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Joseph William Gottstein Memorial Trust Fund

The Joseph William Gottstein Memorial Trust Fundsweatablished in 1971 as a national
educational Trust for the benefit of Australia'sefst products industries. The purpose of the fund
is "to create opportunities for selected persons tgua@ knowledge which will promote the
interests of Australian industries which use foggsiducts for the production of sawn timber,
plywood, composite wood, pulp and paper and sing&ived products.”

Bill Gottstein was an outstanding forest produetsearch scientist working with the Division of
Forest Products of the Commonwealth Scientific ftdal Research Organization (CSIRO) when
tragically he was killed in 1971 photographingeetfelling operation in New Guinea. He was
held in such high esteem by the industry that liedssisted for many years that substantial
financial support to establish an Educational TRustd to perpetuate his name was promptly
forthcoming.

The Trust's major forms of activity are:

1. Fellowships and Awards - each year applicatamesnvited from eligible candidates to
submit a study programme in an area considereeééfii to the Australian forestry and
forest industries. Study tours undertaken by Felbave usually been to overseas
countries but several have been within Australeloks are obliged to submit reports on
completion of their programme. These are thenidigted to industry if appropriate. Skill
Advancement Awards recognise the potential of perseorking in the industry to
improve their work skills and so advance their eapgospects. It takes the form of a
monetary grant. The Trust also offers Forest ItrgiuScholarships to deserving
undergraduate or postgraduate students studyimge®in wood and forest sciences and
engineering at Australian universities.

2. Seminars - the information gained by Fellowsfien best disseminated by seminars as
well as through the written reports.

3. Wood Science Courses - at approximately twolyéatervals the Trust organises a week-
long intensive course in wood science for execstaed consultants in the Australian
forest industries.

Further information may be obtained by writing to:
The Secretary

J.W. Gottstein Memorial Trust Fund

Private Bag 10

Clayton South VIC 3169

Australia



Liz Hamilton works for the Department of Primarydustries, Victoria as Senior Bioenergy
Industry Officer, a role she has held since ead@® Her work focuses on promoting and helping
to develop the bioenergy industry in Victoria. lde-managed the Corangamite Farm Forestry
Project for DPI and its predecessors in Westerrioviee from 1994-2008 and she managed the
public land plantations in the Otways from 1990-4.%%& Softwood Production Planner. Prior to
that she worked in various roles including ruraktgrowing extension and community forestry in
Nepal. Liz holds a Bachelor of Science, (Forestyggree from the Australian National
University.



Executive Summary

This report describes how and why the use of wdmdgnass for bioenergy is strongly supported
by the Canadian and United States governmentseasttie/provincial and federal levels with a
focus on the utilization of woody biomass from feise

In Canada, renewable fuels including hydroelediriciontribute around 16% of total primary
energy, and of this, biomass supplies 4.83% otdbtad primary energy. The USA currently meets
about 7% of its energy needs through renewableggnércluding hydroelectricity. Over half of
this is provided from biomass, i.e. just over 3.6Pthe total energy needs.

Canada is the world’s largest exporter of forestpcts. In 2006, the forestry industry contributed
some $CA40 billion to Canada’s GDP. The global emic downturn has had a major impact on
Canada’s forest industry and all forest commodisies suffering. Between, 2006-2008, softwood
lumber production in Canada fell from 79 to 56 mail cubic metres and over 50,000 Canadian
forest sector jobs were lost. Over the last sevéeahdes, the USA has also seen a decline in
timber harvesting, particularly on federal landsimhy due to successful legal and political action
against federal agencies by conservationists. Batimtries consider forest biomass utilisation as a
playing a key role in maintaining viable forestustries into the future.

Estimates of the potential of biomass to provideuriel energy in the USA have indicated that
bioenergy is likely to continue to be the main seuof renewable energy in the USA, potentially
producing up to 9780 petajoules of the USA'’s priynanergy needs by 2035. A revised biomass
inventory is currently being undertaken in the U&#l early estimates suggest that around 15% of
US energy needs could be met by biomass, with dr@m¥6 of this total figure coming from
forest resourcesSeveral studies have attempted to quantify thelahibify of forest-based biomass
sources for Canada, with estimates varying widelgnfbetween 1.5-13.1% of total energy needs.

There are a number of powerful barriers to the kgreent of the woody biomass to bioenergy
industry in North America. The main barriers areah stationary energy and transport fuel costs,
anomalies with renewable energy policies that diaathge bioenergy, political influence by
opponents of forestry and bioenergy, and high cobktsarvesting and transporting biomass. To
varying degrees, these barriers also exist in Aliatr

Despite these barriers, growth and investmentenuge of biomass for electrical, thermal energy
and biofuel production in Canada and the USA igpkamg at a rapid pace. The development of
the woody biomass to bioenergy market in North Aozers largely driven by a combination of
factors which may include:

Availability of abundant supplies of biomass, epotentially able to produce enough
bioenergy to provide 15% of US energy needs.

The desire for energy independence and securitynasdated in policies such as the
Energy Independence and Security Act of 2007 ini8A.

The need to reduce Greenhouse Gas, (GHG), emisaioheme and abroad, creating
both local and export opportunities for biomass bhio@nergy technologies.

Climate change impacts and the resulting changesiroog in forests such as the
Mountain Pine Beetle epidemic across the study. area

Major issues with increasing severity of wildfiraed declining forest health due to
overstocked and unnaturally dense forests and \&addl

Air quality issues and restrictions on open burrehggricultural and forest residues.



Declining timber industry and rural employment ath@ desire to reinvigorate rural
North America, e.g. the USA’s US$787 billion econorstimulus package under the
American Recovery and Reinvestment Act, (ARRA), 200

Rising energy costs and energy price spikes sucle@sred in 2008.

The significance of these drivers, and the rolbioénergy in helping to ameliorate many of North
America's most pressing issues, is widely acknogéddby federal, state, provincial and local
governments in various ways that are supportivehefbioenergy industry. This support is most
evident from the extent and variety of clearly artated government legislation, policies,
initiatives and incentives that foster the use obdy biomass for bioenergy, including:

The Biomass Research and Development Act of 2000.

The 2000 National Fire Plan.

The 2001 National Energy Policy.

The 2002 Healthy Forests Initiative.

The 2003 Healthy Forests Restoration Act.

MOU to Enhance Woody Biomass Utilization, betweedl@nd DOE, 2003.
National Energy Policy Act of 2005.

Forest Service Strategic Plan, 2007-2012.

The 2007 Energy Independence and Security Act.

The 2002 Farm Bill and 2008 Amendments in the F@mhservation, and Energy Act.
The 2008 Woody Biomass Utilization Strategy.

The 2008 Biomass Crop Assistance Program.

Woody Biomass Utilization Strategy, 2008

Forest Stewardship Contracts.

Community Wildfire Protection Plans.

American Recovery and Reinvestment Act, 2009.

Various Tax credits supporting biomass utilisatior bioenergy.

Although the production of bioenergy from foresbriass is strongly supported in many areas of
US legislation, contention exists as evidenced hy ¢urrent debate around the definition of
‘renewable’ biomass proposed in the Renewable Bn8tgndard of the American Clean Energy
Security Act, which is currently being debated e tSenate. If passed, the current definition
would exclude a wide range of woody biomass incigdany biomass from federal forests and a
wide array of municipal wood waste — despite ba#ttesand private native forest biomass being
deemed renewable in this proposed legislation. b the potential to put existing and future
bioenergy conversion facilities at a disadvantage i contrary to the vast number of existing
policies and programs that actively encourage aadige incentives to woody bioenergy removal
and utilization from federal forests. Having a clganandated definition of what constitutes a
renewable fuel may be an essential factor affectirgg viability or otherwise of biomass and
bioenergy production systems.

The importance of getting bioenergy policy righhdae critical both to governments, existing
forest and wood based industries as well as tbithenergy industries that governments are trying
to support. Problems have arisen in North Amerit@n policies, intended to encourage certain
types of bioenergy development, and the finanamgentives that have followed, have been
manipulated and used for unintended purposes drvargently over-subscribed, leading to budget
blow-outs and cost overruns or adverse impactgightoouring countries.

Of particular relevance to the Australian forestustry are the key drivers behind the increasing
level of forest biomass utilization in North Amejcbeing the need to improve forest and
catchment health, reduce the severity of wildfirpspvide a stimulus for revitalizing rural
economies and reduce air pollution and GHG emissiam open burning.



Similar to Australia, the regions discussed in tieigort have fire suppression policies that require
all fires, other than purposely lit fuel reductiand ecological burns, to be extinguished. In North
America, blanket fire suppression policies, comtimgth drought, climate change and a decline
in forest management are resulting in forests d@natout of balance with their natural conditions
making them increasingly susceptible to diseassgct attack and severe wildfires.

Whereas prescribed burning used to be the recomedetubl for reducing hazardous fuels in
North America, over the last decade, it has beed @s just one of a suite of options for limiting
the severity of potential wildfires and improvingrést health. North American land managers are
actively encouraged to use other techniques sudhimasing and biomass removal, mechanical
treatments such as removal of brush and underdtogls and post thinning, low intensity
prescribed burning.

In Australia, active fuel reduction tools other ihprescribed burning are rarely used. In some
regions and locations of Australia, and under @ertmnditions, methods such as mechanical
biomass removal and utilisation for bioenergy cowtll lead to a reduction in the costs and risks
associated with undertaking fuel reduction burnswadl as having numerous other social,
economic and environmental benefits.

Extensive and on-going research and developmehieitJS is proving that thinning and biomass

removal can be a cost effective tool in the preeentand reduction in severity, of wildfires under

a range of scenarios. Additionally, a number ofertcstudies suggest that improvements to air
quality, reductions in greenhouse gas emissiongasiive biodiversity outcomes can result from

non-burning hazardous fuel reduction options.

In North America, the importance of having broadnoaunity understanding and support for the
use of forest biomass and the bioenergy industrgfiected in the money and effort invested in
community education, extension and consultationggams that clearly articulate the role of
bioenergy production from woody biomass. An exangil¢his are the US Community Wildfire
Plans that empower rural communities, in collaboratwith fire authorities, to design and
determine where and how hazardous fuels reductiogrgms will be undertaken in their locality.
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1. Introduction

The following report summarises my findings follogia five-week Gottstein Fellowship program

to study developments in bioenergy in British Cdbigy Canada and Montana, Oregon and
California, USA during Aug/Sept 2009. | focussed mtydy on a region where significant

advancements in bioenergy development are occuamagwhere both the barriers and drivers for
bioenergy development are similar those in Augralhis report focuses on the following areas:

» Key drivers of woody biomass for bioenergy develepirin North America.

» Major barriers to woody biomass bioenergy develaptnire North America.

* Policies, programs and incentives that have evofv@u these drivers, which in turn are
helping;

* Development of innovative new woody biomass to hérgy projects.

* Organisations, individuals and community extensjmograms that are successfully
promoting and advancing the use of woody biomasbkitenergy.

The information for this report was gathered froanious sources, including;

* Information gleaned through meetings and followagsrespondence with government
agency officials, foresters, farmers, bioenergy ilitgc managers, academics and
researchers with expertise in forestry and biognexgging from harvesting and transport
logistics, to building and operating bioenergy pdano bioenergy policy formulation and
implementation.

* Attendance at both the IEA 2009 Bioenergy, “Biofug a Changing Climate” conference
in Vancouver, BC and the Canadian Bioenergy Assiociannual workshop in BC.

e Visits to various pre-commercial and fully commahsed bioenergy plants in BC and the
US states of Washington, Montana, Idaho, OregonCaidifiornia.

* Numerous reports, documents and websites on biggrdgvelopment in Northwestern
America.

* Follow-up comments and edits from many of the pedplisited during my Fellowship
who kindly edited this report.

2. Overview of energy use, bioenergy and forests in Canada —
focus on British Columbia

2.1 Canada’s energy use

Canada is heavily dependent on fossil fuels suclpetoleum, natural gas and coal. Natural
Resources Canada, (NRCAN), estimated that Canaplarsary energy usage was 12,250
petajoules (PJ) in 2005, the majority being supgpbg petroleum, (37.5 %), natural gas (28.1%),
coal (10%), nuclear (8.5%). Renewable fuels suchhydro, solar, geothermal and biomass
contributed 16% of total primary energy. Biomaspmied 590PJ, (4.83%) of the total primary
energy, making it second to hydroelectricity in ¢@ntribution to Canada’s renewable primary
energy. Woody residues used in power generatiqoulat and paper mills contributed some 78%
of the 4.83% of the biomass total, while residdritial wood contributed 19% of the 4.83% total.

2.2 Forests and timber industry facts and figures, Canada
Canada has 402 million ha of forests and 600 mill@ of agricultural land, (NRCan website,

2009). Canadian forests represent 10% of the glfuvakt cover. Of this area, approximately 1
million hectares are harvested each year by thestemproducts industry. Most of Canada’s forest
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land (93%) is publicly owned; 77% under provinaogal territorial jurisdiction and 16% federal.
The rest is on private property belonging to mbant450,000 private landowners.

Similar to Australia, the provinces and territorlesve legislative authority over the conservation
and management of the forest resources on proViecidorial Crown lands. The federal
government is responsible for matters related & rtational economy, trade and international
relations, and federal lands and parks.

Canada is the world’s largest exporter of forestpcts; the USA is by far their largest market. In
2006, the forestry industry contributed some CAB#don to the GDP. However, this dropped by
over CA$5 billion over 2006-2008. The forest indyst contribution to Canada’s GDP is

currently about 1.9%.

2.2.1 The global economic downturn and the impact o  n the timber
industry

The global economic downturn has hit Canada’s faretustry hard, and all forest commodities
are suffering. Softwood lumber production in Cantedafrom 79 million n¥in 2006 to 56 million
m®in 2008; wood pulp fell from 23 million frin 2006 to 20 million rfin 2008. The severe drop
in lumber production has essentially wiped out kisgs of new mill residue which is in turn
making it more difficult and more expensive forlpeimanufacturers and other forest biomass to
bioenergy businesses to operate.

In 2006, around 800,000 jobs, both direct and ewjr stemmed from the forestry sector,
comprising almost 5% of the national work forceor Bbout 300 communities, the forest sector
makes up at least 50% of the economic base. Si@08, Zestructuring of the Canadian forest
products industry has resulted in numerous milkgtes and a decline in employment of more than
100,000 jobs, caused by the poor US housing madeatlining North American newsprint
demand, and the high Canadian dollar, (NRCan wet@t10). According to the Forest Products
Association of Canada, (FPAC), over 50,000 Canaftieast sector jobs were lost and more than
250 mills closed between 2006-08, (Lazar, A. 2009).

The ongoing decline of the Canadian forestry seatut the need for industry re-structuring,

prompted a 2008 BC Pulp and Paper Task Force shadyfound that strategic reinvestment and
development of new policies aimed at supportinggteving demand for biomass based energy
will be required to renew the pulp and paper indugBC Pulp and Paper Task Force 2008).

Additionally, the Canadian government announcedFebruary, 2010 funding of CA$292.5
million to help its forestry sector develop reneleabnergy from biomass. This announcement
coincided with the release of a FPAC study conclgdhat the industry needs to make dramatic
changes in order to remain viable, recommendingiridastry capitalize on the opportunity to
convert forest biomass into electricity, heat, $g@ortation fuels, bio-chemicals for solvents and
plastics and next generation bio-materials, as a®ltontinuing production of traditional wood
products, (FPAC, 2010).

2.2.2 The Green Transformation Program - Canada’sr esponse to the
US black liquor subsidy

Another key source of government support for theadan forest industry has come from the
NRCan Pulp and Paper Green Transformation Progaa@A$1 Billion response to the US Black
Liquor Subsidy.The Program will help pulp and paper companiesandda to make investments
that improve the energy efficiency and environmigpéaformance of their facilities by providing a
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CA$0.16/litre credit for black liquor produced bketr mills between January 1, 2009, and
December 31, 2009’ he funds must be spent over a three-year periochpital expenditures in
pulp and paper mills that will improve energy eicy, renewable power production and
environmental performance.

The Green Transformation Program arose largely assponse to the US Black Liquor
Program/Alternative Fuel Mixture Tax Credit (AFMTQ) tax rebate which commenced in 2005.
The total payments of US$0.50/gallon, ($0.13/litfe} converting from fossil fuel to a mixture of
fossil fuel and biofuel to US pulp producers unttés program are expected to reach US$8-9
billion. The tax rebate was originally aimed atregmsing the use of biofuel in highway vehicles.
However, in 2008, US kraft pulp mills, who haveditenally produced and used black liquor, (a
by-product of pulp production), for producing heat energy, realized they could qualify for the
rebate if they added some diesel fuel to it. Thamulteng fuel meets the tax guidelines but burns
more fossil fuel rather than less, contrary toititent of the legislation.

In addition to subsidizing US production growthanweak global pulp market, the AFMTC has
also substantially improved the financial positioas US companies which may shift the
competitive balance of the North American marketgkmg Canadian pulp production less
profitable in the long run

This is expected to reduce pulp production costhenUS by 60%, enough to force Canada out of
global markets. The collapse of the pulp secta@@amada would also kill the market in Canada for
wood chips, a by-product of making lumber that espnts 30% of the revenue stream for BC'’s
struggling sawmill industry, (Hamilton, 2009).

Despite a recently introduced Congress bill thatilianake this credit permanent, it is widely
believed that the AFMTC would end as scheduled @tenber 31, 2009, (NRCan website,
2010"). No decision has been made as yet.

2.3 The forests and timber industry of British Colu mbia

In BC there are 95 million ha of land of which andu60 million ha are forested. Within these
forested areas, approximately 25 million ha aralabig for forestry harvesting. Ninety five per
cent of BC's forests are owned by the governmenty @% of BC'’s original forest area has been
converted to non-forested land. Annual allowablevést is around 200,000 hal/yr which is less
than 1% of the forest area/yr. Historically, oviee tast decade, the annual cut has been around 70
million m? but this volume dropped sharply to16 millioff im 2008 and is expected to drop further
to around 15-16 million m3 in 2009 due to the gldbwancial crisis(Snetsinger, J., 2009).

By law the chief forester must determine the sustale cut every 5 years for their 74 forest

management units — one component of the Sustaifaslest Management Framework for BC,

which includes a comprehensive set of land usespllaat cover 90% of the Province. BC forests
are also subject to Forest Practices legislationndependent 3rd party certification system and a
comprehensive inspection and compliance progranstiMbCanada’s forests are certified under
one or more of forest certification programs.

The BC forest sector has been particularly hardohithe economic downturn, e.g. solid wood

exports products fell 25.5% in 2008. Pulp and paepments dropped 26.9%, by Sept. 09,
(NRCan, 2009).
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2.4 Woody biomass resource estimates and bioenergy opportunities
from Canadian forests

Industrial wood waste, especially waste from thdéppand paper industry, is Canada’s most
important source of biomass. Around 500 petajoylesd) of bioenergy are used in the industrial
sector each year. The pulp and paper industry ifabyhe largest industrial user of bioenergy,
which accounts for more than half of the energydusehis industry.

Several studies have tried to estimate the avéthabf forest based biomass sources for Canada.
A summary of estimates from various studies isgmesd in Table 2.4. However, the authors who
constructed this table notethé estimates do not give much consideration tceitent to which
harvest of forest biomass can be conducted sobibdtversity is maintained and site productivity
is not affected. The need to have sustainabletfatesagement certification schemes and an index
for biomass residue harvest is essential if thetpesclimate change benefits of using biomass for
energy are to be fully realized. Given the needntmorporate further the impact of biomass
removal on soil quality, current work is being urtd&en by the Canadian Forest Service and
Forest Engineering Research Council of Canada (FKBER® construct an index of site suitability

for forest residue removal”.

Table 2.4 Summary table of the range of Year of estimation | Million dry Energy % of Canada's
estimates of available woody biomass for tonnes/yr equivalent primary

Canada from various residual source strear (Edlyr) (a) Energy (b)
Author

Sidders 2008 44.26 0.80 5.9
Bradley 2008 20.23 0.36 2.7
Ralevicet al. 2007 97.4 1.75 13.0
Wood and Layzell - low est. 2003 51.26 0.92 6.8

Wood and Layzell - high est. 2003 97.13 1.75 13.0
Robinson (c) 1987 98.3 1.77 13.1

Love (c) 1980 72.9 1.31 9.7
Ralevic and Layzell (d) 2006 11.02 0.20 1.5

a. Assuming energy content of woody biomass is 18IS t.

b. Using the forecast total of 13.47 EJ/yr for 2QU®RCan, 2006). NOTE: 1 exajoule, (EJ) = 1000 petigs, (PJ)

c. Although outdated, shown for purpose of comparis

d. This is an assessment of MPB killed wood avditgbdetermined to be 11.02 M dry tonne/yr for g€ars. It is a temporary
resource and therefore is not included in the setipleorder by year of publication (Ralevic and kaj, 2006).

Note: Detailed accounts of Robinson’s and Lovetsveses are not included given that these authmmsbine various categoriep
(forest and agricultural) in making their estimasgo

Table source: IEA Bioenergy Task 31 Country Repdanada (December, 2008) Authors Ralevic
P., Karau J., Smith C.T., Richardson J.

Woody biomass estimates included in these studiesrs forest harvest residue (slash), mill
residues, hog piles - (large piles of waste wood bark that have build up over a number of
years), urban waste, unharvested Annual Allowablg¢ € (the portion of provincial annual
allowable cut that is not utilized by the loggimglustry) and fire-and insect-killed wood.

It should be noted that these estimates presentékhlble 2.4 do not take into account other

biomass feedstocks, such as energy crop plantatioagricultural residues which would increase
these resources estimates considerably.
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2.5 Woody biomass resource estimates and bioenergy opportunities
from BC forests

The BC Bioenergy Strategy2007) states;British Columbia has 50% of the biomass electxeit
generating capacity of the entire country withim puovince”

The Energy Plan for BC, suggests 34% of BC’s biamasource will come from Mountain Pine
Beetle, (MPB), damaged forestseé sections 5.3.2: MpBand 53% from sustainable forestry,
(including residues from clearing of roads and lags etc.), 10% from sustainable agriculture and
3% from municipal waste, (The BC Energy Plan, 2087inap produced for the BC Ministry of
Energy, Mines and Petroleum Resources, (EMPR), sigpBC’s estimated regional bioenergy
potential can be found at:
http://www.empr.gov.bc.ca/EEC/Strateqy/BCECE/Docums&BC%20Renewable%20Energy%20Pot

ential.pdf

At the IEA Bioenergy conference, (2009), Ministdr Forests and Range, the Hon. Pat Bell
described the opportunities for woody biomass frarmal forestry operations and MPB affected
forests as making BC the “Saudi Arabia” of bioewgrghe BC Ministry of Forests and Range
estimates that the twenty year supply of pine foebergy is around 5 million m3/year (2.1 million
tonnes/year) if harvest rates of MPB-affected @neregulated to suit a 20 year time frame. This
number may still be optimistic because it doesawabunt for possible losses to fire or wind or for
the fact that BC is currently removing about 42liol m3 of pine from the inventory each year,
about twice the rate the 20-year time frame woudlowa Furthermore, access to older MPB-
affected forests is limited due to issues with katng in regenerating forests and /or within mixed
stands. Discussions with British Columbian forestenggest more conservative estimates of the
actual volume available are warranted, (pers. cgmm.

