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Summary
India has experienced an increasing energy demand in its development process. This
energy demand is expected to increase even further in the near future. Because India
lacks of sufficient oil reserves it is importing an ever increasing amount of oil from the
OPEC countries. This causes increasing dependence on the OPEC countries and an ever
increasing drain of foreign currency. To reduce this the Indian government explores
alternative energy sources to fuel its developing economy. Bioenergy has been identified
as a renewable fuel that can be converted into modern energy. One way to convert this
energy into modern energy is by means of a biomass gasifier. This technology has been
applied in Europe until the end of the Second World War, however at the end of this war
the technology was rejected. The hiking oil prices in the 1970s led to a renewed interest
in the biomass gasifier technology by - among others - India. The biomass gasifier
technology is considered as a new technology in this study and only comprises fixed bed
gasifier technology since other gasification technologies have not played a significant
role in India. The principle of biomass gasification is the conversion of biomass into a
combustible output gas called producer gas. This gas can than be burned directly for
thermal applications but it can also be combusted in an energy either for mechanical
energy or power generation by means of a generator.
Introducing new sustainable technologies like biomass gasification into the market is a
difficult process. These new technologies have to adapt to - and survive in the existing
environment. Societies can be locked-in in new technologies which makes the shift to
alternative technologies a cumbersome process.
The main research questions of this thesis are:
• To what extent have viable niche markets been developed for the biomass gasifier
technology in India?
• If the technology is socially desired, what are the main remaining obstacles that
can be identified in the development process of this niche?
Strategic niche management (SNM) is used as the conceptual framework to analyse the
development of the biomass gasification technology. The underlying question of this
framework is: Why do new sustainable technologies have a hard time breaking through
and make the transition to the mainstream technological basis. To answer this question
historical studies have been done to analyse the introduction of new technologies. This
revealed that current socio-technological regimes are hard to change. A socio-technical
regime involves the complex set of rules that make up for the totality of the technology
like the scientific knowledge, engineering practices, production processes, skills and
product characteristics, but also the institutions and infrastructure. The regime is
influenced by the landscape. This concept entails slowly changing set of macro societal
components that are not directly involved with the technology like politics, oil prices,
fossil resources, economic growth and culture. Influences of the landscape on the sociotechnical regime can lead to instability in the regime. This instability is known to result in
opportunities for the emergence of new technologies. New sustainable technologies have
a hard time breaking through and therefore need protection from the harsh selection
environment. There are three internal niche dynamics that are analytically distinguished
in SNM; Shaping of expectations, Social network formation and Learning processes.
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To identify niche markets five niche development patterns have been recognized. These
are the parallel development, continuous development, increasing stability, decreasing
protection and increasing diffusion.
The research approach is based on a field survey, literature study and the analysis. The
field survey includes around 30 interviews with several users, producers, research
institutes and government agencies, mainly in south India. The literature study includes
most of the publications about biomass gasification in India from the past 25 years. The
analysis resulted in a historical overview about past developments, the internal niche
dynamics, the influences of regime dynamics and finally in conclusions, discussion and
recommendations.
One of the main conclusions is about which application domains in the biomass gasifier
niche that are analysed have developed into market niches. Thermal applications that
replace petroleum based fuels learned to be economically attractive due to rising oil
prices and are technologically not as complex some other applications. Gasifier based
crematoria learned to be attractive because they are more hygienic and do not emit an
unpleasant odour like traditional cremation methods. They were also economically
attractive particularly compared to modern cremation technologies. For both applications
these and other reasons resulted in the reduction of protection, increase in diffusion and
stability, and parallel and continuous development. Therefore it was concluded that
thermal applications that replaced petroleum based fuels and gasifier based crematoria
did develop into niche markets.
A comparable situation was valid for power generation applications, however the low
number of operational systems in captive power - and rural power generation applications
led to more instability of the rules in the niche. This has been the main reason why these
captive power - and rural power generation applications did not developed to niche
markets. This was not the case for the larger scale grid connected systems and therefore
this application can be considered to be developed to a niche market.
During the late 1980s and early 1990s the irrigation applications were frequently installed
in the rural areas. Operation hours of these installed systems were low if these systems
were operated at all. This resulted in low stability with respect to this application. This
application could therefore not be considered as a niche market.
The analysis led to insights about the barriers in the niche development process. The
main barriers that are identified are:
The lack of learning from past experiments; Insufficient interaction between actors; The
lack of transparency of most of the involved actors; Inefficient subsidy scheme; Lack of
loans to finance the capital investment of the biomass gasifier system; Bureaucracy by
the Indian government; Subsidies for electricity and fuel; Inadequate infrastructure; Lack
of ability to reject undesirable applications like the rural applications.
These conclusions lead to the main recommendations to:
• Institutionalize learning processes by conducting more evaluation and organise
meetings and conferences on a frequent basis to share knowledge
• Improve the subsidy scheme to stimulate operation in stead of installation
• Reject the biomass gasifier for power generation in the rural areas
• Remove subsidies on power for the rural areas
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1 Introduction
The total energy consumption in India is annually around 22.2 GJ per capita for the year
2004. This is around 11% of what the OECD countries consume. (based on IEA, 2006)
This implies an increasing need for energy in the development process of India. This is
caused by the growing - and more prosperous population but also the industrialisation in
the country. The process of increasing energy consumption is already taking place and
will most probably continue to grow along with the population growth and prosperity of
the Indian people. The national energy consumption of India has tripled between 1971
and 2004.1 Figure 1.1 represents the cumulative energy production per resource in India.

