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Highlights
Energy security, particularly in relation to bioenergy as part of an energy portfolio,
applies not only to nations within the context of geopolitical security of energy supply,
but also for the households and communities that comprise all nations, and for whom
accessible, reliable, sustainable, economically viable, and resilient energy is necessary
for development and economic health.
Policy decisions are best informed when they consider bioenergy as a valuable option
for energy security. When properly planned and managed, bioenergy may have
positive synergies with other policy priorities such as water and food security, and can
support energy access, economic development, growth and stability, climate security,
and other environmental goals.
Bioenergy is expected to be increasingly important to energy security issues due to
greater utilization to mitigate climate change. More utilization of cellulosic materials,
enabled by technology advancements, ranging from improved cooking stoves to
gasification to cellulosic pathways for biofuels, all of which are increasingly commercial
today, significantly increases the useful resource base globally and alters the geopolitical
landscape due to different national resource endowments.
Energy security and related policy goals can be enhanced through technology
advancements and level economic playing fields, for crop production, conversion, and
end use.
Sustainable bioenergy can provide flexibility to address multiple energy needs - power,
fuels and heat - with locally available, nationally adaptable solutions that adjust to local
resource availability, seasonal needs, and diversity priorities. However, bioenergy does
have risks associated with weather extremes, economic competitiveness, and crop
related disease or pest infestation that must be accounted for.
As international trade expands, bioenergy issues will play an increasingly larger role in
the geopolitical dialogue, including the complexities across multiple energy segments
and the interconnectivity with other geopolitical issues including food, water, trade,
human rights, and conflict.
Sustainable bioenergy is expected to play an increasingly important role for energy
access, climate change mitigation, and energy security.
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3.1 Introduction
This chapter considers the energy security implications and impacts of bioenergy. We
provide an assessment to answer the following questions:
●● What are the implications for bioenergy and energy security within the broader
policy environment that includes food and water security, development, economic
productivity, and multiple foreign policy aspects?
●● What are the conditions under which bioenergy contributes positively to energy
security?
In addressing these questions, bioenergy’s diversity of supply, conversion, and end uses
for power, fuel, and heat invites a broader evaluation of energy security than considered
in the prior SCOPE report on biofuels (SCOPE 2009). Further, the implications and
impacts of bioenergy on energy security are increasingly interconnected with land use,
water security, food security, the environment, development, and economic activity.
In many but not all countries, bioenergy and its role in energy security has often focused
on a biofuels-centric viewpoint in relation to domestic production directly offsetting
imported petroleum products. We take a broader approach here, considering a more
comprehensive role across heat, power, and fuel, and from households to nations.
Bioenergy currently comprises approximately (10-18%) (IRENA 2014) of human energy
use and is an increasingly important issue for energy security, especially in relation to
the energy/food/water/environmental security nexus.
Additionally, bioenergy use when properly planned and managed, can enable positive
synergies among related systems and policy goals, and can support energy access,
economic development, growth and stability, and environmental goals. Bioenergy’s role
in mitigating climate change is expected to become increasingly important to energy
security in the overall context of environmental security. Biofuels are expected to play
a more important and bigger role in the world’s fuel supply, growing from a few percent
today to as large as 30% by mid-century. This significant growth will largely be driven by
advanced biofuels conversion technologies that allow utilization of cellulosic materials,
hence, significantly increasing the useful resource base globally and simultaneously
altering the geopolitical landscape due to different national resource endowments.

3.2 Key Findings
3.2.1 Understanding Energy Security and Bioenergy
Energy in all of its forms is one of the enabling features of human civilization. For millennia
people have used energy to satisfy basic needs and extend our capabilities – to stay warm
in the cold, to see in the dark, to make and trade goods, to produce food, move water,
62

Bioenergy & Sustainability

chapter 3
Energy Security

access resources, and to transport ourselves long distances at high speeds. Bioenergy
plays an important part in the energy mix in both the developing and developed parts of
the world albeit in different forms. Throughout much of the developing world, basic energy
needs are still provided by traditional bioenergy resources, often using inefficient stoves
whose smoke contributes to serious respiratory health concerns (Chapter 12, this volume).
In developed countries, modern forms of bioenergy are also an important part of the energy
mix in such forms as commercial-scale combustion for electricity production, household
heating, farm and industrial anaerobic digestion for electricity and heat, and biofuels
such as ethanol and biodiesel for transport. In this context, global energy security has
two important frameworks within which bioenergy can play a critical role. The first focuses
on traditional bioenergy: how can the integrated agricultural, forest, and agroforestry
systems that provide the biomass resource improve their productivity and environmental
outcomes (see Chapter 13, this volume) and feed cleaner utilization technologies to
increase efficiency, expand energy availability, and protect human health (Chapter 12, this
volume). The second focuses on modern bioenergy: to what extent can sustainable largescale feedstock production (Chapters 9 and 13, this volume) provide large quantities of
renewable energy to satisfy growing demand for electricity and transportation fuels?
There is a strong correlation between energy consumption and the human development
index (HDI), with 80% to 90% HDI achieved at approximately 100 gigajoules (GJ)/
person/year (see Figure 3.1). Bioenergy already provides a high percentage of the

Figure 3.1. Human Development Index versus Per Capita Primary Energy Consumption
(EIA 2014; UNDP 2014).
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energy for many nations using less than 100 GJ/person/year, while climate stabilization
targets require that bioenergy provide roughly 25% of the energy for those nations at
the other end of that scale (Chapter 9, this volume).
Meeting these needs for biomass resources must be done in the context of food and
climate sustainability, and also in the context of a growing world’s population and
changing dietary patterns (Popkin 2001).
Framing these issues in the terminology developed for food security, the critical issues
for energy security extend into the following crucial areas.

