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Preface

A bioeconomy can contribute to sustainable yield increase,
investments in agriculture, improved food and nutrition security.
Bioenergy improves access to modern energy services and reduce
the use of fossil fuels in particular in the transport sector. Use of
sewage water to produce bioenergy and bio-based materials. More
jobs and additional income – contributing to local economy, and to
export value added bio-based products. Industrial technologies as
growth factor for bio-based industry and stimulator of innovations.
Linking rural areas to urban centers through bio-based products and
bioenergy for urban consumption. Sustainable buildings with
bio-based materials. Use of biomass to produce goods reduces the
use of fossil-based products and related greenhouse gas (GHG)
emissions. Blue bioeconomy: better use of the marine fauna (fish)
and flora (algae) for high value bioproducts such as food/feed,
cosmetics and bio-pharma. Enhanced value of biodiversity as a
bioeconomy asset. Promote sustainable natural resources
management, halt and reverse land degradation. This book describes
all these aspects of sustainable development including poverty
elimination technologies of beekeeping and lakh production in
southeast Asia countries.

Authors



Contents

Introduction 1 - 2

1. Bioenergy Security 3 - 31

2. Food Security 32 - 56

3. Bioplastics from Biomass 57 - 66

4. Marine Biotechnology 67 - 73

5. Industrial Biotechnology:
“White Technology” 74 - 79

6. Synthetic Biology 80 - 89

7. Synthetic Chemicals for
Sustainable Development 90 - 94

8. Technologies for Poverty Alleviation
and Sustainable Development of Villagers 95 - 122

9. Impact of Social Change on Bioeconomy 123 - 124

10. References 125 - 130



Introduction

Sustainable development is the development that meets the
needs of the present without compromising the ability of future
generations to meet their needs as well. Today, technology plays
a big role in sustainable development in all of its aspects: social,
environmental and economic.

Environmental sustainability creates and sustains the
conditions with which both human and nature co-exist in
a productive harmony with one another, while still being able to
maintain social and economic requirements. By maintaining our
way of life in a way that doesn’t deplete our resources, we ensure
the future generations to sustain themselves. For energy security,
we have to harness renewable energy like wind, water and solar,
instead of fossil fuels to cut down on pollution and avoid
depleting natural resources. Economic sustainability entails
various strategies that use resources, optimally and responsibly, so
that balance can be achieved over a long period of time. There are
a lot of ways technology can play a role in economic sustainability.
Technological advances in health, business and environment
provide opportunities to communities through the introduction of
new jobs and opportunities. Supporting small businesses that use
local produce, take part in recycling, and utilize green energy in a
great way to stimulate our local economy and reserve resources at
the same time. For food security, we have to use sustainable
technologies in agriculture and fisheries that do not use pesticides,
antibiotics or hormones on their products, prevent the depletion of
natural resources, as well as deliver a product that will not have
long-term effects on your health. Social sustainability covers
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everything from basic human rights and corporate governance, to
the more philosophical aspect of an individual’s behaviour and
attitude toward sustainability. In order for economic and
environmental sustainability to work, they have to first accept at a
social level.

People need to evaluate what is a “want” and what is a “need”,
and understand that if they choose the “want” over the “need”,
it might have future ramifications. Similarly, it is often more difficult
to support small business or businesses that utilize green energy and
sustainable practices because they are either hard to come by or more
expensive. People may choose to go for the easier, more available,
and affordable option, and support a business or company that does
not have sustainable practices or use green energy. This can be a
tough decision to make personally and financially. Many people feel
it is their right to have the biggest and best of everything available,
no matter what the cost. But in order to promote economic and
environmental sustainability, social sustainability has to be addressed
first. By committing to sustainable practices like turning off lights
when you leave a room, not leaving electronics plugged in,
conserving water, and recycling, the larger needs like organic
agricultural practices and sustainable building will come much easier.

These days, technology plays a big role in all of our lives. The
easiest way to promote sustainability on an environmental,
economical, and social level is through education. By educating
ourselves on what sustainable alternatives are available in our daily
lives, like building materials, food, clothes and common household
items, we can make better choices for ourselves and for future
generations to come. The research should be done on local
businesses that have the same ideals and practices that you have.
You should teach your kids sustainable habits like recycling, and
really look at what is a “want” and what is a “need.”

The present book describes such technologies for people
living in tropical Asian countries like India, Pakistan, Myanmar,
Sri Lanka, Brunei, Bangladesh, Maldives, Cambodia, Indonesia and
Laos PDR.



1
Bioenergy Security

Some Asian countries face energy security dilemma. In order to
solve this, the biomass material is used to recover energy content
from the resulting waste that provides multiple benefits. It can be
recycled several times before a final energetic utilization at the end
of life cycle. Such system may provide general advantage for
climate change mitigation and land use (UNEP-PRP, 2009).
Biomass remains the primary energy source in the developing
countries in Asia.

