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ABSTRACT

Despite the abundance of biomass feedstock in Northern British Columbia (BC) and the
existence of a mature forest products industry, the bio-fuel industry is slow to develop.
Several barriers, including the lack of awareness, lack of capital, lack of incentives, lack of
guaranty for long-term availability of feedstock and technological limitation are impeding the

development of this industry.

This study used both primary and secondary sources of information as well as exploratory
research to evaluate:
1. The nature and amount of biomass feedstock available in BC and in Northern BC
2. The status of the technologies that are emerging in the market place for conversion of
biomass into fuels and chemicals.
3. The incentives offered by the provincial and federal governments to assist and
promote the development of a bio-fuel industry in Northern BC.

4. The options that can be used to finance these technologies in Northern BC.

While Northern BC has vast biomass resources and there are several biofuel technologies
that can be demonstrated in the region, their capital intensity calls for risks sharing and for
strategic financing options. Effective use of government incentive programs and strategic
partnership can be leveraged for access to more capital and better financing terms.
Development of smaller scale mobile units and/or integration of the technologies in local

pulp and paper mills would seem the most cost effective approach for Northern BC.

iii



TABLE OF CONTENTS

Abstract

Table of Contents
List of Tables
Acknowledgement
Dedication

Chapter One — Introduction
1.1 Importance of this study
1.2 Methodology

Chapter Two — An overview of Biomass and Bio-Energy Sources in Canada
and in Northern BC
2.1 Sources of Biomass and Their Availability
2.1.1 Biomass From Cellulosic Materials
2.1.2 Biomass From Agricultural Crops: Corn, Grains and Oilseeds
2.1.3 Biomass from Animal Wastes (Farm Animals’ Manures, Etc)
2.1.4 Biomass from Municipal and Industrial Solid Wastes
2.1.5 Biomass from Municipal Bio-Solids

Chapter Three - Biofuel Production Technologies
3.1 Types of Biofuels
3.1.1 Solid Bio-Fuels: Wood Chips, Wood Pellets and Charcoal
3.1.2 Liquid Bio-Fuels: Ethanol, Bio-Oils and Bio-Diesel
3.1.3 Gaseous Bio-Fuels: Methane, Biogas/Syngas, Hydrogen, etc

3.2 Bio-Fuel Production Pathways and Technologies

3.3 Status of Biofuel Production Technologies
3.3.1 Fermentation
3.3.2 Gasification
3.3.3 Pyrolysis
3.3.4 Biodiesel production technologies
3.3.5 Other technical issues with biomass fractionation

Chapter Four - Biofuel Economic Assessment

' 4.1 Economics of Bio-ethanol Production Technologies
4.2 Economics of Bio-diesel
4.3 Economics of Gasification

iv

iii
iv
vi
vii
viii

.

w N

23

24
26
27
29
31
32

33
38
39
40



Chapter Five - Biofuel Financing
5.1. Raising funds Using Family, Friends or Credit Cards

5.2 Raising Funds Using Governments Incentive Programs
5.2.1 Strategy Initiatives for the Development
of a National Biofuel Incentives
5.2.2 Relevant Incentives Programmes at the Federal Level
5.2.3 Relevant Incentives Programmes in BC

5.3. Financing Through Strategic Partnerships

(i) Partnership between forestry companies and the oil and gas industry

(ii) Partnership between forestry, farming and other industries

(iii) Partnership between technology developers and research institutes,
higher learning institutions and other public institutions

(iv) Inter-Provincial Partnerships
(v) International Partnerships

5.4 Raising Funds Using Conventional Financing Methods
5.4.1 Equity Investment
5.4.1.1 Angel Investors
5.4.1.2 Venture Capitalists
5.4.2 Debt / Loan Investment
5.4.2.1 Institutional Lenders
5.5 Financing of the Capital Raised
5.5.1 Project Financing
5.5.2 Corporate financing
5.5.3 The Difference Between the Two Financing Options
Chapter 6 - A Solution for Northern BC
Chapter 7 — Conclusion

References

Appendix I - Companies Active in the commercialization and
R&D of biomass Technologies

Appendix II - List of Canadian Facilities That Produce Bio-Ethanol
Appendix III - List of Facilities in the USA That Produce Bio-Ethanol
Appendix IV - Proposed Biodiesel Plant List

Appendix V - List of Websites of Some Potential Financing Partnerships

42
43

44
46
50
54
55
56
57
57
58
59
59
60
60
61
63
63
64
65
65
66
67
69

73

77

80

81

85

100



LIST OF TABLES
Table 1.1 Agricultural crop production in BC
Table 2.1 Manure production and biogas potential in British Columbia

Table 2.3 Carbon content and energy potential from unused landfilled solid waste from
Prince George’s FBRL

Table 3.1 Wood pellets manufacturing plants in British Columbia
Table 3.2 Status of Biofuel production technologies

Table 4.1 Ethanol yields and plant size requirements
for production of 94.6 million litres of ethanol per year

Table 5.1 Summary of advantages and disadvantages of Canadian government programs
Table I.1 Companies Active in the commercialization and R&D of biomass fermentation

Table 1.2 Some of the Companies active in the commercialization and
R&D of biomass gasification for biofuel production

Table 1.3 Companies active in the commercialization and R&D of biomass pyrolysis

Table 1.4 Companies actively seeking to commercialize fractionation technologies

vi

11

14

20

25

35

46

7

78

79

79



ACKNOWLEDGEMENT

I would like to express my gratitude and appreciation to Dr. Jing Chen and Dr. Ronald
Thring for accepting readily to supervise this work and for their patience, guidance and
support all along this project. I would also like to acknowledge the entire administration,
particularly Dana Helgason, Dr. Bob Ellis, Charles Schell and Mike Ivanof, as well as all the
professors of the MBA program for their dedication to the program and for their kindness,
support and encouragement. They contributed greatly in making this MBA experience an
enjoyable one. Thanks are also extended to Michael Kerr for his assistance with the
government funding mechanisms and to Dr. Elisabeth Croft and Dr. Ian Hartley for accepting
to be in my examining committee. Thanks and appreciations are also extended to everyone in

our cohort. Their fellowship was enriching and well appreciated.