Much of the biomass that is currently coming fro@’8forests is from roadside logging slash that
was traditionally heaped up and burnt. This redidwaod is being sold at a royalty to the
government of CA$0.25/m3. The issue now is thabibenass /bioenergy market is running out of
this easily accessible resource due to the majanton in the traditional sawmill and pulpmill
industry in Canada of recent times which has sebnge drop in the amount of residual wood
being available for the bioenergy industry. MPBddl forests are seen as a logical source of
biomass.

At the current rate, the available MPB-affectedepinill be harvested by around 2014. The
Ministry does, however, anticipate a slowing dowrpime harvest for sawlogs over the next few
years. When the MBP problem dies down, there illltse around 3.7 billion rhof wood on that
timber harvesting land base so there will stillgdenty of opportunity for biomass production.
Currently, around 1 million tonnes/yr of pelletge dreing produced from BC forests.

There are 203 First Nation, (the indigenous infaadtg), communities in BC, many of whom are
very interested in utilising bioenergy in their conmities. Many of the First Nation settlements
are in remote areas where, in some instances,| diaseto be flown in to operate their power
generators at considerable expense. Some of toes@unities are considered to be ideal for the
establishment of either heat or CHP plants.
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2.5.1 Second generation ethanol from MPB-killed fo  rests

Long transport distances render much of Canada’sdwobiomass supply inaccessible or
expensive to harvest and transport. The Canadiankegn to find markets for MPB killed trees
that are high enough in value to warrant the cbsovesting from these forests, especially where
there are few prospects available for value adtinthese damaged trees to fund their removal
from the forest(See section 9, Case study 7 - Lignol Innovations).

2.5.2 Sustainable harvest of biomass in BC

Shannon Berch, BC Ministry of Forests and Rangeg ga presentation at the IEA conference
titled — “Framework for Sustainable harvest of biomass in B@y until recently, MPB damaged
trees were hauled to the road side, heaped and INow, more and more, over the last few years
this material is being chipped and taken to varimillss and plants and used for energy production
or for turning into pellets.

Potential issues regarding sustainability if fangsictivities increase biomass harvesting include:

Nutrient depletion, particularly cation displacemen
Dead wood and organic matter,
Cumulative soil disturbance.

Long term monitoring is undertaken as required utigke Forest and Range Evaluation program to
determine causal factors for forest changes etgoMf@aspects are examined — 11 resource values,
including soils and biodiversity. On analysis, ttesearchers believe that existing sustainable
forest management regulations for whole tree héinggsire adequate for biomass removal. It is
expected that this monitoring program should pipkwhat impacts more intense harvesting for
biomass are having on forests.

2.6 Biomass power generator capacity in Canada

Table 2.6 indicates that the installed biomasstebat generation capacity across Canada in 2008,
to be around 2,051 MW. However, some pulp millssetb in the 2006-07 period, shutting
cogeneration capacity. Most of this electricityused ‘in house’ by those industries that are
generating it with relatively little going into tlggid, (Andrew Lang, pers. comm.)
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Table 2.6. Installed biomass power capacity acrossanada, (MW) up to 2008.

Source: Douglas Bradley, Canada report on bioengdgye 2009

2.7 Biomass power generator capacity in BC

In 2009, there was around 800 MW of biomass el@ttrgeneration capacity installed in BC,
primarily within the forest sector, with the larg&somass power plant in North America located
at Williams Lake, generating 65 MW of biomass eletty. Bioenergy now constitutes more than
55% of the total electricity and steam energy usethe forest industry. A map of BC’s current
biomass to energy plants can be found at:
http://www.empr.gov.bc.ca/RET/RenewableEnergyTdopies/Bioenergy/Pages/default.aspx

Additionally, BC produced over 1 million tonnes wbod pellets in 2008, 65% was exported
primarily to Europe, 23% to the US and the residimmestic consumption.

2.8 The BC Energy Plan for renewable energy develop ment

The BC Energy Plan, 2007, includes all forms ofereable energy technologies and solutions to
"green the grid" and provide remote energy, redereergy losses, provide new jobs, investment
and ultimately greater prosperity for British Coloia The Plan includes:

» Zero greenhouse gas emissions from coal firedredggtgeneration.

» All new electricity generation projects will havern net greenhouse gas emissions.

» Zero net greenhouse gas emissions from existingndegeneration power plants by
2016.

» Ensure clean or renewable electricity generatiamtioaes to account for at least 90%
of total generation.

* No nuclear power.

» Achieve electricity self-sufficiency by 2016.

 Make small power part of the solution through a getchase price for electricity
generated from projects up to 10MW.

* Maintaining a competitive electricity rate advardgag

» Establishment of a CA$25 million Innovative Cleamelegy Fund.
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* Implement the BC Bioenergy Strategy to take fulfatage of BC’s abundant sources
of renewable energy.

* Generate electricity from mountain pine beetle wdnd turning wood waste into
energy.

* Invest CA$89 million for fuelling stations and theorld’s first fleet of 20 fuel cell
buses through a federal-provincial partnership.

As part of this Plan, the BC government release®@@ Bioenergy Strategy in 2008 to:

» Establish CA$25 million in funding for a provinci@ioenergy Network for greater
investment and innovation in B.C. bioenergy prt§emnd technologies.

« Establish funding to advance provincial biodieseldouction with up to CA$10 million
over three years.

* Issue a two-part Bioenergy Call for Power, focusimgexisting biomass inventory in
the forest industry.

* Develop at least 10 community energy projects tloatvert local biomass into energy
by 2020.

* Aim for BC biofuel production to meet 50% or morktle province's renewable fuel
requirements by 2020.

» Establish one of Canada's most comprehensive mmavibiomass inventories that
creates waste to energy opportunities.

2.9 The BC Carbon Tax

In July 2008, BC introduced a carbon tax of CA%dfte of CQ equivalent emissions
(CA$0.0234 /litre on gasoline) which was a first korth America. The broadly based carbon tax
is on the purchase and use of fossil fuels in B€hsas gasoline, diesel, natural gas, heating fuel,
propane and coal, and to peat and tyres when oggwduce energy or heat. The tax will increase
each year until 2012, reaching a final price of G8&onne, (~CA$0.072 /litre at the pump). The
carbon tax is revenue neutral meaning all revegeesrated are returned to taxpayers through tax
cuts and credits.

3. Overview of bioenergy and biomass resourcesinU  SA,

3.1 Energy use in the USA

During the mid 1950’s, the US switched from beingergy self-sufficient to a net importer of
energy. Table 3.1 shows the ever widening gapenuds between primary energy production and
consumption, and exports and imports. The US D#EdEnergy, (DOE), estimates that US energy
demand will increase 26% between 2009 and 2030.

The US is a net exporter of coal, with 7% exporited2008, around 10% of US natural gas
consumed is imported, 86% of delivered uranium wfafreign-origin — mostly from Australia.
The US imported about 57% of the petroleum prodtiasit consumed during 2008. Net imports
of crude oil and refined petroleum products (impominus exports) equaled 11.1 Million
barrels/day, (MMbd). According to the EIA, US degdence on foreign petroleum is expected to
decline in the next two decades.

The US Energy Information Administration, (EIA),gpects that net imports of US crude oil and
petroleum products will decline from 12.1 MMbd 0 to 8.3 MMbd in 2030. Growth in total
US petroleum consumption is expected to remairtivels flat out to 2030. The increase in US
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crude oil production in the Gulf of Mexico and eldwre, combined with increasing biofuel and
coal-to-liquids (CTL) production, is expected talwee the need for imports over the longer term.
US petroleum import dependence is projected tdrath 58% in 2007 to 40% by 2030.

The federal Energy Independence and Security R0071) set a mandate to raise renewable fuel
use to 36 billion gallons, (136.3 billion litresy 2022, (see section 6.9Despite reduced gas
mileage due to the lower volumetric energy conteinethanol compared to gasoline in non-
optimized engines, high crude oil prices and govemt incentives and mandates including
requirements for motor fuel oxygenates to reduae pailution have resulted in increased
consumption of ethanol and nowadays, most of tiselgee in the US has some amount of ethanol
blended into it.

According to the EIA, oil consumption in the US a@dnada equals almost 11.35 litres/day/
capita. Oil consumption in the rest of the OECIuadg 5.3 litres/day/capita. Outside of the
OECD, oil consumption equals 0.76 litres/day/capita

Figure 3.1. Overview of primary energy in the USA1949- 2008.

Source: Energy Information Administration / Anntalergy Review 2009, EIA Website
3.1.1. Current and projected renewable energy usei nthe USA

Renewable energy’s share of total US energy consamgas over 7% in 2008, (Table 3.1.1.)
compared to 6% in 2004. This is the highest letgimed, based on EIA estimates of renewable
energy back to 1949, and is due mainly to substhimcreases in the use of biofuels, wind and
solar energy. Biomass contributed over half ottadl renewable energy consumed, greater than all
the other renewables combined, including hydrogl@tt. Renewable energy consumption grew
by 7% between 2007 and 2008, despite a 2% deadfinetal US energy consumption. Total
renewable energy consumption increased by 514 PY&3 PJ, (US EIA, 201

The new US Renewable Fuel Standard, (RFS2) requ8@dillion litres/year of biofuels by 2022
and includes specific provisions such as lignotetic ethanol and biomass derived diesel that
pave the way for woody biomass fuel technologiese (section xx for more detail).

According to Austrade’s Chris Kneppler, (2009) dgrihis presentation at the 2009 Bioenergy
Australia conference, the U.S. is investing US$88l&n in clean energy, second only to China
who are spending US$68.7 billion, the majority lostfunding is expected to be spent by 2011.
Whereas this investment in China is principallyngpinto on-ground capacity, expenditure in the
U.S. goes more towards market instruments like idigss and grants, and for Research and
Development, (Andrew Lang, pers. comm).
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Table 3.1.1. Renewable Energy Consumption in the Uted States Energy Supply, 2008

Source: EIA, Renewable Energy Consumption and figtggtPreliminary Statistics 2008,
http://www.eia.doe.gov/cneaf/alternate/page/renevergy_consump/rea_prereport.html 8

The level of investment into the use of biomassetectrical and thermal energy production in the
USA has grown substantially in recent years. The BEI& forecast that biomass is likely to
continue to be the main source of renewable energiye USA, producing up to 9,780 PJ of the
USA’s primary energy needs by 2035, which is aro808 more than the renewable energy
output forecast for all other renewables combiietiuding hydroelectricity, (U.S. EIA, 201,

3.2 The forest and timber industry of USA

Forests cover about one-third of the USA; around &dillion hectares. About 171 million
hectares, i.e. 56% of America’s forest land issifeed as “private” land which is owned by about
10 million private owners, including forestry conmggs and other forestry investment companies.
The other 44 % is “public” land, the bulk of whidgh held by four federal agencies; (Forest
Service, Bureau of Land Management, National Parki€e, Fish and Wildlife Service) as well as
numerous state, county, and municipal governmegdrozationsPlantations make up around 25.5
million hectares of the total forested land.

Eastern forests cover about 155.4 million hectares$ are predominantly broadleaf (74%), with
the exception of extensive coniferous forests dadtations in the southern coastal region. These
are largely in private ownership (83%). By contradtout 147 million hectares of western forests
are predominantly coniferous (78%) and in publimevship (57%), (US National Atlas).

By state, the total public and private land arethwiarvest-size timber that is not designated as
undevelopable wilderness for Oregon is 38.8% foceser, California is 17.8% and Montana is
20.6%.

3.2.1 Timber production

In general, domestic timber production has beenlirdeg since the early 1990s, while
consumption has been relatively stable. The gawd®t production and consumption has been
filled with rising imports. At the national leveg§rowing-stock removals have been fairly stable
over the past two decades. During 20086, they &xtad40 million mi. This represents a decline of
nearly 3% from 1996 and 1986.
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By ownership category, private owners, who includm-industrial private forest and forest
industry owners, accounted for 402 milliorf,rar 92%, of growing-stock removals. These figures
were largely unchanged from 1996 to 2006. HoweMatjonal forests experienced a 54%, (12.7
million m®) drop over this period, other public timber lasti®wed only a 1% decline in growing-
stock removals. Combined, public owners accourtedmly 8% of growing-stock removals.

In 2006, private lands supplied the majority (9186jimber product output (TPO) at 338 million
m®. National forests supplied 11 million>nfonly 3%) and other public owners provided 25.5
million m® (6%) of removals during 2006. Since 1996, totaDTRas declined nearly 9% at the
national level. The Pacific Coast region was thiy oegion to have a small TPO increase of 2%.

During 2006, timber-processing facilities in the @&duced nearly 78.7 million dry tonnes of
wood residues, with just 1.18 million tonnes (1.58b}hat residue not utilized for a product. This
represents a 5% decline in mill residue productimee 1996. About 33.3 million tonnes (42.3%)
of wood residue were used for fuel, 32 million tear{40.8%) for fibre products, and 12 million
tonnes (15.3%) for other products, e.g. animal mgganulch, and decorative bark.

In 2006, more than 127.4 million®uf logging residue was created and left in theSoes MlashN

across US forests. About 28%, or 36 milliof}, if this logging residue came from growing-stock
sources and 72%, or 93.4 millior’ntame from tree tops, limbs, stumps, and othergrowing
sources, (Smith et al, 2009).

3.2.2. The U.S. Forest Service

The US Forest Service, (USFS) is the largest fdagstholder in the US and manages 155 national
forests and 20 national grasslands The USFS has sgra of stewardship responsibility on 80%
of America’s forests. The USFS has direct stewapdsésponsibility for 78 million hectares of
national forests and grasslands across 44 states.UBFS also shares responsibility, working
though State forestry agencies, for the managenpeatection and use of about 202 million
hectares of non-Federal rural and urban forestsrkWe carried out primarily through a
decentralized organization of regions and resestations.

The USFS also works with private landowners, Sthigestry organizations, tribes, and
communities in forest management, protection, ailidation objectives through a wide-range of
State and Private Forestry cooperative programs.

As of 2009, the Forest Service has a total budgttoaity of US$5.5 billion, of which 42% is
spent fighting fires.The National Fire Plan, thealdey Forests Initiative, and the Healthy Forests
Restoration Act provide the USFS with the authotityprotect lives and property from wildfire
and keep trees, forests, and forest ecosystemtheadd sustainablesée section)6 The Forest
Service has the largest forestry research prognatmei world.

Currently, the National Forest System mission &@angaged in the following critical focus areas;

Sustaining healthy forests, Recreation, Clean watet adequate supplyVood for energy,
Climate change management and Informed citizenry.
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3.3 Woody biomass resources estimates in USA

In 2005, the USDA and the DOE prepared a ref®Bidmass as feedstock for a bioenergy and
bioproducts industry: the technical feasibilityabillion-ton annual supply”The purpose of this
report was to determine whether the land resouofethe US are capable of producing a
sustainable supply of biomass sufficient to displé&89% or more of the country’s present
petroleum consumption — the goal set by the Adyigbommittee in their vision for biomass
technologies. Accomplishing this goal would requapproximately 1 billion dry tons, (907
million tonnes) of biomass feedstock per year.

The report found that this goal and more could dmmplished, and that 1.3 billion dry tons per
year of biomass could potentially be produced fforast land and agricultural residue alone. This
would be enough to produce biofuels to meet moea thne-third of the current demand for
transportation fuels. The full resource potentiauld be available roughly around mid-21st
century when large-scale bioenergy and biorefinadustries are likely to exist. This annual
potential is based on a more than seven-fold iseréa production from the amount of biomass
currently consumed for bioenergy and bio-based ymtsd About 368 million dry tons of
sustainably removable biomass could be producerest lands, and about 998 million dry tons
could come from agricultural lands, (Table 3.3).

These estimates of biomass are currently beingwed and it is likely that the new estimates for
potential biomass sources may be substantiallydalan what this report has suggested, i.e. that
the potential sustainable supply of biomass will doéficient to displace 15% or more of the
country’s present petroleum consumption. (Bryarkiter) 2009, pers. comm).

A substantially lower figure for biomass estimates the main forest tenure, federal forests,
comes from the USFS estimate of an amount of ar@anillion green tons of small, low-value
trees available for bioenergy production from fediéorests. (US Forest Service, undated).

Table 3.3 Biomass estimates from the 1 billion torstudy, 2005

Source: Biomass as feedstock for a bioenergy amgrdducts industry: the technical feasibility of a
billion-ton annual supply http://www1.eere.energylpiomass/pdfs/final_billionton_vision_report2.pdf
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3.4 Woody biomass resources in three USA States
3.4.1 Oregon

The three primary sources of woody biomass in Qresge wood waste generated from sawmills
and wood products mills, forest biomass generatad forest logging or thinning and urban wood
waste. Additionally, hybrid poplar plantations inreQon represent a small woody biomass
resource for energy production.

The DOE estimates that the annual available woadséss resource may be as much as 8.89
million bone dry tonnes, although around 67% of &wailable resource is currently used for
purposes other than energy production, primarilihenpulp and paper industry. About 26% of the
available resource is already used for energy mto@lu which equates to about 2.3 million bone
dry tonnes annually with an energy value of ab&udRJ.

About 7% of the available resource is not beingdukw either energy production or other

purposes. This resource amounts to about 0.6 mibane dry tons/yr of woody biomass, (0.57
million bone dry tonnes coming from economicallyadgable forest biomass). This resource is
potentially available for energy production and hagoss energy value of approximately 12.66PJ.

3.4.2 Montana

Declining timber harvesting over recent decadegedally in the largest landownership, federal
forests has impacted on the state’s wood produchssiry. More biomass is becoming available
through fire hazard reduction treatments, forestor@tion and pre-commercial thinnings.
Source:http://dnrc.mt.gov/forestry/Assistance/BiegiRocuments/MT_WoodyBiomassAssessment.pdf

From a study of Montana’s forest-based woody biasagpply, (Morgan, 2009), the availability

of woody biomass supply was estimated to be ar@édillion dry tonnes, which represents a
multi-decade supply from just 1.45 million hecta(&8%) of timberlands in Montana and an even
smaller proportion (5%) of total biomass on timbhads. Around 46% of the potentially available
hectares are in federal forests.

3.4.3 California

According to the California Energy Commission, émeount of biomass considered to be available
on a technically sustainable basis totals 29 mmltdoy tonnes/yr in 2007, increasing to 36.3 million
dry tonnes/yr in 2020. In 2007, the technical poéimncluded more than 7.2 million dry tonnes/yr
in agriculture, 12.7 million dry tonnes/yr from &stry, and 8.12 million dry tonnes/yr from
municipal wastes, which are exclusive of wastelace in landfills and biomass in sewage. The
forestry estimate may be optimistic, however, aw @amalyses including USFS forest biomass
estimates for the state are substantially lowerygB Jenkins, pers.comm.).

Dedicated bioenergy crops were excluded from thel tbor 2007. The technical resource
generating potential from the three sources isIneaB20 MWe.lt is estimated that by 2020,

6,800 MWe of bioenergy, equal to nearly 9% of prtge statewide peak power capacity could
technically be attained, as a result of resourog/tir and improvements in conversion efficiencies.
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4. Barriers to bioenergy development in the USAan  d Canada

4.1 Cheap stationary energy

Stationary energy prices in the US are on a padr,wtt slightly lower than in Australia, which are
some of the cheapest in the OECD, (Table 4.1.).eSexceptions to low energy prices in the US
include remote areas, e.g. Alaska and Hawalii.

A Dbarrier to bioenergy development in Canada, opanticular, BC, is very low cost hydro-
electricity ($0.08/KWhr), resulting in biomass paee solutions seeming relatively expensive (the
feasibility of bioenergy generally being closer $0.15 /KWh), (Scott Stanners, pers.comm).
However, relative to Europe, where electricity igser to $0.30 /KWh, bioenergy in BC seems
relatively cheap.

Table 4.1. Comparison of Residential and Industriapower prices in some OECD countries

Source: Energy in Australia, 2009, AustraliBareau of Agricultural & Resource Economics

4.2 Cheap transport fuel costs

Canada and the USA have some of the lowest tranfarcosts in the OECD. At the time of
writing, the average retail gasoline price in th8 Was AU$0.76/litre. Canadian gasoline prices
usually sit somewhere in the middle between thdsbeoUS and Australia. These cheap fuel costs
make it very difficult for biofuels to compete witit substantial subsidies. Volatility in petroleum
prices also make it difficult to secure long tenmahcing for renewable energy projects due to
uncertainty in market price.
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Source: EIA, (2010), http://tonto.eia.doe.gov/oofpigdu/gasdiesel.asp

Average Retail Prices for Diesel in Canada

Source:http://www?2.nrcan.gc.ca/eneene/sources/pripri/psideyyear_e.cfm

4.3 Political constraints and policy anomalies

A number of enacted and proposed policies are,ave lthe potential to, adversely affect the
woody biomass to bioenergy industry developmentjqudarly in the USA.

4.3.1 The anti-logging lobby

A number of influential environmental groups haweomsgly opposed harvesting and/or active
management of public land forests and have bedrcylarly effective in stopping harvesting on
federal forest lands. Over the last 20 years tteaye successfully litigated against the federal and
state government forestry departments on variosigess such as the habitat requirements of the
spotted owl. This has led to widespread closuifeaéral forests to commercial forest operations.

Additionally, various environmental groups have regsed their concerns to Congress as to the
‘sustainability’ of woody biomass including concerthat federal or private forests could be
deforested for renewable energy. Expanding theofi¥gomass from forest products, as opposed
to crops, also raises concerns that it could opendbor to more logging. Due to their concerns
about the sustainability of woody biomass, theneehHzeen many efforts to limit the type of woody
biomass that would count towards a Renewable EnStggdard. Groups such as “No Biomass
Burning”, lobby the federal government to excludlebdomass from being deemed a renewable
energy source altogeth&ource: http://www.nobiomassburning.org/
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4.3.2 The Renewable Fuel Standard and the Renewable  Energy Standard — Drivers
or deterrents?