3.2.1.1 Availability and Markets
As with food, water, and other basic human needs, the immediate challenge for those
without energy security is not global supply, but local supply and equitable distribution.
Importantly, those nations with the greatest need for basic energy security are the
same nations that are most dependent on traditional bioenergy, where more efficient
use could contribute greatly to closing the energy security gap at a household level.
Different challenges apply for industrial bioenergy in developed nations, although a
significant resource base exists for those needs as well. In developed nations that have
market-driven economies, the largest impediment to large-scale adoption is cost. For
bioenergy to be a sustainable component of the energy supply in the developed world,
it must be put on a path where it competes with other sources of energy without longterm mandates or incentives. Initial incentives or mandates intended to help bioenergy
overcome the development hurdles and higher costs associated with pioneer plants
may be required to put modern bioenergy on this long-term economic parity basis. For
those nations without large biomass resources, global trade in solid and liquid fuels can
play a critical role in adding to the diversity of their energy supply.
The past decade has seen rapid deployment of first generation biofuels, predominantly
ethanol, with two major global producers: Brazil from sugarcane and the United States
from corn. Although this production has had some impact on global fuel supply and,
more dramatically, fuel supply in Brazil and the United States, large-scale global impact
is limited primarily due to limitations of producing first generation feedstocks globally.
Cellulosic biofuel technologies that have seen initial commercialization in the past few
years are predicted to have a much larger global impact with the potential to dramatically
change the biofuels availability aspects of energy security. The ability to convert cellulosic
feedstock to liquid fuels not only opens up vast new resources, but allows the distribution
of renewable chemical energy in a flexible form relevant to all energy needs (cooking,
space heat, electricity, and transportation) throughout the developing and developed
worlds. Although biofuels can be used to supply all these needs, the predominant use
will most likely be for transport fuels since transportation is a high energy intensive
application where the cost and thermodynamic losses associated with conversion of
biomass to liquid fuels can be justified on a cost basis. Stationary applications that tend
to be low energy intensive will most likely use the biomass directly.
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Unprocessed biomass is better suited for local use because of its low energy density
on a mass and volume basis and in some cases, susceptibility to degradation during
storage and transport makes it difficult to transport on a global scale. Although in
general, local utilization of biomass resources to supply energy needs is reasonable
and can have many positive impacts on global energy security, this will obviously lead
to a highly diverse use of bioenergy. Countries with favorable conditions for producing
plentiful low-cost biomass will have high degrees of bioenergy utilization, whereas
countries that have low biomass availability will have very limited utilization of bioenergy.
To broaden bioenergy utilization, in order for bioenergy to reach its full potential and
have maximum impact on global energy security, certain forms of bioenergy will need
to become global energy commodities.
Commodities must be storable and readily transportable over large distances, ideally
by ship, to be suitable for a global commodity model. Both crude oil and primary
grains are good examples of commodities that fit this model well. Some forms of
biomass such as ethanol or other liquid fuels, as well as stable forms of solid biomass
such as pellets or torrified biomass, would also be well suited for global commodities.
Although these will most likely be the only forms of bioenergy suitable for trade on
global markets, these markets could affect availability and prices of bioenergy for
local use.
For example, shale gas from North America is largely stranded on that continent
without liquefied natural gas (LNG) export terminals. Yet even though it is used almost
exclusively locally for home heating, cooking, and power generation, its availability
and low cost have had far reaching effects. Its wide scale adoption for low-cost
power generation has significantly displaced coal for power generation, driving down
coal prices and leading other regions of the world to switch to coal generation (EIA
2014). Hence, policies and programs intended to encourage increased bioenergy
adoption in particular countries or regions need to be developed in the context of
global implications.
National and regional policies on foreign trade always play an important role in the
international trade of energy commodities. Although many profess that the best model
for global commodities is completely open markets without regional or country tariffs or
restrictions, these pure global open-market commodity models have some drawbacks
for both food and energy security. In the open market model, every food and energy
commodity is driven to the lowest cost based on who can supply the market at the
lowest price. Over time this tends to concentrate energy and food production in lowcost production areas (i.e., crude oil from the Middle East and primary grains from North
America). Political instabilities or weather events such as sustained droughts can cause
short-term supply disruptions that can cause wild swings in food and/or energy prices,
and thus can cause economic hardships and in extreme cases can be a contributing
cause to famine or world-wide recession. Some national or trade organization policies
that encourage some level of domestic production of food and energy can act as an
effective buffer to ameliorate swings in food and energy commodity prices.
Bioenergy & Sustainability
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3.2.1.2 Access and Energy Security
As is the case in food security, the biggest impediment to energy security is lack
of access. In the developing world, the fundamental challenge to supplying a large
percentage of the population that does not have access to the basic energy needs
for the desired 100 GJ/person/ year to achieve the 80% HDI threshold is the lack of
distribution infrastructure. Numerous studies (Lambert 2014; Costa 2011) have shown
that quality of life (Figure 3.1) can be significantly improved with this level of energy
production, as well as achieving societal benefits such as an increased education level
of the workforce. In the developing world, conventional or evolutionary improvements
in traditional bioenergy technologies will supply a significant fraction of these needs.
Although it can be effectively argued that some of this advancement will occur organically,
careful planning and proper management will accelerate the level of advancement and
the extent of this advancement. Hence, proper access to biomass resources as well
as efficient, low-polluting conversion technologies will support economic development,
growth, and stability while achieving environmental goals for all levels of air quality
from the household to the ecosystem level.
This transition is greatly hampered by the lack of suitable infrastructure; hence,
addressing infrastructure issues is critical. Developing and deploying the required
infrastructure necessary to achieve energy security requires effective planning and
policies, as well as stable governments. Infrastructure needs may be the biggest hurdle
to energy security in developing nations because infrastructure development is unlikely
to occur purely due to natural market factors, and in past cases, the historical data
supports this argument (von Hirschhausen 2008). Sustained policies, public investment,
and stable governments are necessary for setting the environment necessary for this
sustained investment in infrastructure.
In the developed portions of the world that have market-driven economies, the largest
impediment to large-scale adoption and hence, access, is cost. For bioenergy to be a
sustainable component of energy supply in the developed world, it must be put on a
path where it competes economically with other sources of energy without the need
for long-term mandates or incentives, although short-term incentives may be required
to overcome initial technology deployment hurdles. For those nations without large
biomass resources, global trade in biomass solid and liquid fuels can play a critical role
in adding to the diversity of their energy supply.