Figure 1.1: The accumulative energy production per source in India. Source: IEA statistics

India does not have many resources to supply its population with energy. There are
plenty of coal reserves, but this coal is of a rather low quality. Coal is the primary
resource for energy in India representing 55% of the total amount of consumed energy.
Oil takes the second place and represents 30% of the total amount of energy.2 Because
India lacks sufficient oil production to supply its own demand the country imports 60%
of its oil. Because of the rising energy demand this import is still growing.3 (Muneer et
al., 2005)
Petrol products account for the largest single product import expenditure of India and is
therefore causing a huge drain of foreign currency. The share of oil imports in proportion
to total imports went up from 8% in 1970 towards 46% in 1980.This led to a growing
trade deficit and a balance of payment crisis. (Shukla, 1997 and Dayal et al., 1989) After
the crisis the oil import bill rose even further to 66% in 1999 (Pandian, 2005). Because of
1

The energy production of India was 160000 ktoe in 1971 and this has grown to 465000 ktoe in 2004.
according to the IEA (2006)
2
These numbers are from 2002 and do not take into account that waste and renewables are also utilised as
energy sources.
3
These numbers do not include resources like biomass.
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the growing demand for petroleum products this will only increase in the future which is
not desirable for India’s economy. Utilising bioenergy can partially solve the energy
problem in India.

1.1 Bioenergy
Biomass is an important source of energy for the developing world. Globally 11% of the
world’s energy comes from biomass resources. For developing countries this is roughly
one third, where the poorest countries consume 90% of their energy from biomass
sources. (Kartha et al., 2005) There are several methods to convert biomass to energy like
electricity and heat. The simplest method is burning the biomass; a process that creates
heat and ages from prehistoric times. Present time brings more sophisticated and efficient
methods for the conversion of biomass to energy. This thesis will focus on one of these
methods: gasification of biomass.
Utilising biomass for the production of energy can be done in a renewable way. This
implies that the biomass should be grown with the rate it is harvested. Utilising this
renewable energy has several benefits. Energy is produced CO2 neutrally and therefore
does not produce net CO2 which is very likely the cause for global warming (IPCC,
2007). In addition, resources like crop residues that otherwise would be wasted can be
used in an efficient manner.
The process of biomass gasification is not a novel one. The first developments of biomass
gasifier technology that utilises this gasification process come from the late 18th and 19th
century (Knoef, 2005). Still, the biomass gasifier technology is considered as a new
technology in this thesis. The technology developed until the end of the Second World
War, thereafter it was abandoned. The high fossil fuel prices during the energy crisis of
1970s and 1980s renewed the interest in the gasification technology (Stassen, 1995), so
the technology was picked up again and technological development continued. It is
therefore not a new technology, but an old one with a renewed interest.

1.2 Biomass gasification technology
As mentioned before; the biomass gasifier technology was given a renewed interest since
the rising oil prices. From the 1980s onwards the technology was developed and to some
extent disseminated across India. The technology that is considered in this study only
discusses the fixed bed gasification technologies, and will not discuss more advanced
gasification technologies like fluidised bed or entrained flow gasification. This is because
these advanced technologies did not play a significant role in biomass gasification in
India. However, some lab experiments were conducted with advanced gasification
technology. At present time gasification is applied in both biomass and coal fuels. The
gasification of coal is beyond the scope of this thesis and will therefore not be taken into
account.
Biomass gasification is in principle the conversion of biomass to a combustible output
gas called producer gas. Gasification is a thermo-chemical process that converts a carbon
based fuels such as wood or rice husk into a combustible producer gas that contains CO,
CO2, CH4, H2. (McKendry, 2002) The process is activated at high temperatures ranging
from 500 oC to 1500 oC that are released by the partial combustion of the fuel. When the
producer gas leaves the reactor it contains tar and small particle matter and it has a high
temperature. Depending on the specific application the gas is either fired in a burner or
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combusted in a combustion engine. If the producer gas is combusted in an engine, it
requires cleaning and cooling. Cleaning is required to reduce the amount of small particle
matter and tar to the extent that the engine can cope with it. The biomass gasifier in
combination with a gas cleaning and engine (if required for the application) will be called
a biomass gasifier system (BGS) in this thesis. Some typical applications for these BGSs
are:
• Generation of electricity with an internal combustion engine-generator set
• Generation of heat by direct firing of the producer gas with burners
The efficiency of the conversion of biomass to producer gas with a biomass gasifier is
estimated to be around 75-80% (McKendry, 2002)

