind turbines and mgor components for utility-scae turbinesis donein
Canada, including towers, fibreglass blades, and dl civil and eectrica engineering work at site. With
the introduction of new initiatives by the Government of Canada afew months ago, the Canadian wind
energy indudtry islooking to the future with optimism.
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Although the deployment of wind energy in Canada will continue to be influenced by our abundart,
low-cog, traditiona sources of dectricity, the growing public and palitical concern for the environment
and Canadd s repeated commitments to meet Kyoto goals hold promise for increasing importance of
thisoption. The concomitant industrial and societd benefits of sustainable indigenous energy supplies
provide additiona arguments for increased deployment of wind energy. In 2001, the Canadian Wind
Energy Association released a plan proposing ingtdlation of 10 000 MW of wind electric generation
capacity by 2010. Initslatest budget, the federa government provided up to $260 million over 15
years as production incentives for wind-generated dectricity. Details of the Wind Power Production
Incentive Program are now being defined. However, the Government of Canadalis expected to
provide financia support for the ingalation of 1000 MW of new wind energy capacity over the next
fiveyears.

The federd and certain provincid governments have aso committed to purchase portions of their in-
house dectricity from sustainable sources. Despite the turmoil of deregulation, severa provincid utilities
have shown grong interest in integrating wind energy into their generation mix. Wind energy may be
offered to retail customers as a supply option, either as aresult of deregulation in some provinces, or as
adecison by a utility to offer consumersachoice. For example, Enmax, the City of Cagary eectric
utility, has been successful in offering wind energy on a premium basisto itsresdentid cusomers snce
thefdl of 1998. Hydro-Québec is dso showing interest in the further development of wind energy. In
its recent Strategic plan (October 2001), it announced that purchases of wind-generated e ectricity may
reach 50 MW/year by 2004 or 2005. The projected price for such purchasesis of the order of $0.05-
$0.06 per kWh. In pardld to the Hydro-Québec initiatives, the Quebec government budget of
November 2001 announced further support for private sector-initiated wind projects that have the
potentia for job crestion.

In addition to grid-coupled wind farm applications, thereis amarket for smaler wind turbines (less than
1MW) for integrated wind/diesel power plantsin smal communities beyond the main dectricity
networks. Thisrequiresthat specia considerations be given to operation in harsh northern climates,
and to ingallation and maintenance procedures compeatible with equipment and skillsin these locations.
Though important in terms of industria activity and pollution reduction in remote areas, such
gpplications do not contribute significantly to regiond or nationd energy supplies.

Findly, there isamarket for smdl, auttonomous wind turbine systems for cottages, communications
relay sations, navigational beacons and other smilar gpplications.

Asareault of srong public interest, improved economics and government incentives wind energy
deployment in Canada should accderate. Summaries of various wind energy activitiesin Canada as
well as member companies are listed in the Canadian Wind Energy Association web Ste at:
www.canwea.ca
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3.6 Mechanical Power from Wind

In addition to generating dectricity, wind is used in Canada for mechanica power. The most common
application is for water pumping. Underground water can be pumped to the surface and stored in a
basin, for example, to provide drinking water to cattle. There are severa thousand water-pumping
windmills, primarily in the Prairies. Another application is the use of windmills to aerate ponds and
lakes.

3.7 Solar Energy

Contrary to common belief, the solar resource in Canadais generaly very good and compares
favourably with other regions of the world due, in part, to our clear ky climate. There are severd
technologies which exploit solar energy for specific purposes. These include active and passive solar
energy for heating water and air, and photovaltaics for the generation of ectricity. More information
on theindustry may be found at the Canadian Solar Industries Association web Steat: www.cansa.ca

3.7.1 Active Solar Energy

Solar technologies that provide heat and hot water for resdentid, commercid and industrid use have a
long higtory of commercid applications. Severa million solar hot water systems have been ingdled
worldwide. Historicdly, the United States, Japan, |sradl and Audirdia have had the largest share of the
solar thermal market. More recently, there has been significant growth in Europe and Asa. For
example, Germany and Austria have a combined market of over 500 000 square meters () of solar
therma collectors annualy, while over one million n? of solar thermd collectors are ingtdled annualy in
China