Malaysia depends on biodiesel derived from palm oil since
1982 for energy security for rural and economic development. It is
gifted with conventional energy resources such as oil and gas as well
as renewable like hydro, biomass and solar energy. As far as
biomass resources in Malaysia are concerned, it has tremendous
agricultural biomass and wood waste resources available for
immediate exploitation. This energy potential is yet to be exploited
properly in this country. Taking into account the growing energy
consumption and domestic energy supply constraints, Malaysia has
set sustainable development and diversification of energy sources, as
the economy’s main energy policy goals. The Fuel Strategy
recognizes renewable energy resources as the economy’s fifth fuel
after oil, coal, natural gas and hydro. Being a major agricultural
commodity producer in the region, it is well positioned amongst the
Asian countries to promote the use of biomass as a source of
renewable energy.
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Major Biomass Resources in Malaysia are agricultural crops
like sugarcane, cassava rhizome, corn, rice straw, woody biomass,
wood waste from wood mill, sawdust, agro-industrial wastes, rice
husks from rice mills, molasses and bagasse from sugar refineries,
residues from palm oil mills, municipal solid waste, animal manure
and poultry litter, palm oil biomass. It is the world’s leading exporter
of palm oil, exporting more than 19.9 million tons of palm oil every
year. The extraction of palm oil from palm fruits results in a large
quantity of waste in the form of palm kernel shells and empty fruit
bunches and mesocarp fibres. In 2011, more than 80 million tons of
palm oil biomass was generated in this country.

Thailand is highly dependent on crude oil import which
accounts for more than 10 per cent of GDP (Siriwardhana et al.,
2009). India imports 80 per cent of its crude oil and hence has
turned to bio-based energy to reduce dependence on imported oil.
It encourages planting and cultivating the non-food Jatropha plants
on an industrial scale for biodiesel production (Wonglimpiyarat,
2010). There are twelve Asia-Pacific countries which are dependent
on biodiesel.

Pakistan A large amount of lignocellulose material, especially
bagasse is readily available in Pakistan (one of the ten largest
sugarcane producing countries in the world) for ethanol production
and other by-products. Almost all the sugar mills in Pakistan have
in-house plants for co-generation, but they are inefficient in the
consumption of bagasse. If high pressure boilers are installed, the
production capacity can be significantly improved with more
efficient utilization of bagasse.

However, due to several reasons, mostly due to financing issues,
the sugar mill owners are not able to set up these plants. Only
recently, after financial incentives have been offered and a tariff rate
agreed upon between the government and the mill owners, these
projects are moving ahead. The sugar mill owners are willing to
supply the excess electricity generated from the in-house power
plants to the national grid, but were not able do it before, because
they could not reach an agreement with the government over tariff.
The demand for higher tariff was justified because of large
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investments in setting up new boilers. It would also have saved
precious foreign exchange which is spent on imported oil.
By estimating the Carbon Development Mechanism (CDM), the
potential of co-generation (or CHP) projects based on biofuels,
it would be easier to finance these projects. Renewable energy
projects can be developed through CDM or any other carbon credit
scheme for additional revenue. Since bagasse is a clean fuel which
emits very little carbon, it can be financed through CDM. One of the
reasons for high co-generation power plants difficult to implement is
because of the high amount of costs associated. The payback period
for the power plants is unknown which makes the investors reluctant
to invest in these projects. The bagasse power plants generate
Carbon Emission Reduction in two ways; one by replacing
electricity produced from fossil fuels, and secondly if not used as
fuel, it would be otherwise disposed of in an unsafe manner and the
methane emissions present in biomass would pollute the
environment far more than CO2 does.

Currently, there are around 83 sugar mills in Pakistan producing
about 3.5 million metric tons of sugar per annum with total crushing
capacity 597900 TCD (Tons of Can per Day), which can produce
approximately 3000 MW during crop season. If the government
starts to give more attention to the sugar industry biomass rather
than coal, Pakistan can fulfil its energy needs without negative
repercussions or damage to the environment. However, some sugar
mills are opting to use coal as a secondary fuel since the crushing
period of sugarcane lasts only for four months in Pakistan. The
plants would be using coal as the main fuel during the non-crushing
season. The CDM effect is reduced with use of coal. If a high
co-generation plant is using even 80 per cent bagasse and 20 per
cent of coal, then the CERs are almost nullified. If more than 20 per
cent coal is used, then the CDM potential is completely lost because
the emissions are increased. However, some sugar mills are not
moving ahead with coal as a secondary fuel because separate tariff
rates have to be obtained for electricity generation if coal is used in
the mix which is not easily obtained.



6 Bioeconomy and Sustainable Development of Tropical Asia

India Country like India is developing both bioethanol and
biodiesel programmes. It is extending plantations of Jatropha,
an oil-producing tree, that is used in biodiesel production. The
Indian sugar ethanol programme sets a target of 5 per cent
bioethanol from palm trees, sugarcane, jatropha, syngrass, etc. The
government launched Ethanol Blend Petrol (EBP) programme in
January 2013 for 5 per cent ethanol blended petrol. The policy had
significant focus on India’s opportunity to agricultural and industrial
sectors with motive of boosting biofuel (bioethanol and biodiesel)
usage and reducing the existing dependency on fossil fuel.

India has initiated significant investments in improving storage
and blending infrastructure. National Policy on Biofuels has set
a target of 20 per cent blending of biofuel by 2017. However, India
has managed to achieve only 5 per cent by September 2016 due to
certain technical, market and regulatory hurdles.