1.3 Research relevance
Because the BGSs have a huge potential in a developing country like India it is an
interesting technology for further research. According to The Energy Research Institute
(TERI), Indian Institute of Science (IISc) and the Ministry of New and Renewable
Energy (MNRE) India is world leader in the field of the fixed bed biomass gasifier
technology.4 It is remarkable to see that India – a rising but still developing country – is
operating on the technological frontier of this new technology, a role that is generally
granted to the developed countries. The typical role for developing counties is to focus on
imitation or manufacturing of mature technologies in the process of learning and catching
up with the developed world (Kim, 1997 pg. 88; Hobday, 1995 pg. 188-191; Jomo et al.,
1999, Lall, 1999, Ernst et al., 1998). This strategy has been followed by the Newly
Industrialising Countries (NIC); Singapore, Hong Kong, Korea and Taiwan, but also
countries like India, China and Malaysia are currently in a broad sense following this.
However, the approach that India takes with the biomass gasifier technology is rather
deviant to this view and focuses on research and development and innovation. This
makes it particularly interesting to see how this Indian approach for the technology is
working out.
Introducing a new technology to the market is a difficult process. New technologies have
to adapt to and survive in their environment. There are all kinds of influences that shape
the new technology like users, regulation, institutions, producers and technology
developers. If users do not adopt the technology it will have no chance in dissemination
and therefore not find its place in society. There are several examples of new
technologies that turned out to have a significant effect on society like the automobile,
the personal computer and more recently the mobile phone. These technologies are
nowadays embedded in our society and it is unthinkable to remove them from one day to
another. In addition there are many examples of new technologies – although less
familiar because they were never disseminated to the whole public – that were not
successful and were not adopted by their potential users. An example of an unsuccessful
new technology is the Dvorak keyboard layout for faster typing. This improved keyboard
layout proved to be a more efficient in terms of user friendliness and typing speed. It
addressed some of the problems that were recognised with the mainstream Qwerty
4

On the websites of the Ministry of New and Renewable Energy (MNRE), Indian Institute of Science
(IISc) and The Energy Research Institute (TERI) is stated that India is world leader in small scale Biomass
gasification. Mukhopadhyay (2004) follows this in one of his publications
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keyboard layout. However, the recognised advantages or this new technology did not
prove sufficient for large scale dissemination of the technology. The society was lockedin to the old technology and could not make the shift to the new technology. (Windrum et
al., 2002, pg. 3; Rogers, 2003)
This example reveals some complex problems in the emergence of new technologies.
This thesis will adopt Strategic Niche Management (SNM) as its conceptual framework
to analyse the emergence of new sustainable technologies. In SNM it is argued that a new
technology has to be protected in a niche in order to reduce its teething problems and
increase maturity. The framework focuses on three internal niche process; Shaping of
expectations, Social network formation and Learning processes. In addition, there are
exogenous effects that can influence niche development. (Hoogma et al., 2002) What
SNM precisely comprises will be discussed in chapter two.
This brings me to following two research questions:
The first research question:
To what extent have viable niche markets been developed for the biomass gasifier
technology in India?
To answer this question several sub questions will be addressed:
- How can niche markets be identified?
- What is the history of biomass gasifier experiments in India?
- How did internal niche developments affect the development process of the
niche?
- How did exogenous influences affect the development process of the niche?
- How did the interaction of both these internal niche developments and the
exogenous influences affected the biomass gasifier niche?
The second research question is:
If the technology is desirable, what are the main remaining obstacles that can be
identified in the development process of this niche?

1.4 Related research
A working paper published by the World Bank which was followed up by an article both
written by Ghosh, Sagar and Kishore (2004 & 2006) focuses on issues similar to the
study as it is presented here. It discusses barriers that constrain up-scaling of the biomass
gasifier use in India. These barriers are found over a wide range from technological to
institutional and societal. The data collection of that study has been done by interviewing
a total number of 48 actors that are involved with biomass gasification. These are actors
like; producers, government officials, and technology developers. Users of the
technology were not considered for interviews although one of the authors was an
experienced TERI employee who worked with biomass gasifiers in India.
Although the study is thorough and to the point on certain issues, it fails to adopt an
academic framework. This framework could place the ideas that come forth in Ghosh et
-4-

al. in a wider perspective and at the same time substantiate them. The study is therefore a
descriptive one. In addition, the user of the biomass gasifier is neglected. The study
claims to follow some externally performed case studies, but in the mean time it argues
that not enough effort is done to monitor and discuss these external case studies. (Ghosh
et al., 2006, pg 1567 & pg 1569 resp.) This is somehow contradicting. The case studies
that are utilised are qualitatively not objective. Most of these case studies are provided by
one of the leading gasifier manufacturers that give out these case studies for promotional
purposes. All other analyses were provided by the institutes that performed or managed
the project.5 The lack of objectivity of all these case studies – especially those of the
manufacturer – could in some way affect the validity of the conclusions. This is where
externally performed user oriented case studies should provide a more complete and
objective overview of the situation.
Other research that does focus on the user case studies is the work of ITCOT (year of
publication unknown) Consultancy and Services Ltd. that did a study of the performance
of biomass gasifier based power generation systems for Biomass Energy for Rural India
(BERI). The report focuses on the performance of the biomass gasifier systems and
discusses their technical parameters. Fourteen case studies were performed for this study.
The study focuses on technological level and does not involve the economic and societal
issues of the BGS it discusses.
In a report of the UNDP and World Bank the urge for a review of the actual performance
of BGS that have been installed is addressed:
“A comprehensive and independent review of the performance and functionality of the
gasifiers installed so far - in both thermal and power applications - would help elucidate
the technical, financial, and policy barriers for promotion of gasifier systems, and
provide lessons for updating the program.”
(Kartha et al., 2005 pg. 191)
This thesis will include an independent review of the performance and functionality of
the biomass gasifiers installed so far. It will not build further on the report of Ghosh,
Sagar and Kishore (2004 & 2006) because of earlier mentioned arguments. This thesis
will therefore be presented parallel to theirs and will not refer to it. In addition to this a
socio-technical analysis will be performed on the basis of interviews and additional
relevant literature.
The main audience for this report will be policy makers and the scientific world.