3.2.1.3 Usability and Processing
To maximize the benefit of bioenergy, production and distribution should be synchronized
with the intended use. Biomass production and conversion technologies must be
developed both in the context of local conditions and time phased on a path to higher
sustainability. For example, district heating with combined heat and power (CHP) is
highly advantageous relative to stand-alone thermal systems if the electricity comes
from 35% efficient coal plants, but the reverse is true when the CHP bioelectricity
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is substituting for hydroelectricity or other renewables. Policies intended to increase
energy, food and environmental security should differentiate alternative bioenergy
systems, encouraging some and discouraging others, in light of local contexts.
The degree of processing required and the associated cost of this processing must be
commensurate with the intended end use. Biomass used for low intensity applications
such as cooking and space heating will need to be low cost and hence, only minimal
processing can be accommodated for this intended use. The biggest concern for this
use is low- efficiency and environmental pollution. In low-efficiency, poorly designed
cook stoves, indoor air pollution can be a significant health concern. Fairly low-cost
processing such as drying can significantly reduce indoor air pollution associated with
cook stoves (Abeliotis 2013). There are also societal costs associated with low-efficiency
uses of bioenergy; for instance, in many low intensity uses, women and children spend
inordinate amounts of time gathering and transporting biomass, and this leaves little
time for education or other activities that would have far greater impact for improving
their HDI. As stated in the previous section, while improvements in infrastructure would
greatly help this, improved efficient use would also help in decreasing the amount of
biomass required for cooking and space heating.
Higher value forms of bioenergy can accommodate higher degrees of processing. For
higher efficiency cooking and space heating, densification such as pelletization can
greatly improve the functionality and hence, the conversion efficiency. Densification
has also been shown (Dai 2008) to be a useful processing technique to improve the
usability of biomass for electricity generation.
At the high end of the technology and value spectrum is biofuels production, because
biofuels will have a higher value and energy density compared to other forms of
bioenergy, a fair amount of processing can be accommodated. Advanced biofuels
conversion technologies that convert lignocellulosic biomass into transportation fuels
show great promise to have a significant impact on global energy security since
transport is such a large component of global energy use. Current technologies at
the initial stages of commercial deployment are focused on ethanol production from
lignocellulosic biomass. Many critics of ethanol cite the lack of complete infrastructure
compatibility as a significant impediment to large-scale ethanol adoption and argue in
favor of approaches that produce hydrocarbon fuels or “drop-in” fuels from biomass.
Fuels have a very high energy density, are readily transportable and storable as
global energy commodities, and are readily amenable for high value uses such as
transportation and high efficiency conversion.
Many researchers and organizations are starting to report early stage promising
results on producing hydrocarbon fuels from biomass, but it needs to be cautioned
that these are early stage results and considerably more work needs to be done and
costs reduced before hydrocarbon fuels from biomass can be commercially deployed
(Regalbuto 2009). A strong argument in favor of hydrocarbon biofuels is that the global
hydrocarbon fuel production and distribution system is very well developed, second
in sophistication and effectiveness to only the food distribution system. Hence, most
Bioenergy & Sustainability
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hydrocarbon biofuels can be readily introduced into this distribution system with no or
little adaptation of the system, maximizing their global reach in the near term.
In market economies the biofuel that provides the best value along the various aspects
of the value chain will ultimately be the best choice. Ethanol has some advantages as to
cost of production whereas hydrocarbon fuels have some advantages as to infrastructure
compatibility. Similarly hydrocarbon fuels have some efficiency advantages in current
spark ignition engines, whereas research has shown that ethanol or other higher
alcohols could have some efficiency advantages in higher efficiency engines being
researched (Yang 2010). Compounding on top of this is the world demanding higher
efficiency cars both by market choices and government policies and mandates hence it
is difficult to forecast the extent to which the world will demand that fuel be compatible
with existing infrastructure, and to what extent infrastructure will adjust to supply the
fuels being demanded by the transportation industry of the future. Different countries
will likely strike this balance differently. In Brazil, the country with the highest fractional
use of biofuels, some of each has been observed. Transportation energy storage
involving electricity or hydrogen requires infrastructure changes far larger than those
required for any liquid biofuel, and yet such changes are widely anticipated and may
well occur. If the perceived need and merit of biofuels were to increase say for example
by enabling higher efficiency engines, it is likely that greater changes to accommodate
them would be considered. Figure 3.2 depicts a process for developing biofuels in an
integrated process to enable higher efficiency engines for transport.

Figure 3.2. Integrated process for developing sustainable biofuels as an enabler for more
efficient transport.

3.2.1.4 Stability and Storage
Biomass by its nature is the most easily stored form of renewable energy given that
provisions are taken to control biodegradation. This makes it a critical part of a stable
renewable energy portfolio. Biomass feedstock production systems also provide a way
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to increase the resilience of agricultural landscapes and buffer the economic and, in the
case of dual-use crops, the supply risks associated with food production.
Biomass storability is dramatically affected by harvest and storage conditions, with poor
conditions resulting in significant losses due to spoilage. Storability is often dramatically
improved as material progresses through the supply chain (e.g. from raw biomass
up to biofuels). Significant losses can occur in unprocessed biomass storage with
pelletization or torrefaction significantly improving the stability and hence, storability.
Additionally, management strategies such as compacted piles (e.g. of bagasse) and
ensiling can render biomass feedstocks quite stable over periods of many months and
even years. At the high end of the processing spectrum, liquid and gaseous fuels are
very stable and have very long shelf lives.

3.2.2 Interconnectivity with Key Goals and Policies
Energy plays a role in our greatest achievements and most daunting challenges.
Accordingly, economic development, energy access, the global economy, local
environmental issues, energy and food security, and climate change are at the forefront
of national and global concerns, driven by a growing awareness of changes taking place
in the natural environment and the critical role energy plays in all economic activities
(Bazilian et al. 2011; Gerbens-Leenes et al. 2012; McCornick et al. 2008, Skaggs et al.
2012). Access to modern energy services drives global economic activity and social
development. Indeed, energy fuels every aspect of our daily lives; it enables provision
of clean water and food, fuels our vehicles, runs our factories, and powers, heats, and
cools our homes and businesses. In many developing countries, traditional biomass
is still collected by children and women and used in traditional stoves to cook and
heat homes, with important consequences for education and health. The production,
conversion, and delivery of energy accounts for a very large percentage of global GDP,
and energy enables nearly all-commercial activity. In today’s interconnected world, the
availability and affordability of energy determines how economies are structured as
well as whether and how they grow.
Many national economies and the current global energy economy were built with
inexpensive and relatively abundant energy supplies, and without today’s economic,
security, and environmental challenges in mind. The current energy system was
designed to use the most economically efficient and readily available fuel types with
little regard to their environmental or social costs, and yet more than a billion people
lack access to modern energy today. Increasing awareness of resource constraints and
local and national priorities, including security and food security, and the importance
of ecosystem stability and health, suggests that energy security must be considered
within a broader policy context (Khan et al. 2009; Olson 2012). Bioenergy’s contribution
to energy security is increasingly recognized to be of importance to all economies and
beneficial for the transition to a sustainable energy system.
Figure 3.3 depicts the supply chain for bioenergy in context of sustainability parameters.
Bioenergy & Sustainability
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Figure 3.3. Supply chain for biofuels development.