The US Energy Policy Act of 2005 requires that Brevironmental Protection Authority, (EPA)
administers the Renewable Fuel Standard, (RFS2)program that requires the blending of
renewable fuels into the USA’s motor-vehicle fuelpgly to prescribed levels. The Energy
Independence and Security Act, (EISA), of 2007 thesgoal of reducing US gasoline usage by
20% from 2007-2017 s€e section 6)9

The RFS2 program, under EISA 2007, will increasewblume of renewable fuel required to be
blended into US gasoline from 34 billion litresA608, growing to 136 billion litres by 2022. After
2012, renewable fuel use is required to grow irure as gasoline demand grows. New RFS2
program regulations are currently being developedallaboration with refiners, renewable fuel
producers, and many other stakeholders.

Although this sounds like good news for biomassdpoers, the RFS2 has a very restrictive
definition of what constitutes renewable biomass2007, the Congress passed a RFS2 which
excluded the use of biomass sourced from federml &nd most natural forests, only allowing

biomass from mill residuals or private land plaigias to count towards the renewable fuels
mandate.

Another looming issue, with the potential to adegysaffect both the forestry and bioenergy
industry in the USA, again lies in the definitiorf trenewable biomass” in the federal
governments’ proposed emissions trading schemerierican Clean Energy and Security Act of
2009, (ACES).

The ACES Bill creates a Renewable Electricity Stadd (RES) that would require large utilities
in each state to produce an increasing percentbdeew electricity from renewable sources.
Qualifying renewable sources are wind, solar, gaotial, biomass, marine and hydrokinetic
energy, biogas and biofuels derived exclusivelynfreligible biomass, landfill gas, wastewater-
treatment gas, coal-mine methane, hydropower pofmalt after 1992, and some waste-to-energy
prolects The proposed RES:

Requires 6% of electricity to come from renewallig2012.

Requires 20%o0f electricity to come from renewalbig2020.

Up to 5% can actually come from efficiency improents.

If a state determines that its utilities cannot trtbe target, the efficiency component can

be increased to 8% and the renewable componergatasat to 12%.

The proposed RES, as it currently stands, is sinvldhe RFS, and excludes many biomass types
from the current definition of renewable biomassduction. Biomass types that may not be
deemed renewable include:

Planted trees established after the enactmenedA@ES bill.

Naturally regenerated trees, even if they exishiwitn ‘plantation’ established before the

date of enactment.

Naturally regenerated forests.

Forest on any Federal Land.

A wide array of feedstocks from Municipal Solid W&gsincluding waste wood, and

recyclable post- consumer paper retrieved from M&\per and cardboard products.

In California alone, around 1 million tonnes of anbwvood fuel is currently converted to bioenergy
each year, (Bryan Jenkins, 2009, pers. comm.).
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These definitions of “renewable biomass” have galhercome about through the actions of a
number of environmental groups, such as the NaRegaources Defense Council, (NRDC) who
have expressed their concern to Congress as tsuktinability’ of woody biomass including
concerns that federal or private forests could &é®résted for renewable energy. The NRDC'’s
Nathanael Greene, has stated that the draft ACESardd RES is an attempt by timber and
agriculture interests to weaken “the safeguardgyded to ensure that we don’t burn irreplaceable
forests for energy.” Greene predicts that if areaded definition of renewable biomass is passed
to include federal forests etc, it will encouragefadestation and reduce the climate bill's 2020
target of a 17% cut in greenhouse gas emissioms loyuch as 6%.

The key argument being put forward against theriotise renewable biomass is that any
restrictions on renewable biomass should be baseappropriate state-specific standards and not
arbitrarily associated with the land ownership sifésation it is sourced from. A fundamental flaw
in the argument against this definition of “renevglbiomass stems from the question of why is it
acceptable to define state owned native forestspanmedte native forests as renewable yet federal
native forests non-renewable?

Not surprisingly, many groups and individuals arepmsing amendments to the draft ACES bill
which, if passed as it is currently proposed, cqudtentially lead to the closure of many existing
biomass plants and stymie the development of nejegis. Groups such as the Biomass Power
Association and the National Association of StaieeBters, (NASF), are encouraging the adoption
of the existing definitions such as that articullabe the existing farm Bill 2008 or the proposed
Renewable Biomass Facilitation Act (H.R.1190) as blasis for a RES. This would ensure that
biomass removal would be strictly regulated and thegetation types, areas and forests of
significance etc would be excluded.

The Society of American Foresters, (SAF), suppobgadver 60 affiliated groups, have proposed
that the RES approach to defining eligible forestriass:

Includes renewable forest biomass from all forgsé$ and ownerships.

Relies on forest practices established at the siadelocal level, rather than creating new
federal mandates, land use zoning or overly comgégixitions.

Defines sustainable practices using existing toslsch as state water quality Best
Management Practices, with proven effectiveness.

Protects wildlife, water, soils and unique placksotigh established and trusted public
processes that rely on state and local knowleddeeapertise

Allows for forest-health related harvests from Natl Forests and BLM lands

Studies the impact of the RES on forest resourtethe landscape level and takes
corrective measures if and when they are needédr, (3009).

4.3.3 The low-carbon fuel standard

Another conundrum for biomass and biofuel producetbe Low-Carbon Fuel Standard (LCFS).
The draft ACES bill is expected to include a lowhzn fuel standard. This would require a
reduction in the greenhouse gas emissions fromdtien’s fuel mix.

The standard, which requires escalating use ofreble fuels such as ethanol and cellulosic fuels,
hits 136 billion litres annually in 2022. It rege# biofuels, to varying degrees, to have lower
lifecycle greenhouse gas emissions than convertibues like gasoline with the eventual

requirement for a 80% reduction in GHG emissionsisTis disconcerting to the 1st generation
biofuels producers who are wondering about how lapping mandates between the RFS and
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LCFS will play out and there is concern that cantiig policies may end up pushing production
offshore. However, it is acting as a driver for tthevelopment of second generation biofuel
research and development.

4.3.4 Cessation of Production Tax Credits

In 2004, Congress awarded five-year production di@edits to biomass facilities to encourage
investment and help ensure the continued vialilitthe biomass energy industry. The purpose of
these tax credits was to increase investment ikwahle energy sources that improve the
environment and benefit the economy. These taxitsrede due to expire at the end of 2009.
Biomass power now generates more than half ofdted tenewable energy produced in the US
Much of this production is considered to be thediresult of the 2004 tax credits.

The combined potential negative impact of theseicpoand incentive changes have been
documented by various groups. For example, the BasnPower Association, (BPA), claim that if
production tax credits are not extended, more thalf of the US’s existing biomass power
facilities could be forced to shut down, resultinghousands of job losses, (BPA,2009).

4.4 High cost of gathering and transporting biomass to energy
conversion facilities and research on reducing cost S.

In a report that surveyed over 90 key woody biomsis&keholders across the US on their

perspectives of woody biomass for energy, the co$tharvesting and transporting biomass

material from the field to an energy facility weseen to be the greatest challenges facing the
development of woody biomass energy initiativeguiar et al, 2009).

A considerable amount of work is going into quaymti, and reducing, the costs of biomass
harvesting and transport in North America. Thdofeing is an outline of the information |
gathered on my trip, especially from Professor J8assions at Oregon State University, who has
studied harvesting and transport logistics in thedtry industry. | asked Professor Sessions the
following questions:

Q. “In general, where is it most economical to pgss biomass — in the forest or at the
mill/BCF?”

Professor Sessions quoted William D. Quigg, pregide Grays Harbor Paper: “If you take a
grinder out of the mill you will go broke, if yousa a bundler to gather biomass to feed the grinder
you’ll go doubly broke!” Grays Harbor Paper hag thdvantage of having biomass close to
roadside at less than 35 km from the mill

Professor Sessions has examined the economicdfeneneies of processing slash and thinnings
into biomass both at the mill or biomass processaugity, (BCF), and in the forest. He believes
that, at longer distances it is more cost effictengrind or chip residue into biomass at the hstrve
site to increase load density, but at shorter degtg, such as the case at Grays Harbor Paper, or at
the centre of energy plantations, the followingtdes make it more economical to take the
unprocessed slash etc to a centralised grindiyipping facility.
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. The fuel cost of running a large grinder on eledyito process hog fuel for biomass is
around US$30/hr compared to around US$100/hr winreron diesel, i.e. in the forest.

. If you are grinding slash in the field, an 800hpsdil grinder costs around $US300/hr to
run as compared to an electric grinder at aroun8280/hr in the mill. This size grinder
has an output at full capacity of around 100-1Xthé&s/hr. It can be difficult to keep that
amount of slash up to a machine in the field withmoving the grinder whereas it is easier
to have trucks delivering to a central locatiokéep the “feedstock” up to the grinder.

. The grinder/chipper can run 24 hr/day in the milt bot necessarily in the forest due to
grinder moving time and weather unless a largdlgatgard is developed.

. More things can go wrong to slow down the outputha&f grinder or chipper in the field
e.g. the timing of moving trucks into place undex grinder for loading, time lost by trucks
waiting to be loaded by the grinder and the dowretcosts arising from the possibility of
having to stop the grinder if trucks are unavagatolr loading. Losing even a few minutes
per hour is expensive if the grinder and grindediag equipment is idle.

. In terms of repairs and maintenance, it is moreetifficient to work on a grinder or
chipper machine at the mill than to have to sendileanechanics into the field.

. A number of trailer configurations have been depetbto allow large trailers to be used on
narrow forest roads, both to carry chips or slaSieveral trailer manufacturers in the US
and Canada offer extruded aluminium truck traiteeg do not have inside or outside posts
or top rails. This reduces loading time, increasgsacity, reduces air resistance on the
highway, reduces friction for unloading slash andings. In the US, previously owned top
loading, end-dumping extruded aluminium trailers available from the refuse industry.
Several manufacturers offer sliding axle 14.6 metgers to reduce wheel base when off
highway. For mountainous terrain, Western Trail@sise, Idaho) now offers steerable
trailer axles for added trailer manoeuvrabilitysédw speeds. Both Western Trailers and
General Trailer (Eugene, Oregon) offer containansstinger-steered trailers similar to
long-log pole trailers.

. The unloading of biomass using the whole truckinigt system and end-dumping
commonly used in the US, is quicker and generalbrareconomical than lifting of the
trailer. The high dump angle reduces difficultyunloading slash as compared to end-
dumping slash from self-unloading end-dump vehi¢sch as hook-lift, roll-on/off, or
drop box trucks) used to gather slash for satefhrels.

. To avoid waiting for unloading and to permit fleity in unloading locations sliding
floors (walking or live floors) in trucks are sonmeés used. The sliding floors do not need
to be end-dumped. A truck of 85-9C wapacity can be unloaded in ~ 15 minutes. These
sliding floors can also be used in reverse to agsisuck loading such as loading pallets
for multi-mode use or to un-jam a load (carefullWalking/sliding floors, developed in
Oregon, are sold through two companies; the Keidikiig Floor and the Hallco Walking
Floor. Prices are around $US20,000 and a live finoreases vehicle weight about 1.5
tonnes.

. At high production grinding facilities, such as aedlite yard or at a mill, where chips or
grindings need to be subsequently moved by trudkndamental decision is whether to
load directly into trucks or whether to put chipgidings on the ground, and reload with a
front end loader. Putting grindings directly ol tjround eliminates the grinder waiting on
trucks, but requires rehandling material. A largeket front end loader can load 96 im
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7-9 minutes which also increases truck efficiengyrdducing waiting time. If grindings
are to be put on the ground, it is preferable teeh@a paved area. If not some material is
lost.

Q. What is the profit margin in biomass?

Biomass is the bottom of the bottom in terms otieahence optimizing efficiencies in harvesting,
haulage and processing are particularly critical.Qregon, a state government tax credit of
US$10/green ton, (~$0.9/ green tonne), for biomzmspled with new federal incentives are

necessary to make it economical for biomass totiizad from thinning or harvesting operations

if the biomass is not already at roadside and p@arigime is not short.

Q. What are the other key factors necessary to rhadeass production profitable?

Professor Sessions says it is easy to lose monkimass and that, in the western US, the only
profitable (without incentives) biomass system thehas seen are those where biomass is already
available at roadside, or close to it, the haulgice is within 40 km of the mill, and the biomass
ground or chipped at the mill using electricity.ioBass resulting from whole tree harvesting
systems is the most economical since it is alrestdypadside. Time rather than distance is the
main issue. The time taken to travel the distasagitical and is largely influenced by the quality
of the roads and hence the turn around transpoe for the trucks. Ideally, a turn around time for
trucks of 2 hours should be achieved with 15-17utgis taken to load the trucks and 15 minutes to
unload. Load size is also an issue. In much efrttountainous western US trucks with double
trailers and B-trains do not have access becaugganle ability of the unloaded vehicle and
turnaround issues.

Profitability is also influenced by the size of tbegeneration facilities. A larger facility may be
able to afford to reach out farther than a smédletlity.

The Oregon Forest Biomass Working Group, through Htarvesting and Transportation
Infrastructure subgroup is particularly active istablishing best practice to optimise biomass
recovery to enhance forest health activities.

In Canada, there is currently more emphasis omthsite chipping and grinding and transporting
to the mill or BCF. This is attributed to the gealbr longer transport distances and poorer road
infrastructure which necessitates the requiremenninimize weight over distance. Experience
from Canadian biomass harvesting and transpots tsiaggests that there is no one method that
suits all situations. The choice to process biomasthe field or at the mill/BCF, as well as
determining which trucks are most efficient to Ip&r@dnsport, and unload biomass are subject to
many factors including; the size of the forestaasi moisture content, contamination, machinery
availability, operator skill level, road qualitye@son, transport distance, truck size and trailer
design, storage space at the mill/BCF and goverhpwities on forest stockpiling to name a few.

| attended two presentations at the Canadian Biggn€Canbio), workshop in Vancouver, BC in
Sept, 2009;“Costs of recovering forest feedstocks today amddiwow” — by A.J. MacDonald, FP
Innovations FERIC, andProcess in bush vs. whole log delivery experieredy Doug Ens,
CANFOR Pulp Limited Partnership. Both presenteghlghted that although many of the overall
costs for various stages of the harvest-transp@incare able to be quantified, there are still ynan
other factors that need to be considered in detengiithe most cost-effective system to adopt and
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that on-going time and motion studies and researehrequired to determine the most efficient
systems to deploy for a particular set of scenarios

A comprehensive report prepared by the Forest Gaildew Mexico compares costs and impacts
of 45 woody biomass removal projects across the UBAs study concluded that removing
woody biomass can generate a profit or cost thalssahdollars per acre and that in general there
is better data available on project costs thaneptgprofits. It also found that the median cost for
projects that did not generate income was $62%apey, (~$1543/hectare).

5. Key drivers of bioenergy development in North A merica
and their effect on bioenergy-related legislation, policies
and programs and projects

There are various factors which are driving bioggettevelopment in North America. Outlined
below are the key drivers which are, either indisllly or in combination, leading to the
development of legislation, policies, programs the¢ stimulating on-ground development of
bioenergy projects, as well as extensive industsgarch and development.

5.1 The desire for energy security and rising energ  y costs

5.1.1 Energy security - Canada

Technically, Canada is self sufficient in termgtsfenergy needs. Hence, energy security is not as
big a driver for bioenergy development as it ighe USA. Overall, Canada is a net exporter of
both stationary energy and transport fuels - mastlghe USA. In 2006, 41 billion KWh were
exported the USA, while 24 billion KWh were impaite

Canada’s known oil reserves are estimated to bebllli®n barrels, making it second only to
Saudi Arabia’s. Canada is currently the 7th largésproducer in the world with more than 95%
of Canada’s established oil reserves being in dh@ of oil sands. While conventional oil sources
continue to provide more than half of crude oil gqarction, Canadian oil sands have been the
source of most of the growth in production in reécgrars. Canada’s crude oil production has risen
from 2.1 million barrels in 1997, to 2.8 million dpals in 2007. Canada produces more crude oil
than it consumes and is a large and growing nebréipof crude oil. However, crude oil imports
still supply more than half of domestic refineryntind. The transportation costs associated with
moving crude oil from the oil fields in Western @Gala to Eastern Canada, and the greater choice
of crude qualities make it more economic for soefeneries to use imported crude oil. Over the
last decade, Canada’s crude oil imports grew from® Tillion barrels/day to 859 million
barrels/day(NRCan, 2008

5.1.2 Energy security - USA

The US spends over US$500 billion annually on epe(tdS DOE, 2009). Not surprisingly,
energy security is considered to be of vital imance to the overall development and security of
the USA, whose growing dependence on imported gneaurces, particularly petroleum
products, was outlined Bection 3.1.

The importance of energy security to the U.S. ig@ated in the following extract from the U.S.
Whitehouse website, 2009;

31



“Our reliance on oil poses a threat to our econorsecurity. Over the last few decades, we have
watched our economy rise and fall along with thécerof a barrel of oil. We must commit
ourselves to an economic future in which the stitengf our economy is not tied to the
unpredictability of oil markets. We must make itheestments in clean energy sources that will
curb our dependence on fossil fuels and make Amenergy independent.

Breaking Dependence on Oil. Promote the next gdioeraf cars and trucks and the fuels
they run on.

Producing More Energy at Home. Enhance U.S. enengyplies through responsible
development of domestic renewable energy, fossi,fadvanced biofuels and nuclear
energy.

Promoting Energy Efficiency. Promote investmentsthe transportation, electricity,
industrial, building and agricultural sectors thegduce energy bills”.

A key component of the Obama administrations’ drfee energy security is the American
Recovery and Reinvestment Act, 2009 which incluaese than US$80 billion in clean energy
investments aimed at jump-starting the economy laumtting clean energy jobsSée section
6.16. Furthermore, the proposed ACES bill ainf®“create clean energy jobs, achieve energy
independence, reduce global warming pollution aaddition to a clean energy economy”

5.1.3 Energy security and rising energy costs - USA

The US EIA’s latest forecasts for liquid fuel ane@atricity prices in the US indicate substantial
prices hikes for liquid fuels and natural gas anty slight increases in residential electricityqas
as follows:

EIA expects that the price of West Texas Internted{8TI) crude oil, which averaged

US$62 per barrel in 2009, will average about $80 &84 per barrel in 2010 and 2011,
respectively. EIA's forecast assumes that US nessgdomestic product (GDP) grows by
2% in 2010 and by 2.7% in 2011, while world oil-eamption-weighted real GDP grows
by 2.5% and 3.7% in 2010 and 2011, respectively.

Escalating crude oil prices drive the annual averagular-grade gasoline retail price from
US$0.62/litre in 2009 to $0.75 in 2010 and $0.18¢ lin 2011. Pump prices are likely to

pass $0.79/litre at some point during the upconsimgng and summer. Projected annual
average diesel fuel retail prices are US$0.79 an@3Hitre, respectively, in 2010 and

2011.

EIA expects the annual average natural gas Henbydpot price for 2010 to be US$5.36/
thousand cubic feet, a $1.30/ thousand cubic feetease over the 2009 average of
$4.06/thousand cubic feet. The price will contintee increase in 2011, averaging
$6.12/thousand cubic feet for the year

The annual average residential electricity pricangjes slightly over the forecast period,
falling from US$0.116/KWh in 2009 to $0.115 in 20Hhd then rising to $0.117/KWh in
2011.

Projected carbon dioxide emissions from fossil Suelhich declined by 6.1% in 2009,
increase by 1.5% and 1.7% in 2010 and 2011, respbGt as economic recovery
contributes to an increase in energy consumption.

Natural gas prices, in particular, are forecashtoease substantially at around 50% between 2009
and 2011, (US EIA, 2010)
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Table 5.1.3 Energy price spikes experienced in tHéSA in 2008

Source:http://lwww.eia.doe.gov/oil_gas/natural_gadd_glance/natural_gas.html

During mid 2008, the US experienced major spikerines for liquid fuels and natural gas, (see
table 5.1.3). This was largely due to the impaditwficanes Gustav and lke which hit the Gulf of
Mexico, which in turn lead to refinery shut dowmsla large drop in gas production.

5.1.4 Two case studies — rising energy costs drivin g individuals to invest in
bioenergy

Fuel price spikes like these can have a major @i@hnmpact on industries and during my
discussions with business owners who had investedr were planning to install bioenergy
plants, these prices spikes were often the keydthat convinced them to invest in bioenergy.
(See Case studies 2 and 5, section 9: Biomax 5@iayaat Dixons Ridge Walnut Farm and
Freres’ Veneer mill and 1.0MW CHP plant).

5.2 Abundant supplies of biomass

Both Canada and the USA have abundant biomassroesouBiomass resource estimates for
Canada, the USA and selected states and provineesitined inSections 2 and 3 of this report.

5.3 Climate change impacts on forests

5.3.1 Canada

The 2009 IEA conferenceBiofuels and Biomass — a Changing Climateds held in Vancouver,
BC. The theme reflected the intense impact thahate change is having on Canada. These
impacts include rising temperatures, retreatingigta and extreme forest fires. At the conference
we were told of the escalating expenditure goirtg ifire fighting in recent years and that BC
faced its hottest summer on record.

Due to the abundant supply of cheap energy in Garextkrgy security is less of a motivator than
climate change, (Scott Stanners, pers. comm.).
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5.3.2 Mountain Pine Beetle and the forests of BC

One of the opening speakers at IEA Bioenergy cenfa in Vancouver was the Hon. Pat Bell,
Minister for Forests and Range, BC. A forester bgining, Minister Bell had a sound
understanding of his Ministry and the issues thegdtry faces over coming decades. In his speech,
the minister emphasized that the impacts of clinshgnge are being particularly felt in BC where
above average winter temperatures and a lack ohohnmal extended cold winter periods have
resulted in massive out breaks of the endemic MonnPine Beetle, MPB in lodgepole pine,
(Pinus contorty, forests across Canada and northwest USA. MinBadr stated that the MPB
outbreak was one of the strongest indicators afaté change on the planet.

The MPB has a life span of one year, during whiofetthe beetle feeds on the sap of mature
lodge pole pine, predominantly leading to deathe Tilgh level of pine deaths are resulting in

major flooding and erosion problems in the Proviasghe “sponge” effect of the trees is lost due
to the deforestation occurring from the massiveellesf tree deaths. Minister Bell said he is

concerned that, in terms of climate change, welase to the tipping point.

Mountain Pine Beetle has already killed 14 millibectares of lodgepole pine over the last 10
years, this equates to around 630 milliohahtimber having been affected; approximatelyf bél
the available allocated lodgepole pine. Accordingliin Snetsinger, (chief forester, BC Ministry
of Forest and Range, Canada) by 2014 MPB is exgdot&ill or have killed around 15 million
hectares. There are also concerns that MPB is riew lzeing found infesting other native
coniferous species, such as Jack Pine.

Initially it was thought that sawlog harvest frohetkilled pine was only a few years and that after
that the wood quality would have deteriorated toocinto be suitable for sawn timber and
possibly pulp. However, it has recently been deiteech that the “millable life” of the MPB
affected timber is 8-12 years after death - nobad as previously expected. This provides a
greater opportunity to harvest biomass from thedts as the economics of harvesting biomass is
improved considerably when it is undertaken as glaain integrated harvesting operation.

