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reface & Acknowledgement

The Government of Alberta recognizes the need to inject new thinking into the way the province manages
its renewable resources. Beginning in 1999, the previous Ministry of Innovation and Science (now the
Ministry of Advanced Education and Technology) instigated a number of new initiatives, including one on life
sciences, that brought together stakeholders and experts in the field in constructive dialogues and actions.
In 2005, the Ministry identified the need to investigate new market opportunities for Alberta’s renewable
fibres and asked Forintek Canada Corp. (Forintek) and the Alberta Research Council (ARC) to take the lead
in this investigation. The project was referred to as “The Alberta Fibre Roadmap”. As the work progressed,
it became clear that the focus on those components had broadened to embrace Alberta’s bioeconomy,
dealing with the utilization of its vast, renewable lignocellulose resource as feedstock for industrial products
that are demanded by the marketplace. Instead of the “Fibre Roadmap”, we now ask readers to critically
consider this document as a challenge aimed at stimulating the development of Alberta’s bioeconomy.
Hence the title: “Getting Value from Every Fibre: Making the Most of Alberta’s Lignocelluose Resource.”
The project started in January 2006 with Forintek and ARC scientists and economists systematically
reviewing the current state of the industries in Alberta that use a variety of lignocellulose feedstock from
trees and crops. The purpose was to understand potential product and market opportunities arising
from Alberta’s current and future ability to leverage such feedstock and its unique infrastructure, and to
explore strategic opportunities for building and transforming Alberta’s lignocellulose-based industries.

Bringing our resources to bear. During the project, Forintek and ARC used a variety of ways to bring
in relevant intelligence and seek advice. They included:
•

An in-depth size-up of the lignocellulose-based industries (including forest products,
agriculture and polymers) through consultations with industry and government
stakeholders in and outside of Alberta;

•

A wide scan of available intelligence from around the world on current and future 		
strategies on related issues;

•

One-on-one interviews with industry experts and policy makers on issues related to 		
traditional and new uses for lignocellulose feedstock;

•

The use of The Challenge Dialogue System™ for 25 persons to identify key “domains” of
opportunity;

•

Ten telephone workshops focused on specific product opportunities for each domain, 		
involving some 45 persons with diverse experience from across Canada and the US;

•

A strategy workshop of more than 50 people focused on eight key strategies;

•

An ongoing dialogue with a group of 10 champions and a number of industry experts and
stakeholders;

•

A meeting facilitated by the Alberta Chamber of Technologies to explore ideas and gather
feedback from 22 people;

•

Scientific and technical reviews of business cases, and

•

Commentaries on an initial draft of this paper.

Acknowledgements. These discussions, consultations and explorations led to this paper. We owe a
debt of gratitude to the large number of participants for their generous assistance and advice. In
particular, we acknowledge the following:

• Neal Oberg and Ian de la Roche, the Lead Champions of the project, committed 			
significant time and provided valuable guidance to the design and execution of the 			
project, and have been active in keeping the dialogues alive.
• The 12-member Stakeholders Consultative Committee, chaired by Bill Hunter, 				
provided input from diverse perspectives and challenged our assumptions.
• Senior officials from the Ministries of Innovation and Science; Agriculture, Food and 			
Rural Development; Sustainable Resource Development, and Economic Development 			
provided ongoing guidance and shared valuable information.
• Forintek and ARC scientists and economists provided an excellent size-up of the 			
current state of the industry.
• Consultants from Innovation Expedition, led by Don Simpson, provided valuable 			
assistance during the Challenge Dialogue phase of the project.
• The many technical and sector experts who took part in the telephone workshops 			
provided keen insights into the various product and market opportunities under 			
review.
• Participants at the June 2006 workshop at the University of Alberta in Edmonton 			
helped us clarify the strategies and possible business cases around using lignocellulose 			
as feedstock.
• A small, able team of consultants provided useful frameworks to facilitate the 				
telephone workshops and the development of the business cases.
• The core writing team of Steve Moran, Steve Murgatroyd and Pansy Chau ensured the 			
delivery of a quality product.
• Pansy Chau and Steve Murgatroyd jointly managed the project to very tight timelines.

Defining our mission. This paper is deliberately not a scientific analysis of feedstock, biorefining choices or

markets – though work on each aspect of the scientific and technical issues has informed thinking.
The focus is practical: action to build a strong, vibrant and nimble economy that leverages Alberta’s renewable
lignocellulose resource to enable greater economic diversification. In other words, the focus is on building
a new bioeconomy for Alberta.
This paper is a statement of strategic opportunities. Four strategic frameworks are presented for the future of
Alberta’s lignocellulose fibre-based industries to be imagined. We hope readers will see this paper as a starting
point for the discussion that will lead to concrete actions to build Alberta’s bioeconomy. We invite you to take
part in an ongoing dialogue. Forintek and ARC welcome your advice and insights. Please feel free to
contact Jim Dangerfield (jim@van.forintek.ca) or Rob Wellwood (wellwood@arc.ab.ca).

Project Steering Committee
Jim Dangerfield
Forintek Canada Corp.
March 2007

Steve Moran
Alberta Research Council
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xecutive Summary
Building a Responsible, Sustainable and Successful Bioeconomy

Alberta is being challenged in a variety of ways. While enjoying current economic well-being, there is a need to
make investments in economic infrastructure and skills development in ways that can further diversify Alberta’s
economy, support economic development in all regions of the province and stimulate innovation.
The bioeconomy – using renewable resources to produce economic wealth, social and community development,
growth and investment – is a key area for growth in Alberta. Alberta has rich renewable resources from
its woodlands and agricultural land base where innovative producers have begun to look systematically at
producing heat, power, fuels, chemicals, health and wellness products, new building materials and composites
and new ways of manufacturing buildings. It is time to focus in a systematic and direct way to stimulate growth
in this sector of Alberta’s economy.
Some issues are urgent. Canadian pulp mills are in crisis – between January and July 2006 some 6,500 jobs in
the pulp sector were lost in Canada and mills continue to close. According to the industry, no pulp mills made a
profit in the last quarter of 2005 and competition remains stiff. In responding to this situation there is a need to
think strategically – to think ahead about the future state of the fibre industries we envision as a whole in 2025,
and then come back to the present and identify what needs to be done to reach those goals. This report identifies
four key strategies that need to be pursued in parallel and in an integrated way to provide real “traction” that
allows the development of the bioeconomy to occur.

Action plans and strategies. To build a responsible, successful and sustainable bioeconomy in Alberta, we
have identified the following action plans and strategies:

Action 1:
Develop a clear vision for a robust, balanced, responsible economy and champion the bioeconomy as a key part
of this vision.

Action 2:
Accept and adopt four key principles, which are:
One bioeconomy, not many disconnected “silos” (both agriculture and forestry are part
of the same system)
An economy that focuses on the whole value chain, not just production
Firms and organizations that are nimble and flexible
A commitment to a sustainable environment.

Action 3:
Understand and accept some preconditions for the strategic focus for building a responsible, effective
bioeconomy in Alberta, which are:
There need to be new ways to manage feedstock
There needs to be a strong and integrated innovation infrastructure
These all require strategic alliances, cost sharing and collaborative partnerships.

Action 4:
Focus action around four key strategies, which are:
Building biorefineries and an integrated lignocellulose industrial cluster
Transforming and sustaining the current lignocellulose-based industries – specifically pulp 			
and wood products
Sustaining and enhancing forest and agriculture based communities
Growing biocomposite, biomaterial, and bioproduct companies.
While detailed analyses of the strategies were conducted, they are not included in this version of the report.
Interested readers are encouraged to contact Jim Dangerfield (jim@van.forintek.ca) or Rob Wellwood
(wellwood@arc.ab.ca).
This paper includes an overview of the concept of biorefining (Appendix 1) and a glossary (Appendix 2).

Introduction

Imagine an Alberta in 2025 …

Which garners 30% of its energy from renewable resources
Where the agriculture and forest industries are also suppliers of
renewable energy
Where rural municipalities generate all of their own heat and power
needs from local biomass
Which uses Alberta-made quality wood products and new biocomposites
in the construction and furnishing of all public buildings — where
50% of all building materials used are from renewable sources
Where more than 15,000 people work in small and medium enterprises
connected to non-food products from crops, or non-timber products
from the forest
Where thriving industry clusters successfully use biorefinery practices to
make valuable products from Alberta’s lignocellulose resource and are
recognized as world leaders in this field
Where there is a pipeline connecting all biorefining activities throughout
the province with customers for energy and bioproducts — a “biogrid”
Where new fast-growing species of trees produce high quality fibre
feedstock that yields a range of products
Where agricultural feedstock is grown for refining as well as for food — in
fact, fuels, functional foods, wellness products, energy all come from crops
Where responsible stewardship leads to effective, efficient and
sustainable use of the land
Where innovation is a mainstream culture
Where early childhood development programs are among the best in the
world — responsible for producing a large portion of the human capital
Alberta needs for its innovation agenda
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It is now critical for Alberta to focus on growing a new bio-based economy founded on renewable
lignocellulose resources – building on its agriculture and forestry sectors’ success and potential. It is
important that investments and actions begin today so the new bioeconomy will be making a substantial
impact within a 5- to 10-year time frame.