In Canada, the most cost-effective active solar energy technologies are those used for low-temperature
heeting applications, such as domestic water heeting, pool heeting and heeting of ventilation air for
commerciad/industrid buildings. An estimated 606 000 n¥ of solar thermd collectors are currently in
use in Canada of which 493 000 n¥ are used for residentia pool heating, 72 000 n? are used for
domestic hot water, and 41 000 n¥ are used for ventilation ar heating for commercid/industria
buildings. Thereisdso asmal number of commercid solar water heating sysemsindaled. Energy
production from these systemsis estimated at 1.1 PJy. Following the collgpse of oil and gas pricesin
the mid-1980s and the termination of off-oil government programs, sales of new systems dowed down
consderably. Asaresult of srong public interest, improved economics and government incentives,
active solar deployment in Canada should accelerate. Presently, afew hundred new systems are
ingtaled annudly, representing sales of $2-3 million.
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Thetechnica potentid for active solar energy applicationsin Canadais large. According to Sudies
carried out over the last severd years, the potentiad market for solar domestic hot water, heating of
swimming pools and ventilation air is as much as 135 PJingadled capecity. Allowing for aredigtic
market penetration of about ten percent of the above potential, under current and projected costs for
solar heeting, the projected market has been estimated at over 9 PJingtalled capacity.

Residentid water heating is a solar heating gpplication that has recently received renewed interest in
Canada from the private invesment community, utilities and energy service providers. Water hegting in
Canada currently accounts for gpproximately 20 percent of the residential energy use, representing
about 15 megatonnes of CO, emissions per year for an average of two tonnes of CO, per water hegter.
Solar water heaters can make a significant contribution to CO, emission reduction as each ingdlation
reduces conventiona energy use by 40-50 percent. There are approximately 12,000 solar water
heaters currently in use in Canada, representing less than one percent of the market. Market
penetration has been limited to date primarily due to high cost. New, advanced low flow, solar weater
heeters planned for commercidization in 2002 should have a sgnificant impact on the market. Through
assstance from the Climate Change Action Fund (CCAF), utility partners should instal about 100,000
units over the next 10-15 years, ddlivering energy a a cost to the consumer of gpproximately $0.05 per
kWh, competitive with eectricity and natura gas prices.

Pool heating is another gpplication where solar technology should increase market share. More than
600,000 Canadian homes — about ten percent of the total low-rise housing stock — have outdoor
swvimming pools and approximately one-third of these are heated. Solar heaters currently have about
ten percent market share, representing more than 20,000 units. The main barrier to increased market
share has been the lack of awareness of the cost/benefits of solar heating. Recent studies in Canada
concluded that solar pool heaters could provide the performance that pool owners desire and have a
smple payback ranging from two to four years. The studies indicate that solar could capture 40-50
percent of the pool heating market in the long term. Test promotions during 2001 at three locationsin
Canada confirmed this potential.

Other water heating gpplications in Canada where solar technology is expected to gain market share
include aguaculture process water heating (fish hatcheries) and car washes. There are approximately
1,500 car wash facilities across Canada consuming atota of 17 million ¥ of hot water per year (>2
PJy). Thereisatrend toward more touch-free facilities which use double the hot water compared with
the more conventiond friction type washes due to the use of warm water for both the wash and rinse
cycles. Studies show that the solar heating for such car washes can result in payback periods ranging
from five to saven years. A pilot project will begin in 2002 to demongtrate the use of solar hegting at
one of Canada' s largest car washes operated by Sunoco.
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In addition to solar hot water systems, the heating of ventilation or make-up ar for industrid plants has
proven to be one of the most cost-effective applications for active solar technology in Canada.
Conserva Engineering Inc. continues to enjoy success in both domegtic and internationa markets with
its Solarwdl& technology. Solarwallsé are unglazed perforated meta sheets that act as very efficient
solar absorbers and are mounted verticaly on south-facing wals of buildings like conventiona wall
cladding. Thistechnology can meet up to one-third of abuilding’s annua make-up air heating load and
is eadly retrofit to offices, gpartments, warehouses and manufacturing plants. Clientsto date include
Ford, Generd Motors, Canadair, Bombardier, and Fedex. Annud sales have increased since the
introduction of these systemsin the early 1990s but are till below $1 million per year. Thetotd
surface area of Solawalaingtaled in Canadais about 41,000 n?, representing an annua energy
production of about 0.1 PJ. The market in Canada for Solarwallsi was estimated in the 1993 report to
be dmost 4 PJ representing well over one million n?.

The Solarwall& technology has aso been targeted for international market applications, particularly for
commercia drying applications. A mgor pilot project is underway under Canada s Climate Change
Action Fund to demondtrate the technology in Central America, India, and Chinafor various agriculture
drying applications including coffee, fruit and spices.