Given what we currently know about the potential risks of energy systems that are
overly concentrated on a few sources or infrastructure systems and their impacts on the
environment and criticality to development, energy systems are under increased pressure
to transform and to better reflect society’s interests, but it cannot happen overnight.
The geopolitical, economic, and environmental dynamics of what otherwise appears
to be an increasingly challenging future can be reshaped and, in the process, ensure
continued economic growth and sustainable development. Such a transition, including
bioenergy as well as other renewable and low-environmental impact energy sources
(where resources permit), requires that we deploy a new suite of sustainable energy
technologies while ensuring that the energy system remains structurally sound and
economically viable.
The initial driver for expansion of bioenergy has been energy security. Brazil originally
created the ProAlcool Program to minimize balance of trade deficits associated with
petroleum imports and to provide alternative demand for sugar and molasses (Chapter
14, this volume). Similarly, the United States implemented federal policies that
supported development of corn ethanol to reduce dependency on petroleum imports
and to expand demand for corn, thereby reducing surpluses and increasing producer
prices (Chapter 20, this volume). Several European countries have implemented
biomass technologies to provide heat and power at a significant scale. The driver in this
case has been more to reduce fossil fuel consumption. Subsequently, as awareness of
the evidence that combustion of fossil fuels is causing climate change has expanded,
bioenergy has come to be seen as a mechanism for decreasing the carbon intensity of
energy use. Approximately 50 countries now have biofuels mandates predominantly in
response to the above concerns. (Chapter 20, this volume).
As noted below, because the use of bioenergy in most market economies currently
imposes increased costs relative to fossil fuels at the point of consumption, though
not necessarily for the society as a whole, societal support for bioenergy depends
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on public perception of societal benefits. These may include reduced dependence
on energy imports, increased economic activity and employment, and reduced
greenhouse gas (GHG) emissions relative to fossil fuels. Evidence of reduced GHG
emissions based on life cycle analysis (LCA) has become an important aspect of the
public discourse and in some communities, is embodied in legislation concerning
policy instruments that support bioenergy use (e.g., the Low Carbon Fuel Standard in
California) (Chapter 20, this volume). Similarly, concern about the possible effects of
expanded land use for bioenergy production has led to numerous academic studies
concerning the impacts of bioenergy production on biodiversity and ecosystem
services (Chapter 16, this volume).
The use of bioenergy may involve some tradeoffs. In underdeveloped communities
the allocation of some biomass to energy production can provide essential services
that cannot be met in any other way. For instance, use of biomass for heat provides
home heating and cooking. Conversion of biomass to biogas or biodiesel may allow
the production of electricity in communities that otherwise do not have access.
This, in turn, can increase education by providing lighting, or by increasing access
to telecommunications (i.e., phone, Internet, and TV). Electricity can also enable
refrigeration, allowing preservation of food and medicine, and irrigation based on
electric pumps. Thus, bioenergy may significantly increase food safety and security.
In areas of low population density, the use of biomass for energy may not have any
significant downside. However, in densely populated areas, the unregulated use of
biomass, other than sources from waste, may have negative consequences. The
deforestation of Haiti for charcoal production provides a dramatic example of the
worst-case effects of over exploitation of biomass.
In many high income economies, the benefits of bioenergy can include reduced
costs of energy, increased price stability because bioenergy is partially decoupled
from other sources of energy, economic development and expanded employment in
producing regions, reduced GHG emissions, and progress toward the development
of energy sustainability. Negative aspects may include competition for biomass with
other uses such as food, feed, fiber and structural materials. Such competition may
result in increased prices that can benefit producers, but disadvantage consumers.
Additionally, for some types of biomass, the diversion to use in production of
bioenergy may create expanded demand elsewhere in the global economy, resulting
in land use displacement. The demand for land for biomass production may lead
to undomesticated land being brought into production. This could have negative
impacts on biodiversity, ecosystem services, and GHG emissions. In general, effects
on undomesticated public domain lands may be managed through regulation or the
use of sustainability certification schemes.

3.2.2.1 The Food and Security Nexus
As depicted in Figure 3.3, bioresources are interlinked with multiple other issues,
creating a complex decision making environment. Within these multiple interlinkages,
Bioenergy & Sustainability
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the possible effects of bioenergy on food security deserve special mention. As noted
above and in Chapter 4, this volume, in less developed communities, bioenergy can
promote economic development, the absence of which is the single largest cause of food
insecurity. It may increase food availability by direct effects such as enabling refrigeration
and irrigation. Water availability and security are also important within the energy/
water/food security nexus (Bazilian et al. 2011). Additionally, in some communities
where petroleum is available, local production of biodiesel or other engine fuels may
increase the value of local biomass (based on the value of petroleum displaced). The
resulting increased local cash flow may help support increased investment in agriculture
or infrastructure. An additional potential benefit in developed economies, is the use of
food or feed commodities for fuel production may increase food security by creating
a source of food or feed that can be redirected from fuels use during shortages. This
effect was apparent in the United States during the 2012 drought when many producers
discontinued the use of corn for ethanol production, freeing up corn for feed uses. Wright
2011 argued that “governments wishing to protect the food consumption of the most
vulnerable could purchase call options on grain from biofuel producers, with appropriate
performance guarantees. Specified indicators of food shortages could trigger diversion,
and the biofuels supplier would commit to making a corresponding reduction in output
(rather than substitute other food grain as feedstock).”
However, there is a widespread public perception that the use of large amounts of grain
or other edible feedstocks creates hardship for poor people by increasing food prices.
The academic literature of this subject is mixed because of varying assumptions used
in the economic models that have been used to estimate cause and effect. A much
publicized World Bank report (Mitchel 2008) attributing strong grain price increases to
biofuels was subsequently revised downward to a relatively minor effect on food prices
(Baffes and Haniotis 2010). General statements regarding food/fuel pricing impacts
may be misleading as evidenced in late 2013, when the price of corn in some parts
of Brazil was below the cost of transporting the grain to the market (i.e., about US$2/
bushel). The main reason for the apparently small effect of grain ethanol production on
food prices seems to be due to the fact that the acreage of grain and the productivity
per acre have expanded since the run-up in grain ethanol production in proportion to
the diversion to ethanol production (Chapter 10, this volume). The price of sugarcane
ethanol did not appear to significantly impact the long-term price of sugarcane sugar
but was found to increase volatility in sugarcane sugar prices (Serra 2013).
The policy environment is critical to providing a legal and regulatory framework to allow
bioresources and other energy (and food) supplies to effectively contribute to local and
national goals. As such, a level playing field of fiscal policies, including subsidies and
externalities, is important to creating a long-term investment environment for bioenergy
and other renewable energies to contribute to the transition to sustainable energy systems.
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3.2.2.2 Economics, Markets and Investment
Many studies have indicated the availability of large amounts of biomass that could
be used to produce many times more bioenergy than is currently produced worldwide
(Chapter 9, this volume). An analysis of 90 recent studies concluded that it is not possible
to decide, on the basis of models, exactly how much biomass could be available at this
time and that bottom-up empirical studies are needed (Slade et al. 2014). The main
factor limiting the use of bioenergy in developed economies appears to be cost. There
seems little doubt that if bioenergy was priced comparatively with fossil energy, there
would be greatly expanded use. Thus, efforts to expand the use of bioenergy generally
follow one of several strategies: [1] mandates that require energy providers to incorporate
bioenergy at a set percentage of energy production, [2] mandates that require energy
providers to reduce GHG emissions, [3] subsidies that bring down the cost of bioenergy,
[4] carbon taxes (or other pricing mechanisms) that increase the cost of fossil fuels or
[5] R&D programs to bring the cost of bioenergy to a parity basis with energy from fossil
fuels. The choice of instrument seems to depend on political factors such as the degree
to which a community agrees that climate change is a threat. In general, economists
favor cost parity combined with the use of taxes coupled with wise investment of tax
receipts. The second best approach seems to be mandates that reduce GHG emissions
(Khan 2009). However, these bioenergy-specific approaches only address one element
of a complex policy environment in which, for example, fossil fuels or food production
receive significant fiscal support. For example, the main reason for the apparently small
effect of grain ethanol production on food prices seems to be that the acreage of grain
and the productivity per hectare have both expanded since the run-up in grain ethanol
production in proportion to the diversion to ethanol production.
Expansion of bioenergy would require relatively large amounts of investment to
support establishment of energy crop acreage, infrastructure, and processing facilities.
Because the break-even price of bioenergy based on current conversion technologies
is generally similar or higher than that of fossil fuel or other sources of energy, the
incentives for investment in bioenergy have historically been low. Technology risk,
combined with production/weather risk and relatively low comparable returns on capital
create unique challenges for bioenergy investments. In some economies, bioresource
investment has proven very successful, particularly where revenue streams offer risk
mitigation options and demand side programs set clear production requirements. The
petroleum industry invests based on internal rates of return of about 15%, a number
that is difficult to obtain with most types of unsubsidized bioenergy. Even though the
policy instruments described above may boost returns for bioenergy to an acceptable
level, uncertainty about the duration of policy support for bioenergy may preclude
investment. In particular, capital investments may be based on approximately 30-year
lifetimes. Thus, there is a need for long-term stability of regulatory mechanisms.
Other policies, including those for land use, food, water, environment, and climate, can
have a significant effect on bioenergy/food/land use/economics, and vice versa; bio
systems offer economic resiliency within an uncertain policy environment.
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Key observations relative to bioenergy and energy security include:
●● Modern, efficient bioenergy technologies can contribute to energy security
while offering the opportunity to improve and enhance our management and
stewardship of other key security/development/economic considerations such as
water, food, and the environment. Further, prudent management of bioenergy
within an energy economy may offer pathways for positive synergies to address
multiple policy priorities, including health, education, energy access, economic
development, and environmental stewardship. National and local level issues/
resource availability (human, physical, financial) must be considered to evaluate
bioenergy as part of the energy security portfolio. As with other natural resources,
bioenergy is not an unlimited resource and must be managed carefully.
●● Efficient production, conversion, and end use are increasingly important areas of
focus for improvement of both conventional and new bioenergy technologies, but
must be appropriately managed to mitigate risks.
●● A level playing field of fiscal policies, including subsidies and externalities,
is important to creating a long-term investment environment for sustainable
bioenergy to contribute to the transition to sustainable energy systems. Today’s
policy environment includes not only support mechanisms for bioenergy in
some countries, but also many complex policy interactions that inhibit economic
attractiveness of bioenergy relative to other energy sources. Other policies,
including food, fuel, land use, forestry, and trade policies can have a significant
effect on bioenergy/food/land use/economics, and vice versa. Bio systems offer
economic resiliency within an uncertain policy environment.
●● Economically efficient markets can positively contribute to energy security
through commoditization of trade for biomass/bioenergy products. However,
many biomass or bioenergy-related markets are strongly affected by domestic
or international policies that detract from long-term investment in bioenergy and
other alternative energy