Where we stand. Alberta’s current success and growth is brought about by an energy-driven “boom”
that relies largely on rapid, unsustainable exploitation of non-renewable resources and temporarily high
oil prices. It will not last. Although many individuals, firms and communities are experiencing significant
benefits from this economic activity, others are being harmed.
In many ways, the current energy-driven “boom” has stalled and in some cases stifled long-standing
efforts to diversify Alberta’s economy. Beginning in the late 1970s and 1980s, Alberta invested heavily in
growing its forest products and petrochemical sectors in an effort to make the economy less dependent on
energy revenue. During the 1990s growth in the ICT (information and communications technologies) and
biotechnology sectors resulted in further diversification.
But, the current energy-driven boom is attracting highly qualified people, research investments and risk
capital away from these sectors, which need to be sustained to maintain the robustness of the economy.
Companies in the high tech sectors as well as manufacturing firms are leaving the province for other
jurisdictions where space, investment, and people can be obtained at more sustainable prices and where
access to human capital is more assured.
In addition to internal challenges, forces at work in the global economy are further eroding the gains made
in diversification. Two areas of the economy – forest products and agriculture – are now facing significant
challenges sufficient to impair their further growth. The emergence of new production capacities and
markets in South America, Southeast Asia and China is putting pressure on major elements of Alberta’s
diversification strategy: pulp and paper, agriculture and petrochemicals.

New directions. In the discussion that follows, changes that could become drivers for building a new
bio-based economy in Alberta are outlined. Specifically, the focus is on the need to:
• build a major industrial capacity to process lignocellulose feedstock for chemicals, textiles and
other high value industrial products — including the ability to use feedstock from mixed sources
(e.g., combining forestry and agriculture feedstock, etc.);
• strengthen the pulp and paper and wood products sectors;
• take advantage of the nimbleness of the agricultural sector to supply “designer” lignocellulose
feedstock;
• think differently about the potential of bioenergy generation and products derived from biomass
as means of supporting economic development in rural communities; and
• support, encourage and enable the development of small- and medium-sized enterprises that use
bio feedstock for wellness products (such as functional foods, nutraceuticals and pharmaceuticals), specialty wood products and composites.
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R&D needs. To support the required business and economic developments, investments in research,
development and practical demonstrations are needed. In particular, work should focus on:
• advancing the technology of biorefining;
• aligning wood quality with product attributes demanded by markets;
• developing specialty crops for bioenergy and biofuels;
• breakthrough manufacturing technologies in a variety of areas from biorefining to wood products
and factory-built buildings;
• advancing wood products technologies that will add value to the forest biomass;
• creating “next generation” recovery and utilization of lignocellulose feedstock that works towards
“zero waste” in an environmentally responsible way, and
• developing a bioeconomy that is environmentally responsible.

The R&D agenda. The research agenda must support the different stages of production of goods from
Alberta’s lignocellulose resource. The following list suggests an approach to conceptualizing the R&D agenda.
When we present the strategies under consideration, we apply this conceptual approach to each strategy in
turn.
• Policy
• Feedstock supply
• Feedstock handling
• Feedstock conversion
• Products
• Co-products
• Distribution
The overall aim of this paper is to stimulate and secure economic development in the use of available
lignocellulose feedstock from Alberta’s crops and trees. Success will require industry and research partnerships,
cost sharing and collaboration.
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Drivers of Change
Alberta’s Economy is Changing
In 2006/07 the Government of Alberta anticipates revenue of $11.4 billion from non-renewable
resources, which represents 35% of its $32.4 billion total revenue. Although this amount is projected to
decline by 2008/091 to $8.2 billion or 27% of the provincial budget (table below), the substantial growth
from this one source represents a major change, creating dependency and masking other issues within
the economy.

1999/2000

2006/07

2008/09

$ 20.1 M

$32.4 M

$30.5 M

Non-Renewable Resource Revenue

$ 4.7 M

$11.4 M

$ 8.2 M

% of Total

23%

Total Provincial Revenue

35%

27%

There are specific challenges and changes that affect industries using lignocellulose as feedstock.

Forest Products. Despite its world-class performance, Alberta’s forest sector is facing challenges and
stiff competition due to shifts in global markets. The 2006 value of forest products produced in Alberta
was $3.2 billion – down $569 million from 2005 and $1.1 billion from 20042. Industry consolidation
within Alberta has resulted in the loss of four sawmills in the past two years: Atlas Lumber in
Blairmore; Canfor’s lumber mill in Hines Creek; Weyerhaeuser’s lumber mill in Grande Cache and
Seehta Forest Products’ Red Earth lumber mill. Secondary manufacturers are also facing increasing
pressures – many are on the verge of closing – as was seen when Sawn Wood Products announced that
it would close its doors in Drayton Valley. There is a real challenge to this sector and little time to secure
an effective turnaround. Change is urgently required.

Agriculture. Despite the fact that per acre, per worker and per farm, productivity was higher in 2005
than at any time in the history of Alberta, and that Canadian food exports are also at a record high,
many farms are failing and farm losses now average between $10,000 and $16,000 per farm per year
across Canada. Farm indebtedness in Alberta is about $10 billion (Canada’s total farm debt is $48.9
billion). Our industrial model of food production may be losing as much as $55 to $75 per acre from a
producer’s perspective3.
Alberta’s agricultural sector is at a crossroads. To date, the focus has been on increasing productivity,
which has resulted in the growth of agricultural subsidies that are increasingly used in Europe and
North America. This is not sustainable and the focus needs to shift to increasing value return from
Alberta’s crops – whether for food, fibre, or both. Agriculture and Agrifood Canada has recognized this
changing reality; its new R&D strategy focuses on increasing the value of food and fibre products.

Energy and Fuel. In 2006, Celanese closed the final unit of its methanol production facility in
Edmonton. This plant is one of the first generation of plants built as part of Alberta’s petrochemical
diversification plan. Better investment returns from new plants in China led Celanese to this decision.
In August 2006, Dow announced closure of a plant at Ft. Saskatchewan in response to difficulty in
securing ethylene feedstock.

Alberta Fiscal Plan 2006-2009.
Alberta Forest Products Association News Release, March 21, 2007.
3
See “Measuring the Farm Income Crisis” (Revised 2006) – Canadian Federation of Agriculture, Ottawa (mimeo) available at
http://www.cfafca.ca/upload/ Measuring%20the%20Farm%20Income%20Crisis%20(March,%202006).pdf.
See also the study by Christopher Bruce on the oilseed and grain industry in Alberta.
1
2
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As greenhouse gas emissions continue to grow in Canada, the Federal Government and a number
of provinces have enacted regulations that require fuel producers and importers to have a specific
percentage volume of renewable fuel in gasoline that they produce or import. Canada has set the
requirement at 5% commencing in 20104. Ontario, Saskatchewan and Manitoba have developed
legislation for ethanol content in gasoline, and Quebec has established a renewable fuel target.
Major corporations and investment companies are looking to the bioeconomy as a medium- to longterm future investment. Goldman Sachs has invested US$30 million in Iogen, a lignocellulosic ethanol
provider; Royal Dutch Shell is also a major investor. Maple Leaf Food’s Rothsay division has opened a
biodiesel plant in Montreal – it will use rendered fat and oils to produce 9.2 million gallons (35 million
litres) of biodiesel a year. Husky is expanding its ethanol plant in Manitoba; Suncor is expanding its
ethanol plant in Ontario, and Canada Bioenergy Corporation proposes to build a biodiesel plant in Fort
Saskatchewan, Alberta5.

Natural Environment. Alberta is currently experiencing an extended period of warmer and, at
least in some locations, drier weather, which is generally attributed to climate change. This change in
climate manifests itself in two ways that impact the lignocellulose-based economy. British Columbia’s
interior pine forests are being devastated by an infestation of the mountain pine beetle, which is
profoundly altering the economic framework of the BC forest industry and communities that depend
on the industry. The leading edge of this infestation has migrated into western Alberta. There is
already evidence that the control strategy implemented by Alberta Sustainable Resource Development,
Parks Canada, and the Canadian Forest Service is not successful in stopping the eastward spread of the
beetle infestation6. Alberta may well be faced with a glut of standing dead pine trees that will need to
be harvested over a relatively short number of years7.
With a warming climate, the mountain pine beetle is just the first of an increasing number of insect
pests that will plague our forest. In addition, fires will be more frequent and costly. The combination
of drier weather, a growing population, and water-use intensive industrial development is stressing
Alberta’s water resources. The development of the bioindustrial economy that is envisioned in this
document will need to be implemented in ways that minimize its water footprint.

Alberta’s Population is Changing
A second driver is apparent in Alberta’s changing demographics. Between 2005 and 2010, Alberta’s
population is expected to grow 1.5% annually, increasing the total population to 3.5 million by 2010, an
increase of about 250,000 over the 2005 figures. More than 70% of Albertans will live in the “corridor”
between Calgary and Edmonton, with this corridor being the engine of economic wealth for Alberta.
Rural depopulation will continue8; and as the population shifts and grows, so will the demand for
energy, foods and other products.
These population and demographic changes present Alberta with a number of challenges:
Competition for Labor – There is a global “war for talent” going on, especially for skilled
supervisory, specialist labor and experienced management. Alberta is experiencing labor
shortages now and the situation does not look to be improving.
Demands for public expenditure on health and education are rising at the same time as the
ratio of people working to those not working declines, leading to increasing pressures on
taxation.
Demands for energy, water and fuel are growing, especially in cities – leading to water
shortage issues, especially in southern Alberta.
Rural depopulation continues, as more of Alberta’s population is drawn to the Edmonton
Calgary corridor. This trend could erode Alberta’s ability to maximize value from its renewable natural resources; strong rural community infrastructure is needed to realize this goal.