Sugarcane molasses is the major resource for bioethanol
production and inconsistency of raw material supply holds the major
liability for sluggish response to blending targets. Technically
speaking, blend wall and transportation storage are the major
challenges towards the biofuel targets. Blending wall is the
maximum per cent of ethanol that can be blended to fuel without
decreasing fuel efficiency. Various vehicles are adaptable to various
blending ratios based on the flexibility of engines. The technology
for engine modification for flex fuel is not new but making the
engines available in India along with the supply chain and
calibrating the engine for Indian conditions is the halting phase. The
commonly used motor vehicles in the country are not effectual with
flex fuel.

Ethanol, being highly flammable liquid, marks the obligatory
safety and risk assessment measures during all phases of production,
storage and transportation. The non-uniform distribution of raw
material throughout the country demands a compulsory
transportation and storage, especially inter-state movement,
encountering diverse climatic and topographic conditions. Major
ethanol consumers in India are potable liquor sector (45 per cent),
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alcohol based chemical industry (40 per cent), and the rest for
blending and other purposes. The yearly profit elevation in major
sectors is a challenge to an economical ethanol supply for Ethanol
Blending Programme.

Sources of Biodiesel

Figure 1
Sources of Biofuel

Regulatory and policy approaches on excise duty on storage
and transportation of ethanol and pricing strategy of ethanol
compared to crude oil are to be revised and implemented effectively.
Diversifying the feedstocks (especially use of lignocellulosic
biomass) and advanced technology for domestic ethanol production
in blending sectors are to be fetched out from research laboratories
to commercial scale.
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Figure 2
Molasses of Bagasse

Drop-in biofuels are the liquid bio-hydrocarbons that are
functionally equivalent to petroleum fuels and are fully compatible
with existing petroleum infrastructure. They can be produced from
oilseeds via trans-esterification, lignocellulosic biomass via
thermochemical process, sugars and alcohol via biochemical
conversion or by hybrids of the above methods. Drop-in fuels
encompass high hydrogen to carbon ratio with no/low sulphur and
oxygen content, low water solubility and high carbon bond
saturation. In short, drop-in fuel is a modified fuel with close
functional resemblance to fossil fuel.

The existing biofuels, bioethanol and biodiesel have wide
variation from fossil fuels in their blending properties, high oxygen
content, hydrophilicity, energy density and mainly compatibility in
existing engines and infrastructures. The oxygenated groups in
biofuel have a domino effect such as reduction in the energy density,
production of impurities which are highly undesirable for
transportation components and instability during storage, etc.

Major advantages of drop-in fuels over existing fuels are as
follows: reduced sulphur oxide emissions by ultra-low sulphur
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content, reduced ignition delay by high cetane value, reduced
hydrocarbons and nitrogen oxides emissions, low aromatic content,
low olefin content, presence of olefin compounds undergo
auto-oxidation leading to surface depositions, high saturates,
therefore leaving minimum residues, low particulate emissions and
no oxygenates, therefore, has high stability.

Potential Biomass Feedstock Drop-in biofuels can be
produced from various biomass sources – lipids (vegetable oils,
animal fats, greases, and algae) and lignocellulosic material, such as
crop residues, woody biomass, and dedicated energy crops. The
prominent technologies for biomass conversion to drop-in fuel are
the thermochemical and the biochemical process.

The major factor playing the role in selection of biomass for
thermochemical methods is the energy content or heating value of
the material, which is correlated with ash content. Wood chips
account for less than 1 per cent ash content, which is favourable
thermal processing than biochemical process, whereas straws, husks,
and majority of the other biomass have ash content ranging up to
25 per cent of dry mass.

Free sugar generating plants such as sugarcane and sweet
sorghum are desirable feedstock for acetone-butanol-ethanol
fermentation and have been widely implemented. Presently, there is
a focus to exploit lignocellulosic residues, rich in hydrocarbon, for
fuel production. However, this biomass requires harsh pre-treatment
to remove lignin and to transform holocellulose (cellulose and
hemicelluloses) into fermentable products.

The lignocellulose transformation technology must be selected
by its life cycle assessment, as it resists any changes in their
structural integrity owing to its complexity. Lignocellulosic biomass,
when deoxygenated, has better flexibility to turn to drop-in fuels.
This is because, in its native state of the feedstock, each oxygen
atom consumes two hydrogen atoms during combustion which in
turn reduces effective H : C ratio. Biomass feedstock is
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characterized with oxygen up to 40 per cent, and the higher the
oxygen content, higher it has to be deoxygenated.

Cellulosic Biofuel This fuel is produced from non-food crops
or inedible waste biomass, stalks of wood, corn and wheat, etc. It is
a difficult process, but scientists are working on using DNA
recombinant genetically engineering microorganisms to convert
cellulose to biohydrogen, biomethane and ethanol, etc.

Status of Biomass Energy in India
Biomass materials are used for meeting human needs including

energy. Its main sources are trees, crops and animal waste. Until the
middle of 19th century, biomass dominated the global energy supply
with 70 per cent share (Grubler and Nakicenovic, 1988). Among the
biomass energy sources, wood fuels are the most prominent. With
rapid increase in fossil fuel use, the share of biomass in total energy
declined steadily through substitution by coal in the 19th century,
and later by, refined oil and gas during the 20th century. Despite its
declining share in energy, global consumption of wood energy
continued to grow. During 1974 to 1994, global wood consumption
for energy grew annually by over 2 per cent rate. Presently, the
biomass sources contribute 14 per cent of global energy and 38 per
cent of energy in developing countries (Woods and Hall, 1994).
Globally, the energy content of biomass residues in
agriculture-based industries is annually estimated at 56 exajoules,
nearly a quarter of global primary energy use of 230 exajoules
(WEC, 1994). Technological advancement in biomass energy is
derived from two spheres – biomass energy production practices and
energy conversion technologies.