1.5 Report outline
The report will start with the discussion of the academic framework in chapter two,
where the means for the research will be worked out in detail. In chapter three the
biomass gasifier technology will be discussed. This will provide some basic insight in
gasification technology. After this I will discuss the approach I took in this research. This
will give more insight in the methods of data collection and how these sources of data are
used in the analysis. Chapter five will provide a historical overview of biomass
5

The TERI projects and the IISc CTS (ASTRA) project at Hosahalli were evaluated by the same institutes
that performed the projects. The BERI project that was also discussed was not even operational at the time
so an evaluation of this project was not yet performed.
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gasification technology in India of the period 1980 - 2007. This chapter is dedicated to
discuss past experiments and their overall performance. It also identifies several
application domains in biomass gasification that have been or still are being practiced. In
chapter six the analysis of the internal niche dynamics will be worked out and chapter
seven discusses the regime dynamics. Where these concepts exactly stand for will
become apparent in chapter two. Chapter eight will be the conclusion of this research
where the research questions will be answered.
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2 Analytical framework
This chapter will discuss the analytical framework that is used to analyse the biomass
gasifier technology in India. Strategic Niche Management (SNM) has been used
frequently to analyse the introduction of new sustainable technologies. These
technologies have a hard time breaking through and make the transition to the
mainstream technological basis. This problem is recognised within SNM and its
underlying question is therefore: Why do these new sustainable technologies do not break
through? In the last decade several new sustainable technologies have been analysed
(Kemp et al., 1998; Hoogma et al., 2002; Raven, 2005; v.d. Laak et al., 2007). To
understand the introduction of new technologies, concepts like the socio-technical regime
appeared to be important in SNM research. Additionally, it appeared that societal
experimentation with the technology in a protected environment was crucial in the
development of the new technology.
Although this framework has been applied frequently in the analysis of sustainable new
technologies in the developed world, it has not been applied that much for the developing
world. Utilising this framework for a country like India will therefore be an experiment
itself. This chapter will focus on how SNM can be utilised to answer the research
questions stated earlier.

2.1 Transitions
To understand the introduction of new sustainable technologies there are some crucial
concepts that first need to be mastered. These are the landscape and the socio-technical
regime.
The socio-technical regime is defined by Kemp et al. (1998) as6:
“The whole complex of scientific knowledge, engineering practices, production process
technologies, product characteristics, skills and procedures, and institutions and
infrastructures that make up the totality of a technology.”
Like in political regimes the socio-technical regime contains a set of rules. These are not
only regulative but also exist of socially oriented rules like common practices and norms.
This can be illustrated with a very short example of the automotive regime. The US
automotive regime tells us that the cars are huge and consume a lot of gasoline, while the
Indian automotive regime tells us that the motorised auto-rickshaw is one of the dominant
technologies for the transportation of people. Why are there none of these apparently
successful auto-rickshaws in the US? This is because the rules - like those embedded in
the mindset of users and other stakeholders - are creating this regime. These Indian rules
are very different from those of the US.
The landscape is a slowly changing set of macro societal components like; the political
situation, the mindsets of people, fossil resources, culture, economic growth, etc. all
interacting with one another. These components are not involved with the technology,
6

Rip and Kemp (1998) called this the technological regime but because of the social involvement the term
socio-technical regime used by Geels (2002 and 2004) is preferred.
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and therefore technology-external in their nature. The landscape can exercise certain
influences on the regime that has to adapt to these changes. (Geels, 2002, pg 1260)
Over time, instability in the regime created by forces in the landscape creates
opportunities for new technologies to find a place in - or to replace the regime.
Penetration of new technologies is therefore less problematic when regimes are
characterised by instability.
The co-evolution of different socio-technical regimes and the landscape has fine tuned
the societal system and made it hard to introduce radical changes. This co-evolution is the
process of the accumulation of socio-technical oriented incremental innovations. Radical
changes would run into much resistance against the strong and complex combinations in
the regime. Instability in the regime weakens these combinations. This instability occurs
when problems in the regime arise. The lack of sustainability of a regime could be one of
the causes of instability within a regime.