Canada Gazette, Vol. 149, No. 52, December 30, 2006.
See also developments being supported by the Government of Canada’s $118 million ethanol expansion program
detailed at http://news.gc.ca/cfmx/view/en/index.jsp?articleid=158789.
6
See Alberta Sustainable Resource Development News Release, November 9, 2006.
7
The Province of Alberta declared a pine beetle emergency on April 11, 2007 indicating that some three million trees
in the Grande Prairie region were likely to be infected and that there were growing concerns about trees in Southern
Alberta.
8
See Alberta Chamber of Commerce/CGA: “Vision 2020: Demographic Impacts on Alberta’s Provincial Budget”, September
2004. Also see subsequent studies in this series.
4
5
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Alberta’s Competitive Advantages Are Changing
There are many examples. The key message is that Alberta is not leading in the development of the
bioeconomy – it will be playing “catch-up” and, in some cases, deciding to leave the “play” to others.
For example, in response to ambitious EU targets for biofuels and a suite of policy instruments
that encouraged biodiesel production from oilseed crops, Germany has increased its production of
biodiesel tenfold in the last five years. In the United States, ethanol production is projected to increase
substantially. By July 2007, 39 new plants will add 1.4 billion gallons of ethanol to the current US
production of 4.6 billion gallons. By 2008, US production is expected to reach 8 billion gallons a year
– helping the US towards its target of displacing 30% of 2004-level transportation fuel consumption
with biofuels by 2030. The substantial investment in growing ethanol production in the US is driven by
this ambitious target9.
Multinational firms like Archer Daniels Midland, BP, GE, Sharp, Ford and Toyota are partly responsible
for stoking the aggressive growth of these technologies, leading the way with billion dollar divisions
dedicated to solar, wind power, ethanol, and hybrid electric vehicles, as well as other technologies. State
and city governments are playing a key role too, competing feverishly to become clean-energy hubs that
attract economic development and jobs. For example, the state of Michigan has announced a US $2
billion investment to finance a plan to make Michigan the alternate energy capital of the US10.
While others are unleashing innovation, fueled largely by private sector investments supported by
government policies and investments, Alberta’s level of private sector investment in R&D is falling
and the focus of this investment is largely oil and gas. Very little new investment is being made in the
bioeconomy relative to the scale of investments in other sectors and in other countries.
Alberta’s competitive advantages are key to attracting and developing business. Three primary features
in Alberta’s favour bode well for the development of a new bioeconomy. They are:

1.

Alberta has a “can do” culture of commerce. It also has pre-capitalized infrastructure to support
market related research, prototyping and scale-up activities. The province is business focused
and the government of Alberta seeks to enable and support business development without
subsidizing business. It is a province that invests in research to support commercialization.

2.

Alberta has substantial and significant fibre resources under management on crown land, as well
as a vibrant agricultural sector. It has advantages in high quality tree fibre, access to industry
managed assets and the agility to change crops to meet market demand – making Alberta
suitable for significant bioeconomic development. The infestation of parts of the forest with pine
beetle provides an urgent requirement (as well as an opportunity) to look at what the forest
planning strategy should be post-beetle, as well as at innovative ways to use infested trees.

3.

Alberta’s fast growing oil, oil-sand and gas economy could be significant industrial users of
bioenergy, biochemicals and biofuels. Current activities would not strategically inhibit new
activities under a new bioeconomy and newly arriving companies. Neither would it preclude
options for resident companies. This means a window of opportunity exists for investment and
high level rewards. Alberta has the ability to be nimble, responsive and creative in its use of
resources to sustain industrial scale development.

But time is short. We need decisive action to respond to the opportunity.

It is Time for Focus and Change
Given these changing socio-economic conditions and the growing demands from Albertans to be
effective stewards of their natural resources, it is time that Alberta takes a focused and systematic
approach to develop and use its renewable resources. It is time for a strong, renewed focus on
diversifying Alberta’s economy. It is time to position Alberta’s bioeconomy for the 21st century.
See review of developments in the US ethanol industry in Christian Science Monitor (January 5, 2007): “New Prospects for
US—Glut of Ethanol Plants”. Data are taken from information at the DTN Ethanol information site:
http://www.dtnethanolcenter.com/index.cfm?show=10&mid=56&pid=43
10
“Energizing Michigan’s Economy” at www.environmentmichigan.org
9
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What Alberta Needs to Do

Initially, the concept that led to this project was to develop a roadmap for the future of the Alberta wood
products sector. As the work progressed, the need to look at opportunities from all fibre resources in Alberta
– agricultural fibres, trees, and polymers – became apparent. The project took on its present focus as a Fibre
Roadmap.
Soon, it became clear that the focus should be broadened further to encompass the bioeconomy that deals
with the processing of Alberta’s renewable lignocellulose resources as feedstock for industrial products. It also
became clear that the focus should be on the outcomes and impact – on heat, power, fuels, chemicals, textiles,
wellness products and building products and systems – regardless of the associated feedstock. The project thus
became more focused on the bioeconomy and its potential, than on specific fibres or raw materials.
Now, instead of a Fibre Roadmap, this document presents a challenge aimed at stimulating the development
of a functioning industrial network, and the required infrastructure that Alberta needs to add for refining and
processing its lignocellulose feedstock into products. All of the associated activities are expected to lead to
significant economic and social development, the effective use of renewable feedstock and the development of
exportable technologies.

Recommended Actions
Alberta needs to build a strong, vibrant, nimble value-added bioeconomy that is based on renewable resources.
This bioeconomy must be sustainable in the long-term while it responds to a range of challenges and
opportunities that are more immediate. This roadmap for an Integrated Lignocellulose Economy provides
a provincial vision and a framework for developing a transformed economy based on Alberta’s lignocellulose
resource, which:
Is integrated, innovative and international in its perspective and scope;
If seriously addressed, has the potential to play a significant role in building sustainable prosperity in
the province – high-quality sustainable jobs, increased wealth creation, enriched quality of life;
Has the capacity to attract and inspire entrepreneurial leadership from various sectors in Alberta and
elsewhere, and
Has the potential to position Alberta among the world leaders in creating and sustaining a transformed bioeconomy for the 21st century.
In the sections that follow, actions and strategies that Alberta could implement to achieve this vision will be
explored.
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CTION 1:

Develop a Clear Vision for a Robust, Balanced, Responsible Economy
and Champion the Bioeconomy as a Key Part of this Vision

“You got to be careful if you don’t know where you’re going, because you might not get there.”
									
Yogi Berra

Alberta needs an economic strategy that seeks to maximize all available talents and skills, not just some, and
seeks to balance the use of non-renewable resources with renewable resources, so that the economy can be
sustained even as the price of oil and gas fluctuates. Key to such a vision is the idea of the “bioeconomy” — a
set of economic activities focused on the effective use and sale of renewable resources.
The vision for Alberta’s bioeconomy is to be a responsible steward of Alberta’s renewable resources and
a major contributor to the Alberta economy, both now and in the future.
One way of imagining the bioeconomy for Alberta is to see the province as a virtual biorefinery – a place where a
variety of feedstock are efficiently converted into a range of value-added products that are in demand in Canada
and key markets throughout the world (see Appendix 1 for more details on biorefinery thinking). Alberta could
be recognized as a leader in developing a truly integrated bioeconomy – one that is responsible, sustainable and
successful.

Champions. This message – that Alberta is a leader in developing a responsible, sustainable and successful
bioeconomy where the concept of multiple source/multiple output biorefining is championed – needs to be
shared and articulated by senior politicians and industry leaders acting together. When Finland moved to make
a difference, the Prime Minister and several key and respected industry CEOs jointly guided a steering
committee, which led the change and transition of the Finnish wood-based industries. It worked. Alberta needs
to do the same.
There is also a need for the agricultural and forest products industries to share and collaborate in the promotion
of this vision and get behind the idea of Alberta as a biorefinery – roundtables and industry leader summits are
needed to ensure that the message and the ideas are understood and embraced. Cooperation, smart integration
and breaking down the silos and barriers are key to moving Alberta towards taking a significant leadership role
in bioeconomic development that will be profitable for all concerned.
Although Government can enable and show leadership, it is the firms that lead the way – that invest and take
market risks to secure returns. Firms will need to be convinced that this vision for Alberta “has legs” and can
produce good and reliable returns on their investment and allow them to feel positive about their contribution
to a diversified economy and a prosperous and sustainable sector. Firms look to the Government of Alberta to
create the enabling environment under which they can operate effectively.
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CTION 2:

Accept and Adopt Four Key Principles

The following four principles should inform the development of all aspects of the bioeconomy:

1. One Bioeconomy. Wood fibre, agri-fibre and other types of renewable fibres and biomass must be
considered an integrated “system” of renewable resources where synergies among the various feedstock,
sometimes in combination with other materials (e.g., polymers), could provide a variety of product
opportunities. This requires the breaking down of divisions within the agricultural and forest products
sectors to facilitate systems thinking about the biomass and focus on outcomes – “zero waste” and
maximum social, economic and environmental benefit.
An integrated approach to the bioeconomy will provide more options than a fragmented one looking at
each feedstock separately. By thinking “in the whole” rather than just looking at the parts, more ways of
gaining value advantage could be found. Here are some examples of this integrated thinking:
•

Locate greenhouses near a facility that can generate bioenergy from biomass (e.g., using
sawmill residues, or food processing byproducts).

•

Use purpose-grown willow to treat municipal waste and then use the residue as a fuel.

•

Take byproducts and/or waste from one process (e.g., food processing, pulp production) and
create new value from them for a different industry.

•

Design plants, both trees and crops, to maximize total value over their life cycle.

		 Such an integrated approach will require a systematic review of the regulatory regime for land and
forests development to ensure balance among multiple intensive industrial needs, social needs, and the
need to be responsible stewards of the land. Such a review will require innovative consultation processes
to ensure that all voices are heard. Another critical requirement is that long-term, secure access to fibre
feedstock is provided for both heritage industries and emerging bio-industries.