A rich experience of managing commercial energy plantations
in varied climatic conditions has emerged during the past two
decades (Hall et al., 1993). Improvements in soil preparation,
planting, cultivation methods, species matching, bio-genetics and
control of pest, disease and fire have led to the enhanced yields.
Development of improved harvesting and post-harvesting
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technologies have also contributed to reduction in production cost of
biomass energy.

Technological advances in biomass energy conversion comes
from three sources: enhanced efficiency of biomass energy,
conversion technologies, improved fuel processing technologies and
enhanced efficiency of end-use technologies. Versatility of modern
biomass technologies to use variety of biomass feedstock has
enhanced the supply potential. Small economic size and co-firing
with other fuels has also opened up additional application.

Biomass integrated gasifier technology has potential to be
competitive (Reddy et al., 1997; Johansson et al., 1996), since
biomass as a feedstock is more promising than coal for gasification
due to its low sulphur content and less reactive character. The
biomass fuels are suitable for the highly efficient power generation
cycles based on gasification and pyrolysis processes. Steady
increase in the size of biomass technologies has contributed to
declining fixed unit costs.

For electricity generation, two most competitive technologies
are direct combustion and gasification. Typical plant sizes at present
range from 0.1 to 50 MW. Co-generation applications are very
efficient and economical. The fluidized bed combustion (FBC) is
efficient and flexible in accepting varied types of fuels. The gasifiers
first convert solid biomass into gaseous fuels, which is then used
through a steam cycle or directly through gas turbine/engine. Gas
turbines are commercially available in sizes ranging from 20 to 50
MW. Technology development indicates that a 40 MW combined
cycle gasification plant with efficiency of 42 per cent is feasible at
a capital cost of 1.7 million US dollars with electricity generation
costs of 4 cents/KWh (Frisch, 1993).

The share of biomass in energy varies from a very high over
three quarters in per cent in Nepal, Laos, Bhutan, Cambodia, Sri
Lanka and Myanmar; nearly half in Vietnam, Pakistan and the
Philippines; nearly a third in India and Indonesia, to a low 7 per cent
in Malaysia (FAO, 1997). In the wake of rapid industrialization and
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marketization during past two decades, the higher penetration of
commercial fossil fuels in most Asian developing nations has caused
decline in the share of biomass energy. The absolute consumption of
biomass energy has, however, risen unabatedly during past two
decades, growing at an annual rate of over 2 per cent (FAO, 1997).
Various factors like rising population and shortages or
unaffordability of commercial fuels in rural and traditional sectors
have sustained the growing biomass use. The increasing pressure on
existing forests has already led to considerable deforestation.
Despite policy interventions by many Asian governments, the
deforestation in tropics far exceeded afforestation (by a ratio of
8.5 : 1) during the 1980s (Houghton, 1996).

The deforestation and land degradation have made tropical
Asian forests the net emitters of atmospheric CO2 (Dixon et al.,
1994). The sustainable growth of biomass energy in Asia, therefore,
would require augmenting existing biomass resources with modern
plantations and energy crops and by introducing efficient biomass
energy conversion technologies. Lately, many Asian countries have
initiated such programmes.

Biomass Energy: Status
Biomass contributes over a third of primary energy in India.

Biomass fuels are predominantly used in rural households for
cooking and water heating, as well as by traditional and artisan
industries. Biomass delivers most energy for the domestic use
(rural – 90 per cent and urban – 40 per cent) in India (NCAER,
1992). Wood fuels contribute 56 per cent of the total biomass energy
(Sinha et al., 1994). Consumption of wood has grown annually at
2 per cent rate over past two decades (FAO, 1981; FAO, 1986; FAO,
1996).

Estimates of biomass consumption remain highly variable
(Ravindranath and Hall, 1995; Joshi et al., 1992), since most
biomass is not transacted in the market. Supply-side estimates of
biomass energy are reported as: fuelwood for domestic sector –
218.5 million tons (dry), crop residue – 96 million tons (estimate for
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1985), and cattle dung cake – 37 million tons. A recent study (Rai
and Chakrabarti, 1996) estimates demand in India for fuelwood at
201 million tons. Supply of biomass is primarily from fuels that are
home grown or collected by households for own needs. The
Government sponsored social forestry programme has added to
fuelwood supply to the tune of 40 million tons annually
(Ravindranath and Hall, 1995).