3.2.3 Bioenergy Technology Related Energy Security Issues
One likely advantage of bioenergy is that biomass is much more equitably distributed
geographically than fossil fuels. However, it is essential that these biomass sources are
managed in a sustainable fashion and although relatively plentiful and geographically
distributed, biomass for bioenergy is still a limited resource that cannot be harvested
beyond a certain threshold. History provides several examples where energy resources
were overexploited to the point of some pretty dire consequences. For example, whale
oil a major liquid illumination fuel of the 17th through 19th centuries resulted in the
extensive killing of whales to the point where the population of large whale species was
almost hunted to extinction. Another historical example of overexploitation of biomass
resources is for materials. Supplying wood for a rapid construction phase in European
cities, in addition to local energy use for mining in the southern part of Norway during
74

Bioenergy & Sustainability

chapter 3
Energy Security

the 17th and 18th century, was the reason for cutting down the large oak forests in this
part of the world (Torkelsen 2012).
In the same way that all fossil fuels are not created equal (coal, predisposed to heat and
electricity production; oil, to transportation and a chemical feedstock (refinery); natural
gas to potentially replacing both coal and oil), all biomass is not created equal. Despite
the relatively rapid growth in biomass/biofuels trade, there is a very high likelihood that
biomass is predisposed to utilization close to its source. Such is the case in the nation
whose bioenergy ratio of its total energy mix is the highest, Finland (IEA 2011).
The vast majority of the world’s tradable biomass in unprocessed form is forestry
derived, and this is the major feedstock in Finland. However, Finland’s exports of
biomass (pellets) have decreased, partly because of high domestic prices for energy/
electricity, thus encouraging more local use, and partly through cheaper competition
from external sources (North America, Eastern Europe). Finland also utilizes a full
range of technologies to derive bioenergy, from black liquor combustion/gasification
through to the integration of CHP facilities to provide the power/heat for local industries
and communities. Of its total bioenergy mix, the amount of biomass used for pellet
production or external electricity export is minimal. Finland’s high percentage of
bioenergy production and use has been driven by many factors, but its high technology
competence and its former and ongoing dependence on imported Russian oil were
significant motivators. Despite its climatic challenges in terms of producing significant
amounts of biomass per hectare, Finland has used various technical approaches to
maximize its use of bioenergy.
This is in contrast to some other countries, such as Zimbabwe, which has a vastly
greater potential to develop biomass than does Finland, but which currently does not
have the expertise to maximize biomass production or its utilization. In the case of
developing countries, the technical risks range from the sustainable production of
biomass while ensuring good local food production to the development of “lower level”
technologies such as replacing wood, charcoal, or kerosene stoves with the type of
pellet stoves used in Scandinavia.
Whether the biomass is forest or agricultural derived has a significant impact on the
logistical challenges that will be encountered, particularly the technology that will be
used to harvest, collect, and store the material (as well as processing it). In the case of
forestry, much of the equipment is well developed with the biomass frequently “stored
on the stump.” In the case of agricultural-derived biomass, the harvesting/storage
equipment is still evolving with countries such as Denmark pioneering the collection,
storage, and processing of wheat straw for its CHB and Inbicon biomass-to-ethanol
processes. Other countries such as Brazil are pioneering the storage and use of more
friable crops such as sugarcane bagasse in their co-generation facilities located beside
modern cane processing facilities.
In electricity generation, the contribution of renewable energy systems is expected to
continue to grow from today’s annual 19% to 23% by 2035 (EIA 2013). Solar and wind
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are greatly affected by weather and time of day issues where hydro energy is only
available in limited geographical areas. Conversely, the use of biomass in electricity
generation introduces flexibility in that it can both be used as baseload and to some
degree, peak load, thus making up for the intermittency of the other renewable
resources. To take advantage of this flexibility, the necessary investments into the
electricity grid must be done such that enough transmission capacity is built so that
these plants can be connected to the grid. The flexibility of the biomass-generated
electricity makes it highly desirable to introduce into the electrical grid.
Key observations include:
●● Biomass may not be a suitable resource for every country, or uniformly used within
a country. For those areas with appropriate resource endowments, biomass is a
very flexible energy source; it can be used for direct heat, transportation fuel,
thermal energy, and electricity generation. Its comparative advantage is limited
to certain energy market segments that depend on the geographical region.
●● Depending on technology, economics, and multiple other factors, bioresources
offer options for local use, enhanced energy access, and economic productivity,
and may together contribute economic gains to local, regional, national, and
international markets.
●● Biomass offers access to energy in developing countries given the appropriate
infrastructure and policies.
●● As with other natural resources, bioenergy is not an unlimited resource and
must be managed carefully. This factor relates to land use, species cultivation,
biodiversity, and others.