2.		 The Whole Value Chain, Not Just Parts. In looking at any potential opportunity, the whole value
chain needs to be considered, not just some key points within the chain. For example, not only the
feedstock and technologies available to produce bioenergy need to be considered, issues around the
logistics of collecting the material, getting the feedstock to the processing plant, taking the resultant
products to market, securing and sustaining market share, and so on must be examined. As well, there
are issues around the availability of the right skills, capital and other “secondary” items to make the
value chain work. The following diagram shows the interdependencies among the primary activities and
secondary activities. Value is created or margins are eroded depending on how things flow.
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Fibre Roadmap Value Chain Framework
Primary Activities
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Feedstocks
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Outbound
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Regulatory & Fiscal Environment
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Global
Marketing
& Sales

Service
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Firm / Industry Infastructure
Technology Development
People & Skills
SECONDARY ACTIVITIES

The value chain framework suggests that necessary conditions for developing the secondary activities
(technology, policy, regulations, people) have to be met so that the primary activities (the main purpose of
the firm: producing products that people want to buy) can take place. It also suggests that the whole cycle of
production needs to be understood if margins are to be sustainable. For example, we may be able to produce
high value natural cosmetics from some of the plants grown in Alberta – the issue may not be technology, it
could be securing market and sales, and the appropriate regulatory approvals.
Other jurisdictions have created regional value chain working groups to ensure that all of the logistics are
considered when looking at the kind of opportunities documented here. They find that the easy part of the
work is identifying the primary activities of the value chain (the basic supply chain) – the difficult part is
connecting the secondary activities in an effective way to meet the needs of the primary chain at the right
time.

3. Nimble and Flexible Strategies. Economic and market conditions change. Firms must adopt nimble
and flexible strategies to meet them. They have to be creative and flexible, able to respond to changes in
feedstock, technologies, markets or other conditions that affect margins, profitability and success.

4. All Strategies Must Support a Sustainable Environment. Whatever strategy and focus the firms
adopt, a commitment to responsible stewardship must inform them in all aspects of the value chain. In
particular, there is a need to balance the extraction of feedstock with the quality of the soil, water and
air and to ensure that the extensive use of renewable resources for industrial scale use enhances the
environment over time rather than degrades it.
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CTION 3:

Understand Some Preconditions for Strategic Focus

Certain policies and framing activities are natural pre-requisites – they are needed to ensure that some or all of
the strategies outlined in this paper can function and have their full impact on the Alberta economy within a
short (within 5 years) to medium (6-15 years) time frame. These are:

1. New Ways to Manage the Feedstock. A necessary step to re-energizing the lignocellulose industries
and creating new opportunities for the bioeconomy is to re-think arrangements for the management
of renewable feedstock and the land base on which they grow. For example, applying One Bioeconomy
thinking to the utilization of non-timber products from the forest and other forms of biomass (e.g., forestry
wastes, plantations) needs to be factored in. New approaches to land management, land use and access are
needed to deal with capital-intensive developments that require feedstock supply guarantees for a period
of time (sometimes as long as 25 years), not only for existing industries but also for new developments.
There will also be a need to review the existing statutory regulations for land and forest development and
their potential, either for constraining or facilitating the developments outlined here. For example, “zero
waste” means the need to be creative in using regulations that provide the right incentives. Creativity and
innovation are needed not only related to how the commercial forests are presently managed, but also
related to the areas and species that are currently outside the regulatory boundaries, such as tree and crop
plantations in the present green and white zones.

2. Strong and Integrated Innovation Infrastructure. The Province of Alberta needs to further develop its
innovation infrastructure. By developing innovation infrastructure, we mean:
•

Focusing on R&D that is aligned with the four strategies we propose in the next sections;

•

Drawing on innovation activities ranging from medical research, ICT (information and 			
communication technologies), and energy, but extending to the ingenuity resources devoted 		
to developing the bioeconomy sector;

•

Building on the strengths of current R&D players and creating smart R&D strategies, and

•

Strengthening intelligence-gathering operations so that day-to-day decisions about the 			
productive use of biomass can reflect changes in and adapt to market behavior and demand.

There is an urgent need to make sure the attributes of wood delivered to mills better match client
requirements for end products, look at new ways to extract higher value from byproducts (e.g., sawmill
residues and effluents from pulping operations), look at new ways to manage Alberta’s forests for value,
develop new refining technologies, look at the potential of new lignocellulose materials for energy and fuel
(e.g., new crops), and develop new composites and processes for factory-built building systems. There is
also a need to look systematically at the genetic modification of farm crops for industrial scale production of
energy and fuels, and the use of lignocellulose materials as a basis for composites, and wellness and health
products.

3. Support from Focused R&D. Some of the strategies (e.g., chemicals from biomass) will require
additional, specific and focused investment in R&D, while others require demonstration, prototyping,
product testing, and market testing. All require a review of policies, regulations and practices. All require
access to high quality, current market intelligence.
These pre-requisites all deal with aligning policies, regulations, innovation investments and activities with
the four strategies outlined in the next section.
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Underlying these pre-requisites and principles are three core elements:

Strategic Alliances – there is a need to break down the silos we have built in our minds, collaborate
across sectors (forestry, agriculture, energy) and create regulatory and business environments that
encourage innovative things to happen – providing a firm foundation for testing new ideas – which
attract people, capital and markets and offer new opportunities for firms and organizations along the
whole value chain to collaborate.

Collaborative Partnerships – there is a need for a systematic approach to public-private
partnerships for each of the strategies described in the next section. No new industry has developed
by means of private capital alone – partnerships with government agencies around regulations,
demonstration projects, R&D and environmental stewardship are necessary to ensure that industries
can thrive and prosper. If Alberta is serious about diversifying its economy, it should look at the kind
of instruments that have been used successfully in building effective, sustainable industries in Alberta
over time – it will see that public-private partnerships are key.

Cost Sharing – there is a need to think about scale and timing. If using biomass is to be encouraged
as part of a rural renewable energy strategy, then costs need to be shared among different levels of
government. If Alberta wishes to “kick start” significant industrial developments in biorefining, cost
sharing between government and industry may be needed for demonstration projects. It is a sign of
commitment when the costs for initial investments are shared.
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CTION 4:

Focus Actions around Four Key Strategies

Alberta could pursue four key strategies that can leverage available lignocellulose feedstock, diversify its
economy and build a strong future for Alberta’s rural communities. The four strategies are considered separately
on the next pages. To begin the discussion, we introduce the strategies and outline their overall benefits. They
are:

1.

Building biorefineries and an Integrated Lignocellulose Industrial Cluster

2.

Transforming and sustaining the current lignocellulose-based industries,
specifically pulp and wood products

3.

Sustaining and enhancing forest- and agriculture-based communities

4.

Growing biocomposite, biomaterial, and bioproduct companies

Implementing these strategies should maximize the following benefits:
• Replace Imports: Pursue economic opportunities with the potential to develop globally competitive
lignocellulose-based products in Alberta to replace imports.
• Build Exports: Pursue economic opportunities with the potential to develop globally competitive
lignocellulose-based products in Alberta designed for export.
• Regional/Community Economic Development through Bio-Strategies: Pursue specific opportunity
aimed at sustaining the economic viability of various communities in the forest or plains areas of
the province that are either highly dependent on the forest/agriculture industry or do not yet have a
prosperous economic base.
• Minimize Waste: Pursue opportunities for leveraging presently unused or underused byproducts from
the forest and agricultural sectors into profitable, value-added products that are attractive to customers
and investors.
• Replace Non-Renewable Feedstock with Renewable Feedstock: Pursue opportunities for costeffective replacement of non-renewable resources with renewable ones.
• Enable Industry Transition: Pursue opportunities and actions to reposition present assets in the
lignocellulose resource industries that are losing their value.
• Multiple Products from the Same Feedstock: Pursue opportunities for developing a capacity to turn
biomass feedstock into material resources for various manufacturing sectors.
• Environmental Sustainability: Pursue opportunities for new applications and products that are seen as
significant for supporting an improved, sustainable environment.

15

The table below shows the linkages between the strategies and the benefits.

Benefits of the
Strategies

Supports the development of globally
competitive lignocellulose-based
products in Alberta to replace
imports
Supports the development of globally
competitive lignocellulose-based
products produced in Alberta for
export
Supports the economic
development and sustainability
of various communities in Alberta
that are dependent on the forest
products or agriculture industries
Leverages “waste” from the forest
and agricultural sectors into valueadded products that are attractive to
customers
Supports the cost-effective
replacement of non-renewable
feedstock with renewable feedstock
Supports the repositioning of
present assets in the lignocellulosebased industry that are losing their
value, thereby enabling industry
transition
Provides opportunities for turning
biomass feedstock into material
inputs for various manufacturing
processes—developing multiple
products from a variety of
biomass feedstock
Helps to build a sustainable and
improved environment
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TRATEGY 1:

Building Biorefineries and an Integrated Lignocellulose
Industrial Cluster

The strategy focuses on building the industrial capacity for large-scale conversion of both agricultural and
forestry feedstock into a broad range of chemicals, products and biofuels derived from lignocellulose. The
primary element of this strategy is to recruit one or more large multi-national firms to develop a biorefinery
facility in Alberta. Many jurisdictions in North America are pursuing strategies similar to this. To be competitive,
Alberta needs to focus on key competitive advantages:
• The ability to provide ready, reliable and secure access to a broad range of high quality, inexpensive
feedstock.
• The existing energy and petrochemical infrastructure, both hard and soft, that can facilitate logistics for
product distribution on the one hand, and provide access to highly trained technical personnel on the
other.
• A well-developed, pre-capitalized infrastructure of people, facilities, and equipment to support
fundamental and applied research, technology development, demonstration, and deployment.