I would also like to acknowledge my employer FP Innovations - Paprican Division for giving
me the flexibility to attend all MBA classes and for allowing me free access to several
facilities and services to get this work completed successfully. A special note goes to Vic
Uloth, Richard Berry, Tom Browne, and to Ann Peters as well as my co-workers for their

encouragement and continued support.

Last but not least, I am greatly indebted to my wife Alima and children Ismaél, Aisha and
Fatima for their love and support throughout this programme and to the Lord for giving me
the will and means to fulfill this undertaking. I am also thankful for all those whose names

are not cited here but who, in one way or another have been supportive during this work.

vii



DEDICATION
This report is dedicated to my wife Alima and children Ismaél, Aisha and Fatima whose ongoing
encouragement, love and fellowship are constant source of inspiration and renewal to me.
Ibrahim Karidio

viii



Chapter 1
INTRODUCTION
Bio-fuel and bio-product are terms that refer to biomass-derived processed fuels and
chemicals, generated through conversion of the chemicals found in biomass (which is any
living organic matter such as wood, corn, wheat, most forestry and agricultural products, etc)
into other forms, and generally serving as replacements for natural gas and petroleum derived
products currently in the market place. There are abundant supplies of wood residues, in
every part of Canada and particularly in Northern British Columbia (BC), which are
presently unused but can potentially be used as feedstock for bio-fuel and bio-chemical
production. The total annual surplus wood residues available in Canada for alternate use was
estimated in 1999 to be around 7.4 million bone dry tonnes (BDT) with about 30% coming
from British Columbia (McCloy, 2003). Even with the increased use of wood residues in co-
generation projects, surplus availability for British Columbia was forecasted to reach 1.5

million BDT by 2005 (McCloy, 2003).

In Northern British Columbia, there has been a tremendous increase in surplus wood residues
as a result of the mountain pine beetle infestation and a resulting increase in the Annual
Allowable Cut and the concomitant lumber production in the Prince George and Cariboo
Forest Regions (McCloy, 2003). Despite the abundance of biomass feedstock in Northern BC
and the existence of a mature forest products industry, the bio-fuel and bio-chemical industry
is slow to develop. Several barriers exist which are limiting the development of a diversified
and sustainable bio-fuel and bio-chemical industry in Canada in general and in Northern BC

in particular. These barriers include the lack of capital, technological limitation, lack of



environmental, taxation, and financial incentives, and lack of guaranty for long-term

availability of wood residues.

The objectives of this study were to determine:

(1) The financing options (including strategic partnerships) that are available to develop
and implement biofuel technologies in Northern BC.

(2) The incentives in place at the local, provincial and federal levels to assist and promote
the development of the emerging bio-fuel and bio-chemical industry in Northern BC.

(3) The status and limitations of the major biofuel technologies that are emerging in the
market place for conversion of wood to fuels and chemicals, including pelletization,
fermentation, gasification, pyrolysis and fractionation.

(4) How much biomass is available in BC in general and in Northern BC in particular.

1. 1 IMPORTANCE OF THIS STUDY
The importance of this study is several folds:
(1) To identify the major technologies available currently at the market place for biofuel
production.
(2) To identify the major companies that are active in the development of the biofuel
technology (Canada wide)
(3) To identify the major companies that are commercially active in the production of

bio-fuel



(4) To determine the major barriers (information, institutional and policy, financial,
technical, economics, etc) to the development of a diversified bio-fuel industry in
Northern BC.

(5) To determine the (federal, provincial and municipal) regulatory policies and incentive
programmes available with respect to bio-fuel production and industrialisation.

(6) To determine the financing options available for companies who are already involved
in the production of bio-fuel and for those who may be interested in entering this

market.

1.2 METHODOLOGY
In this study we have used mainly exploratory/primary research data and secondary data
sources to gather the required information to respond with confidence to the research

question.

The exploratory research consisted primarily of email, telephone calls, attendance to
conferences and workshops, and direct contact with relevant people of the governments and
industry to gamer information and guidance about government policies and incentive
programmes available in Canada and BC to promote the development of the bio-fuel

industry.

The secondary source of information consisted of a thorough review of the literature
concerning all aspects of the topic: biomass and biofuel energy and products, biofuel

production technologies, government regulatory policies and incentive programmes,



financing options, biofuel technology companies, biofuel manufacturing industries in

Northern BC, major forest products companies and oil and gas producers in Northern BC.

The aforementioned sources of information were used to conduct a review of the major bio-
fuel and biochemical production technologies that are emerging in the market place. The
technologies reviewed included wood pellets manufacturing, fermentation, gasification,
pyrolysis and fractionation. A brief description of the challenges that each of the technology
would need to overcome to reach commercial maturity was provided. The companies that are

active in each technology category were also identified.

The financing options available for the bio-fuel industry were then investigated. This
included the traditional financing options such as banks, stock exchange, venture capital and
other less traditional methods such as incentive credits (taxation, fiscal mechanisms,
environmental credits, etc) and strategic partnership with other industries in Northern BC

such as oil and gas, pulp and paper and utility providers.