3.2.4 Geopolitics of Bioenergy and Energy Security
The geopolitics of energy security has received intense evaluation within traditional
analysis of foreign policy, with a strong focus on global issues regarding fossil fuels
(Levi 2013; Sovacool et al. 2011). The transport fuel sector in many countries strongly
depends on imported oil and reﬁned petroleum fuels. Growing concerns regarding geopolitical oil concentrations, increasingly hard-to-reach reserves, restrictions on delivery
or access, and high and fluctuating prices promoted initial interest in alternatives,
including biofuels. Energy-related issues have been framed within the complexities of
foreign policies, including fiscal, military, and political security (Elkind 2010). Further,
the relative importance of bioenergy within the geopolitical dialogue is a complex
subject that includes future oil and gas supplies and trade, technical power system
outages, sabotage and terrorism, geopolitics, weather patterns and extremes, water,
and food security. Bioenergy (and other renewable energy resource) projects can
assist in reducing the risks of these various energy supply constraints that can have
serious political consequences. However, they also carry their own risks of insecurity,
variability, and unreliability.
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More recently, the two leading countries for biofuels production, Brazil and the United
States, have developed policies that reflect the relationship between bioenergy (biofuels)
and energy security within the framework of increasing domestic production of liquid
transportation fuels to offset import dependence and geopolitical uncertainty (Elkind
2010). However, since the inception of those initial biofuels policies, it is increasingly
recognized that bioenergy can play a larger role in the geopolitical dialogue, including
addressing the complexities across multiple energy segments and the interconnectivity
with other geopolitical issues including food, water, trade, and conflict. For example,
energy issues are also related to local energy security and the complexities of local and
national politics (Muys et al. 2013). Others have recognized that water may have an
increasingly important role in geopolitics, related through food trade, and by inference
to bioenergy and energy security (Suweis et al. 2012).
To enhance the security of power generation systems, bioenergy power and cogeneration
plants offer fuel diversity, lower GHG emissions, local economic (and perhaps other) benefits,
and can be built reasonably close to the demand centers, thus reducing transmission
losses, and can at times strengthen the local electricity distribution grid by providing
additional and alternative power resources. Security of supply can also be improved by
greater diversiﬁcation of the portfolio mix. Biofuels for power are now shipped globally,
(e.g., Canadian and American wood pellets to Europe), which introduces new dynamics
into the geopolitical dialogue. In Brazil, as another example, most sugarcane processing
facilities are engineered for flexibility to optimize revenue at different times of the day and of
the year by varying the outputs of power, heat, ethanol, and sugar. This flexibility is linked to
larger national power planning and management related to hydropower production and the
interconnectivity of the regional grid. Similarly, biopower is of increasing interest for other
Latin American countries to offset some of the geopolitical risk and tensions associated
with regional fossil fuel trade. Some Nordic countries use biomass for power and district
heating, in a complex interaction with other renewable power sources and regional power
markets. Figure 3.4 shows the energy production by source for Finland. If incorporated
correctly and in the proper mix this can lead to enhanced local and national economic
productivity, as well as reduced GHG emissions. Greater security by using biomass fuels
depends on alternative sources of fuels and their reliability, versus the risks involved with
securing sufﬁcient supplies of biomass over the long term. Figure 3.5 shows the breakdown
of renewable energy sources for IEA member countries.
Key observations include:
●● It is increasingly recognized that bioenergy may play a larger role in the
geopolitical dialogue, including the complexities across multiple energy
segments and the interconnectivity with other geopolitical issues, including
food, water, trade, and conflict.
●● Bioenergy is expected to be increasingly important to energy security due to greater
use to mitigate climate change. There will be increased use of cellulosic materials,
enabled by technology advancements ranging from improved cooking stoves
to gasification to cellulosic pathways for biofuels, all of which are increasingly
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Figure 3.4. Energy production by source in Finland.

Figure 3.5. Renewable energy as a percentage of TPES in IEA member countries, 2011.
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commercial today. This significantly increases the useful resource base globally and
alters the geopolitical landscape due to different national resource endowments.
●● Energy security and related policy goals can be enhanced through technology
advancements and level economic playing fields for crop production, conversion,
and end use.

3.2.5 Local Issues
Energy security threats in a dominant bioenergy scenario are manifest at the local level
(individual, family, or village) because of the interplay between competing end uses for
physically finite, local resources and inputs (land area, water, manpower, standing biomass
stock, biodiversity, finance, man-animal allocations) and the type of crop/bioenergy that
needs to be or can be raised. Every season, irreversible resource allocation choices are
made at this level, and these in turn decide how much of the biomass and bioenergy
raised becomes available/accessible locally, which is the focus of this sub-section.
Features of crop and biomass production (agro-climate, genetic resource), agronomic
inputs (nutrition, pest control, husbandry), resource allocation (financial and human
capital) and local practices (cultural, land, resource and material ownership or sharing
patterns, socio-economic, market infrastructure) decide the physical limits to production,
shape aspirational profit targets, and allocate realized outputs between market and
domestic needs, respectively. Of late, these complex, multi-tiered hierarchical decision
processes have begun to place markets before sustenance, and short-term cash
availability before sustainability. This then exacerbates and accentuates various sociocultural manifestations of gender and vulnerability, especially in the Asian region where
per capita cultivable land availability is low (0.1–0.2 hectares/capita) and every little
bit of biomass (therefore, bioenergy security) needs to be carefully split between
aspirational and sustainability needs (Reddy and Nathan 2013).
In other geographic locations of highly endowed local resources and agro-climatic
conditions, optimization of local components tends to increase biomass productivity and
bioenergy security. However, in less endowed locations, when biomass or bioenergy
products become highly marketable, it exacerbates the potential for deprivation
(insecurity), such as milk sold for daily cash in Indian villages at the cost of being given
to children and therefore needs to be addressed. Towards this end, there is a need
to arrive at the concept of which we refer to as “lifeline energy” that involves a locally
defined basket of minimum energy services (in our case, through bioenergy/biofuels)
that will meet the current and near-future energy security articulation.

3.2.5.1 Lifeline Energy Needs
Biomass has often been and will most likely continue to be the subsistent and
most easily accessible fuel and energy source for the unreached population in
underdeveloped regions. Field demonstrations of modern bioenergy deployment
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have indicated that primary biomass resources can provide more than lifeline energy
needs (and even reach desirable levels in developed regions) such that access to
and use of (lifeline) modern bioenergy not only ensures energy security, but is also
a means to development in underdeveloped, biomass-rich regions of the world.
There is a strong relationship between the type of end use and the ideal bioenergy
technology that could be used.

3.2.5.2 Pollution
Biomass will be converted to its desired form of usable energy or work through various
conversion processes such as engines in vehicles, generators, or rudimentary stoves
for cooking and heating (Chapter 12, this volume). All forms of end use conversion will
have some form of undesirable emissions that impact the local, regional, and world
environment. Commonly cited as being particularly problematic are the smoke and
hazardous emissions associated with low technology, low efficiency wood stoves and
kitchens. These need to be, and can be, addressed through technology, best practices,
and control means. In India, solid fuels account for about 63% of the total household
energy consumption, with significant contributions to both CO2 and indoor air hazards
(Balachandra 2012).
Traditional methods of bioenergy production and use are generally fraught with
drudgery, energy leaks and pollution (Chapters 10 and 12, this volume). Advanced
bioenergy routes need to address and overcome these issues to provide energy
security and environmental safety. More modernized bioenergy practices can also
produce pollution. For example, over-fertilized energy cropping can cause various
manifestations of water pollution, and improper combustion techniques can lead to
significant and hazardous levels of indoor air pollution.