2.2 Strategic Niche Management
New technologies have a hard time breaking through in the harsh selection environment.
However, if these new technologies are promising they can get support and be protected
from this selection environment. This can be support for the development in the R&D
lab, but also via socio-technical experimentation. Socio-technical experimentation
implies that learning involves not only learning about technological topics but also about
the acceptability and desirability of the technology. These experiments are constructed
with certain expectations that, especially with the experiments in the initial development
phase of the technology, are not always fulfilled. Socio-technical experiments provide the
next step in the innovation process. (v.d. Laak et al., 2007) The support that comes forth
out of the expectations of the technology creates the niche for the new technology.
Niches are therefore the source for novelty. New technologies can develop in these niches
and find their way to the regime, survive in niche markets or disappear. Raven (2005) en
v.d. Laak et al. (2007) have identified and elaborated upon three internal dynamics that
can be distinguished in SNM. In this report these processes are referred to as: Shaping of
expectations, Social network formation and Learning processes.
Shaping of expectations
The expectations and the “plausible promises” of the new technology can act as an
incubator for the technology. If the expectations of a technology are high the
technological development gets much protection. In the incubator it can grow with
protection from the regime where it has no chance to survive without it. Expectations
provide a drive for the stakeholders to invest effort and money in the new technology.
This is not without risk, there is no certainty that the technology will evolve to a mature
technology and will find its place in the regime, but the potential it has – according to the
stakeholders – will be worth the risk. New experiments could cause expectations of the
technology to change. These expectations are dynamic and stakeholder specific.
According to Hoogma (2000 in Raven, 2005) experiments were not the only thing that
caused changes in the expectations. Exogenous effects like the landscape and the regime
dynamics were of much more influence on the changes in expectations.
Shaping of expectations is considered good as they are converging and based on tangible
results. It should be converging in the sense that there are an increasing number of actors
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that share the same expectations. It should also be based on tangible results in the sense
that the expectations should be based on considerable learning about past developments.
Social network formation
Experiments are carried out by a network of stakeholders like; users, producers, public
authority, etc. These stakeholders are also the carriers of the expectations, the developers
of the technology and they are the ones that protect the technology. According to
Hoogma (2000) there are two important concepts in the network formation of
experiments; network composition and alignment. Network composition implies the need
for strong investors like big companies required for financing the project, but also users
are an important source for innovation (von Hippel, 1988; Douthwaite, 2002). In
addition, users indicate the demands and requirements for a technology. Network
alignment is the degree to which actors share their beliefs and expectations about the
technology. This alignment is increased if stakeholders co-operate and if the network is
complex with many relations. Large independent actors should construct these networks
and nurture them in order to increase the alignment.
Social networks are considered to be good if they are broad and if they consist out of
strong ties. It should be broad in the sense that it includes many actors including
investors, users, policy makers, scientists, producers, etc. They should consist out of
strong ties in the sense that interaction between these should be intense and on a regular
basis. That strong ties within a group of actors in a social network enhance its
performance – in this case socio-technical development – has also been argued by social
network scholars. (E.g. Burt, 2000; Coleman 1988)
Learning processes
Experiments result in learning processes about the technological parameters, but also
about the social issues. How do stakeholders feel about the new technology? How are
their lives affected by it or how do they think they will be affected by it? These societal
experiments shape the initial path of the new technology and lead it in one or more
directions. The accumulation of these experiments is a process of shaping promises and
expectations about the new technology where they indirectly are exploring the
evolutionary path the technology is taking. Good learning increases the chances for
successful diffusion of the technology.
Good learning should be broad and reflexive. Broad in the sense that learning should not
focus on few parameters but over the total spectrum; it should address social as well as
technical issues as well as the interaction between these domains. It should also be
reflexive in the sense that the route of the technology is flexible and that it can change
course when certain underlying assumptions such as social values are not matched.
Global network vs. local networks
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In recent literature of Geels and Raven (2006) the distinction between local - and global
network is discussed. The local network includes actors that are directly involved in the
experiment. The global network is wider and consists of actors that have some distance to

Figure 2.1: Technological trajectory at the niche level; Source: Geels and Raven., 2006, pg. 379

the local projects. It also refers to an emerging field or community where knowledge is
more abstract and generic. Knowledge that is generated at the local network is
characterised by hands on knowledge. The learning involved in experiments that is
conducted at the local level has to be diffused to the global level. Organising the required
information flows by interaction between actors and the exchange of ideas and past
results is important at this level. This is called aggregation learning and it results in the
formation of generic lessons and cognitive, formal and normative rules. Aggregation
activities include; standardisation, codification, model building, the formulation of best
practises, but also independent evaluation. Circulation of information and actors - the
carriers of information - are also important in order to generate discussions and exchange
information. This is spurred by activities such as workshops, conferences and
publications in journals. The outcome of these aggregation learning activities will enable
the alignment of cognitive, formal and normative rules that finally shape the path of the
technological trajectory. Figure 2.1 represents an image of the technological trajectory on
the niche level.
The transition path
Geels (2005, pg. 684) divides the development path of niches in the transition to the
regime into four milestones. The first one is the technological niche. This niche is
characterised by early stage development where the technological development is
protected by the expectations and the “plausible promise” of the new technology. The
second milestone of the new technology is the niche market. In this stage the
technological development is protected by a small specific market that is sufficient for
the technology to survive in. The niche protection therefore shifts from protection by
expectations to protection by a small market in a specific application domain. Third, the
technology makes its breakthrough into the regime. This is characterised by wide
diffusion and strong competition with the dominant technologies in the current regime.
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The fourth and final milestone is the replacement of the old regime itself. The old regime
therefore exits and makes place for the new regime.
According to Raven (2005, pg 253) there is no linear path for the emergence of new
technologies. New technologies can also initiate in niche markets. The development
milestones for the technology are recognised as an indicator for the development status of
the niche.
Conclusion
Historical descriptive research of conducted experiments is required to provide an
overview of the past experiments. This results in an evolutionary composition of
developments towards certain application domains that could potentially be niche
markets. The analysis will have to reveal if the application domains can be classified as
niche markets. Furthermore, the historical overview functions as the basis for the analysis
of the internal niche dynamics. The internal niche dynamics will be analysed according
to the three analytical niche processes; Shaping of expectations, Social network formation
and Learning processes. Exogenous influences that are not affected by the internal niche
dynamics are arising from the regime or the landscape. These influences are also
recognised to have a profound affect on the niche development. The influences of the
landscape and the regime will be discussed separately as the regime dynamics.
To answers the research question about the presence of niche markets, criteria that
indicate their actual presence are required. These come forth out of patterns of the niche
developments and are not yet identified. The following section will discuss the criteria
used in this analysis.