Other applications for solar in Canada currently in the devel opment stages include desiccant cooling
systems for commercia gpplications where humidity control isimportant and solar detoxification
incorporating advanced oxidation technologies which use ultraviolet light and a photocatayst to treat
organic contaminants in polluted wastewater streams.

The Canadian active solar industry is composed of about 20 companies involved in the manufacture of
collectors and systems, and an estimated 24 dedersindalers. Totad employment is estimated to be less
than 100 — smdler than in the mid 1980s because the mgor solar demonstration programs ended and
fosdl fud prices collapsed. The industry is now picking up as aresult of renewed interest by the public
and private invesment community and government support for solar commercidization activities. It
now gppears that the industry has gone through the difficult adjustments of the 1980s and is poised to
grow in a sustainable manner with cogt-effective products in favorable niche markets. To help simulate
demand, Natura Resources Canada s Renewable Energy Deployment Initiative (REDI) encourages the
use of active solar space heating systemsin commercid businesses and federd facilitiesin Canada
including a 25 percent rebate on quaifying sysems. More information on this program may be found
on page 32 of this report.
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3.7.2 Passive Solar Energy

Passve solar technologies involve the design of buildings and employ specid components for the
purposes of gpace hesting, day lighting and shading. Experience has shown that the most important
building component used in passive solar applicationsin Canada is windows.

Advanced windows can actudly be net energy suppliers with better net annua energy performance than
the most tightly insulated wals. The Canadian market for high-performance windows in residentid and
light commercia applicationsis growing. About 40 percent of windows sold for such gpplications
employ high-performance windows with low emissvity glass. The fidd of passve solar energy is
usualy consdered an energy efficiency issuein Canada. Therefore, it is not described in detall in this
section.

For more information on passive solar envelope designs, please vist the Buildings Group web ste of
CANMET/Natural Resources Canada at: http://buildingsgroup.nrcan.ge.calpub_ehtml#Passve

The Canada Mortgage and Housing Corporation is dso involved in energy-efficient desgns:
www.cmhc.ca

3.7.3 Solar Photovoltaics (PV)

Photovolaic systemns use semi-conductor materias to convert sunlight into eectricity. They areused in
off-grid applications or connected to the grid. According to IEA reports, the world PV market has
been expanding at the average rate of 20 percent per year over five years and accounts for over 1.3
GW ingaled capacity. In OECD countries, about 60 percent of the PV ingtdlations are for grid-
connected applications while the rest are off-grid. Globd annua sales are well over $3 hillion.

The ingtdled capacity of PV systems in Canada was approximately 7.2 MW in 2000, with an estimated
annud production of 7.2 GWh of dectricity. Thisis more than double the capacity and production of
just three years ago. The bulk of this capacity is for off-grid gpplications where PV is proven to be
price competitive againg grid-extension or conventiona stand-aone power sysems. Typical
goplicationsinclude: eectric power for teecommunication systems; remote monitoring and control;
remote resdential properties; coast-guard systems; and road signage for transportation.

Although PV costs have declined significantly over the past two decades, it is not yet price-competitive

with conventiond utility dectricity. Achieving cost reductions through technological improvements and
manufacturing autometion is the industry’s main chalenge.
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Table4
Ingtalled PV Electricity Capacity in Canada (MW)
1992 0.96
1993 1.24
1994 1.51
1995 1.86
1996 2.56
1997 3.38
1998 4.47
1999 5.826
2000 7.154
2001 8.5 (edtimate)

The Canadian PV industry has grown steadily over the past few years, serving both domestic and
export markets. In 2000, there were more than 150 businesses active in Canada, mostly system
suppliersand inddlers. Approximately 12 companies are involved in manufacturing. The industry
workforce totalled 250 and industry revenues reached $40 million in 2000. Theindustry ingalled 1.3
MW of new photovoltaic generation capacity in Canada, and an additiona 0.2 MW in export markets.
Domestic PV power sales have grown at an annud rate of 25 to 30 percent during the past six years.
Asthe price of PV continues to decrease, growth should be sustained in coming years as current
markets are further penetrated and new markets devel oped.

In addition to the cost-effective off-grid market for small systems, there is strong interest in promoting
wider market demongtrations of PV in grid-connected applications in buildings. The phenomena
success in reducing the cost of PV technology by afactor of five over the last 20 years, coupled with
strong public interest in solar energy, has led many Canadians to consider solar-generated eectricity as
aviable option for decentralised power. Governments are supporting an increasing number of
demondtration projects in order to sensitise more Canadians to this clean and sustainable energy option
and asss thelocd indudtry to gain vauable PV-building experience. Each kW of ingaled PV capacity
will offset, on alife cycle basis, 1.6 tonne of CO,, from cod, 1.3 tonne from diesel, and 0.73 tonne
from natura gas-operating generating stations. Current efforts to promote the installation of 30 MW of
PV systemsin the built environment by 2010 could further strengthen the Canadian industry.