Chapter 2
AN OVERVIEW OF BIOMASS AND BIO-ENERGY SOURCES IN CANADA AND

IN NORTHERN BC

2.1 SOURCES OF BIOMASS AND THEIR AVAILABILITY

Biomass refers to all living organic matters that are available on a renewable basis. In
Canada, there are several abundant sources of biomass materials which may be grouped in
four main categories: Biomass from cellulosic materials such as wood residues and straw;
biomass from agricultural crops such as corn, wheat and canola; biomass from animal wastes
(mainly farm animal manures); and biomass from industrial and municipal wastes (sludges,

etc).

2.1.1 Biomass from Cellulosic Materials

Biomass from cellulosic materials comes from wood residues (in the form of chips, sawmill
residues, wood wastes or forest residues) or from agricultural wastes (straw, hay, etc). There
are abundant supplies of wood residues, in every part of Canada and particularly in Northern
British Columbia, which are presently unused but can potentially be used as feedstock for
bio-fuel and bio-chemical production. The total annual surplus wood residues available in
Canada for alternate use was estimated in 1999 to be around 7.4 million bone dry tonnes
(BDT) with about 30% coming from British Columbia (McCloy, 2003). Even with the
increased use of wood residues in co-generation projects, surplus availability for British
Columbia was forecasted to reach 1.5 million BDT by 2005 (McCloy, 2003). In Northern

British Columbia, there has been a tremendous increase in surplus wood residues as a result



of the mountain pine beetle infestation and a resulting increase in the Annual Allowable Cut
and the concomitant lumber production in the Prince George and Cariboo Forest Regions

(McCloy, 2003).

Despite the abundance of biomass feedstock in Northern BC and the existence of a mature
forest products industry, bio-fuel and bio-chemical industry is slow to develop. Recently only
the wood densification industry which produces wood pellets for both the domestic and

European markets has seen a re-emergence of interest and investment.

2.1.2 Biomass from Agricultural crops: Corn, Grains and Qilseeds

The agricultural crops most suitable for biofuel production are the oilseeds for bio-diesel,
corn and the starchy cereal/grain crops for bio-ethanol. In British Columbia, barley, oats and
wheat are the most common grain crops (BC MA&L, 2007). While oats and barley are used
mainly as animal feed, wheat is used both for human consumption and livestock feed. British
Columbia produced in 2002, about 126,000 tonnes of barley and about 35,000 tonnes of
wheat. Smaller amounts of rye are also produced. The Peace River region grows 85 to 90%
of the grain crops grown in BC (BC MA&L, 2007). Special varieties have been adapted for
the soil and temperature conditions there. There is also some production in the North
Okanagan Valley, around Vanderhoof, around Creston, and in the Lower Mainland (BC
MA&L, 2007). Canola represents 98% of the oilseeds produced in BC. However, canola
production had declined in 2002 by more than 60% from the 2001 level to about 16,000
tonnes. This production level is almost insignificant compared to the national production rate.

Canola is grown in the Peace area in BC with an occasional field grown elsewhere in the



province. It is a cool season crop adapted to areas where cool night temperatures allow it to
recover from hot days and dry weather. In addition to grains and oilseeds, BC also produces
454,000 tonnes of fodder corn and 18,000 tonnes of sweet corn which is about 5% of the
Canadian production. Three-quarters of the corn grown in BC is used by the processing
industry. Corn is grown commercially in the Okanagan Valley, the Lower Mainland and
Vancouver Island. Corn is a hot weather crop; it cannot be seeded until after all danger of
spring frost has passed and it starts to deteriorate with fall frost. In addition to the actual
crops, agricultural residues such as straw and stover are also valuable biomass feedstocks for
biofuel production. Using the same methodology as BIOCAP (2003), it is estimated in this
study and summarized in Table 2.1 that 99,000 metric tonnes of agricultural residues were

available in 2001 in BC and the same level should be annually available in BC.
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2.1.3 Biomass from Animal wastes (Farm animals’ manure, etc)

In 1996, Canadian livestock produced an estimated 361 million kilograms of manure daily
(Statistics Canada, 2007) which is over 132 billion kilograms of manure for the year. Of this
amount of livestock’s manure, 52% was produced by beef cattle, followed by dairy cows
(19%), hogs (16%), calves (7%), poultry (3%), horses (3%), and sheep produced less than

1% (Statistics Canada, 2007).

There were five major regional clusters in Canada where manure production was
concentrated at the highest level of over 2000 kilograms of manure per hectare of land
(Statistics Canada, 2006 and 2007). These regional clusters are located in Central and
Southern Alberta, Southern Manitoba, Southern Ontario, Southeastern Quebec and Prince
Edward Island. Beyond these regional clusters, there were two other individual sub sub
drainage areas (environmental geography units which are drainage areas for smaller
watersheds) in this highest category: one is located in the Lower Fraser River area in
Southern British Columbia, and another one is near Wolfville and Kentville, Nova Scotia
(Statistics Canada, 2007). In British Columbia, about 42% of the cow herds are in the
Caribou and the Peace regions (BC Cattlemen Association, 2007) and this, in spite of the
harsh winter conditions and the topography of the two northern regions. Manure in these
regions is normally left to rot or used as soil fertilizer. Although manure is a valuable
fertilizer for crop production, it can also become a source of pollution if not managed
properly. Some crops can absorb adequate nutrients from manure and natural sources without
additional commercial fertilizers. Therefore, it may be advantageous to collect this manure

and transform it using anaerobic digestion into biogas which can be used in individual farms



for domestic use (heating, cooking and hot water) or sold as a fuel and this would provide
substantial supplemental revenues to rural farmers. Using the same methodology as BIOCAP
(2003), it is estimated in this report, about 6 million metric tonnes per year of recoverable
manure in BC (Table 2.2). This manure, if collected could generate about 115 million m’ of
methane per year with a net heat value of more than 4 million Giga Joules (Table 2.2). At a
natural gas price of $8 per Giga Joule, this land fill gas would generate revenue of $32
million per year. However, this revenue stream does not take into account the cost of

collecting the manure and capital and operating cost of the digesters.