Necessary Conditions & Key Assumptions
1.		 The Government of Alberta needs to complete a value audit of available feedstock, create the policy and
regulatory conditions that would attract one or more major firms, and systematically pursue companies
that are interested in making biorefinery investments. While such companies are likely to build just one
major plant in Canada, this strategy is designed to ensure that Alberta is the location chosen for that plant.

2.		 Alberta needs to make it known that it is “open for business” and aims to encourage the large
multinational companies best able to invest the capital needed to undertake multiple source/multiple
output biorefining in Alberta, by:
		 –

Mounting a focused, directed, strategic marketing and recruitment effort, with industry and 		
government working together, to “win” a major location decision from a major firm or firms.

		 –

Developing a policy/regulatory framework that provides assurance of long-term access to the feedstock
necessary to support the large investment involved.

		 –

Providing a policy/regulatory environment that not only ensures access to fibre for new industry, but 		
also supports the long-term fibre requirements of the legacy industries.

		 –

Building an integrated framework of policies including fiscal measures to incentivize the creation of a
market for biofuels.

3.		 All developments need to ensure long-term sustainability of the renewable feedstock:
		 –

Provide a policy/regulatory environment that enables and encourages the feedstock to be fully exploited
and waste minimized – possibly with incentives for zero waste strategies.

		 –

Develop government-industry R&D partnerships involving joint investments directed toward efficient
and effective processing of feedstock, including some cost-shared demonstration projects to show the
		opportunities (shared costs, shared benefits).
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4.		 All development needs to maximize the utilization of processed feedstock to produce the highest value
through fully integrated biorefineries or integrated “bioplexes” of multiple firms, each of which adds
value to the byproducts of others. Factors to be considered include:

18

		 –

Identify the management talent necessary to lead multiple source/multiple output biorefinery
systems.

		 –

Seek out agricultural producers who are engaged directly in the development of biorefining 		
strategies in their region (planning, assessment, ownership).

		 –

Develop several “islands” of biorefining capacity – Determine what can be done to link these islands
in a lignocellulose grid? Determine what can be done to encourage collaboration and co-operation
across regional boundaries?

5.

Lignocellulose feedstock, including forestry waste material and agricultural residues such as meal
and straw, can be delivered economically in quantities of 500 to 1,000 mt [metric tonnes] per day to a
central processing plant. At present, a modern pulp mill uses more than 2,000 mt of waste per day.

6.

The location of a large fuel ethanol plant, a biodiesel plant, and 2 bio-based chemical plants in Alberta
can be managed to meet the overall supply and demand dynamics within North America. The
expectation is that this issue will be well understood by potential investing companies, because they are
already existing players in this industry.

Conceptual Approach on R&D Agenda
The following table uses the categories developed in our conceptual approach to present a summary of the research and
development needed to carry out this strategy.

Strategy 1: Building Biorefineries
Research and Development Summary

Policy

• Review and learn from the outcomes of systematic interventions in other
jurisdictions aimed at attracting industry in this sector; develop appropriate policy
options for Alberta
• Learn from successful models of market building by setting regulations and
standards for biofuels and developing appropriate policy options for Alberta
• Review the necessary conditions for environmental stewardship for the bioindustries and develop appropriate policy options for Alberta

Feedstock

• Characterize and understand feedstock attributes
• Develop specialized (“designer”) crops (trees or plants) to meet bioenergy,
industrial chemical and product requirements
• Develop and/or adapt technologies related to co-processing biomass with crude
oil to produce hydrocarbon chemicals

Handling

• Develop efficient and cost effective systems for collecting and transporting raw
materials

Conversion

Product

• Establish a pilot scale biomass processing development centre
• Develop raw material pretreatment technologies to ensure the consistency of
materials for conversion to pure chemicals and products
• Develop cost effective lignocellulose fractionation to lignin, hexoses, and pentoses
• Advance the study of cellulose (enzymatic) hydrolysis biotechnology
• Develop new industrial fermentation processes, such as the genetic engineering
of microbes to produce the desired fuels and chemicals
• Optimize biosyngas production for processing to hydrocarbon chemicals and
fuels
• Optimize bio-oil production for processing to specialty chemicals and fuels
• Develop and/or adapt product technologies to produce new commodity
chemicals based on sugar derivatives
• Develop new applications of bio-oil and bio-oil extractives

Co-Product

• Develop and/or adapt product technologies based on pure lignin

Distribution

• Gain market intelligence
• Develop partnerships for product commercialization
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TRATEGY 2:

Transforming and Sustaining the Pulp and Paper and
Building Systems Industries

The fundamental focus of this strategy is to enhance, transform and sustain the two existing industries – pulp
and paper, and building products and systems.
Alberta’s forest products industry is a recognized world leader in certain niches. It is recognized for the strength
of its pulp, which is sought after for certain specialized paper making applications, and for the quality of its
oriented strandboard (OSB). Along with Quebec, Alberta is the Canadian leader in the factory-built housing
industry.
Despite its world-class stature, Alberta’s forest sector, both pulp mills and wood products manufacturers, is
facing challenges and stiff competition due to shifts in global markets, the effects of the current energy boom on
availability and cost of labor, and high energy costs.
The pulp and paper sector and the building products and systems sector will be examined separately below. The
underlying strategic intent is the same in both cases – strengthening, transforming and sustaining.

S

TRATEGY 2A:

Transforming and Sustaining the Pulp and Paper Industries

The strategy for transforming the pulp and paper industry involves a four-stage sequence that first addresses
reducing costs, then addresses increasing revenue through new product streams. The pulp and paper sector
strategy is:
• Support increased generation of energy from biomass and wastes to lower the costs of heat and power and
decrease the use of high cost natural gas;
• Support integration of straw and other agriculture fibre into pulp manufacturing to address the current
shortage and high price of wood chips;
• Support efforts to isolate and market products from the byproduct effluent streams of existing mills, which
now incur costs for waste treatment, and
• Explore more extensive process modifications to convert pulp mills into full scale biorefineries producing a
range of chemicals and other fibre products.

Necessary Conditions & Key Assumptions
Firms with pulp and paper mills need to see and understand the transformative profit potential from energy selfsufficiency and biorefining through demonstration projects, and to learn how they can be helped to undertake
needed changes to their operations through technical support and financial incentives.
Some key assumptions are:
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1.

Some Alberta kraft pulp mills are due for recovery boiler upgrading within the next several years (two
mills are new, two are relatively old).

2.

Recently commissioned gasification systems (Nexterra and CHOREN) are functioning within expected
operational parameters and costs.

3.

Gasification of low value residues could offer a viable opportunity for plants in Alberta, in terms of
biomass supply.

4.
5.

Scale of operating a gasification plant is compatible with the scale of modern pulp and paper mills.
Infrastructure is in place for full utilization of fuel and energy generated at Alberta pulp and paper mills.

Conceptual Approach on R&D Agenda
The following table uses the categories developed in our conceptual approach to present a summary of the research and
development needed to carry out this strategy.

Strategy 2A: Transforming the Pulp and Paper Industry
Research and Development Summary

Policy

• Review and learn from strategies used by other jurisdictions (Canada and the US
in particular) for encouraging and enabling pulp mill heat and power generation
– including capital allowances, tax credits, subsidy. Develop appropriate policy
options for Alberta
• Learn from successful policy and regulatory interventions, which assist in
sustaining and transforming the pulp industry – including international policy and
regulation comparisons. Develop appropriate policy options for Alberta

Feedstock

• Characterize and understand feedstock attributes
• Develop specialized (“designer”) crops to meet industrial chemical and product
requirements

Handling

• Develop efficient and cost effective systems for collecting and transporting raw
materials to maintain feedstock integrity

Conversion

Product

• Establish a pilot scale biomass processing development centre
• Develop and/or adapt raw material pretreatment technologies to ensure the
consistency of material for conversion
• Develop cost effective lignocellulose fractionation to lignin, hexoses and pentoses
• Optimize bio-oil production for processing to specialty chemicals and fuels
• Advance the study of technologies in anaerobic digestion of effluent waste to
produce biogas (methane)
• Advance the study of technologies for biomass gasification to biosyngas (carbon
monoxide and hydrogen), then further the conversion to hydrocarbon fuel or
methanol
• Develop and/or adapt product technologies for producing new commodity
chemicals based on sugar derivatives
• Develop new applications of bio-oil (pyrolyzed biomass)

Co-Product

• Develop and/or adapt new product technologies based on pure lignin

Distribution

• Gain market intelligence
• Develop partnerships for product commercialization
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TRATEGY 2B:

Strengthening and Developing the Building Products Sector

This strategy has four components:
• Expand capacity for prefabricated components and buildings
• Expand capacity for non-residential construction and engineered products
• Expand repair and renovation partnerships and diversify product mix
• Use underutilized/lesser-used wood species

Necessary Conditions & Key Assumptions
A value chain approach is required – from maximizing value from the forest resource to creating new synergies
with end users and customers. This requires a high degree of collaboration among existing wood products
companies, among wood products companies and other companies along the value chain, and among these
companies and the Government of Alberta. This collaboration also requires strong technical and research
support in new composites, new building technologies and products, product testing and certification, and
international building codes and standards. Manufacturers need to secure key niche markets for their products
and services, and leverage the buying power of governments to secure showcase demonstrations of their
products.
Strong market intelligence is needed to help the sector understand changes in trade flow, demand attributes and
global trends. This knowledge will aid decisions along the value chain, from forest management, product/service
mix, to investments in infrastructure and human capital.
Some key assumptions are:

1. The growth in housing starts in Alberta, coupled with a shortage of skilled construction labor, represents a
market opportunity for innovative prefabricated building solutions for domestic consumption. Companies
providing these building solutions in Alberta could then expand into other markets in the United States and
offshore.