The Canadian Solar Industries Association represents the PV industry. Details on member companies
may be seen at their web Steat: www.cansaca
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4. Outlook for the Future — Barriers and Policy Drivers

According to Canada’ s Energy Outlook prepared by Natural Resources Canadain 1997 and
Emissions Outlook: an Update (1999), renewable energy production will continue to grow in
Canada. Under the assumption of relatively stable energy prices and GDP growth of 2.3 percent per
year between 2000 and 2010, hydroelectricity is predicted to grow to 382 650 GWh per year, an 11
percent increase. According to the same projections, it will grow to 397 740 GWh per year by 2020,
an overal increase of about 15 percent over 2000 generation. Other renewable energy forms,
particularly biomass and wind, are aso expected to grow, but the projections are not firm. Despite
these increases, the share of renewable energy of tota primary energy production in Canadais
predicted to remain relatively constant because of aparald increase in conventiond energy use,
primarily natural gas. These forecasts were devel oped based on a business-as-usua scenario reflecting
market conditions and government policies at that time, and do not reflect the Kyoto commitment to
reduce greenhouse gas emissons.

At the time of preparing this report, there was ill intense discussion a dl levels on the issue of ratifying
the Kyoto agreement. Neverthdess, it is safe to say that Canadians envision dl renewable energy
options as important players in the search for solutions to the emissions reduction objectives. Promising
aress, in terms of both impact and margina cost of reducing CO, appear to include energy efficiency
and generation of non-hydrocarbon eectricity (hydro, wind). Additiona therma energy could come
from residues within the forest industry, energy from wastes, as well as from solar heeting and earth
energy.

In addition to climate change, it is argued in Canada that wide implementation of renewable energy will
provide benefits to the economy in the longer term. It is often mentioned that many of the new
technologies and products will provide loca employment and other socid benefits. Strong expertisein
certain areas can help exports for goods and services. Canada aready participatesin many
international forums for the development and commercidisation of renewable energy. More details on
international co-operation are provided on page 35.

Most renewable energy options are considered technologically reliable and are being used successfully
in Canada and around the world. Furthermore, these systems are considered cost-effective on alife-
cycle bassin many niche markets. Nevertheless, severa barriers and challenges restrict their rapid
deployment in wider energy markets. These barriers include the following:

Prospective customers have limited knowledge about and experience with renewable energy systems.

Preferenceis usualy given to well-established, off-the-shelf space solutions that are perceived to be
risk-free and affordable.
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Negative experience with earlier renewable energy technologies may have tarnished the reputation of
certain sysems. For example, system rdiability issues plagued some first generation technologies
introduced in the late 1970s and early 1980s. In other cases, the promised financid savings did not
meateridize due to the drop in oil and gas pricesin the mid-1980s.

Some renewable energy systems have higher purchase and ingtalation costs compared to conventiona
technologies. Where congtruction budgets are predetermined, increasing the cost of the heating system,
for example, would require cuts in other areas of the project. If the owner does not expect to pay for
the future operating codts of the building, thereislittle incentive to minimize life-cycle cods.

Environmenta benefits arising from renewable energy systems have not, so far, been consdered in the
decision-making process.

Thelong period of low energy prices in Canada crested a climate of comfort with end-users, where
little value is placed on moving away from conventiona fuelsto protect againgt future price increases.

Exiding regulations on safety or environmenta impact often hinder the implementation of new
technologies. These are based on the performance of old technologies that have little in common with
newer, cleaner and safer options. The renewable energy community is working hard to address these
barriers through seminars and courses, and the development of standards and test procedures.

Findly, acommon barrier in marketing renewable energy optionsisthe lack of the relevant
infrastructure associated with expertise, commercid channels of digtribution and service.
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5. Programs in Support of Renewable Energy

Various levels of government provide support for the development and commerciaization of renewable
energy in response to the policy objectives outlined above. Most support isin the form of financid
incentives (usually cost sharing or project costs for research, development and demonstrations) or
support to address other barriers. The level of assstance is usudly smdl and aimsto be just enough for
the recipient to go ahead with the project. In some cases, the public funds are repayable.