10
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2.1.4 Biomass from Municipal and Industrial Solid Wastes

Approximately 750 kg of municipal solid waste (MSW) is generated per person each year in
Canada and about 24% of this is recyclable (BIOCAP, 2003). The recyclable portion in BC
(calculated in BIOCAP’s report and based on limited information) was estimated at 30%
which is 25% higher than the national average (of 24%). About 55% of the recyclable
materials in MSW have biomass potential with an average carbon content of 27% (BIOCAP,
2003). This carbon content also represents about 8% of the total MSW amount collected in

Canada.

In Prince George, the Foothills Boulevard Regional landfill (FBRL) manages 94% of solid
wastes generated in the Fraser-Fort George Regional District which has a population of about
100,000 (that is the population of Prince George and surroundings). The waste stream at
FBRL is classified into two general categories based on the source and type of waste
material. Waste materials such as food waste, paper waste, packaging waste, yard & garden
waste and manufacturing / processing waste generated in homes and at businesses,
restaurants, schools, hospitals, light industries and other institutions are considered to be
Municipal Solid Waste (MSW). The other stream is Demolition, Land Clearing and
Construction Debris (DLC) that includes materials such as concrete, asphalt, lumber, stumps,
and building materials generated from general construction activities. In 2005, 94,415 tonnes
of solid waste (87% MSW and 13% DLC) materials was handled at this facility (FBRL
2005). 12,680 tonnes of material was recycled and 81,735 tonnes of material was buried at
the site (FBRL, 2005). In addition to MSW landfilling, 100 tonnes of waste asbestos were

also buried at the site (FBRL, 2005). The remaining lifespan of this landfill is estimated to be

12



about thirteen years. A wide variety of waste reduction services are offered at this site. The
most popular service is the yard & garden waste recycling program. Other services include
multi-material recycling drop-depot bins, and a variety of household hazardous waste
collection services including used oil, rechargeable batteries, used cell phones and diversion
programs for problem materials such as tires and refillable propane bottles. Applying the
same methodology as BIOCAP (2003), on the data from FBRL’s multi-material recycling
program, we estimated a carbon yield of 19,707 tonnes per year which have an energy
potential of 704,728 GJ/year (Table 2.3) if the waste materials can be diverted from current
use. This would represent a significant energy contribution for the regional district and would

extend the lifespan of the landfill.

In 2002, the Regional District installed a landfill gas collection system in conjunction with a
landfill capping project over a 5.5 ha area of the landfill (FBRL, 2005). The main purpose of
the landfill gas (LFG) extraction system was to collect the landfill gas for beneficial use and
to reduce greenhouse gas emissions associated with the methane component of the gas.
Currently, twelve of the sixteen vertical extraction wells are producing recoverable
concentrations of methane. The four closed wells are thought to be installed in old areas of
the landfill where the rate of methane production has diminished significantly (FBRL, 2005).
A centrifugal blower system provides a vacuum that draws landfill gas from the extraction
well system and moves the gas through an enclosed flare where the gas is combusted at
temperatures in excess of 870 degrees Celsius (FBRL, 2005). The flow rate of LFG ranges
from 220 to 240 standard cubic feet per minute and is regularly adjusted by the operator

depending upon methane concentrations to a target methane concentration of 45%.

13



Combustion of the landfill gas resulted in the reduction of greenhouse gases equivalent to
15,000 tonnes of CO,. The potential energy value of the amount of gas collected in 2005 is
sufficient to replace the natural gas requirement for 440 homes. However, so far the gas is

not used productively (FBRL, 2005).

Table 2.3: Carbon content and energy potential from unused landfilled solid waste from
Prince George’s FBRL

Total | Amount Amount Moisture Amount Carbon C yield Energy
ltems brought amount} recycled combustible content | combustible] Content o Potential
to FBRL tonnesly| tonnes / % tonnes / % oven dry % tonnes /| GuJiyear
ear year year tonnes/year vast
Newsprint 62 100% 62 10% 56 44% 25 878
Mixed paper 59 100% 59 10% 53 44% 23 835
Card board 58 100% 58 10% 52 44% 23 821
Milk Jugs 3 100% 3 10% 3 61% 2 59
MSW buried ] 69500 85% 59075 23% 45783 40% 18313 654882
DLC buried 12235 30% 3671 10% 3303 40% 1321 47253
Total 81735 182 62928 49250 18707 704728

2.1.5 Municipal bio-solids

Another source of municipal biomass is the extracted solids materials from sewage and waste
waters. This material is often referred to as biosolids or sewage sludge. Wastewater treatment
facilities are used to remove excrement as well as particulate, organic, bacterial, chemical
and toxic materials from residential and industrial effluent waters before these are returned to
surface waters such as lakes and streams. In Canada, only 33% of wastewater treatment is at
the highest or tertiary level (BIOCAP, 2003). All treatment levels remove the biosolids
proportion, but may not inactivate the bacterial fraction or remove toxic chemicals (BIOCAP,
2003). As a consequence, disposal of biosolids is problematic. In most regions, the favoured

approach is to spread the biosolids on agricultural land, where it acts as a fertile soil

14



amendment. Sites are selected according to stringent criteria set out by provincial
government environmental agencies; these criteria are intended to minimize contamination of
surface or groundwater supplies, avoid nuisance odour complaints and select for lands where
crops intended for animal consumption are grown (BIOCAP, 2003). In fact, areas where all
the criteria may be adequately met are in short supply, so that spreading sites may be heavily
loaded. As well, biosolids are often not adequately stabilized and may contain high levels of

contaminates (BIOCAP, 2003).