3.2.5.3 Water Use
Water and biomass/bioenergy production are strongly linked and the influence on energy
(and food) security may be examined in three regimes of water availability. In areas of
higher water availability (rainfall and/or irrigation), bioenergy crops and food crops are
likely to compete if land availability or resources indicated above are limiting. In the
absence of such limitations or in well-planned bioenergy-food crop combinations (e.g.,
multi-tier cropping), they could complement food and energy security. In sub-humid and
semi-arid areas (with a 90–150 day crop-growth window), bioenergy derived from crop
residues could complement food and energy security, where straw and agro-residue
generated bioelectricity provides life-saving irrigation to crops, and the increased gross
biomass production provides higher levels of food and energy security simultaneously.
In the third category of agro-ecosystems, arid systems, biomass/bioenergy production
has not been implemented but may be possible by using water-efficient and drought
tolerant plants such as Agave (Figure 3.6) and Opuntia as dedicated energy crops
(Sommerville et al. 2010).
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Figure 3.6. Agave sisilana growing in East Africa. (Image courtesy of Jeff Cameron).

These are typically local and regional decisions. Water and energy security issues are
thus very region-specific. When water supply is adequate for a particular crop, there are
few threats; however, as indicated above, in locations of limited water supply, the best
decision is what level of bioenergy crop development can be sustainably supported
without affecting water availability for food crops. Thus with judicious deployment, food
and energy crops are possible without compromising food or energy security.

3.2.5.4 Economics, Jobs and Livelihoods
Bioenergy can have very positive impacts on economic activities and jobs with
concentrated impacts at the local level. Increased biomass production tends to increase
local jobs, predominantly agro and agro-forestry jobs associated with biomass production.
Modern bioenergy options such as biomethane, producer gas, and agro-processing
provide a multiplier effect in local jobs and therefore, improve local economics in terms of
a higher level of value addition to locally generated biomass products as well as energy
carriers (see Figures 12.2, 12.5, and 12.6 in Chapter 12, this volume). Modern bioenergy
options such as biofuels or bioelectricity with expensive conversion processes will need
to find the optimum between size of the conversion facility and the amount of primary
biomass transport required. Biofuels and bioelectricity like any commodity conversion
process will be economies of scale dependent. The balance between size of plant and
cost of transport of biomass to the plant will be regionally dependent, primarily dependent
on biomass production rates and transport options such as rail, road or water transport.
Since there will be significant economic activity associated with the conversion plant
with the primary jobs and the multiplier effect how this is regionally distributed will be
dependent on the size and number of conversion plants.
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3.2.5.5 Women and Children, Education and Development
The role of women in bioenergy has been likened to “responsibility without authority”
to choose fuel type, technology, and ill effects. They disproportionally bear the brunt
of all the current ill effects ranging from the drudgery of biomass collection to indoor
air pollution issues. The vulnerability of energy insecurity leads young women to take
up fuel-wood gathering at the cost of formal education (Reddy and Nathan 2013).
Modern bioenergy such as biomethane, pellet-based stoves, modern wood stoves,
and bioelectricity can convert unused crop residues and various biomass and animal
wastes to energy for cooking and lighting. This switch involving both a change in
bioenergy source and energy use device is expected to increase the useful energy
output (see Figure 12.2 in Chapter 12, this volume) and to remove the source of
drudgery, deprivation, vulnerability, and loss in health and education.

3.2.5.6 Health Impacts
Traditional biomass burning in smoky kitchens has largely been implicated in largescale respiratory ailments among adult women in a large part of Asia and Africa
(Gumartini 2009). The switch to modern bioenergy options removes drudgery and the
time used for gathering fuel, removes exposure to harmful agents in wood smoke,
and leads to more time for rest, education or gainful employment. Having removed
the need to gather fuel-wood, infants and young children get better maternal attention
and therefore, a better means to health. The most direct impact of using solid fuels for
cooking is indoor air pollution, which is considered one of the most significant causes
of death in the world. Cambodia, with 1,304 deaths per million people in 2004 and India
with 954 deaths, occupy the top two positions (Table 24 in Balachandra 2012).
“The human development benefits associated with expanding energy access [in our
case bioenergy] are related to better education facilities and opportunities, access to
healthcare as well as better health conditions, access to information for knowledge
empowerment, gender empowerment through reduced drudgery, productive endeavours,
enhanced security and clean working environment. In addition, the enhanced income
levels and employment opportunities would significantly reduce the poverty levels
thereby enhancing the living standards of the people.”( Balachandra 2012).

3.2.5.7 Co-Benefits and Tradeoffs
Enhanced levels of biomass production and local-level bioenergy generation can in
the developing world increase food security and bring with it a large surge in rural and
decentralized livelihoods and local employment and can reverse migration to urban
areas. Increased employment chances strengthen the bioenergy supply chain manifold
(Chapter 11, this volume), its trade and service providers, and enhance and empower
local energy entrepreneurship (Chapter 12, this volume). In other regions where there
are fewer limitations to biomass and biofuel production, there are tradeoffs between
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several land use options: processing biomass harvested for food, fuel, fiber, or forage
needs of the location, as well as potentially dictated by national policies.

3.2.5.8 Research Needs and Sustainability
Local resource use efficiency (tradeoffs of land, water, human and financial capital,
and within the ecosystem) requires more thorough research and analysis to achieve
and maintain viability. With an increase in the level of biomass/bioenergy in any given
location, apart from tradeoff between input-output options, efficiency benchmarking will
emerge. Agricultural crops are already measured for their water use efficiency (grams of
CO2 fixed/liter of water transpired), useful yields (kilograms/hectare and biomass yield/
kilogram nutrients added), and, finally, value added/unit investment. These and many
more efficiency yardsticks need to be evolved. For example, the tradeoffs between
adding a higher fertilizer/water dose for higher yields will become important and needs
to be monitored to better establish new sustainability debate metrics.
Key observations include:
●● Sustainable, locally based (distributed) bioenergy (and other renewable energy
or hybrid) systems can alleviate energy poverty, increase energy access and
local and regional energy security, increase food/water/development, and be
effectively incorporated into an interconnected energy/economic/agro-eco
system. The system will include planning and investments in energy infrastructure
that incorporate bio/renewable energy options that will increase local energy
security, including biomass collection, storage, and transport infrastructure.
●● The policy environment, including related policies on land use, agriculture, forestry,
food, energy, and the environment, plays a critical role in enabling (or not) the
investment, development, and use of bioenergy at local and national scales.
●● Local development and use decisions rely on a complex set of interactions that
include not only related resource assessment (land, water, human, and financial
capital), but also the implications (positive and negative) of bioenergy within a
local economy.