An introduction to the programs in support of renewable energy may be seen at the Canadian
Renewable Energy Network (CanREN) web ste: http://www.canren.gc.caldefault_en.as

5.1 R&D Programs and Budgets

Assistance programs for research and development in renewable energy have been in place for over 25
years. The main funding organization is Natural Resources Canada through the federal Program of
Energy Research and Development (PERD). In the mid-1980s, at the pesk of energy R&D
expenditures, the federa government’ stotal budget for renewable energy was in excess of $40 million
per year. Current support is of the order of $15 million annudly. Table 5 shows the dlocations by
technology area.

The main component of this R& D effort is the Renewable Energy Technologies Program (RETP). It
supports efforts by Canadian industry to develop and commercialize advanced renewable energy
technologies such as active solar, wind power, bioenergy and smal hydro that can serve as cogt-
effective and environmentally responsible aternatives to conventional energy generation. RETP's
funding is repayable. More details on this program and references to sub-programs and related links
may be found at the web Ste:

http://mwww.nrcan.ge.cales/etb/cetc/cetc0l/htmldocs/funding_programs retp_e.html
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Table5
Government of Canada Support
for Renewable Energy Resear ch and Development
(C$ million)
Y ear

Adtivities 1990 | 1995 | 1999
Totd Solar 42 47 48

Solar heeting and cooling 27 27 17

Photo dectric 15 20 29

Thermd dectric 0O 00 02
Wind 14 15 22
Ocean 0O 00 01
Biomass 6.7 7.7 6.0
Geothermdl 02 01 01
Tota Hydro 0.7 1.1 20

Large (capacity of 10 MW and above) 0O 01f 0.2

Smdl (lessthan 10 MW) 07 10 18
Totd Renewable Energy Sources 13.2| 151 15.2

The above funds are used interndly within government laboratories that perform R&D, or within
private-sector or ingtitutiona performers (universty, provincid or industry laboratories).

Under its climate change initiatives, the federd government has announced a number of programsin
support of renewable energy technology development and demonstration.
In the case of R& D, the main support program is Technology Early Action Measures (TEAM) under
the Climate Change Action Fund. The program supports technology projects that hold the promise to
reduce GHG emissions, nationdly or internationally, while sustaining economic and socid devel opment.
The program’s objective is to help accelerate the demongtration and commercia deployment of new
technologies. Proposed projects must be sponsored and co-funded by an existing government R& D
program such as the RETP discussed above or another program (see below).

Examples of projects gpproved under this and related programs may be found in Appendix B of this

report.

More details on climate change programs may be found at:
http:/Amww.climatechange.gc.calenglish/index.shtml
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The Indugtrial Research Assistance Program (IRAP) is a generic technology development program
administered by the Nationad Research Council. It provides assistance to smdl- and medium-sized
companies to advance their technologies. For more detalls, please vist the following web site:
http:/Avww.nre.calirgp/aboutus. html#mandate

Another mgjor generic technology development program that often provides assistance to renewable
energy projectsis Technology Partnerships Canada (TPC) administered by Industry Canada. It
provides repayable financia assstance for the development of technologies directly associated with
improved industria processes. Support for environmental and sustainable aternatives is a program
priority. More information on the program may be found at: http:/strategis.ic.gc.cal SSG/tp00170e.htm

5.2 Commercialization Programs

The Renewable Energy and Electrical Divison of Naturd Resources Canadais the principa
organization charged with promoting commercidization of renewable energy. It manages a number of
government programs among them the Renewable Energy Deployment Initiative (REDI), associated
programs for the purchase of green power and market development, and the Wind Power Production
Incentive Program. A brief description of these programs follows:

Renewable Energy Capacity Building Program

An effective way to encourage the use of new cogt-effective renewable energy sourcesisto provide
decision-makers with technicd information and related services. Under this program, an easy-to-use
renewable energy project analysis software named RET Screen was developed. It has become the
internationd standard in hel ping planners and decision-makers consder renewable energy projects at
the criticd early planning stages. For more information on RET Screen, please vist the web ste:
http://www.retscreen.gc.ca

Renewable Energy Deployment Initiative

The Renewable Energy Deployment Initiative (REDI) is a six-year $24 million program designed to
gimulate market demand for commercialy rdiable, cost-effective renewable energy systems for hesting
and cooling. Under REDI, businesses and indtitutions may be digible for an incentive if they ingtall
qualifying renewable energy sysemsincluding solar hot weter, solar ar heating and high efficiency
biomass combugtion systems. The incentive will cover 25 percent of the purchase and ingdlation costs
up to amaximum contribution of $80,000.