Where disposal by land application has become a problem, disposal of biosolids in landfill is
a favoured option. According to BIOCAP (2003), a better solution is to subject biosolids to
fermentative processes, which would stabilize the bacterial component and permit the
precipitation of “toxic” chemicals, and the production of a high-grade biogas that can be used
for co-generation. The resulting sludge is biologically inert, has low odour, lower volume and
it can be used as a soil amendment with less side effects (BIOCAP, 2003). This option can be
economically beneficial for municipalities, as it can save them landfill costs (including cost
of transport to site). Furthermore, if co-generation is adopted, it can help to offset the energy
cost of treating the sludge. Unfortunately, the sale of sludge as fertilizer is not currently
permitted in Canada (BIOCAP, 2003), otherwise that would have provided additional
revenues. As with the production of MSWs, biosolids are produced with consistency and in
greater concentrations where population density is highest. In non-urban areas, wastewater
treatment tends to be simpler (primary) or non-existent (BIOCAP, 2003). About 9% of the
Canadian population has no available treatment for sewage, although the bulk of this fraction

is captured by septic systems (BIOCAP, 2003). The trend for increasing attention to the

15



extent of wastewater treatment is expected to ensure an increasing volume of biosolids,
which may be viewed as biomass suitable for energy production. Biosolids do not represent a
huge biomass resource and energy potential through combustion is minimal. However, the
fermentation treatment of biosolids to produce biogas can proved worthwhile and may

provide additional potential for contribution to the municipal grid.
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Chapter 3

BIOFUEL PRODUCTION TECHNOLOGIES

3.1 TYPES OF BIOFUELS

All biomass materials are valuable sources of energy. Sometimes it may take more effort and
ingenuity to transform the stored energy in biomass materials into readily useable fuel. The
fuel and energy derived from biomass are called biofuel and bioenergy, respectively.
Depending on the intended use of biomass fuel, the feedstock (or biomass) may be used as it
is for heating and cooking in residential setting; or it may be transformed into an easier to
handle, more compact and denser solid fuel in the form of chips, pellets or briquettes; the
feedstock may also be transformed into liquid fuels such as bio-oil, bio- ethanol or bio-diesel
or transformed into gaseous fuels such as biogas/syngas, methane or hydrogen. The
conversion pathways of biomass into these different types of fuels can be very complex as
the desired final product changes from solid fuel to liquid fuel or to gaseous fuel. These
biomass conversion pathways include technological processes that involve biological,
thermal, mechanical and chemical conversion. The products from these processes have

specific attributes that determine their use as end products.

3.1.1 Solid bio-fuels: wood chips, wood pellets and charcoal

Solid biofuels include wood and agricultural residues which are usually processed themo-
mechanically to produce a denser fuel such as wood chips, sawdust, pellets and briquettes.
Typically, wood chips, sawdust and other biomass residues are collected from saw mills and

burned in wood waste boilers to produce heat and high pressure steam. The high pressure
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steam is used in a turbine to produce electricity and hot water. The process of burning fuel to
produce steam and electricity is called co-generation. The technology used by burning
directly biomass materials to generate thermal energy is called combustion and it is a well
established, mature technology. In British Columbia, most of the industrial wood waste
boilers are located in pulp and paper mills as there are other synergies that justify it.
Otherwise, at the present time, the cost of electricity produced using biomass combustion in a
stand-alone cogeneration system is higher than the one produced with hydro or with coal

(NEB, 2006).

More recently, a few manufacturing companies have started to densify waste biomass
residues for both domestic use and for markets in Europe. The densification process is
typically for wood wastes or agricultural residues, where it is compacted in the form of
briquettes, pellets or “logs” and sold as a domestic or industrial fuel. Briquettes or logs are
generally formed by forcing dry sawdust or shavings though a split cylindrical die using a
hydraulic ram. The exerted pressure, of approximately 1200 kg/cmz, and the resultant heat

generated bonds the wood particles into “logs” (FAO, 1990).

The production of pellets involves the reduction of wood waste to the size of sawdust, which
is then dried to approximately 12% moisture content, before being extruded in specially
adapted agricultural pellet mills to form pellets of 6 to 18 mm diameter and 30 mm long, with
a density in the range of 950 to 1300 kg/m® (FAO, 1990). Drying of the furnish, prior to
extrusion, is usually undertaken in rotating drum dryers, fired by approximately 15 to 20% of

the plant’s pellet production (FAO, 1990).
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Pelletization produces a product with excellent handling and storage characteristics, and
which has four times the energy concentration of raw wood thus greatly reducing transport
cost and improving boiler efficiency (FAO, 1990). However, FAO (1990) found that the high
capital investment needed to build a pellet plant and the additional costs required to operate
it, could only prove economically attractive if the processed fuel was to be transported
beyond 250 km from the source of the raw material (FAO, 1990). However, at today’s fossil
fuel prices combined with incentives for greenhouse gas emission reduction, pelletization

may be viable even for on site-generated fuels.