Fuelwood Demand in India in 1996: Consumption of
Fuelwood Million Tons:

1. Household (a) Forested Rural 78, (b) Non-forested Rural
74, (c) Urban Areas 10
Sub-total = 162

2. Cottage Industry 25, Rituals 4, Hotels, etc. 10 (Source:
Rai and Chakrabarti, 1996)

Problems of Traditional Biomass Energy Use
Most biomass energy in India is derived from owned sources

like farm trees or cattle or is collected by households from common
property lands. The biomass energy consumption is primarily
limited to meet cooking needs of households and traditional
industries and services in rural areas. In absence of a developed
energy market in rural areas, most biomass fuels are not traded, nor
do they compete with commercial energy resources. In developing
countries, due to excess labour, biomass acquires no resource value
so long as it is not scarce. In the absence of an energy market, the
traditional biomass fails to acquire exchange value in substitution.
It thus acts as a barrier to the penetration of efficient and clean
energy resources and technologies.

An additional problem with the traditional biomass use is the
social costs associated with excessive pollution. The incomplete
combustion of biomass in traditional stoves releases pollutants like
carbon monoxide, methane, nitrogen oxides, benzene, formaldehyde,
benzopyrene, aromatics and respirable particulate matter. These
pollutants cause considerable damage to health, especially of
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women and children, who are exposed to indoor pollution for long
duration (Smith, 1987; Patel and Raiyani, 1997). The twin problems
of traditional biomass use are the energy inefficiency and excessive
pollution.

Exploitation of abundant biomass resources from common
lands sustained the traditional biomass consumption since millennia.
Increasing pressure from growing population, growing energy needs
from rural industry and commerce and penetration of logistics
infrastructure into remote biomass rich areas have now led to an
unsustainable exploitation of biomass.

Three main problems associated with the traditional biomass
are inefficient combustion technologies, environmental hazards from
indoor pollution and unsustainable harvesting practices. The aim of
modern biomass programmes is to overcome these problems.

Biomass Energy Policies and Programmes
India has a long history of energy planning and programme

interventions. Programmes for promoting biogas and improved
cook-stoves began as early as in 1940s. Afforestation and rural
electrification programmes are pursued since 1950s. A decade
before the oil crisis of 1973, India appointed the Energy Survey
Committee. The national biomass policy originated later, in the
decade of 1970s, as a component of rural and renewable energy
policies as a response to rural energy crisis and oil imports. Rural
energy crisis in the mid-1970s arose from four factors:

(i) Increased oil price.
(ii) Rising rural household energy demand (following the

population growth).
(iii) Trading of wood in rural areas and urban peripheries to

meet demand of growing industries like brick making and
services like highway restaurants in the wake of sustained
shortages of commercial energy.

(iv) Overexploitation of common property biomass resources.
The crisis called for a national policy is in response to find
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economically viable and sustainable energy resources to
meet growing rural energy needs.

A short-term response resorted was of importing kerosene and
LPG to meet cooking needs and diesel for irrigation pumping.
India’s oil imports rose rapidly during 1970s with kerosene and
diesel contributing most to the rising oil imports bill. Share of oil in
imports, which was 8 per cent in 1970, increased to 24 per cent in
1975 and 46 per cent in 1980 (Shukla, 1997). In following decade,
oil imports became the major cause of growing trade deficit and
balance of payment crisis. The oil import was not a viable solution
at micro economy level. A vast section of poor households had little
disposable income to buy commercial fuels. To ameliorate the
increasing oil import burden and to diffuse the deepening rural
energy crisis, programmes for promoting renewable energy
technologies (RETs) were initiated in late 1970s. Biomass, being a
local, widely accessible and renewable resource, was potentially the
most suitable to alleviate macro and micro concerns raised by the
rural energy crisis.

Biomass policies followed a multi-pronged strategy:

(i) Improving efficiency of the traditional biomass use (e.g.,
improved cook-stove programme).

(ii) Improving the supply of biomass (e.g., social forestry,
wasteland development).

(iii) Technologies for improving the quality of biomass use
(e.g., biogas, improved cook-stoves).

(iv) Introduction of biomass-based technologies (wood
gasifiers for irrigation, biomass electricity generation) to
deliver services provided by conventional energy sources.

(v) Establishing institutional support for programme
formulation and implementation. The institutional
response resulted in the establishment of Department of
Non-Conventional Energy Sources (DNES) in 1982 and
the state level nodal energy agencies during the early
1980’s decade.
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Early Policy Perspective – The Technology Push
Strategy

The RETs programmes received enhanced support with the
establishment of DNES which emphasized decentralized and direct
use of renewable technologies. The renewable energy sources were
viewed primarily as the solution to the rural and remote area energy
needs, in locations and applications where the conventional
technology was unavailable or as stop gap supply options where
commercial energy could not be supplied. In other words, RETs
were never viewed as viable competitive options. Direct subsidy to
the user and supply orientation were the major elements of the
Renewable Energy Programme. The energy projects were thus
pushed by the government. Some of the programme achievements
include introduction of efficient and clean technologies for
household energy use like improved cook-stoves (22.5 million),
family sized biogas plants of 2 to 4 cubic meter per day capacity
(2.4 million) and community biogas plants (1623) have been added
(till March 1996) to the technology stock (CMIE, 1996). Although,
the biogas and improved cook-stove programmes have been
moderately successful, their overall impact on rural energy remains
marginal (Ramana et al., 1997). Two deficiencies in policy
perspectives contributed to the slow progress in the penetration of
biomass technology. Firstly, the biomass was viewed solely as a
traditional fuel for meeting rural energy needs. Secondly, the
policies were primarily focused on the supply-side push. Market
instruments had little role in biomass policies. Under the
circumstance, neither the modern plantation practices for
augmenting the biomass supply nor the growing pool of advanced
biomass energy conversion technologies could penetrate the Indian
energy market.