The Ministry of Forests and Range produced the N&innPine Beetle Action Plan 2006-2011,
with the objectives of:

1. Ensuring long-term economic sustainability for aféel communities.

2. Maintaining and protecting public health, safety amfrastructure.

3. Recovering the greatest value from dead timber befe it burns or decays, while
respecting other forest values.

4. Conserving the long-term forest values identifiedaind use plans.

5. Preventing or reducing damage to forests in arbas are susceptible but not yet
experiencing epidemic infestations.

6. Restoring the forest resources in areas affectetidogpidemic.

7. Ensuring co-ordinated and effective planning anpl@mentation of mitigation measures.

5.3.3 Mountain Pine Beetle and the forests of Mont ana

The Northern Region of the US Forest Service, Maatanorthern Idaho and North Dakota, has
been spending around $15 million a year to redazatious fuels around communities, including
trees killed by the MPB.

In 2009, about 2 million hectares of Montana fasdsad been affected by MPB infestations, up
from about 0.81 million hectares in 2008. The B=ethre now moving into higher elevations,
where low winter temperatures used to limit thewgress. Once established, the beetles are now
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attacking other species besidedgepole pine, such as whitebark pine. The epiddras resulted
in a dramatic increase in the danger of treesnfallon roads, trails and recreation areas. In
addition, the dead and dying trees increase tkeofifire danger.

In 2010, the USDA is allocating US$20 million to heana to remove some beetle-killed trees,
especially in areas frequented by people suchmpg@unds. It will also be used to thin areas of
thick stands with the smallwood thinnings goindioenergy plants where feasible.

A new bill has recently been introduced in Montath&, Forest Jobs and Recreation Act. Part of
the bill aims to mandate logging on at least 40,A68tares, with the aim of undertaking forest
restoration activities in the wildland-urban interé and specifically where MPB have hit hard.

5.4 The need to reduce greenhouse gases at home and  abroad

Climate change and the development of legislatoretiuce Greenhouse Gas, (GHG) emissions is
a major driver of bioenergy development in Canadé the USA and in most of the individual
states and provinces.

In the USA, the principal alternative fates form@ss residues in the absence of energy production
are open burning, landfill burial, and accumulationforests. In 1999, it was estimated that
approximately half the biomass fuels used by th#ependent biomass power industry in the
United States would be buried in landfills. Anothieird would be open burned. The remainder
would be spread, composted, or remain as overddatiaterial in the forests, (Morris, 999). All of
these alternatives have implications for increasBigG emissions to varying degrees and over
varying time frames.

5.4.1 Emissions reduction targets in Canada

The Canadian government is committed to an Emissioading Scheme, (ETIS). Legislation has
been drafted but is not yet finalised. Unlike th8A) Canada has been a signatory to the Kyoto
protocol since 2002. This committed Canada to meduc&GHG emissions to 6% below the
country's 1990 levels, to be achieved between 20@82012. Canadian climate change policy is
complex, due to the relationships between the poiai, territorial and federal governments and
the differences in amounts and sources of GHG émnissacross the country. For example,
Alberta, rich in coal tar sands, has its own cleneltange plan but remains opposed to the Kyoto
Protocol. BC has its own more ambitious climateosctarget which aims to reduce BC's GHG
emissions by at least 33% by 2020.

In many ways, federal energy policy in Canadansilar to that in Australia. Like Australia, the
Government of Canada has a Mandatory Renewableg¥ri@rget of achieving a reduction of
20% by 2020.

5.4.2 Emissions reduction targets in USA

The following remarks were made by President Obanaéhe G-8 Press Conference Room,
L'Aquila, Italy, 9th July 2009.

“1 don't think | have to emphasize that climate geis one of the defining challenges of our
time. The science is clear and conclusive, andripacts can no longer be ignored. Ice sheets
are melting. Sea levels are rising. Our ocearesla@coming more acidic. And we've already seen
its effects on weather patterns, our food and watamrces, our health and our habitats.” One of
my highest priorities as President is to drive @acl energy transformation of our economy...”
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The US is currently developing the American Clearedgy and Security Act of 2009, (ACES)
which proposes a carbon cap-and-trade system t@weeti’% of economy-wide GHG emissions
below 2005 levels by 2020, and 83% by 2050 throaiglariety of measures. The debate passed
Congress and is now in the Senate, where politacions are challenging the passage of the bill.
Similar to Australia’s proposed CPRS, the ACES ibitomprehensive and complex. If passed, the
ACES bill is expected to commence in 2012 with atineated price for C@being set at around
$13/tonne; projected to rise steadily as emissioritd come down, but the bill contains a
provision to prevent costs from rising too quicklyany one year. More detail on how the ACES
Bill relates to bioenergy is presentedsection 4.3.2

Also, like Australia, the ACES bill sets a natiosédndard of 20% for the production of renewable
electricity by 2020, although a third of that coldd met with efficiency measures rather than
renewable energy sources.

5.4.3 Emissions reductions at the state level

In the USA, at the individual state level, 28 statand the District of Columbia have adopted
individual RES programs. California is generallgaeded as the US state that is leading the way
in terms of its ambitious targets and policiesubGHG emissions. In late 2008, Governor Arnold
Schwarzenegger signed Executive Order # S-14-G8dises California's renewable energy goals
to 33% by 2020 and improves processes for licengngwable projects.

5.4.4 Emissions reduction targets and climate chang e legislation abroad and the
growing demand for DBF pellets
A major driver behind the increased demand for wquallets are European Union (EU)
regulations requiring that member states use rellevaels to generate 20% of their electricity by
the year 2020. While pellets may cost more thar, dnaning them is generally cheaper than
powering utility plants with wind or solar powem the first three months of 2009, Europe
imported EU$92.6 million worth of pellets, an inase of 62% over the same period in 2008,
according to European Union statistics, (table4j.4.

Table 5.4.4 The growing EU demand for dbf pellets

Source: Eurostat

Both Canada and the USA are capitalising on theseigg markets. Australia, New Zealand,
Argentina, Vietnam and South Africa are also shigmellets to Europe.

The growth in demand for pellets is also comingrfra growing domestic demand as renewable
energy targets are adopted at the federal andmt@encial level. For example, the Province of
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Ontario has mandated to phase out all coal-firedigpogeneration by 2014 which currently
accounts for over 6000 MWe a year, (Jane Todd, P0B® is expected to drive a large new
demand for forest and agricultural pellets to dfimer power stations which are currently burning
only coal.

Canadian pellet production has risen from 400,@0dés/year in 2001 to over 2.2 million tonnes
in 2008, with around 80% being exported to the Eld ¢he US and around 20% being used
domestically. There is concern that the availabiit mill residues, the most economical material
to make dbf pellets from, is fast disappearing thu¢he economic downturn leading to a major
decline in the timber and pulp industry and heraredt and mill residue availabilitys€e Section
5.7). However, according to the Canadian Bioenerggaggtion, (Canbio), president, Douglas
Bradley, Canbio has identified over 27 million bodey tonnes of forest biomass as being
available, including 50 old piles of hog fuel inriaus locations across Canada with an estimated
weight of 20.9 million bone dry tonnes that coudrbade available for pellet production.

In the US, the development of new pellet plants gradvth in pellet production is greatest in the
southern US. For example, company RWE Innogy récannhounced that it will build a factory to
produce pellets in Georgia, with an annual productapacity of 750,000 tonnes, which could
make it the biggest and most modern of its typgénworld.

Government mandates and agreements that pelleta draly renewable energy source are
essential to the increasing use of pellets in payeeeration and the growing global pellet trade.

5.5 Increasing wildfire severity and intensity and declining forest health

In recent decades, extensive research across thesJBdicated that the historical practice of fire
suppression and the decline in the use of presthiening across most of the country, has led to
the development of unnaturally dense, diseasegingdorests, which, in turn, has contributed to
more severe wildfires. In many forests, fire sugpr@n has led to changes in stand density, an
increase in shade-tolerant and fire-sensitive ggeand an increase in the amount and continuity
of “ladder fuels” (i.e. fuels that enable fire tavel from ground-level fuels into the forest cappp
Furthermore, twentieth century harvest practicgscally removed the larger trees, accelerating
dense understory growth. Fire suppression has atidéae problem by allowing dead fuels to
accumulate in excess of their pre-suppressiondevel

The problem is particularly evident in the federailanaged forests and rangelands where reduced
timber harvest activity and suppression of for@sisfhave caused unnaturally dense stands and a
surplus of dead wood in many forests.

Currently, around 77 million hectares of Federaldlan 48 States face high risk of large-scale
insect or disease epidemics & catastrophic firetduseteriorating ecosystem health & drought. In
the interior West, for example, Ponderosa pine stsreange from Arizona and New Mexico
northward into Idaho. A century ago such a forealrhave had some 62 mature trees/hectare,
whereas today that same forest may stock more 24@0 trees/hectare. These trees are smaller,
weaker, more disease prone, and more susceptibiisedot attack than their ancestors. Such forests
form huge reservoirs of fuel awaiting ignition, apdse a particularly significant threat when
drought is also a factor, (BLM website, 2009).

In 2002, Arizona, Colorado, Oregon and New Mexgach had their largest wildfires in a century.
The most devastating series of wildfires in stastony swept Southern California during October
2003.

This has prompted a strong movement, across foaegyparts of the USA, towards the increased
use of fuel reduction treatments such as presciipeging and mechanical biomass removal with
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the intent of reducing the risk of catastrophicdfite and to restore wildland conditions to a more
natural fire regime.

Although using prescribed burning to manage fireped forests has traditionally been
considered the least expensive option to reducartaas fuels when utilization opportunities are
limited, there are many areas and times where pbestcfire cannot be used. High fuel loadings,
air quality restrictions, suitable weather condisaand risk of escaped fire in the wildland-urban
interface are some of the factors that limit the akprescribed fire. Hence, selective thinning in
these forests is becoming increasingly favoured agel reduction method where small diameter
wood or energy markets and suitable access wath@neconomical removal of this otherwise
unmerchantable biomass.

According to Dave Atkins, (pers. comm) several degtaffect the decision to use fire as a fuel
reduction tool, including:
» If the forest is too dense with ladder fuels it tenimpossible to conduct a burn without it
going into the crowns and killing more than is ded)
» If the trees you want to save are too small in @mto survive a prescribed burn or are a
species that doesn't have thick bark i.e. lodgepiole or spruce;
* The challenge in some areas is the designatioméoragement that doesn't allow the use
of mechanized harvesting or roads for access amtftre is the only option, but you may
still run into the above two issues.

5.5.1 California

Across California, 2.2 million hectares and 5 roflihouses are now in high fire risk areas and
there has been a near doubling of the 5 year asexags of wildland burned in wildfires over 25
years. Furthermore, as communities develop and gr@areas that are adjacent to fire-prone lands
into the wildland/urban interface, (WUI) wildfirggose increasing threats to people and assets.
(California Forest Resources Assessment Progra@8)20

In California, the area of wildland treated througkl reduction burning has dropped from around
40,500 hectares/year in the 1960’s to only arouf®@ hectares/yr at present. In the past this
reluctance to burn was largely due to previouslgceasful (and expensive) litigation, the state
faced when previous prescribed burns escaped, (Ddegizer, pers. comm.). In more recent
times, there have been additional factors leadin@alifornia being very active in researching
alternatives to prescribed burning. Air quality atslimpact on forest and human health is one
factor, 6ee Section 5)6 Another major factor is that GHG emissions reéshfrom prescribed
burning of forest have to be accounted for andebfis California’s GHG emission abatement
scheme, the California Global Warming Solutions A€t2006, (AB32); an ambitious GHG
reduction target of reducing emissions to 1990I&kg 2020 as well as the longer-term goal of an
80% reduction of GHG from 1990 levels by 2050.

5.5.2 Fuel Treatment Evaluation Model

Scientists from the Pacific Northwest Researchi@tatreated an analytic system that allows
forest managers to simultaneously assess fuel dharamtment effectiveness, the location and
capacity of processing facilities, and financiahdility. The system, FIA BioSum, uses the
publicly available Forest Inventory and Analysistatemse and provides a foundation for
identifying landscapes where fuel treatments cordduce consequences of wildfire while
supporting bioenergy generation.

For example, BioSum was used by researchers whiledppumerous policy scenarios to an 11
million hectare, four ecosystem region of Oregod aorthern California. The study concluded
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that converting trees and logging residue that datherwise have little or no commercial value
into bioenergy shows promise for offsetting songatiment costs. However, results indicate that
removing large quantities of merchantable trees lavdae necessary to achieve fire hazard
reduction goals, (Pacific Northwest Research Sta2009).

5.5.3 Thinning & biomass removal vs. fuel reduction burning and greenhouse gas
emission reduction

Considerable on-going research across the foredtgds of the US is confirming that thinning
with biomass removal and other fuels managementsunea are able to provide significant
benefits in terms of reduced net emissions of GHG’s

Examining four of the largest wildfires in the U$ 2002, researchers found that, for forest land
that experienced catastrophic stand-replacing firey thinning would have reduced g@lease
from live tree biomass by as much as 98kiyrteau et al, 2008).

The Angora Fire of 2007 blackened 1255 hectardsrett and destroyed 254 homes in the Tahoe
Basin, California. Using pre-fire data for the fetiemodeling estimated that combustion emissions
could have been lowered from 104 to 27 tonnes/hedtahe density of trees had been reduced
from 864 to the more natural density of 148/hectdiee four forests burned by these wildfires
were overcrowded and contained unnaturally heavfasel fuels. They averaged 864 trees/hectare
when 123-148 trees/hectare would be natufake model estimated that the fires released one
fourth of the gases during combustion, and postdiecay will release the remainder during the
next 100 years, most of it during the next 50 ye@isomas Bonnicksen, 2008

5.5.4 The economics of various fire and mechanical fuel reduction techniques

Extensive research, across the US is aiming totuamd compare the economics of various fuel
management treatments against one another assnagllagnst “no treatment” systems.

An example is a study undertaken by the CalifoE@rgy Commission “Biomass to Energy”, a
project which modelled the scenarios of “do nothifie management vs. various scenarios of
thinning and biomass removal for bioenergy based.dmmillion productive forested hectares over
40 years. The findings came out in favour of thmgn& removal for bioenergy and concluded that
the potential avoided fire damage costs could leel i3 subsidise a biomass producer and make a
bioenergy plant viable with biomass fuel costs pfta US$54.80/BDT. The value of the forest
products made up the bulk of the resource that dvballost in the “do nothing” wildfire scenario

in this model.

The Oregon Forest Biomass Working Group state tvar 8.5 million hectares of Oregon’s
forestlands are overstocked, in Fire Condition €lh%r Ill, and subject to catastrophic wildfire,
drought stress, and insect and disease outbreak$ whpact forest productivity, air quality, and
the safety of rural communities. According to Westé-orest Health and Biomass Energy
Potential, a study prepared for the Oregon DepartimieEnergy, the cost to the public for fighting
forest fires averages about US$534 per hectare.eMenythe cost of a thinning operation ranges
from US$123 to $370 per hectare. The cost of thigviaries and depends largely on the location
and topography of the site and the type of equiggmased, (Oregon GOVT, 2009).

A comprehensive report undertaken by the Foresld@ompares costs and impacts of 45 woody
biomass removal projects across the USA. Removimgdy biomass can generate a profit or cost
thousands of dollars per acre. In general therdetter data on project costs than project profits.
This study found that the median cost for projettat did not generate income was
US$1543/hectare. Estimates for the cost of bringingdy biomass to the roadside in the western
US ranged from US$988 to $4,026/hectare dependirfgrest type and terrai(ivans, 2008).
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5.5.5 Other impacts of alternative hazardous fuelt reatment

The effectiveness of fuel treatment on US wildléines was assessed in the repdh“Assessment
of Fuel Treatments on Three Large 2007 Pacific Nwdst Fires.”On the three fires studied, a
higher proportion of acres burned severely on atdck lands than where fuel or other vegetation
treatments had been applied (prior to the fireshreMrecent treatments and higher-intensity
treatments reduced fire behaviour and fire effentge effectively than older and less intense
treatments. On all three fires, fuel treatmentsjctvhincluded prescribed burning, mechanical
biomass removal or a combination of both, seemedd®ase suppression effectiveness, (USDA
Forest Service, 2007).

In 2008, the USDA Bureau of Land Management (BLMQ aJSDA Forest Service (USFS),
completed the first year of monitoring fuel treatitee at a national scale. The goal of the
monitoring effort was to determine if fuel treatntem@re effective and if they are affecting any
environmental resources. This project resultechereport, Monitoring Fuel Treatments Across
the Continental United States for Overall Effeatiess and Effects on Aquatic and Terrestrial
Habitat, Air and Water Quality”Of the 118 sites monitored 71% were within the laihdi-urban
interface (WUI). Nearly half of the monitored tremnt sites 42%, (50 sites) were treated with
prescribed fire, 30%, (35 sites) had mechanicallmbtreatments, and 28%, (33 sites) had a
combination of prescribed fire and mechanical/marto@atment. Overall, monitoring teams
reported that 99% of the hectares monitored mefubktreatment objectives and the treatments
had an overall positive effect on environmentabueses, (USDA Forest Service, 2008).

5.5.6 White Mountain Stewardship Contract — rebuild  ing the timber industry
through forest biomass harvesting

The White Mountain Stewardship Contract of the Aga6&itgreaves National Forest in Arizona is

a contract designed around the goal of buildingallsscale woody biomass industry based on the
hazardous fuel reduction and treatment programs lbge expanded in the Forest since the
devastating 196,800 hectare Rodeo-Chedeski FiZ002. For various reasons, Arizona had all

but lost it's forestry industry expertise, expedenand equipment over recent years and the
Stewardship contract and various Biomass Utilizatdrants were made available to help build a
timber industry back up in the stat8eg Section 6.1.3).

This is the largest Stewardship Contract of itelkicovering fuel reduction and treatment of up to
6,073 hectare/year for the next ten years. Theraontvas awarded to Future Forest, LLC, a
partnership between two businesses which manutsctwood pellets for heating wood stoves.
Another local business, a 3 MW bioenergy plant ag&t, Arizona is purchasing 45,360 tonnes of
limbs, tree tops and small trees from Future Foessty year. Another 20 MW power plant is
planned to be constructed and is expected to bEy0d green tonnes of biomass annually. Other
new enterprises that have emerged to take advaofaipe contract include a custom log home
business, a post & pole operation, a chemical wioadiening company and a small-diameter
sawmill.

According to a USFS report, the White Mountain Stelghip contract has been demonstrating
cost savings to the US government in the rangel®4$%1440/ hectare, (Bartuska, 2006).

A 2007 economic study of the stewardship contractthe Economic Development Research
Program at the University of Arizona showed tharéhare 15 firms in the region purchasing
forest products from the stewardship activitieseSenbusinesses are purchasing chips, roundwood
and sawn timber. They employ 248 full-time empleye@he study also found that these
businesses had substantial local expendituresoahdrUS$11 million annually, (Gibson, 2007).
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5.6 Air quality issues and impacts on human and for est health

In certain geographical regions and air basins arithnvestern America, air quality issues are
driving legislation and policies that limit the fpgency and type of open air burning of agricultural
and forestry residues. This in turn, is encouragamgl managers to look for alternative ways of
disposing of residues, which in some areas, cdaJmirable to bioenergy project development.

Ozone, which is formed by the reaction of volatilganic compounds (VOC’s) and nitrogen
oxides (NOx) is the most widespread air pollutddtone can be transported into an area from
pollution whose source may be hundreds of milesingwThe US Environmental Protection
Agency reports that 107 million Americans, (oveedhird of the countries population), live in
areas that violate health standards for ozone.

In some regions, people are joining together tpame legal actions against US Forest Service
officials and State Department of Environmental I@uaofficials who ignore public health
complaints regarding prescribed burns.

As well as being damaging to human health, ozomeade, combined with other factors such as
drought, make trees more susceptible to diseasts pad fire. Ozone damage has been recorded
in the Sierra National forest and the Sequioa Malié-orest of California where the level of trees
showing symptoms of ozone damage were 35% and 45Hfpectively, (California Fire and
Resources Assessment Program, 2003).

The cumulative impacts of prescribed burning onqaiality, already compromised by transport
and industrial emissions create a strong casehuse of non-burning alternatives that have the
potential to achieve many of the same results escpbed burning in US forests but without the
adverse effects.

Air quality impacts on human and forest health @niging policies that encourage a reduction in
agricultural, forest and urban burn-offs. In Oregdisposal of forest residues by open burning is
increasingly restricted because of concerns abautqaality, public health and visibility.
Alternatives-to-burning strategies are now manddigdederal regulations, and in-state smoke
management programs. This is helping drive projsath as the stubble to ethanol research and
pilot plant in Corvalis, Oregon(See Case study 6. Section 9 - Trillium lignodediic ethanol
from stubble).
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5.7 Declining timber industry and rural employment

Biomass production and bioenergy plants generabs jm the design, manufacturing and
construction phase as well as on-going emploympporunities for skilled and unskilled workers
as well as rural economic stimulation through psmn of new, decentralised and diversified
income streams. That bioenergy equates to jobsesod the key drivers behind recent policies,
favourable to the development of bioenergy in tf®ALANd Canada, e.g. the American Recovery
and Reinvestment Act, 2009 which acknowledges dle that bioenergy from woody biomass is
well recognised as being beneficial to rural comites

As outlined in Section 2.2, Canada and, in pardicUBC is suffering from the global decline in the
demand for forest products over the last few yedth a loss of over 50,000 Canadian forest
sector jobs between 2006-08. The USA has also sesdrarp decline in the timber industry over
the past few decades resulting in a loss of sailld equipment for harvesting and processing. The
decline in forestry activity and hence jobs hasnbeeer a longer time period than Canada as it is
related more to changes in policy that have lea@ tecline in the area available for forest
harvesting.

As discussed in Section 4.3.1 environment group® Heeen influential in halting commercial
forestry in many of the USA’s federal forests. Gamsently, the states that | visited Oregon,
Montana and California are battling to keep themnbier industries viable as, in recent decades,
some of the southern states such as Arizona hatetHe bulk of their harvesting and milling
capacity, (Dave Atkins, pers. comm.). The declins bspecially been felt in California where the
annual harvest, which was 5 billion board feet®3 is now down to 2-500 million board feet/yr,
(Doug Wickizer, pers. comm).