The technology involved in compacting biomass materials into pellets, briquettes or logs is
well established. In Prince George and areas, there are several wood pellets plants already
operating (see list in Table 3.1). In addition TallOil Canada has also expressed its intention to
build two pellet plants in the area; one plant is planned for the Vanderhoof area and the other
one for the Prince George area. In 2005, Prince George areas had an annual wood pellet

production capacity of 550,000 tons (Dunsford, 2006).

In addition to wood pellet, biomass material can also be processed to produce charcoal which
may be used as a fuel for cooking. When the charcoal is activated, it is usually sold as a
specialty chemical. The technology used to produce charcoal is a pyrolysis process which is a
form of combustion in the absence of oxygen. There is no charcoal manufacturing plant in

Northern BC.
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3.1.2 Liquid bio-fuels: Ethanol, bio-oils and bio-diesel

With the increasing global demand in transportation fuels and the increasing public pressure
on the governments of industrialized countries to find alternative fuels that will mitigate
greenhouse gas emissions, many countries are actively trying to develop in the short and
medium terms renewable liquid bio-fuels from biomass materials. The most attractive liquid
bio-fuels are ethanol, biodiesel, methanol, dimethyl ether (DME), and ethyl tertiary butyl
ether (ETBE) (Toro Chacon, 2004). Both ethanol (a type of alcohol) and biodiesel are
commercially produced in significant quantities. Bio-ethanol is produced either from crops
with high sugar contents such as sugar cane and beets, or from cereal with high starch

content such as corn, wheat and barley.

In North America, corn is the predominant agricultural crop for ethanol production, whereas
in Brazil sugar cane is the crop the most used. Bio-diesel can be produced from crops with
high oil (fatty acid) content; that is, the oilseed crops such as canola, soybean, sunflower, and
flaxseed. It can also be produced from animal fats, algae and recycled cooking grease/oil
(Klass, 1998). In addition to agricultural crops, bio-ethanol can also be produced from
cellulosic biomass materials using technologies such as fermentation, pyrolysis or
gasification. After gasification or pyrolysis of the feedstock, further chemical reaction
(Fischer-Tropsch) would be required to convert the products of gasification or pyrolysis into
ethanol or diesel. The status of the technologies for these conversion pathways is discussed in

Section 3.3.
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3.1.3 Gaseous bio-fuels: Methane, Biogas/Syngas, Hydrogen, etc

In addition to being converted into liquid fuels which is most desirable as transportation fuel,
biomass materials can also be converted in gaseous fuels such as methane, hydrogen or
biogas (which is a mixture of carbon monoxide, carbon dioxide, hydrogen, methane, and
other hydrocarbons) which could be used to displace natural gas in the short to medium term.

Hydrogen can in the long term also be used as a transportation fuel.

Biomass materials such as animal manure or bio-solids from municipal wastes are usually
processed biologically using anaerobic fermentation to produce methane. Methane can also
be produced through the composting of organic material in landfills as it is done in the
Foothills Boulevard Regional landfill in Prince George (FBRL, 2005). Wood and agricultural
residues can also be converted into methane, hydrogen or biogas using the gasification

technology.

In Northern BC, converting cellulosic biomass into liquid or gaseous bio-fuels would be most
desirable as the feedstock is abundant; it does not compete with human and livestock food
demand for grains and starch, and there is a mature forest products industry (including pulp
and paper and wood products manufacturing) in the region that could add synergy in
adopting any of these technologies. The fermentation of corn into ethanol and the processing
of oilseeds into biodiesel could also be valuable options. However, there are several barriers
that need to be overcome, these include the fact that these agricultural crops have already

other well established markets and also the perception of the general public that the use of
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food products for biofuel production may cause food shortage or drive very high the price of

food derived from these products. Other barriers are also summarized in Table 3.2.

3.2 BIO-FUEL PRODUCTION PATHWAYS AND TECHNOLOGIES
There are four distinct pathways for converting biomass into value-added bio-fuel: the
thermo-mechanical pathways; the thermo-chemical pathways; the chemical conversion

pathways and the biological /fermentation pathways.

The thermo-mechanical methods involve both heat treatment (drying) and mechanical
processing (sizing and compacting) of the biomass material to produce essentially pellets and
briquettes which are suitable for heating and cooking. This technology has reached a
commercial maturity. It is also the simplest and the most inexpensive pathway for biofuel

production.

The chemical conversion pathways make use of the technology of extraction and chemical

reaction such as trans-esterification to convert fatty acids into bio-diesel.

The thermo-chemical pathways combine heat and chemical reaction engineering in the form
of combustion, gasification, pyrolysis or other upgrading techniques such as supercritical
conversion and hydrothermal upgrading to convert the biomass feedstock into heat,

electricity or gaseous, liquid and solid fuels.
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The biological conversion /fermentation pathways use microbiological action to convert the
biomass material into usable fuel. Fermentation can be done in the presence of air (aerobic)
or at the absence of air (anaerobic). Fermentation is a biological process in which enzymes
produced by microorganisms catalyze chemical reactions that convert naturally occurring
plant sugars into alcohol. Fuel grade ethanol is normally made through an existing and well
understood fermentation process of agricultural crops such as beets, sugar cane, corn, wheat
or barley. However, ethanol can also be made through fermentation of wood-based cellulose

or hemicellulose.

Each of the above pathways can lead to distinct product streams and the technologies
involved are at various degrees of commercialization depending on the feedstock that is

considered.