2.3 Niche development patterns
In order to analyse the presence of market niches in the biomass gasifier niche, some
important development patterns have been derived from SNM literature. Raven (2005)
identified three niche development patterns in the development from a technological
niche to a market niche.
First there is the difference between the sequential and the parallel development pattern.
In sequential development pattern the technology follows one application domain. With
parallel development the technology has several application domains that run “parallel”
to one another. Parallel development increases the market share because of its broader
range of application domains and it enables broader and faster learning because of the
wider range of applications. In addition, parallel development creates a back-up strategy
for the discontinuation of other application domains. So, if one of the functions that the
technology fulfils has to be abandoned due to any reason, other functions remain and
actors can focus on these functions of the technology.
Second, a continuous development pattern is important for the emergence of niche
markets. Continuity of development reduces the chance of loss of knowledge. Knowledge
embodied in literature is accessible after long times but “hands on” experience of actors
is not. That is why discontinuous development is constraining the development of market
niches. Continuous development is characterised by a broad social network that keeps the
development going.
Third, niche markets are characterised by increasing stability. This stability is referring to
the stability of the rules of the niche. These rules are the user preferences, heuristics,
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regulations, norms, etc. that provide texture to the practices in the niche. So, if the rules
are shaped and aligned in a way that common practices arise, this indicates stabilisation.
Stabilisation increases future development in the niche because it reduces perceived
uncertainty and risk of actors. Stabilisation is characterised by learning about social,
technical and environmental matters.
Additional patterns
In addition to these prior identified development patterns there are more patterns that can
be used to recognize niche development within SNM. I call these patterns decreasing
protection and increasing deployment. What these patterns exactly comprise will further
be discussed.
Decreasing protection
The technology is protected from its environment in the niche and therefore it can
survive. However if the protection is reduced this can imply that the technology can
survive with less protection. Decreasing protection of a new technology can be seen as a
measure of maturity and therefore indicates the development of the technology.
Obviously this pattern should not be the single niche development pattern that is analysed
because there are other incentives for actors to stop the protection of a technology like the
rejection of a technology. However if the protection of a technology is gradually reduced
this indicates positive niche development. Raven (2005) already used the protection in
the niche together with the stability to identify the formation of market niches, however
he did not identify this as a niche development pattern.
Increasing diffusion
In the development process of new technologies from the technological niche to market
niches the accumulation of the experiments is important. The more experiments are
performed the more can be learned. In addition, when experiments become known they
have the potential to slowly develop into products that have to be diffused. In SNM
experiments are defined very broad ranging from explorative experiments to replication
and dissemination experiments. Particularly if experiments are in these later phases - just
like that of other innovations - its diffusion is important. In the end, increasing diffusion
is an essential objective to accomplish system innovation.
Scholars that studied the diffusion process of innovations (e.g. Rogers, 2003) identified
the s-curve in the diffusion process. This curve implies that initially diffusion in slow but
gradually it will speed up.
Conclusion
These five niche development patterns will be used as criteria to analyse if niche markets
have been developed. It is a useful set of criteria to apply as a tool for the identification of
potential niche markets. The identification of niche markets by means of these criteria
will be discussed in the conclusion of this thesis.
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3 Research approach
The research approach can be divided into three categories:
• Literature study
• Field survey
• Analysis
The literature study focuses on the developments of the BGSs in the period from 1980s
towards 2007. In view of the lack of reliable data a field survey for the period after 2000
will be used for the analysis. This field survey will focus on experiments and the actor
network involved in these experiments. This fieldwork methodology is in line with the
SNM framework.

3.1 Literature study
The relevant literature that is available about the biomass gasifier developments and
experiments is limited. Evaluations of formerly placed BGS are scarce and the majority
of the evaluation studies that have been performed were not conducted by independent
sources. In addition, most of the papers about the development of the technology were
published by stakeholders of the technology and can therefore be biased. Despite these
limitations it was possible to create a good historical overview of the niche dynamics in
the period from the 1980s towards 2000. External influences on the niche arising from
the landscape and the regime will be discussed in the analysis of the regime dynamics.
These external influences themselves partially come forth from the field survey but the
main research about these influences will be done by means of a literature study.

3.2 Field survey
The field survey was performed to gather reliable data for the period after 2000.
Exploring the biomass gasifiers for the period before 2000 would be difficult because of
the time span that has elapsed since then. There are currently no systems in operation
from this period. Gathering reliable data about these systems is therefore impossible and
finding them alone would take huge efforts. The period after 2000 is the most relevant
part regarding to the research questions posed earlier. The analysis will therefore also
focus on this part. Although the emphasis of the research does not focus on the period
before 2000, it still is important in the analysis. An overview of the evolutionary
developments of the technology can provide insides for present barriers and in addition it
can provide insights for strategic niche management. Analysing this historical period will
also identify exogenous influences in the niche development process.
For the field survey around 15 gasifier users were visited and interviewed, who owned a
total number of 25 gasifiers7. In addition to this, several other stakeholders of these socio
technical experiments were interviewed:
• Producers of biomass gasifier systems (6)
• Research and development institutes (4)
7