2. Overcoming the barriers to entry into the non-residential construction market through innovative
prefabricated components, engineered wood products and smart connectors between wood and other
building materials would increase the share of wood-based products in this market segment.

3. Offering products with attributes that the market wants, such as durability, ease of maintenance, attractive
esthetics, through new wood-based products would enable these products to gain a higher share of the
repair and remodeling market.

4. Economical and practical solutions can be found to manage the extraction of high value wood-based
products and the resulting increase in the volume of low value marketable material at the same time.
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Conceptual Approach on R&D Agenda
The following table uses the categories developed in our conceptual approach to present a summary of the research and
development needed to carry out this strategy.

Strategy 2B: Building Products and Systems
Research and Development Summary

Policy

• Explore policy options for Alberta to match SR&ED tax credits with an Alberta
Fund to stimulate R&D in new composite products and building systems
• Explore policy options for Alberta-based building regulations and standards
to grow demand for lignocellulose-based building products and systems and
factory-built buildings

Feedstock

• Characterize and understand feedstock attributes to facilitate matching with
specific product attributes demanded by the market
• Develop specialized (“designer”) crops that can meet product performance
requirements and/or desired fibre traits.

Handling

• Develop efficient and cost effective systems for collecting and transporting raw
materials to maintain feedstock quality

Conversion

• Adopt new processes to support the development of new building products
and systems, including engineered products, nano-materials and the effective
combination of forest fibre with agri-fibre and other building materials
• Build/expand technology transfer capabilities

Product

• Create an Alberta Centre for Renewable Building Products Development and
Testing to centralize the R&D efforts in Alberta
• Build/expand performance testing and technology transfer capabilities
• Set new design standards and guidelines
• Develop new products to support the growth of the engineered wood products
sector (make it a natural fit for non-residential construction)
• Make wood building products and systems easier for designers (such as architects,
structural engineers) to use as a structural material
• Develop design tools to make structural design in wood easy and efficient for
designers
• Sponsor/support workshops to help designers use wood in buildings
• Develop new ways to ship building systems cost effectively to offshore markets
(particularly factory-built systems)

Co-Product

• Develop and/or adapt technologies to enable recycling of products and systems
at the end of their life cycles

Distribution

• Provide market intelligence and technical support to manufacturers (for targeted
markets)
• Monitor and influence international building codes and standards development to
ensure Canadian/Albertan building products and systems are accepted in export
markets
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TRATEGY 3:

Sustaining and Enhancing Forest- and Agriculture-Based
Communities

This strategy focuses on developing energy and fuel self-sufficiency for rural and remote communities through
the use of local biomass, thereby strengthening the opportunities for community economic development. The
strategy proposes the use of all forms of biomass including forest and agricultural residue, and purpose-grown
forest and agricultural energy crops as well as manure, landfill methane, other organic waste – not just fibre – for
locally generated and locally used heat, power and fuel. The purpose is to seek to reduce and then stabilize energy
and fuel costs for rural communities and make them less dependent on “external” resources – promoting rural
energy self-sufficiency through the systematic use of renewable resources.
The strategy involves making use of readily available, small scale technologies for combustion or gasification of
forest and agricultural biomass to create heat and power and for conversion of oilseed crops to biodiesel. Key
aspects of this strategy include:
• Utilizing waste from the forestry and oil & gas industries as a source of low cost biomass for conversion to
energy.
• Growing industrial crops for fuel ethanol production; using animal waste for biogas. The NWAAVC
(Northwestern Alberta Agricultural Ventures Concept) proposal is one example of this type of initiative11.
• Creating local jobs from fuel supply management and energy plant operation; creating a local sense of
ownership.
• Developing and refining rural bioenergy technologies for export to remote communities in other regions in
Canada and to other countries.

Necessary Conditions & Key Assumptions
Municipalities, other local governments and regional economic development agencies would need to work
together to create partnerships and alliances between local government and technical experts in order to facilitate
the implementation and/or long-term development of cost-effective and appropriate energy/fuel solutions locally.
This cooperation would be aided by demonstration projects, capital cost incentives and systematic technology
transfer processes. Investments in training to help people acquire the skills and expertise needed to manage the
supply chain for the desired outcomes would also be required.
Some key assumptions are:

1.

Availability of reliable, low cost feedstock for local consumption.

2.

Remote communities have a desire to expand their economic base and participate in the local bioeconomy.

3.

Remote communities have a desire to take ownership of their energy supplies and are able to organize their
local resources (people, processes and finances) to create effective use of these supplies.

4.

Remote communities currently pay a significant premium for their heat, power and fuel, which this
strategy will mitigate.

11
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See http://www.rediregion.ca/redi/nwaavc-steering.php

Conceptual Approach on R&D Agenda
The following table uses the categories developed in our conceptual approach to present a summary of the research and
development needed to carry out this strategy.

Strategy 3: Rural Heat and Power to Sustain and Enhance Forest- and
Agriculture-Based Communities
Research and Development Summary

Policy

• Learn from international comparisons and best practices and develop options
in Alberta for using policy, regulatory and tax incentives for municipalities to
generate their own heat and power

Feedstock

• Develop strategies to ensure secure long-term availability of raw materials with
low delivery costs
• Conduct an evaluation of the energy potential of purpose-grown energy crops
such as red willow, hybrid poplar, or various agricultural crops

Handling

• Develop efficient and cost effective systems for collecting and transporting raw
materials to maintain feedstock supply
• Develop new and effective ways to assess biomass location and availability

Conversion

Product

• Establish pilot-scale processing equipment for proving technology
• Develop and/or adapt technologies for anaerobic digestion of animal waste and
municipal solid waste for producing biogas (methane)
• Develop and/or adapt small scale technologies for biomass gasification to
biosyngas (carbon monoxide and hydrogen) that can be used as fuel for power
generators
• Evaluate flash pyrolysis of biomass to bio-oil for its potential in replacing heating
oil and conventional diesel
• Determine energy value of each technology
• Develop new applications of bio-oil and bio-oil extractives

Co-Product

• None suggested

Distribution

• Develop a model for implementation
• Develop strategies for technology licensing and export
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TRATEGY 4:

Growing Biocomposite, Biomaterial, and Bioproduct Companies

This strategy focuses on creating an enabling environment for entrepreneurial companies in the biocomposites,
biomaterials, and bioproducts industries to develop and grow, whether they are small, medium or large. These
companies could offer a wide range of innovative products including wellness or disease prevention products,
food additives and functional foods, fibre composites, and specialty wood products. This strategy complements
Strategy 1, which focuses on winning a “major” player, by supporting the growth of a cluster of entrepreneurs
and existing firms and assisting in their endeavors to grow.
The strategy involves:
• Creating regulatory and tax conditions favorable to business start-ups and growth;
• Facilitating access to angel and venture capital;
• Providing access to intellectual property and research, including market research that supports business
development and growth;
• Ensuring ready access to testing, product development, and prototyping facilities, and
• Providing assistance in navigating the processes for regulatory compliance12.

Necessary Conditions & Key Assumptions
Value chain thinking is required. Applying value chain thinking, the feedstock for and output from the
pharmaceutical, nutraceutical and functional food industries in Alberta would be seen as part of the “product
mix” of the bioeconomy. For example, once the value of the fibre has been extracted for wellness products
(food supplements, disease prevention and pharmaceuticals) or functional foods, byproducts from this process
can become feedstock for the biorefining process discussed under Strategy 1. For agriculture, apart from using
parts of the plants for food, an opportunity exists to find new uses for the residue. This makes environmental
sustainability and economic sense. Growing “designer” crops for specific uses, such as bioenergy, was already
mentioned.
To make smaller enterprises more competitive, the development of regional economic clusters will need to
be encouraged and facilitated. Clusters are a collection of related companies that choose to cooperate and
partner to support the development of their sector. Clusters ensure that critical information is available to
all, cost effectively. They also provide mentoring, coaching and guidance to members so that they use their
collective experience to encourage sustainable growth and development. Also needed is investment in research,
demonstration and development to support new product development and testing.
Some key assumptions are:

1.

Process technologies can be developed that allow biomaterials and biocomposites to be competitive in the
marketplace.

2.

Alberta and its adjacent regions, both in Canada and the US, will be able to supply Alberta industry with
quality feedstock as demand increases.

3.
4.
5.

The cost of petroleum will remain high.

6.

Support infrastructure either exists or can be created to assist and support companies through each stage
in their development.

Government policies will increasingly favor industries that produce products from renewable sources.
Numerous companies exist or will be formed that have an interest in growing businesses based on
Alberta’s lignocellulose resources and have the capability to move from their current stage of development
to subsequent stages to create economic advantages for Alberta.

Some suggestions along these lines have been made in “A Blueprint for Success—Capitalizing on the Life Sciences Revolution”, published
by BioAlberta in May 2004.
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7.

Activities intended to encourage the greater availability of risk capital, both angel investments and
more mature venture capital, will invest in companies that have developed a strong business case for
investment, particularly small start-ups.

8.

Regulatory conditions will favor the development of small and medium enterprises that intend to
utilize Alberta’s lignocellulose resource as feedstock.

Conceptual Approach on R&D Agenda
The following table uses the categories developed in our conceptual approach to present a summary of the research and
development needed to carry out this strategy.