3.3 STATUS OF BIOFUEL PRODUCTION TECHNOLOGIES

The technologies used to convert biomass materials to higher value fuels are not new but
their application to certain types of biomass is recent. In this section, a review of the status of
the application of these technologies in converting biomass feedstock into higher value fuels
is presented. The status and barriers of the different biomass technologies are summarized in

Table 3.2.
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Table 3.2: Status of Biofuel production technologies

Technologies Main Feedstocks Status Barriers
Products
Thermochemical pathways
Gasification Syngas / Wood and agricultural | Commercial Cost
Biogas residues Gas cleanup
Methane Feed
Hydrogen preparation
Pyrolysis Char coal | Wood and agricultural | Small scale Small scale
Bio-oil residues Mobile units
Commercial
Gasification or | Ethanol Wood and agricultural | Large scale Technical
pyrolysis Bio-Diesel | residues Demonstration | High costs
integrated with Near Competition
a Fischer commercial against non
Tropsch reactor renewable
Hydrothermal Oxygenated | Wood and agricultural | R&D Technical
upgrading residues High costs
Small scale
Supercritical Wood and agricultural | R&D Technical
conversion residues High costs
Small scale
~ Fermentation pathways
Anaerobic Ethanol Starch crops such as Commercial High cost
fermentation corn
Wood and agricultural | Research and | High cost
residues development | Technical
stage
Chemical pathways
Trans- Biodiesel Oil seeds Commercial Cost
esterification Animal fat Separation
Waste vegetable oil techniques
Wood extractives (from | R&D Costs
pulp mills) Technical
Thermo-mechanical pathways
Densification Wood Wood and agricultural | Mature Feedstock
pellets or residues technology availability
briquettes Commercial | Harvesting
costs
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3.3.1 Fermentation

Fermentation is a biological process in which enzymes produced by microorganisms are used
to catalyze the chemical conversion of naturally occurring plant sugars into alcohol. Ethanol
is the main product, but other types of alcohols can also be produced. In British Columbia,
the process could be used with wood residues, agricultural residues, or with agricultural grain

crops such corn, wheat and barley to produce fuel grade ethanol.

The fermentation process with six-carbon sugars such as those found in sugar cane or in
starchy grain crops is well understood and is at a mature commercialization stage. However,
fermentation of wood residues to produce ethanol, although done during World War I and
World War 11, is much more challenging and has yet to prove economical at the commercial
scale (Klass, 1998). The challenge is due to the fact that although wood has high
concentration (39-50% for hardwoods; 41-57% for softwoods) in six-carbon sugars such as
glucose which is more easily convertible to ethanol, it also has substantial amount of five-
carbon sugars, such as xylose (18-28% for hardwoods, 8-12% for softwoods) which are more

difficult to convert into ethanol (Klass, 1998).

Wood is also made of hemicellulose (23-32%), cellulose (38-50%) and lignin (15-25%).
Lignin is the binding agent which gives wood its consistency and hardness. Cellulose is the
white spongy material which is used as pulp. Hemicellulose is easier to convert into ethanol
than cellulose probably due to the nature of the sugars in them. Currently, researchers are
looking at first extracting the hemicellulose portion of wood and to ferment it to produce

ethanol and to leave behind the cellulose and lignin portions that can still be use to produce
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valuable products (Frederick, et al, 2006; Yoon et al., 2006; Amidon et al., 2006). This
approach would be more suitable for the pulp and paper industry which already has uses for

cellulose and lignin and is also looking at ways of diversifying its revenue streams.

Ethanol yield using fermentation depends on the type of feedstocks. With cellulosic biomass
feedstocks, the yield is between 284 and 435 litres per bone dry ton (BDT) of biomass
(INRS, 2006). The ethanol yield during corn fermentation is about 429.4 liters per BDT of
biomass (BIOCAP, 2004). During the commercial fermentation of corn, in addition to
ethanol, other high value products such as antibiotics, lysine, monosodium glutamate,
gluconic acid, lactic acid, acetic acid and malic acid are also produced. These by-products
could also be recovered and sold. That would help reduce the process cost. So far, there are
several commercial corn to ethanol plants but cellulosic ethanol plants are only at the
demonstration and pilot scale stage. The cost of production of ethanol through fermentation
will be discussed in Chapter 4. A list of companies particularly active in the R&D and
commercialization of bio-ethanol is included in Table 1.1 of Appendix I and the lists of bio-

ethanol plants in Canada and the US are shown in Appendices II and III.

3.3.2 Gasification

Gasification is the process of heating biomass with sub-stoichiometric (or insufficient)
amount of oxygen. Gasification may be done with partial oxidation (burning) or indirect
heating of the biomass. Depending on the characteristics desired for the final product,
gasification may be conducted in pressurized or atmospheric conditions and it may be

assisted with steam, air or oxygen. Typically biomass gasification is done at temperature
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greater than 600°C with higher temperature promoting gas yield. Gasification produces a
synthetic gas also called syngas (or biogas or producer gas in certain cases) which is a

mixture of several gases such as hydrogen, methane, carbon monoxide and other impurities.

The syngas can be used directly with minimum cleaning in a boiler or a kiln as a fuel to
replace fossil fuel or after further purification, the syngas can be burned in a gas turbine to
produce electricity or it can be converted using catalysts into value-added fuels and
chemicals (diesels, dimethyl ether, methanol, ethanol, etc). There is also the possibility of
separating and purifying certain gaseous components of the syngas such as hydrogen which

can then be used as fuel or as chemicals.