Some biomass gasifier users had more than one biomass gasifier available; some had more that one
gasifier in their BGS and others had more BGS available.
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•

Government agencies (3)

In total over 30 interviewees were consulted ranging from chief operators of the biomass
gasifier to government officials and researchers. All gasifier users that were interviewed
came from south India and mainly from the states; Karnataka and Tamil Nadu. The
residual of participants also came from this area, although some important actors were
located in other areas in India. These actors were interviewed according to their function
in the social network. Users were interviewed about their BGS specifications, operation
history, and biomass usage but also about their learning experiences, expectations before
installation of the system and their relations with other actors concerning biomass
gasification. Producers were interviewed about their company, products they produced
and prices they charged for them, their service towards customers, the kind of costumers
and the industries they were involved in, R&D efforts, subsidies and policies but also
about experiments that they have conducted in the past, previous expectations about these
experiments, what they learned from them and if they cooperated with other actors.
Government agencies were interviewed about the installations they were aware of and
their status, the policies they pursue, subsidies, experiences about some BGS projects
they were aware of, their expectations, involvement with other actors, etc. Research
institutes were interviewed about their development efforts towards gasification, their
history of gasifier experiments and their previous expectations about these experiments.
In addition there was asked what they learned about the experiments, if they ran into any
problems, if they cooperated with other actors, etc.
The interviews were not only a straight forward question list about all these issues but
also included many open questions that led to discussion. This was important because this
often led to the key issues where these actors were facing with. These issues were later
taken along in further interviews. Making the interviews was therefore an iterative
process were additional issues were included in future interviews. With a few exemptions
all interviews were recorded on a digital format and guided tours at BGS were held to
examine the system. The information that was gathered was strongly dependent on the
interviewee’s knowledge about the BGSs, his or her English skills but most of all the
willingness to provide information. A summery of all interviews can be found in
appendix 1 to 4 and an example of an interview can be observed in appendix 6. The
additional 30 hours of recordings are available on request.
Data that was gathered from the interviewees did sometimes contradict. In order to
exclude false information cross checking techniques were applied. This is a rather
intuitive process. The objectives of actors are taken into account in analysing the results
of the interviews. E.g. a manufacturer of a technology will not tell you that 50% of his
BGSs placed in the field are not operating. It is the objective of the manufacturer to
promote his systems.
Gathering hard facts can also be a useful way to cross check interviewees. Data like
running hours and generated kWh can in some cases be found on the biomass gasifier
equipment. This can then be compared with the information provided by the interviewee.
This provides some insights into the reliability of the interview. Confronting interviewees
with this or additional facts or opinions is also a good way to trigger them and to get
valuable information.
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Because of the wide range of applications not all of them are extensively treated in this
thesis. Application like BGSs for cooking and cooling are not elaborately discussed in
this thesis mainly because of the lack of information about them. This is also the case for
the rice husk gasifiers that are frequently applied. Although the rice husk technology is
mentioned there was insufficient information available to derive reliable and relevant
conclusions with respect to the research questions.

3.3 Practical details concerning the selection of experiments
The selection of gasifier sites was not chosen randomly as would be preferable for this
study. A random selection would give an unbiased image of the experiences and
performance of the biomass gasifier systems in India. In selecting the biomass gasifier
that I wanted to visit, I was restricted by a number of factors. First, I had to be aware of
the existence of the installations. This information was mainly gathered by asking the
producers about their list of installations with the accompanying contact details. Most
producers were not very eager to supply me with the contact information but were able to
do this on request. This had one disadvantage; I was very dependent on the producer who
obviously wanted me to see their finest installations, while I was interested to pick them
randomly. So, in addition I also looked at other sources for this information. Another
attempt was made at two nodal agencies of the MNRE that had the objective to monitor
and provide funds for these biomass gasifier installations. So, these agencies had to be
aware of the status and contact details of the BGSs. In the case of TEDA8, the nodal
agency of Tamil Nadu, a special letter was required from a University in order for them
to help me. After this letter was dispatched they were able to provide me with some
contact details on request. They would also send a letter to all of these contact persons
with the request to provide me with the necessary information. However, they were not
willing to share their own information about the status of each of the gasifiers. In
addition, several people that had contacts in the gasifier world were consulted to share
information about location and contact details about BGSs.
Secondly, some firms or institutes would not let me visit their facilities for a number of
reasons. This could be because they simply did not have time or they did not get
permission from their superior. Visiting governmental agencies was difficult because of
the bureaucratic rules they had to comply with as was the case with the earlier mentioned
TEDA. In another case I visited the Tamil Nadu Electricity Board for an interview and
they just did not want to answer any of the questions I was asking. The reasons for this
still remain unknown. Educational institutes were in general very helpful to share a great
deal of their information.
The third constraining factor is the geographical distances to all sites. Travelling between
locations of several hundreds of kilometres can take days. I therefore tried to combine
some visits, but the planning this is difficult, especially because some interviewees cancel
or try to reschedule the appointment at the last minute.
In addition to the selection of BGSs included in the sample more data is available from
several sources. Some interviewees were very helpful in supplying information about
other biomass gasifier systems because they have visited the sites themselves or because
they know people at these locations. This information is less valuable than the interview
8

Tamil Nadu Energy Development Agency
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data because it is not first hand information, but still it can be useful, especially in cases
were I was not allowed to visit gasifiers because of questionable reasons.
In general the selection is still good enough to get a thorough overview about the status of
the biomass gasifier in south India, especially in Tamil Nadu where most interviews and
visits were conducted. There are some constraints to generalise the conclusions from the
data that was gathered in the south to the north because of the different situation there.
Economic and social differences between north and south India are considerable.
Although most literature used for the study and the producers that are interviewed do not
have this specific focus to south India, the first hand information in the actual visits and
interview at the experiments comes from the south. This has to be taken into account
when analysing the results. Conclusions of this study cannot be extended to India as a
whole without considering this constraint.