Under Climate Change Action Plan 2000, Natura Resources Canada announced afinancia incentive
for new renewable energy systems that targets the industrid sector. This represents a $2 million
investment over five years to the end of March 2006. The incentive leve for this messure isthe same
as that provided under the REDI program.
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Wind Power Production Incentive

This 15-year, $260 million production incentive will support the congtruction of 1,000 MW of wind
energy capacity during the next five years. Targeted consultations have started and fina program
details indluding digibility criteria should be announced in Spring 2002. The incentive will be avalable
for the firg ten years of production and will help provide along-term stable revenue source. Thiswill
result in more investments in wind energy projectsin al regions of Canada to help address climate
change and improve air qudity. Provincid and territorid governments are encouraged to provide
additiona support for these wind energy investments.

Government Purchases of Electricity from Emerging Renewable Sources

Natural Resources Canada and Environment Canada purchase wind-generated dectricity for their
facilitiesin Alberta. Thisleadsto an annua reduction in GHG emissons of about 11 kilotonnes. On
behaf of the Government of Canada, Natura Resources Canada purchases wind-generated el ectricity
in Saskatchewan and Prince Edward Idand. The purchases lead to reductions of about 40 kilotonnes
of GHG emissons annualy.

In Climate Change Action Plan 2000, the Government of Canada committed to purchase 20 percent of
federd dectricity requirements from emerging low- or non-emitting renewable energy sources. This
$30 million five-year program will help lower the Government of Canada's GHG emissions by about
235 kilotonnes annudly.

Natura Resources Canada works in partnership with Public Works and Government Services Canada
(PWGSC) and Environment Canada. As the lead department, PWGSC negotiates and signs purchase
agreements. Natura Resources Canada provides renewable energy policy and market devel opment
capabilities, program andysis and evauation. Environment Canada provides advice on environmenta
issues and program analysi's support.

Market Incentive Program

The Government of Canada will provide alimited financia incentive to dectricity retailersto simulate
sdes of dectricity from emerging renewable energy sources (“green” power). Detalls of this $25 million
Climate Change Action Plan 2000 program have not yet been announced. A consultation process on
the proposed dements of the Market Incentive Program will be held before findizing it. With the help
of this program, by 2010 the “green” power market could reduce GHG emissions by as much as 1700
kilotonnes per year.

Natural Resources Canadawill develop green power market awareness, eva uate proposals, negotiate
agreements, grant funds, report on the performance and effectiveness of the program, and conduct

program anayses and evauations. Environment Canadawill develop environmental policies with
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Natural Resources Canada, other federal departments, provinces and stakeholders. Environment
Canadawill aso andyze the environmental benefits of the proposds. For more information on these
and other related programs, please see: http://www.nrcan.ge.c.

In addition to the above, certain forms of renewable energy equipment generating ectricity are also
eigible for afaster than usua capital cost dlowance treatment under the tax system. For example, the
Class 43.1 Capita Class Allowance of the Income Tax act provides for an accelerated capital cost
alowance of 30 percent per year on the declining balance of certain renewable energy and energy
efficiency investments. In addition, the Canadian Renewable and Conservation Expense (CRCE)
alows capitd costs in certain new projects to be flowed through to investors using flow-through shares.
Detalls of these incentives are provided in the Class 43.1 Technical Guide published by Natura
Resources Canada. Theseinclude dectrical generation technologies such as wind, smal hydro, solar
and others. Similarly, the excise tax on the ethanol component of blends of gasoline has been
eiminated.

Under the Climate Change Action Fund and subsequent federa budget measures the Government of
Canada announced severd initiatives designed to provide assstance towards environmentaly
sugtainable projects in specific sectors. Renewable energy commerciaization projects are digible for
support under these programs. Some of the key dements are:

*  Public Education and Outreach

*  The Sugtainable Development Technology Fund

e Green Municipa Enabling Fund — Federation of Canadian Municipdities (FCM)
*  Green Municipd Investment Fund — FCM

A Compendium of Federal and Provincial Government Initiatives within the climate change effort
was developed during a recent Joint Ministers of Energy and the Environment meeting. For details, visit
the web ste: hitp:/Mmww.nccp.calNCCP/joint_ministers/index_e.html

Severa other government programs that aim to support industria and regiond development can also
provide assistance to renewable energy projects that meet their criteria.