Strategy 4: Bioproducts
Research and Development Summary

Policy

• Review Alberta’s support strategies for small and medium enterprises against
best-in-class worldwide and develop appropriate policy options for Alberta
• Develop strategies for partnering with the federal government to facilitate
regulatory changes required by the wellness products sector
• Develop a made-in-Alberta set of incentives to encourage angel investment in
small and medium bioproducts enterprises

Feedstock

• Characterize and understand feedstock attributes
• Develop specialized (“designer”) crops to meet industrial chemical and product
requirements

Handling

• Develop efficient and cost effective systems for collecting and transporting raw
materials to maintain feedstock integrity

Conversion

Product

• Develop production processes to support new product development
• Develop component extraction technology
• Develop information, including process operation parameters, to help companies
meet or lead standards for product integrity (i.e., natural health products)
• Develop new applications for bioplastics and biofibres
• Develop new ways to ensure alignment of product performance to existing
product standards
• Establish standards for natural fibre production for use in bioproduct
manufacturing, such as woven materials, composites

Co-Product

• Develop strategies or technologies to enable the use of byproducts and/or
residues from bioproducts production for other products or processes (i.e., value
chain thinking)

Distribution

• Develop partnerships for commercialization
• Gain market intelligence
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Integrated Technologies and Infrastructure
The following major sector-wide enablers have been recognized as key to the next stage of development of
these strategies. They are system-wide and require risk investment, and could serve all four strategies. These
differ from the specific technologies required for, say, a specific nutraceutical product or a bio-diesel operation.
They are:

1.

Biorefining: This includes small, medium or large biorefining systems. The key is to adopt the right
combination of technologies (gasification, biological, or pyrolysis) to achieve the optimum value from
product outcomes: biofuels, bioenergy (heat and power), chemicals, additives (food additives, oils, etc.)
and other products (natural cosmetics, herbicides, etc.). Alberta needs to identify those conversion
technologies that are best suited to the strategies it decides to pursue, both for short-term (using off-theshelf technologies) and longer-term outcomes.

2.

Market intelligence: Development and investment choices must be informed by market-driven
intelligence, and this intelligence must be kept current. The creation of market intelligence may not be
seen as a technology, but high quality intelligence requires a combination of skills, knowledge, analysis,
and up-to-date information technologies to ensure timely results. Government and firms need to know:
(a) who is already operating and where; (b) what the size of the prize may be (trend analysis and live
market data); (c) productivity and performance benchmarks for firms in the same sector, and so on.
Alberta needs to invest in a focused intelligence-gathering system that can:
• Map relevant technology applications in their industries: what is happening, where the work is 		
going, and what and where the opportunities are
• Set priorities for technologies, collaborators and markets, in terms of the competitive advantages for
a particular region
• Quantify the value added by building business cases that show the outcome of the innovation in 		
terms the market understands
• Connect with partners, customers and innovators through sustainable networks
• Monitor the activities of other researchers, other jurisdictions and other companies
• Educate and inform researchers, investors, business leaders and policy makers.

3.

Transforming Alberta’s education system to become an effective producer of a range of innovative
human capital for the bioeconomy is another key enabler – from trades people, to engineers, managers
and researchers. The most innovative and competitive countries in the world, Switzerland, Finland and
Sweden, also happen to have the most advanced early childhood education programs. Their children
have good literacy and numeracy skills and are channeled into vocational or academic training to provide
the skills that have helped these countries secure top international rankings in competitiveness. Alberta
must do the same.
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Integrated Strategies
The four strategies presented are not distinct and separate – they must be seen as integrated. The
common focal point is: they combine the smart use of technologies to maximize value through
products/services from available and new lignocellulose feedstock while supporting the development of
sustainable businesses.
In implementing these strategies, three key points need to be emphasized. First, all four strategies
should be pursued in parallel. They are not “either/or” choices or available to play against each other.
They are all components of the overarching strategic intent: building a vibrant, nimble, effective and
successful lignocellulose-based bioeconomy.
Second, some strategies are more urgent than others. For example, addressing the second strategy as
it relates to pulp and paper mills (Strategy 2A) is very urgent and resources should be devoted to it
quickly and effectively. It is also urgent to make investments in R&D and establish a strong “central
intelligence agency” for market intelligence, sharing best practices, improving productivity and
networking. Each sector reviewed by the project faces significant challenges from changing market
pressures and growing global competition; however, the dynamics of these challenges are different
in each case, making up-to-date and accurate market intelligence all the more important for decision
making.
Third, while each strategy has its own dynamic, focus and intent, they all need to be integrated
through a focused industrial cluster – an industry-led, government-supported cluster that aims to
accelerate economic development, focus research and attract key players. Modeling the success of
AOSTRA (Alberta Oil Sands Technology & Research Authority), the creation of an Alberta Biorefining
Research Authority is a way of focusing all of the efforts presented here around an agenda for change
– this is highly desirable and could become the anchor for such a cluster.
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Conclusion

Conclusion
The key to achieving success in pursuing a value-added strategy and the vision for Alberta
is to diversify the economy. This paper has outlined four actions and four integrated
strategies. Taken together, these will help Alberta diversify its economy by taking advantage
of its renewable lignocellulose resources, skills and unique infrastructure to build a new
bioeconomy. It will take a number of years of concerted effort and focused nurturing for the
bioeconomy in Alberta to grow and perform at a level that can make a significant impact on
its long-term future. Nevertheless, some recommendations are urgent.
• Alberta’s agricultural sector is struggling to achieve sustainability within the realities of
the new, global economy.
• Its pulp mills and wood products sector need attention and action now.
Over the longer term, sustainable prosperity is about creating conditions and context for new
industries to develop, grow and prosper. If Alberta follows its own oil sands example, and
takes bold steps in developing its bioeconomy, it will show leadership and reap the benefits
that leadership brings. Right now it is poised for smart, brave action.
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A

ppendix 1:

Why is Thinking of Alberta as a Biorefinery Important?

The idea of Alberta as a biorefinery is not new – it is also not widespread. It should be. Alberta has an abundance
of renewable lignocellulose resources – wood fibre, agri-fibre, production wastes – and the technological capacity
to process this resource into products that are in demand. Biorefineries exist elsewhere in the world and could
be effective in Alberta, under certain conditions.
A biorefinery is a concept that combines technologies with a set of management processes, which is able to
take a range of different feedstock – wood fibre, agri-fibres, manure and other materials – and convert them to
produce a range of bioproducts. The products from a biorefinery can include pulp, bio-chemicals, heat, power,
fuel, long fibres needed for textile manufacture and composites. They can also include some nutraceuticals and
functional foods. This concept is presented in the following Figure 1.

Figure 1: The idea of a Biorefinery
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Specialty Products
(e.g., ultra lightweight papers)

The biorefinery concept has these principles:

1.

Full utilization of the biomass feedstock (wood, agri-fibres, other biomass) to extract the greatest
value. Value chain thinking is the key to the development of biorefineries and the bioeconomy.

2.

The feedstock should be viewed as an integrated system of resources. We need to have some sense
of the value menu of these resources and the opportunities for synergy among the various feedstock.
Looking at each feedstock and each opportunity separately will lead us to miss the value of an
integrated approach to the bioeconomy.

Some equate a biorefinery with energy production. In truth, energy may be seen as a byproduct of
biorefining – the process itself produces energy, which can in turn be used within the process. For
example, many pulp mills already produce their own power from biomass or byproducts used in their
own production processes. Excess energy is then sold to the “grid” at price points which make doing so
efficient and effective.
Key to the idea of Alberta as a biorefinery is evolution – we need to see Alberta’s capacities as part of an
integrated system where choices need to be made to optimize feedstock utilization for maximum gain.
These “gains” are both economic and social and include regional development and support of community,
as well as the development of appropriate industry. For Alberta, a biorefinery should mean:
• A full repertoire of conversion technologies – it is not about one model, but many.
• Paying attention to the life cycle and associated impacts of both feedstock and process.
• Multiple biological feedstocks, multiple unit processes, multiple products that must be “tunable”
over time to maximize value, as the market and characteristics of feedstock change. For example,
outputs will vary at the same biorefinery location depending on available feedstock, market
conditions and transportation costs.
• Responsible and environmentally sustainable management of the lignocellulose resource. If we see
Alberta as an integrated economy where we seek to leverage our natural renewable resources to
support community development, regional self-sufficiency in energy and economic development,
then Alberta needs to see its feedstock as assets under management.
• Full and flexible resource utilization including high volume/low value and low volume/high value.
Another way of expressing this is a focus on zero waste.
• A progression from simple processing (of single biomass feedstock for the production of ethanol,
for example) to complex initiatives that embrace all of the above principles.
• A clustering of constituent business entities and links to other driving sectors.
• A network of biorefining capabilities that leverages available feedstock for a multiple of products in
demand in the market.