Gasification is a conversion technology that can accommodate a wide range of feedstocks
(wood wastes, agricultural residues, animal wastes, sludges, etc). Some gasification
technologies can use coal or crude oil as well. An extensive listing of gasification projects
installed around the world can be found at the Gasifier Inventory’s web site:

www.gasifiers.org. This web site also provides a listing of the technology suppliers. In Table

1.2 of Appendix I, we have summarized the companies that are most active in developing and
commercializing the biomass gasification technology for the purpose of producing valued
added fuels and chemicals. The major challenges for biomass gasification reside in the feed
preparation, syngas cleanup, the use of the syngas for chemical production, and the high cost

of the technology.
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3.3.3 Pyrolysis

Pyrolysis refers to the heating of biomass feedstocks in the absence of oxygen. There are two
types of pyrolysis: Slow pyrolysis (also referred to as carbonization or liquefaction) and fast
or flash pyrolysis. Slow pyrolysis is done slowly at temperatures between 300 and 350°C to
produce predominantly char coal or viscous bio-oil. Fast or flash pyrolysis is done rapidly at
higher temperatures between 400 and 650°C and some times even at much higher
temperatures between 800 and 900°C to promote gas yield and minimize tars and char
formation. The primary product of fast/flash pyrolysis is a less viscous bio-oil at a yield of
70-75% based on the starting weight of the biomass feedstock. Bio-oil is water soluble; it is
storable and transportable, although corrosive and acidic (pH between 2 and 4). Bio-oil is
denser than water with a density of 1.2 kg per liter; and has a high heating value of 16-19
GlJ/tonne. In general bio-oil contains 15 to 30 weight-percent of water and about 30 weight-
percent of oxygen on dry basis. The oil can be upgraded to reduce the oxygen content, but
that has economic and energy penalties. Pyrolysis and upgrading technology are still largely
in the pilot phase. Hydrothermal upgrading (HTU), originally developed by Shell, converts
biomass at a high pressure and at moderate temperatures in water to biocrude. Biocrude
contains far less oxygen than bio-oil produced through pyrolysis, but the process is still in a

pre-pilot phase (Naber et al., 1997).

Bio-oil can be used directly as fuel for combustion or for modified turbines and diesel
engines. It can also be used as blend for diesel fuel, or as a specialty chemical in the
manufacturing of thirty chemical products including natural resins used in wood

manufacturing (Oriented Strand Board (OSB) and plywood) and in polymer application
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(Ensyn, 2007). It is also reported that a company working with the US National Renewable
Energy Laboratory, has developed a process to convert pyrolysis oil to transportation grade

fuels, to be used in place of or as additive to gasoline and diesel (INRS, 2006).

Pyrolysis companies have developed operating facilities with one in the US and several
operating in Canada (INRS, 2006). By 2003, Ensyn has constructed six commercial pyrolysis
reactors, including an 80 tonnes per day (tpd) facility in Renfrew, Ontario, and is reportedly
pursuing a number of new opportunities in North America (Ensyn, 2007). Dynamotive has a
100 tpd operating commercial facility in West Lorne, Ontario, and is reportedly constructing
a 200 tpd facility for a gas turbine demonstration (Dynamotive, 2007). Renewable Oil
International has been focusing on the development of smaller modular units that can be
constructed remotely, transported in container-size pieces, and quickly installed on site.
Renewable Oil International was constructing a 15 tpd demonstration unit in Massachussetts
(INRS, 2006). Ontario has also been testing on forestry residuals, a promising 50 tpd mobile

pyrolysis unit (installed on five trucks) that would produce bio-oil for mill power boilers.

While pyrolysis has a long history in Europe and Canada, and in spite of the success of the
demonstration and commercial units, the technology has yet to gain a widespread adoption.
Several barriers including some technical limitations and competition against non renewable
products which are manufactured at lower costs would need to be addressed in order to
improve market acceptance of this technology. Companies active in the commercialization

and R&D of biomass pyrolysis are listed in Table 1.3 of Appendix I.
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3.3.4 Biodiesel production technologies

Biodiesel is made by chemically transforming naturally occurring oil or fatty acids from
plants or animal into methyl esters (biodiesel) and glycerin (a byproduct). The chemical
process is known as transesterification and does not pose major difficulties when pure
feedstocks are used. The major concern with biodiesel production is on yield improvement
and on the extraction and chemical separation techniques that are required either as
pretreatment of the feedstock or for purification of the biodiesel product. In addition, there is
concern about disposal of two by-products: (1) the solid residues from crushing of the
oilseeds feedstock to extract the oil and (2) the glycerin which is formed during the trans-
esterification reaction. The other concerns about biodiesel fuels are the wide variability in
properties. Both the European Union and the American Society for Testing and Materials
(ASTM) have formulated standard specifications that all biodiesel fuels must meet (Toro
Chacon, 2004). Other potential barriers for biodiesel commercialization are the availability of
the biomass based feedstocks and the high production cost for biodiesel compared to
petroleum based diesel. Biodiesel can be blended in any amount with petroleum based diesel
fuel. B100 is the name for pure biodiesel, whereas B20 contains only 20% biodiesel and B10
only 10% biodiesel. Like petroleum based diesel fuel, biodiesel will need additives to keep it

from freezing in extreme cold weather.

There are also kraft pulp mill by-products that are extractives from the wood (commonly
called in the industry as “soap” and “talloil”) that may also be suitable for biodiesel
production. The use of these by-products for making biodiesel would be most ideal for kraft

pulp and paper mills where greater synergy exists. The Canfor Pulp mi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>