Also, in Montana, since 1987, there has been an 88&bne in timber harvesting on federally-
owned national forests, (Morgan, T. 2009

A major challenge for the bioenergy industry intpasf the USA has been the issue ensuring a
reliable and consistent supply of woody biomassjustify developing new infrastructure
investments, markets and re-skilling of workers.np#orests needing hazardous fuels treatments
are in areas that no longer have forest harvestillg, equipment and infrastructure hence market
development options have been challenging in regiwhere investors have doubts about the
future supply.

A report undertaken for the US DOE in 1999 attemipte estimate the value of the ancillary

services provided by biomass power generationrderao provide policy makers with a yardstick

against which to judge the cost of policy intervem$ that might preserve the viability of the

biomass power industry. The report considered woatessing, forest, agriculture, and urban
wood residues and determined that 4.9 full timesjpbr each megawatt of net plant generating
capacity were created associated with biomass pplaats, (Morris 1999). These jobs provide

stability to local and regional economies and hetpease the community tax base.

The Oregon Forest Resources Institute, (2006) agtisnthat production of 150 MW of electricity
from woody biomass would create around 900 jobs thatl this doesn’t count for indirect job
creation, which is usually in the order of 2-3 nedit jobs per direct job.

Morris, (1999), estimated that disappearance obtbenergy industry in the USA would represent
a loss of almost 12,000 rural employment positiond) serious impacts in affected regions. Many
rural communities would also lose their largestreewf property taxes, and would suffer other
multiplier effects.
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6. Policies, programs and incentives that encourage
woody biomass utilization for bioenergy in the USA.

As outlined in the following sections, the use obasly biomass for bioenergy is strongly

supported by the US federal and most state govertan€he Canadian government is also very
supportive of the bioenergy industry, however fus treport, research of government policy and
programs has focussed on the USA. Some of the feaieyal government legislation, policies and

incentives supporting the use of woody biomasbifoenergy, include:

The Biomass Research and Development Act of 2000.

The 2000 National Fire Plan.

The 2001 National Energy Policy.

The 2002 Healthy Forests Initiative.

The 2003 Healthy Forests Restoration Act.

MOU to Enhance Woody Biomass Utilization, betweedl@and DOE, 2003.
National Energy Policy Act of 2005.

Forest Service Strategic Plan, 2007-2012.

The 2007 Energy Independence and Security Act.

The 2002 Farm Bill and 2008 Amendments in the F@mhservation, and Energy Act.
The 2008 Woody Biomass Utilization Strategy.

The 2008 Biomass Crop Assistance Program.

Forest Stewardship Contracts.

Community Wildfire Protection Plans.

American Recovery and Reinvestment Act, 2009

Various Tax credits supporting biomass utilisatioi bioenergy.

6.1 Biomass Research and Development Act of 2000
The Biomass Research and Development Act of 2G0e\ased by EPA Act 2005:

Created the Biomass R&D Technical Advisory Commeiti@d the Biomass R&D Board.
Calls for the US DOE and USDA to coordinate allded R&D as it relates to biofuels and
bioproducts.

Sets the scope for the National Biomass Initiative.

Governs the annual USDA/DOE joint solicitation.

The Biomass Research and Development Board isemcggf the US government created by the
Biomass Research and Development Act of 2000. Tdwrdds mission is to coordinate federal
research and development activities relating tbdsed fuels, power, and products.

6.2 US National Fire Plan of 2000

The National Fire Plan, (NFP), was developed in us1g2000, following a landmark wildfire
season. Devastating fires sweep across western inS®00 and subsequent seasons, which
marked a tipping point in public perceptions ofefstrand fire management in the wildlands.

The steadily declining level of forest harvestinglancreasing areas of unthinned forest stands,
especially on the peri-urban interface was thouglttave been a major contributor to the severity
of these fires. In recent years, wildfires occugrin overstocked forests with dense understory and
many small suppressed trees create ladder fuelshwiave resulted in larger more intense fires
consuming thousands of acres.

43



In an effort to reduce the likelihood of future astrophic fires, the federal government passed the
National Fire Plan legislation and the developnurthe 10 year Comprehensive Strategy and its
subsequent Implementation Plan to further devel@padinated strategy addressing the threats
posed by wildland fire. Included in the plan wasanmitment to provide grant money under
Economic Action Programs (through the USDA Forestvige State and Private Forestry) to help
fund pilot projects to demonstrate new uses of kdiaieter and underutilized woody material.

The NFP was enacted with the intent of activelypoesling to severe wildland fires and their

impacts to communities while ensuring sufficient ffighting capacity for the future. The NFP

addresses five key points: Fire fighting, Rehadtiliin, Hazardous Fuels Reduction, Community
Assistance, and Accountability. The two areas ofi@dar relevance to the forestry and bioenergy
industries are outlined below.

6.2.1 NFP & Hazardous Fuels Reduction

In response to the risks posed by heavy fuel lots NFP established an intensive, long-term
hazardous fuels reduction program. Hazardous f@elaction treatments are designed to reduce
the risks of catastrophic wildland fire to peoptmmmunities, and natural resources while
restoring forest and rangeland ecosystems to glasaltch their historical structure, function,
diversity, and dynamics. Such treatments accomplsse goals by removing or modifying
wildland fuels to reduce the potential for severiddland fire behaviour, lessen the post-fire
damage, and limit the spread or proliferation ofasive species and diseases. Treatments are
accomplished using prescribed fire, mechanicalnihiop herbicides, grazing, or combinations of
these and other methods. Treatments are beingasingdy focused on the expanding Wildland
Urban Interface, (WUI) areas.

6.2.2 NFP & Community Assistance

Agencies provide support for educating citizenstlom effects of fire, community fire protection

planning, and training and equipping rural and ater fire fighters. Through a variety of grant
programs including Rural, State, and Volunteer RAssistance and Economic Action Programs,
delivered by the Agencies and the State Foresteramunities can take action to live safely in
fire-prone areas. Funding can be used to developn@mity Wildfire Plans and apply for Forest

Stewardship grants for harvesting and removal a&tdous fuelg(See section 6.12 and 6.13).

6.2.3 Case study — NFP & the Fuels for Schools and  Beyond program

One program that developed as a consequence &{RReis the Fuels for Schools and Beyond,
(FFS&B) program, which commenced in response toaskaing wildfires that swept through
Bitteroot Valley in western Montana in 2000 desingy71 homes and 151,020 hectares.

The opportunity provided through the grant monegearnEconomic Action Programs inspired
Dave Atkins, FFS&B program manager for the Forestvise’s Northern and Intermountain
regions and his colleagues with the idea for usiregbiomass generated from hazardous fuels
thinning programs in priority fire risk to fuel admass boiler to heat three schools in Darby,
Montana,(See Case study 1 - The Fuels for Schools and Bdxagram, section 9).

Additional success stories can be found on thetHg&orests and Rangelands website -
http://www.forestsandrangelands.gov/success/stories

6.3 The 2001 National Energy Policy
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The National Energy Policy, 2001, recognized thearance of a diverse portfolio of domestic
energy. The Policy outlined thirteen recommendatidesigned to increase America’s use of
renewable and alternative energy. One of thesenmemndations directed the Secretaries of the
Interior and Energy to re-evaluate access limitetito federal lands in order to increase renewable
energy production, such as biomass, wind, geothHeland solar. These agencies then prepared a
joint report titled White House Report in Response to the WNational dgnePolicy
Recommendations to Increase Renewable Energy Rrodum Federal Lands, August 20, 2002

6.4 The Healthy Forests Initiative, (HFRI), 2002

In 2002, Arizona, Colorado, Oregon and New Mexieach had their largest timber fire in a
century and the most devastating series of wildkned in state history swept southern California
during 2003. These fires killed 24 people, desttoyere than 3,700 homes, and burned 303,750
hectares. Alaska also set a record for areas bumriz@D4.

These fires prompted an expansion of the Natioma& Plan of 2000 and lead to the Healthy
Forests Initiative, (HFRI), and the Healthy ForeRestoration Act, (HFRA), 2003, administered
by the Department of the Interior (DOI) and the EtBest Service.

The HFI commenced in 2002 to provide administrate®rms & legislative action to expedite
hazardous fuels removal. Three areas targeted tneldiFI are: 1) Streamlined compliance with
the National Environmental Policy Act, 2) Amendedes for project appeals, and 3) Improved
Endangered Species Act consultation to expeditsides.

Over the years, environmental assessments of pedpo®l reduction projects, that are required
under the National Environmental Policy Act, ofteallooned to 100 page reports taking many
months to prepare. Under the HFI environmental sassents relating to fuel reduction projects
now must be concise documents between 10 and 1é&spaglength, thus reducing the time
between proposing and implementing hazardous arethe ground.

After analysing over 2,500 hazardous fuels and-pstrehabilitation projects, the departments
also developed Categorical Exclusions for certamdk of fuels treatments and rehabilitation
actions meeting conditions tied to project sizeatomn; treatment method; and compliance with
existing land and resource management plans arat etivironmental laws. Fuels projects must
be identified via collaborative processes involvatgte, local, and Tribal partners.

6.5 Healthy Forests Restoration Act, (HFRA), 2003

The HFRA contains a variety of provisions to spegdhazardous fuel reduction and forest
restoration projects on specific types of Fedeaad|that are at risk of wildland fire and/or of
insect and disease epidemics. The HFRA aims to hedfore healthy forest and rangeland
conditions on State, Tribal, and private lands.t33,060,000 hectares of land managed by the
Forest Service and the Bureau of Land Managemenrgleyible under the provisions of the HFRA
which:

Encourages biomass removal from public and privédaeds

Provides technical, educational, and financial staece to improve water quality and
address watershed issues on non-Federal lands.

Authorizes large-scale silvicultural research

Authorizes the acquisition of Healthy Forest Reesron private land to promote recovery
of threatened and endangered species, and improdwdrsity and carbon sequestration.
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Directs the establishment of monitoring and earBrming systems for insect or disease
outbreaks.

In regards to the removal of hazardous fuels, tRRAt

Provides authority for expedited vegetation treatitmeon certain types of Forest Service
and Bureau of Land Management lands that: (a) anmesk of wildland fire, (b) have
experienced wind throw, or ice-storm damage, (€) @rrently experiencing disease or
insect epidemics, or (d) are at imminent risk ofrsepidemics because of conditions on
adjacent land.

Provides expedited environmental analysis of HFR#jquts.

Provides administrative review before decisionsissaed on proposed HFRA projects on
Forest Service lands

Contains requirements governing the maintenance rastbration of old-growth forest
stands when the ForeService and Bureau of Land Management carry outApi®jects

in such stands.

Requires HFRA projects on USFS and BLM land to mmexe retention of larger trees in
areas other than old-growth stands, consistent thighobjective of restoring fire-resilient
stands and protecting ‘at-risk' communities andeff@dands

Requires collaboration between Federal agenciedomatlcommunities, particularly when
Community Wildfire Protection Plans are prepared.

Requires using at least 50% of the dollars allatate HFRA projects to protect areas
adjacent to communities at risk of wildland fire.

Requires performance to be monitored when agermmaduct hazardous fuel reduction
projects and encourages multiparty monitoring theludes communities and other diverse
stakeholders.

Encourages courts to expedite judicial review ghlechallenges to HFRA projects.

Directs that when courts consider a request forinfunction on an HFRA-authorized
project, they balance the short and long-term emwirental effects of undertaking the
project against the effects of taking no actior-RA website, 2000

Between 2001 and 2008, Federal land managementiagehave treated over 11.74 million
hectares of federal lands under the HFI and the, \[Fdble 6.5). According to the Healthy Forests
Report 2008 accomplishments, the effectiveneskesfe treatments in protecting communities and
resources from wildfire has been demonstrated nowusetimes. Numerous studies have been
conducted across the western states by both stdteederal agencies that confirm this.
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Table 6.5: Healthy forests activities-acres accomighed

* Financial year 2000 is used as a baseline foontem as the NFP was implemented in Fin. Year 2001
** Acres treated under landscape restoration actwitiere not reported prior to fin. year 2004
Source: USDA Forest Service, (2008).

The HFRA includes the first statutory incentives tlee USFS and the BLM to give consideration
to the priorities of local communities as they depeand implement forest management and
hazardous fuel reduction projecfSee section 6.15 — Community Wildfire Protectian®).

The HFI and HFRA have their critics. In a studynoédia articles relating to the HFI and HFRA,
the most commonly expressed negative beliefs imclutie views that they (1) are an excuse to
increase logging, (2) will weaken environmentaltpations, and (3) will reduce public input.

6.6 National Energy Policy Act of 2005

The National Energy Policy Act, (NEPA), of 2005 aetincremental level of electricity purchases
from renewable sources that are to reach 7.5% tdrred federal consumption by 2013. NEPA
also set targets for the blending of renewablesfuglh gasoline to be 15 billion litres by 2006, 23
billion litres by 2009 and 28 billion litres by 2R1This Act also provides financial incentives,
administered by DOE, for electricity produced antti 9y qualified renewable energy generation
facilities. DOE has also assisted with fundingtfue establishment of advanced biorefineries such
as US$40 million for non-food cellulosic biorefines in Louisiana and Wisconsin.

6.7 MOU to enhance woody biomass utilization, 2003

In 2003, a formal Memorandum of Understanding, (MQtitled “Policy Principles for Woody
Biomass Utilization for Restoration and Fuel Treatrhon Forests, Woodlands, and Rangelands
to encourage the use of woody biomass byproductoaces of renewable energy, was signed
between the three Departments of Energy, Interid Agriculture. The MOU establishes
consistent policies and procedures across the Hyeecies to support the use of these byproducts.

The MOU focuses on the use of byproducts from lamghagement practices, such as fuels
treatment and hazardous fuels reduction that rethueaate of spread, intensity, resistance to
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control and crowning potential of wildfires by regilng available fuel. Woody biomass includes
trees and woody plants, including limbs, tops, tesdnd other woody parts that grow in a forest,
woodland, or rangeland area, that are byproductecofogical restoration and hazardous fuel
reduction treatment activities. The MOU calls for:

Communicating to employees and partners that thrgebt and utilization of woody
biomass by-products can be an effective restoratimmhhazardous fuel reduction tool that
delivers economic and environmental benefits afidiefcies;

Promoting consideration of woody biomass utilizatfioom restoration and fuels treatment
instead of burning or other on-site disposal methadd

Encouraging development of new mechanisms tha¢@ser the benefits and efficiencies of
woody biomass utilization.

This MOU established eight policy principles in pog of woody biomass utilization, (WBU):

1. Include local communities, interested partiew] the general public in the formulation and
consideration of WBU-utilization strategies.

2. Promote public understanding of the quantity goelity of woody biomass that may be
made available from Federal lands and neighboringall State and private forests,
woodlands, and rangelands nationwide.

3. Promote public understanding that WBU may beféective tool for restoration and fuels
treatment projects.

4. Develop and apply the best scientific knowlegdggaining to WBU and forest management

practices for reducing hazardous fuels and impigpfanest health.

. Encourage the sustainable development andigttimh of WBU markets.

. Support Indian Tribes, as appropriate, in theettgpment and establishment of WBU within
Tribal communities as a means of creating jobsbd#ishing infrastructure, and supporting
new economic opportunities.

. Explore opportunities to provide a reliable,tausable supply of woody biomass.

8. Develop and apply meaningful measures of sufidesstcomes in WBU.

o 01

\‘

This MOU led to the establishment of the federalddfo Biomass Utilization Group, (Woody
BUG), in 2003(See section 7.1.2).

6.8 US Forest Service Strategic Plan, 2007-2012

The USDA Forest Service Strategic Plan sets outraber of Goals and Performance Measures
which relate to woody biomass utilization. Thesgude,;

Reduce the risk to communities and natural reseuroen wildfire.
Number of acres brought into stewardship contracts.
Build community capacity to suppress and reducseegrom wildfires.

Provide a reliable supply of forest products overet One Performance Measure being:
Number of green tons and/or volume of woody bionfem®s hazardous fuel reduction and
restoration treatments on Federal land that areenaadilable through permits, contracts,
grants, agreements, 2012 - Target: 2.45 milliorgtennes(USDA Forest Service 2007).

These targets are helping drive woody biomass ratramtivities and bioenergy development.
6.9 Energy Independence and Security Act, 2007

The 2007 Energy Independence and Security Act regj@an increase in the use of renewable fuels

and set a mandatory renewable fuel standard thatres fuel producers to use at least 36 billion

gallons, (136 billion litres) of biofuels by 202%ith an increasing reliance on the use of
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“advanced biofuels”, i.e. using non-food feedstoc®sction 207 authorizes US$500 million for
the period of fiscal years 2008 through 2015 fgrant program that:

Shall make awards to the proposals for advanceflidi® with the greatest reduction in
lifecycle greenhouse gas emissions compared toctmeparable motor vehicle fuel
lifecycle emissions during calendar year 2005; and

Shall not make an award to a project that doesanbieve at least an 80% reduction in
such lifecycle greenhouse gas emissions.

Section 223 authorizes US$25 million for each sédi years 2008 through 2010 for grants
for research, development, demonstration, and cowiahe application of biofuel
production technologies in States with low rategtbianol production, including low rates
of production of cellulosic biomass ethanol, aedeined by the Secretary.

Section 224 amends Section 932 of the Energy Pdlyof 2005 (described in more
detail below) by adding The Secretary shall establish a program of research
development, demonstration, and commercial apptinafior increasing energy efficiency
and reducing energy consumption in the operatiobiafefinery facilities."

6.10 Farm Bill, 2002 and 2008 amendments in the Foo d, Conservation
and Energy Act of 2008

The US Farm BIll is the key legislation for fedewmricultural and food policy. The Bill is
amended every few years by the US Congress. Thiei8ill that mandates agricultural subsidy
programs. The current Bill of 2008 extends and agpamany of the renewable energy programs
originally authorized in sections 9006 and 9008h& 2002 Farm Bill, which was the first farm
Bill to include an energy title. The bill continuds emphasis on the research and development of
advanced and cellulosic bioenergy authorized in20@/ Energy Independence and Security Act.
Title VII, of the 2008 Bill, contains numerous reveble energy related provisions that promote
research, development, and demonstration of bioinassd renewable energy and biofuels.

6.11 Woody Biomass Utilization Strategy, 2008

The USDA Forest Service, through Woody BUG, produtiee Woody Biomass Utilisation,
Strategy in 2008 which aimed to increase the haraesd utilization of woody biomass and
products and residues from forest and woodlandtthealanagement and restoration treatments
whenever environmentally, economically, and legafpropriate.

The actions proposed allow the Forest Servicediitite predictable supplies, foster partnerships,
develop new information and tools and expand mark&tditionally, these activities promote
ecological restoration efforts, help mitigate thgending effects of climate change and ultimately
sustain the health and resilience of America’sdtse

Although the focus of the report is on the use obdy biomass, the primary broader objective is
sustaining healthy and resilient forests that sullvive an environment of natural disturbances and
threats such as climate change.

The WBU strategy has four goals:
Identify and build partnerships through collabayati
Develop and deploy the needed science and technolog
Help develop new and expanded markets for bioenamgybio-based products.
Facilitate a reliable and sustainable supply ofrta@ses.

6.12 The Biomass Crop Assistance Program, 2008
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Administered by the USDA, the Biomass Crop AssistaRrogram, (BCAP) was announced in
2008 as part of the US Farm Bill. BCAP providesfinial assistance to producers or entities that
deliver eligible biomass material to designatedriass conversion facilities for use as heat, power,
biobased products or biofuels.

The program also aims to improve water quality digio reduced water use, surface water
protection, improved water quality due to decreasssl of fertilizer compared to traditional crops
and greater use of perennial crops, which are bittesoil, air, water and wildlife. The program
has two distinct parts:

1) biomass crop establishmentwhich supports establishing and producing eligibleenergy
crops through project areas on contract acreage Gpyears for annual and non-woody perennial
crops or up to 15 years for woody perennial créfisivever, this part of the program has not yet
been implemented.

2) assistance for the harvest, storage, processingdtransportation of biomass materials for
energywhich assists agricultural and forest land owed operators with matching payments for
the amount paid for the collection, harvest, steragd transportation of eligible biomass by a
qualified BCF. The USDA will match at the rate o8$/1 for $1/dry tonne paid up to ~$41/ dry
tonne for up to 2 yrs. Materials not eligible forst payment include animal waste and byproducts,
food and yard waste and algae. Funding has beea enadable for this part of the program.

Eligible materials generally include:
- Biomass from pre-commercial thinnings, or invasgmecies from National Forest
System land and Bureau of Land Management land that
- Are by-products of preventive treatments thatraraoved to reduce hazardous fuels,
to reduce or contain disease or insect infestatioty restore ecosystem health;
- Would not otherwise be used for higher-value pats; and
- Are harvested in accordance with applicable lag Bnd management plans and the
requirements for old-growth maintenance, restomat@nd management direction of
section 102 (e)(2), (3), and (4) of the Healthy ést¢ Restoration Act of 2003
(16U.S.C. 6512) and large-tree retention of suliwect), or
Any organic matter that is available on a renewalblescurring basis from non-Federal
land or land belonging to an Indian or Indian tribat is held in trust by the United
States or subject to a restriction against alienatmposed by the United States,
including:
- Renewable plant material including crop residinesy commodities eligible to receive
payments under Title 1 of the 2008 Farm Bill, othgricultural commodities, other
plants and trees; and
- Waste material including crop residue, other vaiee waste material (including wood
waste and wood residues).

As of December 2009, over 350 BCF’'s were deemeunhdet the eligibility criteria for BCAP,
(USDAFS, 2009).

BCAP had a 2009 budget of US$70 million, howeverthe end of 2009, US$400 million was
spent. Part of the problem was because the 2008 B#irdid not set a specific limit for funding
the program. Another issue is that included indingible materials list are classes of wood

fibre already used for higher value products, dediy the composite wood panels used in home
construction, furniture, cabinets, doors, and flogr

The US Composite Panel Association, (CPA) arguasitithose harvesting, manufacturing,
and/or delivering sawdust and wood chips are ingzed to transport them to bioenergy
companies, makers of composite wood panels woskapgiear from the market, causing a loss of
US$68 billion in annual sales and 350,000 manufagjyjobs. The CPA proposes restructuring
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the program to meet its original intent by removamy wood fibre used to make higher value
products from the eligible materials list.

This program was suspended in February 2010, apipadue to the cost overrun which was due

to level of use, and in some cases, abuse of tgragn for unintended purposes (e.g. delivery of
wood-chips to pulp mills which was not supposedé&included as this was normal industry

activity). Proposed new rules for the program haeen developed, by the USDA and a more final
set of implementation standards will follow afte6@day comment period. Once these rules are
announced, applications for the program will ongaia be accepted.