33

A

ppendix 2: Glossary
Developed from a listing by Bill Hunter

Bio-based Economy: The contribution that biological processes and biomaterials can make to the use of
renewable materials, to eco-efficiency and to sustainability. This is a trademarked term that has a parallel
but narrower sense than the concept of a bioeconomy.
Bio-based Industrial Product: Fuels, chemicals, building materials, or electric power or heat produced from
biomass. The term may include any energy, commercial or industrial product (other than food or feed)
that utilizes biological products or renewable domestic agricultural (plant, animal, and marine) or forestry
materials.
Bio-based Product: Commercial or industrial products, other than food or feed, derived from biomass
feedstock. Many of these products possess unique properties unmatched by petroleum-based products or
can replace products and materials traditionally derived from petrochemicals.
Biocatalyst: Usually refers to enzymes and microbes, but it can include other catalysts that are living or
that were extracted from living organisms, such as plant or animal issue cultures, algae, fungi, or other
whole organisms.
Biochemical Conversion Process: The use of living organisms or their products to convert organic material
to fuels.
Biodiesel: Conventionally defined as a biofuel produced through transesterification, a process in which
organically-derived oils are combined with alcohol (ethanol or methanol) in the presence of a catalyst to
form ethyl or methyl ester. The biomass derived ethyl or methyl esters can be blended with conventional
diesel fuel or used as a neat fuel (100% biodiesel). Biodiesel can be made from soybean or rapeseed oils,
animal fats, waste vegetable oils, or microalgae oils.
Bioenergy: Useful, renewable energy produced from organic matter by conversion of the complex
carbohydrates in organic matter to energy. Organic matter may either be used directly as a fuel processed
into liquids and gases, or be a residual of processing and conversion.
Bioeconomy: An economy where the basic building blocks for industry and the raw materials for energy
are derived from plant/crop-based (i.e., renewable) sources.
Biofuels: Fuels made from biomass resources, or their processing and conversion derivatives. Biofuels
include ethanol, biodiesel, and methanol.
Biogas: A methane-bearing gas from the digestion of biomass.
Biomass: Organic matter available on a renewable basis. Biomass includes forest and mill residues,
agricultural crops and wastes, wood and wood wastes, animal wastes, livestock operation residues, aquatic
plants, fast-growing trees and plants, and segregated municipal and industrial wastes. It specifically
excludes non-segregated wastes; painted, treated, or pressurized wood; wood contaminated with plastic or
metals; and tires. As a metric, it is defined as the total dry weight of all organisms in a particular sample,
population, or area. Processing and conversion derivatives of organic matter are also biomass.
Bioprocessing: A technique in which microorganisms, living cells, or their components are used to produce
a desired end product.
Bioproducts: Bioproducts are industrial and consumer goods manufactured wholly or in part from
renewable biomass. Bioproducts are very diverse, ranging from solvents and paints to pharmaceuticals,
soaps, cosmetics and building materials. Bioproducts can be categorized into four main areas: sugar and
starch bioproducts; oil- and lipid- based bioproducts; gum and wood chemicals; lignocellulose derivatives,
fibers and plastics, and industrial enzymes. (See also bio-based product, bio-based industrial product)
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Biopower: The use of biomass feedstock to produce electric power or heat through direct combustion of
the feedstock, through gasification and then combustion of the resultant gas, or through other thermal
conversion processes. Power is generated with engines, turbines, fuel cells, or other equipment.
Biopulping: Experimental way of using a fungus to pretreat wood chips before making paper pulp.
Biopulping reduces both energy use and water polluting byproducts.
Bioreactor: A container used for bioprocessing.
Biorefinery: A processing and conversion facility that (1) efficiently separates its biomass raw material
into individual components and (2) converts these components into marketplace products, including
biofuels, biopower, and conventional and new bioproducts.
Cellulose: The main carbohydrate in living plants. Cellulose forms the skeletal structure of the plant cell
wall.
Co-Firing: The simultaneous use of two or more different fuels in the same combustion chamber of a
power plant.
Co-Generation: The sequential production of electricity and useful thermal energy from a common fuel
source. Reject heat from industrial processes can be used to power an electric generator (bottoming cycle).
Conversely, surplus heat from an electric generating plant can be used for industrial processes, or space
and water heating purposes (topping cycle).
Combined Cycle: Two or more generation processes in series, configured to optimize the energy output of
the system.
Commercial Sector: An energy-consuming sector that consists of service-providing facilities of businesses;
federal, provincial, and local governments; and other private and public organizations, such as religious,
social, or fraternal groups. The commercial sector includes institutional living quarters.
Densification: A mechanical process to compress biomass (usually wood waste) into pellets, briquettes,
cubes, or densified logs.
Distributed Power Generation: Typically a CHP (combined heat and power) plant located near a major
customer or host industrial plant, such as a pulp mill, so that it can supply the plant with both process
heat (most often steam) and electrical power at high efficiency while avoiding utility transmission losses
and retail electrical rates.
District Heating: The heating of multiple buildings from a central biomass heating plant via insulated,
underground heating and return lines. Entire towns or cities can be heated from a single central heating
plant. Biomass-fired district heating is common in Scandinavia.
Eco-Industrial Cluster: An eco-industrial park (also referred to as bio-industrial park) is a cluster of
companies that together function as a biorefinery (the biomass equivalent of an oil refinery), producing
an array of bioproducts from one or more bioresources with maximum value-added and minimum
environmental footprint. This form of industrial organization is known as an eco-industrial cluster. Such
clusters are designed so that the byproducts and waste energy of one company form the inputs of other
companies, and together the companies achieve an overall eco-efficiency beyond what they could achieve
separately.
Electric Utility: A corporation, person, agency, authority, or other legal entity or instrumentality that owns
and/or operates facilities for the generation, transmission, distribution, or sale of electric energy primarily
for public use.
Energy Crops: Crops grown specifically for their fuel value. These crops may include food crops such as
corn and sugarcane, and nonfood crops such as poplar trees and switchgrass.
Energy Density: The energy content of a material measured in energy per unit weight of volume.
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Environmentally Sustainable: An ecosystem condition in which biodiversity, renewability, and
resource productivity are maintained over time.
Ethanol: Ethyl alcohol produced by fermentation and distillation. An alcohol compound with the
chemical formula C2H5OH formed during sugar fermentation.
Feedstock: Any material converted to another form or product.
Fermentation: The biological conversion of biomass.
Forest Residues: Material not harvested or removed from logging sites in commercial hardwood and
softwood stands, as well as material resulting from forest management operations, such as precommercial thinning and removal of dead and dying trees.
Fossil Fuel: Solid, liquid, or gaseous fuels formed in the ground after millions of years by chemical and
physical changes in plant and animal residues under high temperature and pressure. Oil, natural gas,
and coal are fossil fuels.
Fuel Cell: A device that converts the energy of a fuel directly to electricity and heat, without
combustion.
Gasification: A chemical or heat process to convert a solid fuel to a gaseous form.
Genetically Engineered Organism: An organism developed by inserting genes from another species.
Greenhouse Gases: Gases that trap the heat of the sun in the Earth’s atmosphere, producing the
greenhouse effect. The two major greenhouse gases are water vapor and carbon dioxide. Other
greenhouse gases include methane, ozone, chlorofluorocarbons, and nitrous oxide.
Grid: A system for distributing electric power.
Grid Connection: Joining a plant that generates electric power to an electric system so that electricity
can flow in both directions between the electric system and the plant.
Hydrolysis: Conversion of biomass into sugars and sugar substrates via chemical or biological
processes or through biocatalysis.
ICT: Information and Communication Technologies.
Industrial Sector: An energy-consuming sector that consists of all facilities and equipment used
for producing, processing, or assembling goods. The industrial sector encompasses manufacturing;
agriculture, forestry, and fisheries; mining, and construction.
Kilowatt: (kW) A measure of electrical power equal to 1,000 Watts. 1 kW = 3,413 Btu/hr = 1.341
horsepower.
Kilowatt hour: (kWh) A measure of energy equivalent to the expenditure of one kilowatt for one hour.
1 kWh = 3,413 Btu.
Landfill Gas: Gas that is generated by decomposition of organic material at landfill disposal sites.
Lignin: An amorphous polymer related to cellulose that, together with cellulose, forms the cell walls of
woody plants and acts as the bonding agent between cells.
Lignocellulose: Any of several closely related substances constituting the essential part of woody cell
walls and consisting of cellulose intimately associated with lignin.
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Life Cycle Assessment (LCA): LCA is an internationally recognized assessment model of a product’s
impact on energy, economic, and environmental values. LCA extends from “cradle-to grave”: from
material acquisition and production, through manufacturing, product use and maintenance, and
finally, through the end of the product’s life in disposal or recycling. The LCA is particularly useful in
ensuring that benefits derived in one stage do not shift the impact burden to other stages within a
product’s life cycle.
Methane: An odorless, colorless, flammable gas with the formula CH4 that is the primary constituent of
natural gas.
Municipal Solid Waste (MSW): Garbage. Refuse includes residential, commercial, and institutional
wastes and includes organic matter, metal, glass, plastic, and a variety of inorganic matter.
Pyrolysis: The thermal decomposition of biomass at high temperatures (greater than 400°F, or 200°C)
in the absence of air. The end product of pyrolysis is a mixture of solids (char), liquids (oxygenated
oils), and gases (methane, carbon monoxide, and carbon dioxide) with proportions determined by
operating temperature, pressure, oxygen content, and other conditions.
Residential Sector: An energy-consuming sector that consists of living quarters for private households.
The residential sector excludes institutional living quarters.
Residue: Unused solid or liquid byproducts of a process.
Rural: Of or relating to the small cities, towns, or remote communities in or near agricultural areas.
Sewage: The wastewater from domestic, commercial, and industrial sources carried by sewers.
Sustainable: An ecosystem condition in which biodiversity, renewability, and resource productivity are
maintained over time.
Syngas: A synthesis gas produced through gasification of biomass. Syngas is similar to natural gas and
can be cleaned and conditioned to form a feedstock for production of methanol.
Transportation Sector: An energy-consuming sector that consists of all vehicles whose primary
purpose is transporting people and/or goods from one physical location to another. Vehicles whose
primary purpose is not transportation (e.g., construction cranes and bulldozers, farming vehicles, and
warehouse tractors and forklifts) are classified in the sector of their primary use.
Urban: Of, relating to, characteristic of, or constituting a city, usually of some size.
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