Perspective Shift towards Market Pull Policies
It was increasingly realized that a limiting factor to the success

of programmes was the restrictive perception of biomass as a
traditional fuel for meeting rural energy needs and focus on the
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supply-side push. Since energy markets were non-existent or weak
in rural areas, the traditional approach did not consider any role for
market in promoting biomass supply or efficient use. Since early
1990s, the policy shift towards market-oriented economic reforms
by the Government of India has shifted the perspective towards
allowing a greater role by market forces. The policy shift is
characterized by:

(i) Higher emphasis on market-based instruments compared
to regulatory controls.

(ii) Reorientation from technology push to market pull.
(iii) Enhanced role of private sector. Besides, the alleviation of

DNES in 1992 to a full-fledged ministry, MNES (Ministry
of Non-conventional Energy Sources) led to the enhanced
status of RET programmes.

Under the old perspective, biomass was viewed as a
non-commercial rural resource (a poor man’s fuel), the use of which
had to be improved through a push by government programmes. The
new perspective views biomass as a competitive energy resource
which can be pulled through energy markets. Under this view,
government’s role is not to push programmes but to enact policies
which gives social benefits and costs of competing fuels. The timing
of the change in the perspective coincided with the development of
several advanced biomass technologies. As a result, the MNES’s
policy shift towards market-based incentives and institutional
support has led to introduction of modern biomass technologies such
as bagasse-based co-generation and large-scale gasification and
combustion technologies for electricity generation using a variety of
biomass.

Modern Biomass Technology in India
A decade of experience with modern biomass technologies for

thermal, motive power and electricity generation applications exists
in India. Gasifier technology has penetrated the applications such as
village electrification, captive power generation and process heat
generation in industries producing biomass waste. Over 1600
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gasifier systems, having 16 MW total capacity, have generated 42
million Kilo Watt hour (KWh) of electricity, replacing 8.8 million
litres of oil annually (CMIE, 1996). An important aspect of small
gasifier technology in India has the development of local
manufacturing base. The large sized gasifier-based power
technologies are at R&D and at pilot demonstration stage. The thrust
of biomass power programme is now on the grid connected
megawatt scale power generation with multiple biomass materials
such as rice straw, rice husk, bagasse, wood waste, wood, wild
bushes and paper mill waste. Nearly 55 MW of grid connected
biomass power capacity is commissioned and another 90 MW
capacity is under construction. Enhanced scale has improved
economics as well as the technology of biomass power generation.
Technology improvement is also derived from joint ventures of
Indian firms with leading international manufacturers of turbines
and electronic governors.

R&D and Pilot Project Experiences
Four gasifier Action Research Centres (ARCs) located within

different national institutions and supported by the MNES have
developed twelve gasifier models, ranging from 3.5 to 100 KW. Two
co-generation projects (3 MW surplus power capacity) in sugar mills
and one rice paddy straw-based power project (10 MW) were
commissioned. While the co-generation projects are successfully
operated, the 10 MW rice straw-based power project completed in
1992 ran into technological problems and was closed since last two
years due to want of suitable raw material. A rice husk-based
co-generation plant of 10.5 MW capacity installed by a private rice
processing firm in Punjab and commissioned in 1991 faced
problems such as unavailability of critical spares of an imported
turbine and uneconomical tariffs from the state utility despite power
shortage in the state (Ravindranath and Hall, 1995). The rapid
escalation in the price of rice husk and low capacity utilization
added to the cost making the operation uneconomical. The
experiences with R&D and pilot project suggest the need for
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considerable technological and institutional improvements to make
biomass energy competitive.

Large-scale Electricity Generation Programmes
The future of modern biomass power programme rests on its

competitive ability vis-à-vis other centralized electricity generation
technologies. Policies for realizing biomass electric power potential
through modern technologies under competitive dynamics has
a recent origin in India. The biomass electricity programme took
shape after MNES appointed the task force in 1993 and
recommended the thrust on bagasse-based co-generation. The focus
of modern biomass programme is on the co-generation, especially in
sugar industry. A co-generation potential of 17,000 MW power is
identified, with 6000 MW in sugar industry alone (Rajan, 1995).

Programme for biomass combustion-based power has even
more recent origin. It began in late 1994 as a Pilot Programme
launched with approval of two 5 MW projects. Interest subsidy
programmes on the lines of that for the bagasse-based co-generation
was extended in 1995. The programme also initiated a grid
connected biomass gasification R&D-cum-Demonstration project of
500 KW capacity. A decentralized electricity generation programme
initiated in 1995 provided support for total of 10 to 15 MW of small
decentralized projects aimed at energy self-sufficiency in electricity
deficient rural areas. The programme aims to utilize some of the 350
million tons of agricultural and agro-industrial residues produced
annually in India. The cost of electricity generation from these
plants are anticipated to be quite competitive at ` 1.8 per KWh.
70,000 villages in India are connected to the electricity grid. It is
characterized by low loads, power shortage, low reliability, higher
transmission and distribution cost and power loses.