6.12.1 Case study: Woodlands Biomass Plant

One of the Biomass Conversion Facilities that litets during my study was the Woodland
Biomass Power Ltd, located in Woodland, Califordibe plant buys in most of its fuel from local

suppliers within about a 90 mile, (145 kilometnegdius of the plant, although as part of BCAP,
about 10% of their biomass will be coming from fnt afield from forest thinning and hazardous
fuel reduction projects on federal forest lands ABGwill help cover the additional long transport
haulage costs from forests in need of hazardougdngoval up to 200 km awaySée Case study

4, Section 9.).

6.13 Forest Stewardship Contracts

Stewardship Contracts permit the US Forest SeasceBureau of Land Management to enter into
long-term-up to 10 year-contracts with small bussss, communities and non-profit organizations
to remove forest products such as trees and uralettyrto reduce wildfire risk and improved
forest health.

Stewardship contracting allows private organization businesses to do the necessary thinning
and remove small trees and undergrowth; as pgréinent, stewardship contractors are able to
keep part of what they remove. This is definedhashty-product of restoration and hazardous fuel
reduction treatments including trees, limbs, toggdles, leaves and other woody parts, grown in a
forest, woodland, or rangeland.

Stewardship contractors' utilization of woody bi@®ancludes its harvest, sale, offer, trade, and/or
use. This utilization can result in the productmina range of wood products including timber,
engineered lumber, paper and pulp, furniture aldevadded commodities, as well as bioenergy
and/or bio-based products such as plastics, etlzbtiesel.

The steadily growing number of contracts issuedthadarea treated is indicated in table 6.13
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Table 6.13 Indicates the number of forest stewardgb contracts issued in recent years

6.14 Hazardous Fuels Woody Biomass Federal Grants, = 2008-2010

The Hazardous FuelgVoody Biomass Ultilisation Grant program aims tophghprove forest
restoration activities by using, and creating mewker, small-diameter woody biomass removed
through activities such as reducing hazardous firsdling insect and disease affected forest or
treating forestlands affected by severe weathenteve

Goals of the 2010 grant program are the following:

Reduce forest management costs by increasing the vd biomass and other forest
products generated from hazardous fuels reductidrf@est health activities.

Create incentives and/or reduce business risknforeased use of woody biomass from
priority forestlands identified either by the Fdr&ervice or through local Community
Wildfire Protection Plans (or equivalent documems)forestlands and other areas at high
risk from wildfires and in need of hazardous fuglduction work.

Implement projects that target and help remove @tion and market barriers to using
small-diameter trees and woody biomass.

Produce renewable energy from woody biomass, inojuthe use of new technologies.
Expand working relationships between local forestpcts businesses and Forest Service
offices.

Only high priority, mapped areas are eligible fanding, based on high fire probability,

high housing density, and historically high suppr@s costs. Communities on the wildland-urban
interface, (WUI), with Community Wildfire ProtectidPlans in place are given priority for funding
of hazardous fuels reduction projects carried owlen the auspices of the HFRA.

In 2009, the USDA Forest Service granted over $#ianito proponents of 27 Woody Biomass
Utilisation proposals. Grants of between US$50,08250,000 were made for a broad range of
projects. Eligible projects included those whiclveleped and/or upgraded biomass businesses,
purchase of equipment for biomass harvesting ailidation etc. Applicants in 2010 need to
demonstrate at least 20% matching funds from ndertd sources for the total project cost.

In 2008, part of the delivery of the WBUG programeluded the provision of technical assistance
to over 800 applicants across USA, (USDA ForestiSey 2009).
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6.14.1 Case study; Eureka Pellet Mill, Montana

One project that | visited that has benefited frita WBUG program is Eureka pellet mill in
Superior, MontanaSee Case Study 3. section 9.).

6.15 Community Wildfire Protection Plans

The HFRA requires that communities within the Wildland-Urbamterface, (WUI) develop
Community Wildfire Protection Plans, (CWPP), aimsdreducing wildfire risk. This empowers
communities to influence where and how federal agsnimplement fuel reduction projects on
federal lands. For example, a CWPP may designatsan the WUI that should be thinned so that
crown fires will not directly burn into communities

The CWPP process is a collaboration between contiesrand local government, the local fire
department and the relevant federal land manageagemicy. Communities with CWPP’s in place
are given priority for funding of hazardous fuetsluction projects carried out under the auspices
of the HFRA. At least 50% of all funds appropriated CWPP projects under the HFRA must be
used within the WUI. In addition to giving commues the flexibility to define their own WUI,
the HFRA also gives priority to projects and treattnareas identified in a CWPP by directing
federal agencies to give specific consideratiorfuil reduction projects that implement those
plans.

A CWPP, or similar document needs to include, atntimimum, the following elements:
1) clear evidence that the plan was collaboratidelyeloped by local and state government
representatives, in consultation with federal agenand other interested parties,
2) the plan identifies and prioritizes areas for hazadous fuel reduction treatments
and recommends the types and methods of treatmerttdt will protect one or more at-
risk communities and essential infrastructure,
3) the plan recommends measures that homeownersocamchunities can take to reduce
the ignitability of structures throughout the aeehliressed by the plan.

Publications such d&®reparing a Community Wildfire Protection Plar?008 and théHandbook

for Wildland-Urban Interface Communities2004 provide useful guidance for communities on
topics such as identifying and prioritizing fuetedtment and restoration projects, (USDA Forest
Service, 2008).

6.16 American Recovery and Reinvestment Act, 2009

The US American Recovery and Reinvestment Act, (AR an US$787 billion economic
stimulus package enacted by Congress in Februa®@.20he creation of jobs is a major
determinant of where and how the money is to baitsféne measures nominally include more
than US$70 billion in renewable energy and enerfficiency measures. The Act provides
opportunities for the advancement of biomass telciyes and projects being funded under the
ARRA include:

US$786.5 million in Recovery Act Funds in Biofudls accelerate advanced biofuels
research and development.

Up to US$564 million to accelerate the constructiand operation of 19 pilot,
demonstration and commercial scale integrated tmemy projects. The projects will
produce advanced biofuels, biopower and bioprodusiag biomass feedstocks at the
pilot, demonstration and full commercial scale.

Funding of up to US$5.5 million for Ethanol Blend#rastructure and Outreach.
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Funding of up to US$85 million for Algal and AdvasttBiofuels for the development of
algae-based biofuels and advanced, infrastructomgpatible biofuels.

6.17 Tax credits

A range of federal and state tax credits are avigléo businesses in the USA. The Renewable
Electricity Production Tax Credit, (PTC), of US$210kWh for closed-loop biomass and US
$0.011/kWh for open-loop biomass generation. Th€ RS a per-kilowatt-hour tax credit for
electricity generated by qualified energy resouaras sold by the taxpayer to an unrelated person
during the taxable year. Originally enacted in 198#2 PTC has been renewed and expanded
numerous times.

For the Oregon forestry and energy industries, Wamable state tax credits are helping drive
development of the bioenergy industry;

The Oregon Biomass tax credit is US$10/green tofagprox. $20/BDT), for woody
biomass from forests. These tax credits are oftkeyacomponent that keeps the forest
biomass industry going, (John Sessions, pers. chmm.

The Business Energy Tax Credit has helped grow @rsgrenewable energy industry.
Businesses are eligible for a tax credit of 50%lijfible costs, up to a maximum of US$40
million. Oregon facilities that manufacture reneveabnergy resource equipment may be
eligible for the credit, which has proven extremebluable to offset the costs of large
capital investments. Eligible costs may include thelding, equipment, machinery and
other expenses related to the manufacturing ofwabke energy products such as solar
cells and wind turbines.

6.17.1 Case study: Frere’s veneer mill and CHP plan t, Oregon

Frere’s softwood veneer mill in Lyons, Oregon ugleel StatesBusiness Energy Tax Credit to
help fund the development of their 10 MW CHP plé8te case study 5. Section 9).

7. Organizations, individuals and community extensi on
programs advancing the use of woody biomass for
bioenergy

7.1 Federal organizations

There are various government and/or industry omgdinns established in North America to
advance the development of bioenergy. The followamg examples of some of the diverse
industry, government and community stakeholder gsothat are driving bioenergy research,
development and action.

7.1.1 Canbio

The Canadian Bioenergy Association, CANBIO is aiamal, industry-driven, non-profit
organization of individuals, businesses and noregawental organizations interested in the
development, promotion and use of bioenergy. Thmeission is to promote utilization of
sustainable biomass for the production of biofue¢st and power.

As an industry-driven body, CanBio lobby federatl gmmovincial governments on matters to help
develop bioenergy-specific policies, mandates amckeritives. CANBIO holds 3-5 targeted
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workshops and conferences each year across Cand@aeaactive in organising trade missions to
and from Europe and Asia.

7.1.2 Federal Woody Biomass Utilization ~ Group

The federal Woody Biomass Utilization Group, (WBU®@®J)as set up in 2003 as an interagency
working group of technical specialists represenfeeral agencies whose missions relate to the
goal of encouraging the use of woody biomass.

WBUG is open to all interested technical and pospgcialists in the federal government working
on issues related to the inventory, project plagramd implementation, feedstock production,
transportation, use and marketing of woody biomaks.goals of WBUG are to:

1. Reduce the cost and improve the quality of toreeodland and rangeland restoration or
hazardous fuel reduction treatments. Reduce foessdration costs and increase the use of
woody biomass as a renewable energy resource threngironmentally sound actions
which also provide economic opportunity in rurafrcaunities.

2. Reduce the risk of catastrophic fires througbpdidn of widespread WBU practices.

3. Provide a sustainable and reliable supply ofdydmomass from forests, woodlands and
rangelands across a range of ownerships and regidhs nation.

4. Develop and implement consistent and complemgmalicies and procedures that will
maximize Federal efficiency and effectiveness of WB

5. Restore at-risk forest, woodland, and rangelandsystems to healthy and resilient
conditions.

6. Develop sustainable, living wage jobs and appatgly-scaled industries in communities.

7. Enhance national security through clean, rentaydbversified energy production.

8. Contribute to the stabilization of greenhouse gancentrations.

9. Develop and apply appropriate technologies amovige technology transfer to
stakeholders.

10. Substantially divert biomass currently diredieé¢andfills to higher value.

Through WBUG, both the federal government and thgividual states have undertaken and
documented a vast amount of research into all &spéavoody biomass utilization as a tool for
hazardous fuel reduction and forest health anadra&sbn. An example of the type of work being
done by WBUG is the 200Woody Biomass Utilization Desk Guitehich provides information
to help land managers plan and implement biomasgegis and build small-diameter tree
utilization/biomass infrastructures in their comniiaes, (USDA Forest Service, 2007).

7.2 Provincial/State organizations

There are many people working to build a vibramtebiergy industry in Canada and the USA.
Outlined below are some of the individuals, groapd organizations that | met with who are key
players in promoting and developing bioenergy ieirthstates as well as influencing policy
development at the local, state/provincial and faldevels.

7.2.1 The British Columbia Bioenergy Network

The BC Bioenergy Network, (BCBN), was establishe®?08 with a CA$25 million grant from
the BC government, to act as a catalyst for depfpynear-term bioenergy technologies and
organizing mission-driven research for the develepimand demonstration of environmentally
sustainable bioenergy technologies.
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The BC Bioenergy Network covers most types of bavgy and has defined eight value streams to
assist in the evaluation and funding of initiatives

Solid Wood Residues

Pulp and Paper Residues

Harvesting and Pelletizing (Local Use or Export)

Agriculture Residues (Crops, Residues and Animastéja

Municipal Wastewater

Municipal Existing Landfill Waste

Municipal Solid Waste

Small and Large Community Heating-Electricity Greeuse Systems.

The BC Bioenergy Network intends to develop Collaltiwe Development and Demonstration
Centres within each of these streams to pilot @rdahstrate technologies which can be replicated
across the province. In most cases, these cenillaawelve a proponent, or owner of the project,
who agrees to collaborate with a number of staldgrslinterested in observing or participating in
a collaborative project on a formal basis, (BC Biegy Network, 2009).

During my study, | visited two of the projects tiBE Bioenergy Network has helped fund:

» Lignol Innovations Ltd, a biorefinery company prathg lignocellulosic ethanol from
MPB killed trees and wood residues has received3Usiflion, (See Lignol case study
7. section 9. for details).

* Nexterra whadevelop gasification systems which are currentlgraping in sawmills and
at the Dockside Green residential development ifsB@pital city, Victoria(See Nexterra
Case study 8. section 9. for details).

7.2.2 Oregon Biomass Coordinating Group

The Oregon Biomass Coordinating Group, (OBCG), is daragency group formed in July 2005

to coordinate agency roles in biomass market deweémt and electricity generation as well as to
provide oversight for the three biomass sub-groupgriculture, Forestand Urban Biomass

Working Groups. These three separate groups foecusspecific opportunities, barriers and

solutions in their particular sector, however otiig Forest Biomass Working Group is currently
active.

7.2.3 Oregon Forest Biomass Working Group

The Forest Biomass Working Group (FBWG) was esthblil in 2005 to meet the directives
in Senate Bill 1072 and to accomplish the biomasdgyin the Oregon Renewable Energy Action
Plan, (REAP). Senate Bill 1072 directs the Statee§ter and Oregon Department of Forestry,
(ODF) to take specific actions to increase theiaatiion of forest biomass, particularly from
federal lands within the state, but also from frilstate and private forests. The Bill is particlyla
concerned with the threat of catastrophic fire. RE#ets a goal of renewable sources supplying
10% of the state’s electric power by 2012. Thid imtrease to or exceed 25% of the load by 2025.

The FBWG is comprised of around 30 members fromusigy, government, environmental
organizations, tribal representatives, non-govemtaie institutions, academics and other
stakeholder interests. They meet every 2-3 moiixssubgroups formed to address the following
key issues or needs:
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Shared Vision and Public Support
Predictable Supply

Harvesting and Transportation
Biofuels

Research and Development
Supportive Regulatory Environment

The group’s objectives are to:

1. Coordinate: Provide a forum for the exchange of ideas, coatpmr and coordination
between government agencies, non-government omjéonz and the private sector,
leveraging the information and resources of altip@ants.

2. Educate: Educate the public, government, environmental buasiness interests on the
opportunities and benefits of forest biomass awace of renewable energy through
integrated statewide education and consensus bgildi

3. Direct and Promote: Act at federal, state and local levels to accédettae transference of
best forest biomass management practices and edenglopment practices to chart a
clear action plan forward, (Oregon Forest BiomassRivig Group, 2009).

Projects undertaken include; production and maariee of the FBWG website, production of a
report, State of Oregon Forest Biomass Working Group-A Repothe Governor's Renewable

Energy Working Group, 200¢ommissioning of the comprehensB®mass Energy and Biofuels

from Oregon’s Forest, 200G he FWBG also make recommendations on legislathaages based

on environmental effects of forest biomass removal.

| attended a FBWG meeting in Salem and | had follgpv meetings with FBWG members
including the groups Chair, Joe Misek, who told thmet the perceptions of forestry and bioenergy
in rural vs. urban communities are very differend @hat it is very important put effort into urban
community education where forest management foréssues are not often well understood and
where most of the dissent is often initiated.

Having successfully undertaken many of the tasks the group set out to do, they are now
looking into preparing a strategy on thermal energgy in Oregon.

7.2.4 Oregon Forest Resources Institute

The Oregon Forest Resources Institute, (OFRI), wesated in 1991 to improve public
understanding of the state’s forest resources aneéntourage environmentally sound forest
management through training and other educationagrams for forest landowners. OFRI is
funded by a dedicated harvest tax on forest preduatducers.

OFRI play a key role in educating the community wball aspects of forests and the timber
industry, including the use of forest biomass foergy. An example of the sort of useful
educational information OFRI produce is the 16 pag@ody Biomass Energyjooklet, (OFRI,
undated). OFRI work closely with a broad range ey Istakeholders to develop their outreach
programs.

For example, the above document includes endordsrf@mforest bioenergy production from the
Oregon State University, the Oregon Dept. of Ferestd even the Oregon Nature Conservancy
who, themselves, have undertaken a hazardous ddektion thinning and burning to improve
forest health and wildlife habitat on their own @) acre preserve in southern Oregon.
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| met with OFRI Director of Forestry, Mike Clouglygego discuss aspects of forestry education,
particularly in relation to biomass for energy. QR®Trks closely with many stakeholders ranging
from landholders to the timber industry and hawesellinks with Oregon State University with
whom they develop forestry outreach programs. Mikéeves it is very important to develop a
clear legislated definition of biomas¢see section 4.3.2 for issues with the current fader
Renewable Energy Standardylike explained how OFRI often run large commurfigld days
based around interesting new technology develomneny. demonstrating a new pyrolysis plant
and at the same time make good use of the opptrtopidiscussing other important bioenergy
policy issues with invited politicians and policgwklopers.

7.2.5 The California Biomass Collaborative

The California Biomass Collaborative, (CBC), formad2003 and is a statewide collaboration of
government, industry, environmental groups, andational institutions administered for the state
by the University of California, Davis. The CBC Werto enhance the sustainable management
and development of biomass in California for thedoiction of renewable energy, biofuels and
products. The CBC is primarily sponsored by thdéf@aia Energy Commission as well as an
additional 7 agency and industry partners. The @B@ade up of 38 diverse member groups and
aims to provide impartial support to its bioenernggustry stakeholders. The CBC includes
members from the environment groups the Sierra @habthe Union of Concerned Scientists.

During my study tour, | met with former CBC direct®rofessor Bryan Jenkins, who is now the
Director of the UC Davis Energy Institute. The CBGnvolved in a wide range of bioenergy and
biofuel activities, including:

Provision of accurate and current information neags to guide the formulation of
bioenergy policy and legislation in California asicthe federal level.

Development of a comprehensive biorefinery modektyhfor one thing, will help define
how the potentially competing demands of statiofaognergy and biofuels will interact.

Development of consistent standards for biofueld liomass feedstocks with the aim of
eventually setting a sustainability standard ond#ads that can be applied and compared
across all other renewable, i.e. beyond bioenergy.

7.2.6 Timber Buy Sell and Smallwood News

| met with Montana Community Development CorponatiMCDC),Director, Craig Rawlings in
Montana, who created the extensive TimberBuySet.aebsite in 2002. TimberBuySell covers a
wide range of functions and topics relating to ong and woody biomass. TimberBuySell.com
was constructed with the aim of finding the “highaad best” use for forest resources and was
spurred on largely by the need to find new markets'smallwood” to help finance much need
hazardous fuels reduction programs in Montana’'srdforests. TimberBuySell is the only
website in North America of its kind as it providas extensive, online marketplace for North
American forestry and milling equipment as wellk@sources such as standing timber, logs, forest
residue, and mill by products-the raw materials foanufacturing, finishing, and energy
production.

The website allows users to create, post, and lséarénformation about sales of forest resources
and related transactions covering core producth sscstanding timber, logs, forest residue, and
mill by-products in the US and Canada. Additiopathe website provides free access to up to
date timber industry information, including evestsch as trade shows and conferences, timber-
related grants, and an archive of news items floerSmallwood Utilization News, (SUN).
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SUN is a free weekly email newsletter that Craigipies with the latest news and events of the
week which always includes something on new biaggpneritiatives, projects or announcements.
Registered members can submit news items and ewéitdh are vetted and posted by Craig.

Craig says that despite the extensive amount ofnmdtion that the website provides, he is able to
keep the postings up to date and publish a weetityor of his email newsletter, Smallwood
News in one day a week though it has taken 8 ydarsget to this point. \(isit
website:http://www.timberbuysell.com/Default.asp)

7.2.7 Tom Miles and BioenergyLists website

As well as seeing four different types of gasifier®peration in Canada and the USA, | also spent
time with internationally renowned expert in biosgetechnologies, Tom Miles from Portland,
Oregon. As well as running his own consultancy hess, Tom has been running interactive
bioenergy websites and blogs since 1996, coveadpigs including gasification, pyrolysis, biochar
production and biomass stoves. These sites ardywstddscribed to, and are contributed to by
bioenergy enthusiasts from all over the world. Tieenergylistswebsites receive 1400-1500
hits/day. Visit websites http://bioenergylists.org, http¥fepreta.bioenergylists.org/ and
http://gasifiers.bioenergylists.org)

Tom gave me an insight into his years of experieniceesearch and working hands on with
various bioenergy systems, particularly gasificat®ystems. Tom says that there are many
companies and individuals promoting gasificatiochtelogy. Many are making claims about their
particular systems which are difficult to substatgi because few have been thoroughly,
independently tested or, if they have been tedtesly are not publishing their results for peer
review. Tom believes that a gasifier needs to beraipd for a minimum of 6000 hours before a
manufacturer can justify their claims about itsfpenance and capabilities — he believes that few
gasifiers have been put through this kind of tgstirhe other grey area for many gasifier systems
is that few have been adequately tested usingatigerof fuel types which manufacturers claim to
be suitable for use in their systems. Tom belieteg companies should have their gasifier
performance independently tested and verified byawrzations such as CSIRO in Australia.
Another issue with some gasifiers is the type afgsg cleaning technologies that they use to
remove tars and particles. When water scrubberssed, the waste water can contain high levels
of the carcinogen benzene, which can be diffiacutispose of safely. This is a problem with some
of the simpler Indian designed downdraft gasifitimugh manufacturers are apparently working to
improve their systems so that the benzene can feé/ shsposed of by incorporating it into the
biochar and re-gasifying it.

Tom also questions the claims that are being madeatahe quality of the biochar that is being
produced by some of the gasification systems aal$ fat any claims about the quantities and
qualities of biochar should be substantiated byowdhg the protocols established by the
International Biochar Initiative, (I1BI).
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8. Discussion

In terms of barriers and drivers that influence elegment of bioenergy, Australia shares many
similarities with Canada and the USA. Our commibieal include abundant coal, cheap stationary
energy and transport fuels, mandatory renewableggrargets, the desire to create jobs and the
need to reduce GHG emissions.

One of the major areas of bioenergy developmemarth America, with potential relevance to
the Australian timber and bioenergy industriesthis use of woody biomass from forest health
restoration and hazardous fuels reduction acts:iflde evidence that many of the publicly owned
forests of North America are in decline has beeterestvely researched, documented and
generally agreed upon by most forest stakehold#esades of fire suppression, declining forest
management and, in some instances climate changgecisof temperature increases and drought,
have led to this trend of unnaturally dense foresth in turn is leading to declining forest héalt
and increasing risk of intense wildfire.

Utilising woody biomass from forest health restamatand fuel reduction programs in appropriate
locations has the added multiple benefits of reay&HG emissions and improving water and air
quality through reduced open air burning of fonesitash and prescribed burning activities,
creating on-going jobs and stimulating rural ecore@mCalifornians, in particular, stand to benefit
from non-burning methods for hazardous fuel reductvhere GHG emissions from any human
induced outdoor burning has to be offset as aqddheir progressive climate change policies.