The Canada Foundation for Innovation (CHl) investsin infrastructure projects to support excellencein

research at univergities and non-profit ingitutions. More information is available &:
http:/AMww.innovation.gc.ca
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6. International Cooperation Activities

Canada participates a the IEA Renewable Energy Working Party and the following Implementing
Agreements related to renewable energy:

*  Bioenergy

e Hydropower Technologies and Programmes

*  Photovoltaic Power Systems

*  Solar Heating and Cooling and severd annexes,
*  Wind Turbine Systems and severd annexes

e Hydrogen

Canada d o participatesin other IEA agreements and annexes with programs related to renewable
energy. They include programs under the following parties:

*  Fossl Fud (Fuidised Bed Combustion and others)
e End Use (Advanced Fud Cdls, Building and Community Systems, CADDET, Energy Storage,
Energy Technology Data Exchange, Heat Pump Technologies, Pulp and Peper)

Bilaterd Agreements

Under the Natura Resources Canada-United States Department of Energy Memorandum of
Understanding (MOU) on Energy R& D, Canada cooperates with the U.S. in al fidlds of energy R&D
except for nuclear fisson and fuson. The MOU includes applied research, demondrations, testing,
technica information sharing, joint planning, exchange of researchers, and other related scientific
activities. The R&D is carried out under implementing arrangements. Signed arrangements areedy
provide for work in renewable energy subjects such as bioenergy, and microgeneration and
communities. In addition to implementing arrangements, sectora meetings are held to share information
and to develop new cooperation on specific issues.

The APEC Expert Group on New and Renewable Technology Cooperation (EGNRET) is one of four
expert groups under the Energy Working Group of APEC. It isthe only group with atechnology
focus, covering renewable energy and some energy efficiency technologies. This expert group divided
itswork into eight “collaboratives’. Canada leads on Collaborative 7: Web-Based Technicad and
Rdated Information on Renewable Energy.

In 1995, the Canada-European Union Agreement on Scientific and Technologica Cooperation
established areciproca relationship that permits Canadian researchers and research organizations to
participate in EU consortia conducting research and technology development under the auspices of the
EU Framework Program. This agreement assures equivaent access for EU researchers to Canadian
programs.
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The current agreement (1998-2002) consists of four thematic programs that include sustainable
industrid growth, energy and the environment. Two projects address technology issues related to the
converson of biomass to energy.

Other bilateral agreements alow for cooperation between Canada and other countries on technology
implementation such as

e Smdl Hydro Turbines (with Poland)

e Smdl Hydro Control Systems and Site Rehabilitation (China)
»  Solar Crop Drying (Brazil)

e Naurd GasVehicles (Romania)

*  Wadte Gadfication (Spain)

*  Biomass Gadfication (China)

In addition, Canada and Mexico are exploring bilateral cooperation, while Canada, Mexico and the
United States are exploring trilateral cooperation.
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7. Conclusions
The main conclusons of thisreport are summarised as follows:

*  Renewable energy has grown in importance in Canada over the last 20 years. It currently
accounts for 17 percent of the total primary energy supply.

*  Hydrodectricity isthe single most important source of renewable energy with about 11 percent of
the total primary energy supply or over 60 percent of total eectricity supply.

»  Bioenergy accounts for about Six percent of totd primary energy in gpplications within the forest
indugtry, eectricity generation and resdentid heating.

*  Emerging new renewable energy technologies such as energy from wastes, low-head hydro and
energy from wind are growing in importance in terms of future energy contributions.

*  Solar technologies are growing commercid opportunities in niche markets such as solar air
heating, svimming pool water hegting and photovoltaics for eectricity supply in off-grid and
remote applications.

* Inthelonger term, there are hopes that the contribution of renewable energy for gaseous and
liquid fuels will aso increase through the development of new technologies that promise to
improve supply economics.

*  Withincreasng interest in sustainable sources of energy to address climate change issues,
renewable energy should continue to grow in importance. Significant new contributionsin energy
supply are expected from hydrodectricity, biomass and wind energy in the medium and longer
terms.

*  Vaiouslevesof government in Canada are continuing their support for research, development
and commercidization of renewable energy sources with the objective to overcome economic and
other barriers hindering adoption of these options. Under the recently announced Wind Power
Production Incentive Program, the Government of Canada will provide financid support for the
ingalation of 1000 MW of new wind energy capacity over the next five years.