3.3 Conclusions and Recommendations
Energy security, in relation to bioenergy, has evolved, to a comprehensive role for
heat, power, and transportation fuels at a range of scales from households to nations.
Further, bioenergy can play a significant role in policy decisions if evaluated as a
valuable option for increasing energy security. When properly planned and managed,
bioenergy may have positive synergies with other policy priorities such as water and
food security, as well as supporting energy access, economic development, growth and
stability, and environmental goals. As efforts to adapt to and mitigate climate change
increase, bioenergy is expected to be increasingly important to energy security issues
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because of the relatively low carbon intensity of bioenergy compared to fossil fuels.
Greater utilization of lignocellulosic materials, enabled by technology advancements
ranging from improved cooking stoves for underdeveloped regions to the production
of lignocellulosic biofuels, can significantly increase the useful resource base globally
and alter the geopolitical landscape due to different national resource endowments.
After a long development period, lignocellulosic biofuels have been commercialized
in Europe and the United States using both bioconversion and thermal conversion
technologies. If the conversion facilities are able to meet their financial goals, they
are expected to stimulate the expansion of lignocellulosic biofuels by reducing risk to
investment. Additionally, the first generation of commercial facilities will provide very
useful opportunities to improve the technologies and the design of the biofuel production
facilities by learning-while-doing. Anticipated improvements will progressively reduce
operating and capital costs, thereby improving profitability and attracting additional
investment. Because it may take five years or more to design, locate, build, and bring
online a biorefinery, it seems likely that a major expansion of lignocellulosic biofuels
will not begin before about 2020, but after that time there could be a rapid expansion
of capacity in North America, Europe, Brazil and other regions with abundant biomass
resources that could resemble the run-up in implementation of corn ethanol facilities in
the United States after the year 2000 (Chapter 14, this volume).
Policy and regulatory approaches of bioenergy production, conversion, and use,
especially in relation to the energy/food/water security nexus can enable or inhibit
positive synergies among related systems and policy goals, and require careful
analysis and adaptive approaches that account for changing resource endowments,
natural conditions, technology advancements, and geopolitical change.
Finally, the energy security aspects of bioenergy remain important and are likely to
increase as climate change is addressed, populations and food demand grow, and
traditional fossil fuel sources of energy increase in total cost as well as price volatility.

3.4 The Much Needed Science
Bioenergy can positively contribute to global energy security in the context of food
and climate security. In order for the potential of bioenergy to be realized some
important science needs to be addressed both as an enabler to needed policy as well
as conversion technologies. As discussed in section 3.2 bioenergy technologies need
to be developed in the context of “lifeline” needs, which will dramatically differ for the
intended application and end use. The limiting factors to increasing the positive impact
of bioenergy to global energy security are the availability of sustainable biomass and
efficient, low polluting cost effective conversion technologies and the societal factors
for increased utilization of bioenergy to improve energy security. Science needs in
these areas are as follows:
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3.4.1 Availability of Sustainable Biomass
The question of how much biomass is available for bioenergy production in the
context of food security has been extensively studied (Vosin et al. 2014; Ajanovic
2011). Regardless of this issue improved land management techniques and practices
are required for both food and bioenergy production. Sustainable land management
practices vary depending on the amounts and types of food and biomass produced
as well as local conditions. Predictive models as well as information dissemination
are needed.
Biomass must be produced and delivered to the intended end user to satisfy both
aspects of the biomass availability equation. As stated in section 3.2.1 the lack of a
viable biomass distribution infrastructure serves as a serious impediment to wide scale
bioenergy adoption in developing countries. Studies are needed as to what sustainable
infrastructure can be deployed to improve the availability of biomass in developing
countries. Policy measures can have significant impact on infrastructure development
so these studies should also consider what policy measures are needed and which
ones are most likely to be effective in the long term.
In the developed portions of the world the issue is not generally the lack of infrastructure,
but usually the suitability of that infrastructure for bioenergy, i.e. transporting ethanol
in pipelines designed for gasoline and diesel transport versus dedicated pipelines
purposely built for ethanol transport. Studies are needed as to how best synch up the
bioenergy forms under development with the existing infrastructure.

3.4.2 Conversion Technologies
A good portion of current bioenergy utilization is traditional bioenergy that tends to be
dominated by low efficiency, high polluting conversion technologies. This has a twotiered detrimental impact; firstly, the low efficiency conversion increases the amount
of biomass required which in turn increases the amount of drudgery associated with
collecting the biomass. Secondly, the high pollution increases the negative health
impacts associated with breathing dirty polluted air. Since pollution and primary
conversion efficiency are closely tied, improvements in efficiency will have the
added benefit of decreased pollution. Higher efficiency, lower polluting cook stoves
and space heating are needed for traditional bioenergy applications as well as the
necessary distribution to the users.
Bioelectricity or electricity generation from biomass has the potential to become a
significant and beneficial contributor to global energy security.
For developing countries or remote areas without a well-established electrical grid,
small low cost biomass gasifers connected to an electrical generator can supply
reasonable amounts of electricity to supply refrigeration, lighting and other small
electrical loads having a positive impact on food safety, health and other aspects of
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HDI. Improvements in conversion efficiency, reliability and ease of operation could
greatly improve the utility of these units.
For the developed portions of the world with well established and reliable electrical
grids, larger scale base load or peak load biomass combined heat and power gasifiers
integrated with efficient electrical generators such as gas turbines can be a cost
effective source of electricity. This is very region and country specific dependent on
the availability and cost of biomass compared to other fuels typically used for electricity
generation such as coal or natural gas.
Biofuels can also be a major contributor to global energy security. As discussed in
section 3.2, first generation biofuels technology predominantly ethanol from sugarcane
in Brazil and corn in the US have already had a significant impact. However the global
impact of these first generation biofuels is limited by the global availability of these
feedstocks. Second generation biofuels conversion technologies that use lignocellulosic
biomass as feedstock have a significantly improved ability to have a global impact
because of the greatly enhanced global availability of these feedstocks. Although these
technologies are undergoing initial scale commercial deployment more work is needed
to bring down the cost of these conversion technologies.
The predominant biofuel to date has been ethanol. Although ethanol is suitable for
gasoline applications it cannot be used in diesel and jet fuel applications. However,
diesel and jet fuels are growing rapidly in global use while gasoline demand is relatively
stagnant to decreasing in some countries (ExxonMobil 2013). Biofuels that would be
suitable for diesel and/or jet fuel applications are desirable to have positive impacts
across the transportation sector.

3.4.3 Needed Science for Bioenergy to Achieve Maximum
Benefit to Energy Security
Science or research is needed for bioenergy to contribute more to energy security – this
includes not only the technological developments, but also how biomass is used, scaled
up and deployed at the appropriate level. Accomplishing this in a thoughtful manner
includes a thorough understanding of the social, economic and political aspects (social
sciences). An important aspect that must be understood in the implications of global
trade including the implications of multilateral agreements on energy/climate, etc.
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