Innovative woody biomass utilization policies ambgrams, such as the US National Fire Plan,
the Healthy Forests Restoration Act and forest Stdghip Contracts are designed to deliver
multiple benefits for forests, catchments and racmhmunities. These benefits, many of which are
being substantiated through long-term researclhydec

* Reduction in the intensity of, and severity of destion from, wildfires.

* Improvements to air quality for both human and $brgealth through a reduction in open
burning of forest and agricultural residues.

* Forest management practices that restore forestsrtditions more akin to their natural
state with improved forest health and resiliencpésts, diseases, fire and drought.

» Ecological benefits.

* Reduction in GHG emissions e.g. when biomass isdséed and burnt under controlled
combustion in power plants, as an alternative es@ibed burning to reduce hazardous
fuels.

* Increased employment in rural communities througteiavigorated timber industry and
decentralised energy plants.

Despite there being a multitude of good reasonsstdrstituting energy from fossil fuel with
bioenergy from forest biomass, it is still contens in North America as evidenced by the current
definition of ‘renewable’ biomass under the USA®posed Renewable Energy Standard of the
ACES Act. The current definition would exclude adeirange of woody biomass including any
biomass from federal forests and a wide array ofimpal wood waste, if passed through the US
Congress. This has the potential to put existing fature bioenergy conversion facilities at a
disadvantage and is contrary to the vast numbexting policies and programs that actively
encourage and provide incentives to woody bioeneegyoval and utilization. Having a clearly
mandated definition of what constitutes a renewéldd, may be an essential factor effecting the
viability or otherwise of biomass and bioenergydarction systems.

The importance of getting bioenergy policy righnhdae critical both to governments, existing
forest and wood based industries as well as tbithenergy industries that governments are trying
to support . Problems have arisen in North Ameviteere policies, that have been intended to
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encourage certain types of bioenergy developmeave hbeen deliberately manipulated for
unintended purposes or inadvertently over substribeading to budget blow-outs and cost
overruns or adverse impacts in neighbouring coestri

Bioenergy can be one of the cheapest of the rerlewatergy technologies, however all the
alternative energy technologies struggle to compgf@inst the non-renewables when they are
abundantly available and cheap to obtain, as intHNAmerica and Australia. Forest biomass
removal for bioenergy can be competitive; generaldiyere biomass removal is undertaken as part
of an integrated harvesting operation, when tranisgistances to biomass facilities are minimal
and transport logistics are well planned and whecentives accurately reflect the both benefits
gained from biomass removal and the costs incufrech alternative forest management
treatments.

The Australian government is developing an emissimading scheme and many industries and
businesses are looking for ways to reduce their G#hssions. Under the proposed federal
Carbon Pollution Reduction Scheme, (CPRS), woodynbss from public land forest residues is
considered to be a renewable and carbon neutratesai energy. This definition has recently
been adopted in the new Victorian Timber Industinat®gy opening the way for logging residue
to be used to produce energy.

From the forest managers’ perspective, bioenerggiymtion from this forest residue or ‘slash’ is a
logical use for this material that would otherwiseburnt on site, sending a renewable fuel source
up in smoke and creating more air pollution, motdGsemissions and increasing the risk of a
slash burn escaping and becoming a wildfire. N&edess, there are already concerns in the
community that the use of forest residues will t#esanew market that could lead to an expansion
of native forest harvesting, as was the perceptibthe woodchip market as it developed in
Australia in the 1970’s and 80’s. The Victorian Tiemn industry Strategy’s endorsement of energy
production from native forest residues has beeicized by environment group the Wilderness
Society, which described it as archaic. An exangbléhe type of resistance that forest managers
could meet comes from the Eden woodchip mill, SBEFEgre the local community are opposing
the proposal to use mill residues to generate pdarethe mill and the grid, despite the fact that
this residual material is currently being open bun site at the mill and that no additional
residues will be taken from logging operations.

Australian forest managers planning to develop rieogy facilities that utilize forest harvesting
residues, and/or biomass generated through trfatseghanical removal of hazardous fuels will
most likely meet with resistance from the commuridtly a range of reasons. The need to clearly
articulate the benefits of utilising forest biomdssproduce energy is an essential first step in
gaining broad support from the community.

In North America, collaborative biomass working gps and networks, coupled with well planned
public education programs, seem to be having aipesffect on raising the level of support for
forest biomass removal and bioenergy production.

Collaborative consultation processes such as ContynWildfire Protection Plans, which give
communities the opportunity to determine their @nefd methods for hazardous fuel reduction
may be a way for some Australian rural communittedevelop bioenergy projects at a scale that
they feel to be appropriate. The Fuels for Schaal$ Beyond project provides a model for small-
scale bioenergy project development that is growimgcale as communities gain understanding
and trust around the use of forest biomass and ethed residues to heat and cool their public
facilities.

To varying degrees, Australia shares many of theidsa and drivers that are behind North
Americas’ rapid growth in investment in bioenergyaiofuels production, research, development
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and extension. The multitude of successful, as agefailed, policies, programs and projects, that
have grown out of North America over the last decadsupport of bioenergy, provide a great
learning opportunity for advocates of bioenergyalepment in Australia.

9. Case Studies: The outcomes from woody biomass po licies,
programs and incentives

9.1 Case study: Fuels for Schools and Beyond progra  m and the
National Fire Plan

| was fortunate enough to spend time with FFS&Bgpaon manager, Dave Atkins from the USDA
Forests Service, Montana. Dave filled me in onhiséory of the FFS&B program and showed me
around some of the 14 projects that he and his teare helped initiate since 2003. Dave also
helped me understand the ins and outs of what nsakaB-scale bioenergy energy projects work.

In 2000, devastating wildfires swept through Bt Valley in western Montana and other parts
of the US. The steadily declining level of foreatvesting and increasing areas of unthinned forest
stands, especially on the periurban interface coatbwith severe drought was thought to have
been a major contributor to the severity of theéssf In an effort to reduce the likelihood of frgu
catastrophic fires, the federal government padsedNational Fire Plan legislation. Included in the
plan was a commitment to provide grant money urgt@momic Action Programs (through the
USDA Forest Service State and Private Forestry)elp fund pilot projects to demonstrate new
uses of small diameter and underutilized woody nwdte

This funding opportunity inspired Dave and his ealjues with the idea for using the biomass
generated from hazardous fuels thinning prograniority fire risk to fuel a biomass boiler to
heat three schools in Darby, Montana. 2001 matkedbeginning of the Fuels for Schools
program, now expanded to the name Fuels for SclammlBeyond. The idea was that, the cost of
thinning hazardous fuels, which traditionally haavfcommercial end uses, could be partially
offset by the economic return from sale of biomass.

The FFS&B program aims to;

* Promote and encourage the use of wood biomass raseavable, natural resource to
provide a clean, readily available energy sourdtalle for heat and power in public and
private buildings.

» Facilitate the removal of hazardous fuels from fawests by assisting in the development
of viable commercial uses of removed material.

Initiated by a partnership between the USDA Fofestvice State and Private Forestry and the
Bitterroot Resource Conservation and DevelopmeeBAc., there are currently 6 state forestry
departments participating in this program with fstafailable to provide technical and financial
assistance to interested parties in Nevada, Utiaihol, Montana, Wyoming and North Dakota.

The first phase involved establishing a demonstnapiroject in each of the region’s states. Phase
two involved expansion of the concept and faciligtthe installation of additional biomass
boilers. There are currently 17 biomass boilersraing throughout North Dakota, Montana,
Idaho, Wyoming and Nevada with two more in the giesir construction phase. The program is
now in its third phase of transitioning out of tlede as primary funder and seeking to promote the
“wood to energy” concept to the private sector sthdtill maintaining a strong role in technical
assistance with existing projects.
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In October this year | visited the Darby schoolshwibave. The project involved replacement of
three oil fired systems with a biomass heatingesystwhere ground or chipped woody biomass is
automatically fed from a storage bin to a boilergitHcombustion temperatures result in a high-
efficiency, nearly smoke-free burn with minimal og®r input. This provides enough heat for the
three adjacent schools which have a combined fépaice of 7600 square metres. All up, the
Darby system cost $US650,000. In 2008, peak otitpat the wood boiler was 3 MMBTU/hr, (~3
gigajoules/hr) produced by 675 tonnes of wood amdked the schools around $US90,000/yr on
space heating and hot water costs (even more sears when diesel prices spike). A subsequent
analysis of actual costs for a school found a pelyhzeriod of 9.8 years based on 2004-2005
heating fuel values.

Two fuel storage bunkers are sited on the edgheoptayground which store 36 tonnes of ground
or chipped fuel, wood peelings and even the oddadext book which all go through the system
with ease! Part of the learnings from designingtabing and running these systems is that they
must be easy to operate and robust enough toeutilisange of fuel types and qualities. Most
importantly too, Dave says, is that you must hdee dystems operator fully on board as well as
the backing of the institution, Dave and his cajlees have also determined that an institution
needs to be outlaying at least $US20,000/yr onifgpab make it viable to convert it to an
automated wood-fired system. Although the Darbysthhave had financial assistance to convert
to biomass boilers, Dave says that some institateme now fully funding their own bioenergy
boiler and combined heat/power plant conversionth@dong term economic benefits are clearly
obvious.

For more information about the Fuels for Schoold bayond, visit the comprehensive website:
http://www.fuelsforschools.info

FFS&B — fuel bunkers- on the edge of the Darby elatary school playground

FFS&B Manager Dave Atkins and the automated fusdl feystem at the Darby elementary school
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Darby elementary school furnace

9.2 Case study: Dixon Ridge walnut farm & the Biom  ax 50 gasifier

Established in 1979 by the Lester family, Dixon gid=arms, are a vertically integrated farming

operation that raise, grow, pick, hull, dry, shelbrt, store, package and sell organic walnuts.
Each year they process around 685,000 kg of wahatts which results in 910,000 kg of walnut

shells that need to be disposed of.

Although current energy prices have dropped comnsidg during 2009, fuel prices in California

soared during 2008, with propane gas prices tgptanan all time high of $0.57/litre. Concern

about future fuel costs, as well as the environadeipénefits of renewable power, has driven
Dixon Ridge Farms to look into complete energy-salficiency. In 2007, the Lester’s set a goal
of being energy self-sufficient by the year 201Bjlerbeing carbon-neutral or negative. Another
part of that goal is to make sure that this eneayes from non-food sources.

Russ Lester and his family were already sellingrtvalnut shells to a biomass power plant for
which they received between US$9-18/tonne, so there familiar with the concept of using
biomass as a renewable energy source.

In 2007, the Lester’'s began working with the ComityuRower Company (CPC) of Colorado.
CPC secured a cost-shared California Energy Conomiggant to place one of their BioMax®
50 downdraft gasifier systems at Dixon Ridge Fatonsonvert their walnut shells into electricity
or heat.

CPC'’s gasifier converts walnut shells to a low Bambustible fuel gas. The gasifier is also
capable of converting other biomass feedstocksudiey woodchips and tree prunings. Project
Manager, Brad Roberts reckons that a large numbagricultural residues in California such as
olive pits, grape marc and almond shells would bksavell suited to gasification.

The BioMax 50 gasifier produces enough syngas &b dugenerator outputting 50 KW of utility-
grade electricity from around 45 kg of shells/hdline combustible gas is then used in an engine
generator to produce electricity, or combusted radpce heat for the Lester’'s’ walnut drying
system. The electricity is used to power a 1115rehé&eezer that previously cost them US$4-
5,000/month to operate.

Previously, the Dixon Ridge Farm at Winters usedu&t34,000 litres of propane/week to fuel 6
heaters during the month-long walnut drying seablmw they use producer gas from the gasifier
to displace 30% of the propane used in their heater

“We estimate that the walnut shells that we wounlsrmally sell for $18/tonne are worth
$136/tonne when gasified and used to offset ouit@hgat and electricity costs” said Russ Lester.

64



Brad Roberts believes that, having now clocked dve000 hours of operating time as of
October 2009, including one endurance run wheresyseem operated for 732 hours out of 745
hrs (>98% of the time), the BioMax® 50 has the kjhavailability record of any small modular
gasification plant in the world. The plant is notipahutdown every two weeks for scheduled
maintenance. New units being designed by CPC vallehadditional self-cleaning features to
reduce the need for operator intervention.

The biochar, a by-product from the gasificationgass which is 47% carbon, is produced at the
rate of around one 208 litreUS drum every 2 dayBis Tis being added to compost and
incorporated into the organic farming system. Rarss his daughter Jenny have been working on
the carbon aspect of the project with UC Davis eis$e professor Johan Six, of the plant sciences
department. Initial studies indicate that the Hiéfof the carbon in the biochar in the soil exds
1000 years. Other possible benefits of the biomarthe retention of soil nitrogen and water.
These and other benefits will be the subject afritesearch.

The Lester's BioMax® 50, is a prototype which iedtiin with various energy and agricultural
research projects at University of California Dawas well as providing valuable information back
to CPC. Brad monitors the gasifiers performanoiects research data, performs CPC-designed
experiments, and trouble shoots when necessaryeéle that the average mechanically minded
person would be able to run the system which idirgeteasier to do as improvements are
incorporated through his activities.

The Lester’'s said the biggest hurdles to enerdysséliciency at Dixon Ridge Farms have been
regulatory. Due to outdated regulations, modulapbwer from biomass is not allowed to be grid
interconnected on their solar net meter, even thoitigis recognized as a good renewable
technology by the utility and the State of Califacn For more information visit:
http://www.gocpc.comwww.dixonridgefarms.com
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9.3 Case study: Eureka pellet mill, Superior, Mont  ana

In September 2009 | visited the Eureka densifiemmaiss fuel, (DBF), pellet mill in Superior,
Montana with Business Development Director, Chmistlohnson. Eureka Pellet Mills, (EPM) has
been operating since 1988 and is one the largedupers of residential pellet fuel in the USA.

EPM uses sawdust, wood chips, whole trees, andh clemd waste to produdhiree grades of
pellets; Premium, Standard and Industrial. Theed#ffice between pellet grades is their percentage
of inorganic ash content. Premium fuel contains lggn 1% of ash content, Standard fuel can
have up to 3% ash content and Industrial gradebeayreater than 3% ash content.

The Johnsons also own Johnson Brothers Recyclenvidig pallet manufacturing and repair plant
near Missoula. They also own a wood recycle yardrevlarea residents and businesses can drop
their clean wood waste, which is the ground up taagisported to Superior as raw material used to
make pellets.

Over the last few decades, the western Montanag@iEureka and Superior have suffered from
layoffs and shutdowns in the timber industry. ERMo employ around 40 people at their two
plants, provide both a local economic boost andagket for both urban wood waste and small and
otherwise non-merchantable biomass from hazardais thinning work.

Being too far from the coast to export their pslled the big EU markets, EPM focus on the
domestic and Canadian market for their sales, wfoshich are through large supermarket chains.
The home wood heating market is the biggest useheif pellets. The Pellet Fuels Institute
estimate that there are around 500,000 dbf pdtees in Canada and the USA. Between Canada
and the USA there are over 120 pellet manufacturers

The EPM facility feeds sawdust into a biomass fireidry dryer to remove most of the moisture.
The dried feed stock is then transferred by augéhg pellet mills. The pellets are cooled and sent
to storage bins. The final step in the process ghake out any fines before being bagged.

In 2002, Eureka was granted a National Fire PlaonBmic Action grant of US$100,000 to
upgrade their pellet plant and purchase a woodipbHgging system for the retail pellet heater
market, which bags 0.9 tonne of pellets every 2uteis. The grant was also used to purchase some
duct work and a cyclone at the plant. This grampdak Eureka Pellet Mills use more hazardous
fuel thinnings and hire 9 new staff and establialge distribution contracts with two large
supermarket chains.

EPM plant manager, Justin Johnson, has recentgnied a bulk pellet silo for their wood pellet
heater customers as an alternative to them hawirigamdle lots of 18 kg plastic bags of pellets.
The pellet silos can hold one ton which EPM willider direct to their customers. The new
system incorporates a sturdy steel frame for hglthe bags and a chute for manually dispensing
the pellets directly into the pellet stove fuel pep The frame will be available for customers to
buy or hire. The pellet bags, which look like largeol bales, can be manoeuvred onto the frame
by a forklift or a small truck—mounted crane. Aatiog to Christine, “bulk pellet delivery systems
in general are very prominent in Europe, but osteay and our design is brand new. No one else
in the world has developed a system like ours aadhave a patent pending for it. The systems in
Europe are mass, automatic feeding systems wodbs#imds of dollars.” One bag would be
expected to heat the average household for 45 dagdhrs/day over winter. The average
household in the USA currently uses around 100x83@ kg bags of pellets/year with one bag
providing enough heating for around 24 hours.
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In 2009, EPM received a Hazardous Fuels Woody Bssnr@deral Grants worth $250,000 to help
jump start their bulk wood pellet silo inventiondato expand their existing pellet manufacturing
business into a bulk pellet manufacturing facility.

This grant is expected to result in hazardous feduction, via forest thinning and biomass
removal, of around 450 hectares of forest, produ&6,800 green tonnes and employing 5-6
additional workers.

Email: eurekapelletmill@gmail.com

Experimenting with the ideal silo design at Eureka

The design on the left is the original design fog bulk pellet bin. The photo on the right shows
Christine Johnson with latest, patent-pending silesign that her husband, Justin has
manufactured. The bin on the right is the one Eae&llet Mills is selling or leasing to residential

and industrial customers

DBF pellet heater and Eureka premium grade pellets
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9.4 Case study: Woodlands 25MW Biomass Plant, Calif  ornia

Woodland Biomass Power Ltd, (WBPL), is a bioenesgmnpany located in Woodland, California,
(about 130 km northeast of San Francisco) thatbeas operating since 1989. Woodland uses a
variety of types of biomass to power their 25 MVendlfrom agricultural and forestry waste (e.qg.
tree prunings, nut shells, fruit pits, and timbarvesting slash) to urban wood waste (e.g. old
pallets, offcuts from the building industry and d#ition timber). Basically, Woodland is fuelled
on waste and residual biomass that would otherbadeurned on site or dumped in a landfill.

The plant buys in most of its fuel from local sup@ within about a 145 kilometre radius of the
plant, although as part of the federal governmeonimass Crop Assistance Program, (BCAP),
about 10% of their biomass will be coming from fgnt afield from forest thinning and hazardous
fuel reduction projects on federal forest landsodaction, delivery etc. of this biomass will be
subsidised through BCAP on a matching dollar fdladdasis, up to US$40/tonne which will help
cover the additional long transport haulage cdsten forests in need of hazardous fuel removal
up to 200 km away.

The wood is burned to make steam that turns aneriproducing about 25 MW of electricity—
enough for 25,000 homes. The plant burns up togf2en tonnes of biomass/day made up of
trucked in ground or chipped woody waste, (up tdrdbks/day), or urban and green waste that is
ground on site from the local community who can guimee of charge. Woodland employs 31
people at the plant and runs four shifts 24/7.

Woodland is one of 34 biomass plants in Califorsma one of 6 plants in the Sacramento Valley
area so at times there’s a fair bit of competifimmbiomass in the area.

When asked what are the major issues that biomasgsphave to contend with in California,
Environmental Coordinator, Kirk Bingham said thaelf supply was number one at the moment.
The global recession has resulted in a major remtuat new building starts and renovations, less
demolitions and greatly reduced activity in the iagtural and forestry sectors which, in
combination is leading to a large drop in biomasslability.

Air quality regulations are another challenge fmnhass plant operators in California. In an area
where smoke-filled autumn skies were once the n@atramento Valley bylaws now prohibit
most of the burning of agricultural residues. Kigitnembers growing up in the valley when rice
stubble burning was allowed and people were viguainfined to their houses on the worst days
due to the dense pollution it created.
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California is now regarded as having the toughegirenmental laws in the country.

California has 37 different “air” districts so thmermissible level of air pollution varies from
district to district based on air pollution zonesignated by the US EPA derived from population,
ecosystem type, and historical environmental damAtieemissions, in all districts of California
have to be offset in some way, which for Woodlameh enclude the purchase of agricultural
stubble and other residues which would have prelydoeen open burnt.

Californian laws also require all waste managenwghanizations, (e.g. rubbish collection and
municipal landfill businesses) to recycle at |&% of all recyclable materials in 2009, increasing
to 40% by 2012. Progressive Californian laws, saglhose outlined above, have helped to make
plants such as Woodland viable.

To meet California’s tough air quality regulatione combustor used at Woodland is a
Circulating Fluidized Bed, (CFB). This type of lailis particularly good for minimizing
emissions such as G@nd NOx, but the down side is that they have tsthg down for forced
maintenance much more frequently than other, matiessons intense boiler types. For example a
CFB will require a 24 hour forced shutdown every30days, with a more extensive, higher cost
routine maintenance shutdown every 6 months, wkeaetypical grate type boiler will usually
only require a routine maintenance shutdown oneeye& months.

The other advantage of the CFB’s is that they cderdte a wider range of poor quality fuel.
Woodland’s have tried many types of fuels and tiWwing summarizes the good, the bad and
the ugly! Almond shells are too high in potassiund énave the effect of causing damaging
deposits in the furnace and on boiler piping. Olpips are good because they are heavy and
generally have high heating values. Peach pipslag. Straw was once used at the plant but high
silica levels made it unviable to use. Urban wagaeerally has an energy output of around 6-
8000BTU/Ib, (14,000-18,600kilojoules/kg), compardd agricultural prunings at around
9000BTU/, (20,900 Kilojoules/kg), compared to oliveips at around 12000BTU/Ib,
(26,400kilojoules/kg) — similar to jet fuel! Riceills from the regions’ four rice mills where once a
major biomass input for Woodlands’ but they areegelty less suitable for co-firing with other
biomass fuels and, having increased in price ienmegears, WBPL don’t use them now. However,
the nearby 30MW Wadham biomass power plant is desigo run almost solely on rice hulls.

When | asked how they keep ‘undesirable’ waste nagesuch as treated, lead painted or
composite wood products from going through the plKirk said, “We have a very specific fuel
quality plan and sampling requirements. We hawaeking system for each individual supplier
and a specific team to monitor the quality of auelf’

All the ash generated from the plant is used bybmemdustries for a range of end uses, especially
for direct application onto farmland as being hyghlkaline, 12-12.5 pH, it is useful for raising
acidic soils close to a neutral pH. It is also mpooated into road and foundation construction
materials.

The company is also looking to buy and converttexgscoal fired power plants to biomass in
California.
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Various fuel types used at WBPL from olives pippadiets

Woodlands accepts a variety of urban wood waste

9.5 Case study: Frere’s veneer plant and 10 MWCHP p lant, Oregon

With a group of foresters from the Oregon DeptFofestry, | visited Freres’ Lumber Company
veneer mill in Lyons, Oregon to see their 10 MW Cg#heration plant in action. Kyle Frere, Vice
President of Fréres’, lumber took us on a touhefrnill and CHP plant. Freres’ Lumber company
is a family business which operates two veneersmdlveneer drying plant and a plywood plant
and employs over 420 people.