*  The Canadian renewable energy industry and other stakeholders understand the challenges they

face but aso see the opportunities for expanded use of their products and services, and are
working hard to redlise the potentia market rewards.
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Appendix A

Terms and Conversion Factors

The following abbreviations are commonly used:

K =kilo=10°
M = mega= 10°
G =giga =10°
T =tera = 10"
P = peta= 10"
E =exa =1018

The watt is a unit of measurement used for dectricity. It is used to express the generating capacity and,
when expressed on a per hour basis, actua production. For example:

kWh = kilowatt per hour

GWh = gigawat per hour

MW = megawatt

The jouleisaunit of energy that is used to comparing different forms of energy. For example:
MJ = meggoule

GJ=giggoule

PJ = petgjoule

In the case of dectricity, the following conversions are used:

1 kWh=3.6 MJ
1 GWh = 3.6 PJ/1,000

All monetary estimates are in Canadian dollars. The exchangein early 2002 was $US=1.6$C

Renewable Energy in Canada — Status Report 2002



Renewable Energy in Canada — Status Report 2002

-42-



-43-

Appendix B

Examples of Renewable Energy Companies and
Technology Development Projects

By searching the web sites of associations mentioned earlier under each technology, one can find a
complete ligt of companiesinvolved in eech fidd. By way of example, we provide the names of afew
companies involved in renewable energy in Canada.

Hydroelectricity

SNC - Lavdin, Montreal, Quebec (Engineering/Management)
ACRES Internationd, Oakville, ON (Engineering/Management)
Many other companies can be identified through the CEA network.

Bioenergy

IOGEN Corporation, Ottawa, ON (Ethanol Technologies)
ENSYN Group Inc., Ottawa, ON (Thermochemical Conversion)
ENERKEM Technologies Inc, Sherbrooke, Quebec, (Thermochemica Conversion)

Solar Energy

Conserval Engineering, Downsview, ON (Solar Air Heating)

Thermo Dynamics Ltd, Dartmouth, NS (Active Solar Systems)

Arise Technologies, Waterloo, ON (Manufacturer/Distributor)

ATS Automation Tooling Systems, Cambridge, ON (PV Modules and Manufacturing Technol ogies)
NewSun Technologies, Ottawa, ON (PV Production Equipment)

Soltek Solar Energy Ltd, Victoria, BC (PV Dedler/Distributor)

Matrix Energy Systems, Kirkland, Quebec (Dealer/Distributor)

Wind Energy

Polymarin — Bolwell Composites, Huron Park, ON (Wind Turbine Blades)
Dutch Industries Ltd, Regina, Saskatchewan (Wind Powered Pumpers)
Vision Quest Windelectric, Inc., Pincher Creek, Alberta (Wind Power Developers)

Groupement Eolien Québécois, Gaspé, Quebec (Large Turbines)
Institut de recherche d Hydro-Québec (IREQ), Varennes, Quebec (Technology Development),
Atlantic Wind Test Site, PEI (Wind Turbine Testing)
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Examples of Technology Projects

Listed below are afew examples of technology development projects approved during the last two
years under the Climate Change Technology Early Action Measures (TEAM) Program and related
R&D programs such as the Program of Energy Research and Devel opment (PERD):

Ethanol from Biomass Project

With its enzyme technology expertise, logen will produce ethanol at alower cost than the grain ethanol
currently employed in Canada, which only utilizes wheet or corn. logen anticipates this technology will
lead to the widespread use of ten percent ethanol, blended with gasoline, as amotor vehicle fue in
Canada.

Turbine Power Generation System

Orendaisthe first company in the world to successfully demondirate the feasibility of a turbine power
generation system for industry, which is cgpable of operating on liquid bio-ail fud. This project will
further advance the technology by developing and testing commercid-scae systems for engine
operation on bio-fud; redesigning and refining the combustion system; and devel oping specifications for
afull commercid-level power generation system.

Green Diesdl" from Biomass Pyralyss Ol

To use Ensyn Technologies Inc.'s patented process to optimize and deploy a microemulsion technology
that will alow bio-oils produced from the fast pyrolyss of cellulosic materids to be mixed with diesdl.
Thisbio-oil can be used for the production of heat and power, and as aten percent blend in diesdl fudl
which would result in reduced greenhouse gas emissons.

Devedoping Photovoltaic Module Production Lines for Export

A project with Ontario based, ATS Automation Tooling Systems Inc. (ATS), to devel op automated
assembly lines to produce photovoltaic (PV) pandsisunderway. ATS will develop two production
lines of varying degrees of automation.
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Trander of Smal-Hydro Components to China

Powerbase Automation Systems Inc., will transfer its smal automated turbine control unit to five smdl-
hydro plantsin China. Through improved energy efficiency and the displacement of energy produced
by cod, the five demongtration sites will reduce carbon dioxide emissions by gpproximately 30 000
tonnes.

Nova Scotia Wind Enerqy Project

This project will show young Nova Scotians that wind energy could be avita component in Canadals
action to mitigate climate change and can be an important part of Nova Scotias sustainable future.
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