Technology for Production of Biomass
Modern biomass supply has to be driven by the dynamics of

energy market. Supply of biomass at a competitive cost can be
ensured only with a highly efficient biomass production system.
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Productivity of crops and trees depend critically on agro-climatic
factors. To enhance biomass productivity, the MNES is supporting
nine Biomass Research Centres (BRCs) in nine different
agro-climatic zones in India with an aim to develop packages of
practices of fast growing, high yielding and short rotation (5-6 years)
fuelwood tree species for the degraded waste lands in these zones.
Some centres have existed for over a decade. Packages of practices
for 36 promising species are prepared. Biomass yield of up to 36.8
tons per hectare per year is reported (Chaturvedi, 1993) from some
promising fuelwood species. Since the knowledge of these package
of practices has remained limited within the research circles, their
benefits remain to be realized. The mean productivity of farm
forestry nationally is very low at 4.2 tons/ha/yr (Ravindranath and
Hall, 1995). Exploitation of bioenergy potential is vitally linked to
the adequate land supply. While the use of cultivable crop land for
fuel remains controversial under the “food versus fuel” debate, there
exists a vast supply of degraded land which is available cheaply for
fuelwood plantations. The estimates of degraded land vary from
66 million hectares (Ministry of Agriculture, 1992) to 130 million
hectares. With improved biomass productivity and efficient energy
conversion, it is feasible to sustain a significant share of biomass in
total energy use in India by utilizing a fraction of this degraded land
for biomass plantation.

Modernization in Biomass Energy in Asia
During last two decades, modernization in biomass energy is

developed along three routes:

(i) Improvement of technologies in traditional biomass
applications such as for cooking and rural industries.

(ii) Process development for conversion of raw biomass to
superior fuels (such as liquid fuels, gas and briquettes).

(iii) Penetration of biomass-based electricity generation
technologies.

These developments have opened new avenues for biomass
energy in several Asian nations, besides India.
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Philippines is a major biomass using nation, where 44 per cent
of energy is contributed by biomass. It was among the first nations
to initiate the modern biomass programme. In 1970s, three quarters
of electricity in Philippines was generated from oil and diesel fired
power plants. and a third of the imported oil in 1979 was used for
electricity generation (Bawagan and Semana, 1980). A biomass
combustion based (dendrothermal) power programme was launched
in 1979 with aims to reduce the share of imported oil-fired
electricity plants to 30 per cent (Durst, 1986). Programme met with
failure in 1980s due to myriad circumstances like political instability,
declining oil prices, inappropriate technology, over-reliance on
a single tree species, inadequate institutional support and lack of
functioning biomass energy market.

Thailand is a large user of biomass energy, where bagasse is
used as a boiler feedback (Panyatanya, 1997). It contributes
a quarter of total energy. The power is purchased from Small Power
Producers. A co-generation potential of 3100 MW biomass-based
power is identified in chemical, agro-processing and textile
industries (Verapong, 1997).

Indonesia has immense biomass resource endowment, with
109 million hectares forest area covering 60 per cent of land mass.
Besides, 9 million hectares of land is under wood plantation.
Biomass contributes over a third of energy. The wood waste from
over a hundred plywood plants has potential to fuel 200 MW power.
The saw mill waste is adequate to support another 800 MW. The
recent policy of facilitating the small-scale private producers
(30 MW) is expected to be beneficial for biomass electricity
applications.

Malaysia also has considerable biomass resource base. Nearly
60 per cent land is under forests and 15 per cent under cultivation.
The forest and agriculture industry generate substantial quantities of
wastes and residues which are available cheaply. Wood briquettes
from sawdust has grown around domestic and export demand. Palm
oil industry is a major source of residues. Another vast biomass
source is rice husk. In 1995, there were 328 rice mills producing 430
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thousand tons of rice husk (Ang, 1997). Several fishmeal
manufacturers use rice husk for drying. Co-generation systems (350
KW size) using rice husk are established in three rice mills. Seven
demonstration plants for co-generation and efficient biomass
combustion are also being promoted (Ang, 1997).

In Cambodia, rice husk is locally abundant with a production
over 9.3 million tons paddy rice in 2014 for a total population of
about 15 million people. The conversion of rice husk into electricity
through gasification or thermally generated electricity is a
well-known technology. Rice husk can contribute in a sustainable
manner to grant access to electricity to Cambodian rural population
and is more reliable and competitive with reference to other
renewable energy sources of electricity. The present investigation
focuses on the study of self-sustaining energy service model to
provide grid quality power to rural populations without the need of
subsidies.

In Cambodia, many rice mills are operating in rural and
semi-urban areas. Some of these mills are now using rice husk for
electricity production for industries and rural households, generally
for lighting at low cost. We believe that the power systems focusing
on both power requirements for the industry such rice mills and
power requirements for the people living in the neighbouring
villages/rural areas at affordable tariff could become the most
appropriate solution for the sustainable rural electrification in
Cambodia.

Brunei Darussalem Total installed electricity capacity 759
MW. The economy generated 3,423 GWh of electricity from
thermal source and from natural gas – 33 GWh. This country has
considerable forest resources (382 tons of wood potential per ha)
(Malik, 2011).