The main incentive for installing the CHP plant wvilas rising cost of natural gas that they need to
fuel the veneer drying equipment. On average Frémesd to spend around US$1.5 million/yr in
gas (2 million therms per year, = 0.21 petajoulgsht current gas prices biomass is about break
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even for them with gas. However, when natural gasep rose to over $1.20/therm, as it did in
2008, the cost to Freres’ skyrocketed to over UB§iRon for the year. The project cost around
US$24 million to install and it is expected thag fhay back period will be between 5-7 years. The
other aspect of using bioenergy that really appealsyle is the extra jobs that they have created
from the harvesting, processing and transport eflliomass. As well as utilizing their own mill
residues to power the CHP plant, Freres also paeshabout 60% of their biomass from a range of
sources such as thinning from hazardous fuels testuor from ground hog fuel from municipal
green waste. Over summer, the mill buys in aroli®d16 truckloads/day, each carrying 25.5
tonnes loads of green hog fuel. Over winter, whegisf are wet, their requirement increases to
around 16 loads in addition to the mill residueytigenerate. Currently, a load of biomass costs
about US$400, however prices regularly fluctuate] have been as much as US$1,000/load.The
total costs for biomass that Freres' has to puechBiem outside suppliers is around
US$1,000,000/yr. They also have a pulp log pileciwhdue to low prices for pulp and paper, is
currently being converted into hog fuel and usethenboiler.

The plant generates about 1 truck load/ day ofwdshh is either put back into their plantations or
used as a substitute for lime on agricultural land.

With state tax credits totalling US$12 million, Feé converted their veneer dryers to run on steam
heat and installed a CHP plant in 2007 consistirg 100,000Ib/hr Wellons rotating grate biomass

boiler and GE steam turbine and generator. Theerethg/er exhaust is captured and rerouted to
the boiler to be used as combustion air. Resideahns from the veneer dryers is used to augment
kiln steam demand. Typically, the veneer dryerg about 30-40% of the boilers capacity and the
remaining steam is used to generate electricite. @dwer they generate is sold into the grid for a
premium “green” price.

The plant is fitted with an electrostatic precifota the equivalent of a high-efficiency dry
scrubber. Emissions are monitored automaticallytte plant and sent to the Dept. of
Environmental Qualitgvery 6 months.

Since 2007, a $9/green tonne federal tax creditbfomass purchased from federal forests has
been available to lumber companies like Fréresisgist with the cost of production and transport
of biomass for energy use. An Oregon businessreditds also available. Freres has also recently
gualified as a BCAP conversion facility making ligéole for the BCAP grant where the federal
government matches dollar for dollar up to $40/gremne for biomass coming from designated
hazardous fuels reduction programs on federal land.

The veneer mill has been operated by the Freresilyffesince the early 1920’s, although it was
moved to its current location in the 1950’s. Fréresanufacture softwood veneer, with
approximately 20% of log supply coming from 6,12 tares privately held by the company and
the remainder from public timber sales and openkaetasources. Around 70% of the veneer
produced is from plantation Douglas Fir. Logs, 18.42.2 metres in length, are bought into the
mill and cut into 10 x 261 cm lengths which arentipeeled into veneer. Logs are peeled down to
7.5 - 10 cm diameter. These peeler cores are ra-gdw small studs and were once used as pulp
logs but with the downturn in the US and Canadialp @nd paper market, there is little value in
this market anymore.
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Douglas Fir log about to go through the peeler pssat Freres veneer mill Lyons, Oregon.

The condenser for the turbine which collapses éselual steam back in to condensate for re-use.

9.6 Case study: Trillium lignocellulosic ethanol fr om crop residues,
Oregon

In Oregon, disposal of forest residues by open ibgris increasingly restricted because of
concerns about air quality, public health and viigjb Alternatives to agricultural burning
strategies are now mandated by federal regulataorsjn-state smoke management programs.

Field burning had been widely used by grass sewdeis to clear fields for the next planting and
to manage pests and weeds. The Oregon Departmeahvafonmental Quality, (DEQ) began
requiring a permit for farmers to burn their fielitis1981, but the requirements became stricter in
1988 following a multi-car accident in which smokem field burning near Albany, Oregon
obscured the vision of drivers on Interstate 5.

This resulted in more scrutiny of field burning apbposals to ban field burning in the state
altogether and nowadays, State regulations give D€ authority to prohibit open burning
anywhere in the state on a day-to-day basis depgnugtion air quality and weather conditions.

Burning is particularly regulated in Oregon’s Witlatte Valley which is the grass seed capital of

the world. Oregon’s Department of Agriculture (OD#gulates field burning in the Willamette

Valley under the state’s smoke management prog€nrent law limits field burning to 26,530
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hectares annually, a small fraction of the total. Minimize smoke impacts on air quality and
public health, ODA uses weather forecasts to gtarntime, location, and the number of acres in a
burn. Willamette Valley grass seed crops, mostggrgss and fescue, produce around 0.9 million
tonnes/yr of straw residue and Oregonians are tgpfar alternatives to in-field burning.

In September, 2009 | met with two of Trillium Filberels Inc. founding members, Chris Beatty
and Steve Potochnik who are creating the procedsnédogy and equipment for converting
cellulosic feedstocks into ethanol. Based in CdiwvaDregon, Trillium identified agricultural
residues as a preferred feedstock due to theiristensy, fine structure, low lignin content,
collection infrastructure, and supportive publidipp The two main agricultural residues in their
region are straw from wheat and ryegrass. Trilllhews tested many types of feedstocks to date but
is currently focussing on those of regional sigmfice such as ryegrass, wheat straw and
softwoods.

In 2009 Trillium was awarded a US$750,000 graninfitie US Department of Energy (DOE) to
scale up their test laboratory to a small celld@thanol pilot plant.

Chris told me that their project has particulagpealed to local funding agencies due to the issue
of burning bans and the need to find alternativesu®r the seed grass residues, especially the
annual ryegrass crop which has little value ased fraw for stock, yet makes up about 30% of
the total seed grass crop in the region. Growess waste straw as a problem and with bans on
burning this residue, most are currently eithéingl or flailing the stubble and leaving it to bkea
down.

Chris describes Trillium as the “dark horse” offhigls research companies because, unlike others,
Trillium is developing a xylose utilization techogly that utilizes an enzymatic pathway with
naturally occurring enzymes as opposed to the itypieal genetically engineered micro-organism
approach.

One of the key challenges to commercializing ceflid ethanol is the utilization of pentose
sugars, especially xylose. Since the utilizatiorxgbse represents a 20-40% increase in ethanol
yield per unit of biomass, it is imperative to femmt this material to achieve good economy in
most cases. Several groups are trying to utilizesey by genetically altering yeast. By taking
genes from other organisms and adding them toeghstynew metabolic pathways may be added.
While this method has had some success, theresawes. The new pathways may disrupt the
balance of the cell and do not allow it to thrivean industrial fermentation environment. For
refineries that produce a co-product that is fedrionals (like most corn ethanol plants), there is
also the issue of having a genetically modified aorgm in the food chain.

Trillium has chosen a different approach that doesrequire a genetically modified organism.
Through the use of an industrial enzyme, xyloselmgonverted to xylulose. While xylose is not
readily fermentable, xylulose is. Their isomeriaatiprocess will have applicability in many
biomass conversion situations since most feedstoaks a sizable xylose fraction to be harvested.

Trillium is collaborating with various other reselhers and organisations such as enzyme
companies and the Oregon State University. Othgeds of the research that their partners are
undertaking include evaluation of feedstock avdilgb logistics and multiple process
alternatives.

Once the technology has been commercialised th@a&oynhopes to encourage the establishment

of a biorefinery amidst the seed grass cropping &eensure that biomass transport distances are
kept to under 20 milegor more information visit: http://www.trilliumfibe rfuels.com/
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9.7 Case study: Lignol - woody bioenergy based bior  efinery

Lignol Innovations is a Canadian corporation basedBurnaby, British Columbia who have
developed a biorefinery process to produce celiclethanol, high purity lignin (HP-L™ lignin)
and other co-products from woody biomass. This ggecis now being tested and refined in
Lignol’'s new pilot plant which commenced operation2009. | met with Gurminder Minhas,
Lignol’s Director of Technology Deployment, whenisited their plant last September.

The Lignol pilot plant has the capacity to procgédsnne of woody biomass/day from which it is

producing 260 to 280 litres of ethanol/tonne, del@ym on the feedstock being processed. The
focus is currently on processing wood chips frontivea softwood and hardwood species,

particularly Mountain Pine Beetle killed Lodgepddne, though a range of woody feedstocks
including crop stubble and even waste paper are lang tested. The plant is being operated
24hrs/day to generate engineering and design dateoinmercial plants, test different types of

biomass and test quantities of product application.

The technology Lignol uses is based on the ‘Alcblbrefining technology that was originally
developed by General Electric and Repap Enterpftsase pulp industry. Lignol's pre-treatment
process uses a solvent to separate the three noamrass components, (cellulose, hemicellulose,
and lignin). Lignol has modified the original sohtébased, pre-treatment process and integrated it
with a patented enzymatic process to convert asRilto ethanol. The solvent used during the
extraction process is then recycled and utilizesubsequent pre-treatment runs.

The extracted cellulose and hemicellulose are enfigally depolymerized and fermented to
produce an ethanol beer which is then distilled deldydrated to yield fuel-grade ethanol. The
company’s pre-treatment method produces a cellulesbstrate that is highly suitable to the
production of fermentable sugars with enzymes. aligms successfully produced ethanol from
pre-treated wood chips with results in excess &b @ theoretical production of ethanol.

The hemicellulose carbohydrates can also be usedth@r applications including animal and
human health. The process also separates out guezyform of lignin — around 25% by weight.
Lignin, which is also a by-product of the pulp apaper industry, has traditionally had limited
commercial uses due to its low purity. Lignol's igurity lignin can be used in place of
petrochemicals in a wide range of chemical appboat such as phenol formaldehyde resins as
well as industrial coatings and glues. Other apgilbmis of the high purity lignin products include
additives to animal feeds. Recent studies donewrimal production systems are showing a
measurable reduction in antibiotic use when ligsinncorporated into their feed. Furthermore,
there is evidence that lignin can potentially reslumethane production in ruminants. In
collaboration with several British Columbia univiies, Lignol are undertaking further research to
develop new markets and uses for lignin. The CSiR@ustralia are also undertaking research
into lignin.

Lignol believes that it is important to develop laksic ethanol production as part of a total
biorefinery system and Gurminder explained thaa itypical crude oil refinery, 75% of the end
product was gasoline and 25% was in petrochemyeslthe total $ value of both outputs is equal.
Hence, the viability of many bio-refineries may trgsimarily on the chemicals and other by-
products they produce rather than the ethanol.

The US Department of Energy estimates that celliethanol is almost four times more effective

in reducing GHG emissions than starch ethanol fier $ame gasoline formulation. However,

recent life cycle analysis studies of cellulosibagiol indicate that the carbon footprint from

producing enzymes for cellulosic biofuels can cdesably increase overall GHG emissions. An

encouraging feature of Lignol's process is thatiges fewer enzymes than many of the other
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enzymatic cellulosic ethanol processes being deeelovhich helps keep both the cost and the
carbon footprint of the process down. With Ligngbcess, the spent solvent, (black liquor), the
water and the heat are all recovered and re-used.

Lignol intends to develop fully-integrated facéi§ at commercial scale with the intent developing
multiple facilities at numerous sites across NoMimerica and to be the turnkey technology
provider for each of those facilities in exchanged license fee and carried interest in the ptojec

Upon the completion of its current project, Ligmuiends to work with one or more of its industry

partners to construct the world’s first commergialliable cellulose to ethanol “showcase”

demonstration plant.

The project is supported by the government’s Snahbde Development Technology Canada and a
consortium of industry participants. Lignol, hasabeen offered a US$30 million grant from the
US government to help build a demonstration planthie US that will utilize between 100-300
tonnes of woodchips/day. A fully commercial sizddnp is expected to use 400-2000 tonnes of
biomass/day. For more information, vigittp://www.lignol.ca/

Left: Mountain Pine Beetle. Photo: Canadian Fo&esvice.
Middle: Harvesting of mountain pine beetle-killetigepole pine. Photo: Canadian Forest Service.
Right: Lignol’s biorefinery plant

9.8 Case study: Dockside Green - Sustainable Urban Development
Incorporating the Nexterra Gasification System

In late August 2009, | visited Dockside Green intiBn Columbia, Canada - a new innovative
sustainable community development incorporatingdesdial, office and commercial buildings

and showcasing a host of environmentally friendlgitenals, sustainable energy and design
features. Dockside Green is built on 15 acredaieed from a former brownfield site, on the

banks of the Upper Harbour area of Victoria, thpited of BC. It is the largest development of

public land in the capital’s history.

The Victoria City Council and developers, WindmWest and VanCity Developments, are
striving to make Dockside the first greenhouse mastral development in North America. The use
of bioenergy is key to achieving this target.

Each of the buildings constructed at Dockside Graem designed to achieve the LEED®,
(Leadership in Energy and Environmental Desigrgtiflim ratingthe highest rating in the global
standard for developing and measuring green, suatks buildings. The first four buildings, built
during phase one of the development, achieved LBEDnum status with a world-record-setting
63 out of 70 possible points. The development has mumerous other sustainable design awards.
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Dockside Green, which is currently about one-tltiodhplete will eventually include 26 buildings
totalling 120,774 sq metres of mixed residentidfice, retail and light industrial space. It will
house around 2,500 people in three neighbourhoods.

An onsite, underground sewage treatment plant peeseall of Dockside Green’s sewage which is
re-used for toilet flushing, irrigation and theifetal creek and pond system on site. The use of
treated water is saving around 140 million litrésvater/year. Green roofs are established on the
residential buildings and there are 2 “living” vgaWhich are irrigated with the treated waste water.
Water saving appliances are installed in the kitshéaundries, bathrooms and toilets. Water
efficient dishwashers and washing machines aregbestalled to further reduce water usage.

Dockside Green incorporates other eco-friendlygte$eatures such as extensive use of salvaged
timbers, renewable bamboo and cork, solar-powetregtslights and garbage compactors; and a
car sharing program and bike racks to encourageulss of cars.

The Nexterra Gasification System

A key feature of Dockside Green is the use of wtmdenerate all of the hot water and heating
requirements of the development. BC based compéenterra Systems Corporation designed and
built a turnkey, fixed-bed updraft gasifier with @pacity to produce 7 MMBtu/hr, (~7.35
gigajoules/hr), net of useable heat at Docksideefare

The gasifier uses around 3,000 tonnes equivalelbowé dry waste wood/year, sized to 3 inches in
diameter, which is provided by a local contractant locally sourced, clean, urban wood waste,
(which was previously going to landfill at a co$t@A$80-100/tonne). The ground waste wood is
purchased for CA$20/BD tonne.

The gasifier converts the wood waste into comblessigngas, a mixture of carbon monoxide and
hydrogen, which is then burned in the oxidizer. ibeflue gas is then directed to a boiler, and the
hot water produced in the boiler is distributedatbthe buildings at Dockside Green. One loop
reticulates hot water for residential hydronic egtand another loop is used to meet residential
hot water requirements.

An electrostatic precipitator cleans flue gas befogleasing it out the stack. The gasifier can
handle wood with a moisture content as high as 55¢fagas runs in tandem with natural gas if
needed, e.g. during routine maintenance. The systagaeds the City of Victoria’'s air quality
standards. The mineral-rich ash generated at tlokdde facility is collected by the fuel supplier
and turned into compost.

Dockside Green recently began earning carbon sredien the gasification plant was connected
to a nearby hotel, to which it sells its excesst.h€his helps the community offset some of the
GHG generated on site through their current ussonfentional electricity and the delivery of the
waste wood to the plant.

Why was a gasifier chosen rather than a convertiwaad boiler? The developers chose biomass
gasification technology due to its ability to delrva combination of superior performance and
operational benefits above those of conventionaldumoiler systems, including design simplicity,
fuel versatility, reduced maintenance, low emissjauietness and cost.

Once the Dockside Green development is compleestjig with syngas produced from biomass
instead of burning natural gas will cut g@missions by 3,460 tonnes/year — the equivalent of
taking 850 cars off the road. According to Nexteparticulate matter from biomass gasification
has been shown to be comparable to that of nagasal Furthermore, emissions of both &@d
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volatile organic compounds are significantly lowdran the guidelines set by the US
Environmental Protection Agency as compared tol¢enesulting from the burning of natural gas.

As well as Dockside Green, this first phase of Mees gasification technology has been
successfully commercially deployed for heat andrstepplications at Tolko Industries veneer
plant in Kamloops, BC and in the USA at the Uniugref South Carolina, Columbia campus,
where a 72 MMBtu/hr, (75.6 gigajoules/hr), systeomverts wood residue supplied by local
sawmills into bioenergy. At peak capacity the plgaherates 27,215kg/hr of steam to heat the
campus, as well as 1.38 MW of electricity soldhe grid.

The second stage of Nexterra’s technology developnmyolves directly firing the syngas into
rotary kiln and boiler burners. The first commelarestallation was commissioned at the Kruger
Products tissue mill in New Westminster, BC lat lgear.

The third stage in Nexterra’s gasification develepis is combined heat and power systems,
(CHP), ranging from 2 to 10 MV that involves direct-firing syngas into Generdédtric’s
Jenbacher internal combustion engines. Pilot tgstinthe technology is being conducted at the
company’s Product Development Centre, where a 2BQJ€nbacher has been installed. The goal
of its project with GE is to commercialize modulaomass combined heat and power, or CHP,
plants in the 2 to 10MW scale.

The University of British Columbia, (UBC) and Newi® will install and demonstrate the first of
Nexterra’s new CHP gasification systems at UBC'saétuver campus, where it will provide
renewable heat and electricity for the campus aogligle an opportunity for bioenergy research.
This new CHP system, the first of its kind in NoAmMmerica, will be capable of providing high net
efficiencies — up to 65% in cogeneration mode aiitlppoduce 2 MW of clean, cost-effective
electricity that will offset UBC’s existing powemonsumption. This is the equivalent electricity
required to power about 1500-2000 homes. The sysiiiralso generate enough steam to displace
up to 12% of the natural gas that UBC uses for eantyeating, thereby reducing GHG emissions
by up to 4500 tonnes/year. This next-phase gasditasystem has also been proposed for
installation at Dockside Green when it becomes cerorally available.

Nexterra recently received CA$7.7 million of Caradgovernment and private funding to support
the commercialization of the new biomass CHP paystem.

Left: Nexterra’'s gasification plant at Dockside @mne Right: Recycled water is used to create ponds a
creeks in the Dockside Green development
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10. Glossary

This glossary aims to cover most of the terms usele report.
Barrel: A unit of volume equal to 42 U.S. gallons.

Biodiesel: A renewable fuel synthesized from soybeans, atiierops, or animal tallow that can
substitute for petroleum diesel fuel.

Biofuels: Liquid fuels and blending components produced flmomass (plant) feedstocks, used
primarily for transportation.

Biogas: A medium Btu gas containing methane and carboxidko produced from the anaerobic
decomposition of organic material in a landfill.sAlcalled biomass gas.

Biomass:Non-fossil material of biological origin constitng a renewable energy resource.

Black Liquor: A by product of the paper production process ttaat be used as a source of
energy.

Boiler: A device for generating steam for power, procegsin heating purposes; or for producing
hot water for heating purposes or hot water supigbat from an external combustion source is
transmitted to a fluid contained within the tubasthe boiler shell. This fluid is delivered to an

end-use at a desired pressure, temperature, afityqua

Btu (British Thermal Unit): A standard unit for measuring the quantity of hera¢rgy equal to
the quantity of heat needed to raise the temperatiut pound of water by 1 degree Fahrenheit at
or near 39.2 degrees Fahrenheit. The Btu is a meaguwhich to compare the energy content of
various fuels.One million British thermal units (MMBtu) equals ~ 1.055 gigajoules or the
amount of heat energy roughly equivalent to thatipced by burning eight gallons of gasoline

Cogeneration: The production of electrical energy and anothemf@f useful energy (such as
heat or steam) through the sequential use of energy

Exajoules, (EJ): One exajoule = 18 Joules.

Generator Capacity: The maximum output, commonly expressed in megawd#t\W), that
generating equipment can supply to system loadiséetj for ambient conditions.

Gigawatt (GW): One billion (16) watts.
Gigawatthour (GWh): One billion (16) watthours.

Joules (J):is the derived unit of energy in the InternatioSgktem of Units. 1000 joules = 0.948
British Thermal Units, (Btu).

Kilojoule, (kJ): One kilojoule is about the amount of solar radiatieceived by one square metre
of the Earth in one second.

Kilowatt (kW) : One thousand (Fpwatts.

Kilowatthour (kWh): One thousand (Epwatthours.
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Megawatt (MW): One million (16) watts of electricity.
Megawatthour (MWh): One million (16) watthours.

Methane (CH,): A hydrocarbon gas that is the principal constiti@matural gas. Methane has a
100-year Global Warming Potential of 21

Municipal Solid Waste, (MSW): Residential solid waste and some nonhazardous corrahe
institutional, and industrial wastes.

Natural Gas: A gaseous mixture of hydrocarbon compounds, thegsy one being methane.

Nitrogen Oxides (NQ)): Compounds of nitrogen and oxygen produced by thrabtistion of
fossil fuels.

OPEC: Organization of the Petroleum Exporting Countries.
Petajoule, (PJ):1 Petajoule = 1§ Joules.

Propane: A normally gaseous straight-chain hydrocarbonHgL It is extracted from natural gas
or refinery gas streams.

Pulpwood: Roundwood, whole-tree chips, or wood residues.

Quadrillion Btu: One quadrillion (18) British thermal units (Btu).

Roundwood: Logs and other round timber generated from thedsling of trees.

Therm: One hundred thousand @)®ritish thermal units, (Btu).

Tons (U.S): measurement also known as a short ton that eg1208 pounds = 907 kilograms.
Tonnes: (metric tons) =1000 kg

Turbine: A machine for generating rotary mechanical powemfthe energy of a stream of fluid
(such as water, steam, or hot gas). Turbines conlerkinetic energy of fluids to mechanical

energy through the principles of impulse and reactor a mixture of the two.

Watt (W): The unit of electrical power equal to one amperéen a pressure of one volt. A Watt
is equal to 1/746 horsepower.

Watthour (Wh): The electrical energy unit of measure equal towat of power supplied to, or
taken from, an electric circuit steadily for onauho

Wood Pellets:Fuel manufactured from finely ground wood fibrelarsed in pellet stoves.
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