Myanmar: Biomass Available for Bioenergy:Biofuel crop
one million ha. Jatropha plantation: 1.5 km/ha. There is no
competition between food and industrial crop. Bioethanol
Sugarcane, maize, cassava, sorghum, sweet sorghum, potato, toddy,
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palm, etc. Gasification: Palm oil, rape seeds, jatropha, coconut,
neem, cotton, soybean, peanuts. Biogas: Livestock waste.
Gasification: Rice husks, sawdust and agriculture waste.

Sri Lanka suffers from poverty and inequality, with over
23 per cent of the population living below the national poverty line.
Being a tropical county, however, it benefits from extensive
vegetation and biodiversity, making bioresources, bio-residues and
biofuels a highly favourable source of energy. Bioenergy has the
potential to help meet the country’ energy demand sustainability,
while reducing the financial burden caused by a 43 per cent
dependency on imported petroleum. It would help increase
decentralized energy production thus increasing regional and
national energy security and would promote decentralized economic
development in Sri Lanka. Utilization of biomass for electricity
generation is gaining a new momentum in Sri Lanka. The concept of
biomass-based electricity generation – commonly referred to as
Dendro – holds much promise to Sri Lanka. Biomass is the most
common source of energy supply in the country, with the majority
usage coming from the domestic sector for cooking purposes. Due
to the abundant availability, only a limited portion of the total
biomass usage is channelled through a market and hence the value
of the energy sourced by biomass is not properly accounted.

In 2011, UNDP Sri Lanka received funds from Global
Environmental Facility (GEF) to prepare the project document on
“Promoting Sustainable Biomass Energy Production and Modern
Bio-energy Technologies in Sri Lanka”. The goal will be reached by
means of removing obstacles to the realization of sustainable
biomass plantation, increase of market share of biomass energy, and
generation and adoption of biomass-based energy technologies in
Sri Lanka.

Maldives is highly dependent on imported oil. The state-owned
electric company supplies electricity to the country’s capital male,
while rest of the island inhabitants, resort to privately managed
small diesel sets. For the near-80-islands, diesel remains the main
source of power generation.
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Laos PDR 92.7 per cent people use fuelwood, 4.3 per cent
people use charcoal, and 0.7 per cent use sawdust for cooking
energy. For industrial application, bioenergy is used for brick
making and tobacco curing. Some activity is initiated to install
biodigesters in various areas. Some attention is given to produce
biofuel from Jatropha plantation (about 10,000 ha Jatropha plants).
It will become a major biofuel producing country.

Competitiveness of Modern Biomass
Biomass-based electric power generation technologies

succeeded in decentralized location and industries generating
biomass waste. The large-scale penetration of biomass power
technologies depends on their delivered cost and reliability in direct
competition with conventional electricity sources in centralized
electricity supply. In India, the principal competing source for
electricity supply is the coal-based power. Biomass energy cost is
highly variable, depending upon the source, location, etc. Delivered
cost of coal also varies depending upon the extraction costs and
logistic costs which vary with the distance from the mine. The
delivered cost of electricity from a 50 MW biomass-based power
plants is higher compared to coal power plant by 15 per cent, but
this cost can be reduced by using plantation practices.

The biomass energy offers positive environmental and social
benefits. It is often the best way to reclaim degraded lands and to
generate sizable employment (Miller et al., 1986). Biomass
combustion also emits pollutants, but it is much less compared to
fossil or nuclear fuel cycle.

Future of Biomass Energy in India
Most of bioenergy consumption in India still remains confined

to traditional uses. The modern technologies offer possibilities to
convert biomass into synthetic gaseous or liquid fuels (like ethanol
and methanol) and electricity (Johansson et al., 1993). Lack of
biomass energy market has been the primary barrier to the
penetration of modern biomass technologies. Growing experience
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with modern biomass technologies in India suggests that technology
push policies need to be substituted or augmented by market pull
policies. A primary policy lacuna hampering the growth of modern
biomass energy is the implicit environmental subsidy. Modern
biomass has potential to penetrate in four segments:

(i) Process heat applications in industries generating biomass
waste.

(ii) Cooking energy in domestic and commercial sectors
(through charcoal and briquettes).

(iii) Electricity generation.
(iv) Transportation sector with liquid fuels.
Economic reforms have opened the doors for competition in

energy and electricity sectors in India. Shukla (1996) and Loulou
et al. (1997) suggest that biomass energy has significant potential to
penetrate the Indian energy market under strong global greenhouse
gas mitigation scenarios in future. Most economical option is
utilization of waste materials. Potential availability of agro residues
and wood processing waste in India can sustain 10,000 MW power.
Biomass waste however shall be inadequate to support the growing
demands for biomass resources.

Sustained supply of biomass shall require production of energy
crops (e.g., wood fuel plantations, sugarcane as feedstock for
ethanol) and wood plantations for meeting growing non-energy
needs. Land supply, enhanced biomass productivity, economic
operations of plantations and logistics infrastructure are critical
areas which shall determine future of biomass in India. Significant
social and environmental benefits make biomass a deserving
alternative for support from governments committed to sustainable
development.

In Bangladesh, adequate amount of power generation in
a sustainable way is an important issue for rapidly increasing
population and economic development. Renewable energy can play
an effective role to meet energy demand. Since it is an agrarian
country, biomass is one of the potential renewable energy sources in
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