3.4 Analysis
For the analysis of the collected data I will use Strategic Niche Management as discussed
earlier. This can broadly be sub-categorised in the internal niche dynamics and the regime
dynamics. In the internal niche dynamics I will analyse the developments in the niche in
three analytical processes: Shaping of expectations, Social network formation and
Learning processes. These processes are interlinked and can only be divided analytically.
The regime dynamics will discuss how niche-exogenous influences affected the niche.
Therefore the main regimes that appeared to have an influence on the niche dynamics
will be discussed. Instability within these regimes will be highlighted as the landscape
changes that had an influence in this instability. To conclude the niche-regime interaction
will be discussed to make the link between these two concepts.
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4 Biomass Gasifier System Technology
A closer look at the BGS technology is required to understand what the later described
experiments are about. In addition, the evolution of technological development in
biomass gasification can only be understood if the basic technological matters are clear to
the reader. This chapter will briefly discuss the most common fixed bed gasifiers with
respect to the Indian scenario.
There are two common fixed bed biomass gasifiers used around the world; the Downdraft
and Updraft gasifier. The gasifier that is mainly utilised in India is the downdraft gasifier
although the updraft gasifier is also applied by some manufacturers. Both gasifiers will be
discussed in further detail later on. First the principle of gasification will be discussed.

4.1 Gasification principle
The biomass gasifier can be considered as a black box as in figure 4.1, where biomass is
fed into and a combustible output gas called “producer gas” is extracted. This happens
because of 4 processes inside:
• Drying of the biomass
• Pyrolysis
• Reduction
• Partial combustion
Biomass
The drying of the biomass reduces the
moisture content of the biomass. Pyrolysis of
the biomass takes place at temperatures raging
from 280-500 oC. At these temperatures tar
Reactor
and CH4 will be formed in the reactor. In the
reduction process the actual gas formation
takes place. The biomass is converted into CO
Thermal
and H2 at a temperature of around 700-1000
Oxygen
o
energy
C. Partial combustion or oxidation generates
the thermal energy for the other processes to
take place. The biomass is here combusted at
higher temperatures of around 1450 oC. This
process creates CO2 and H2O. Finally the
producer gas contains CO2, CO, N2, H2 and
some small amounts of CH4. The exact
Producer
amounts of this gas depend on several factors
gas
like temperatures in the reactor and
characteristics of the biomass feedstock. The Figure 4.1: Principle of fixed bed gasifiers
calorific value of the producer gas also
depends on the composition of the gas and is
therefore variable. This can be utilized for direct combustion for the generation of heat,
but also in an Internal Combustion (IC) engine. However the producer gas needs
extensive cleaning and cooling in order to be utilized in an IC engine. (Rajvanshi, 1986;
Knoef, 2005)
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4.2 The downdraft gasifier
The downdraft gasifier is generally applied for electricity generation for scales ranging
from 80 to 500 kWe, although larger ones are also possible. (Knoef 2005) A schematic
representation of a downdraft gasifier is presented in figure 4.2. What characterises the
downdraft gasifier is that the producer gas is
extracted at the bottom of the reactor, while the
air is supplied from the top or as is shown in
figure 4.2 from the centre of the reactor. The
biomass feedstock is supplied from the top and
moves slowly downwards while it passes the
different zones. First it is dried and after drying
pyrolysis takes place. After this the biomass
enters the oxidation zone where the biomass is
partially combusted and the last stage is the
reduction zone where the gasification takes
place. Tars that come free in the pyrolysis zone
have to cross the oxidation zone where they are
exposed to high temperatures. These high
temperatures cause the tars to crack for a large
part. This reduces the tar amount in the producer
gas, something that is considered positive for
most end use applications.
The downdraft gasifier has one huge advantage
compared to other gasifiers. This advantage is
that the tar quantity in the producer gas is Figure 4.2: Downdraft gasifier (Knoef, 2005)
remarkable low. This is especially desirable for
IC engine applications that require low tar content. Some disadvantages of the downdraft
gasifier are the particles that are entrained in the output gas because the producer gas
passes the ash and reduction zone. This also causes high producer gas temperatures that
reduce the efficiency. Another disadvantage is the low moisture content of the biomass
feedstock that is required (wetbase < 25%). These and other requirements like size of fuel
and biomass species are very high in comparison with the updraft gasifier. (Knoef, 2005)

4.3 The updraft gasifier
The updraft gasifier is generally applied on for higher capacities than the downdraft
gasifier. A schematic representation of the updraft gasifier is shown in figure 4.3. What
characterizes the updraft gasifier is the extraction of the producer gas from the top and
the air supply from the bottom. The first two processes at the updraft gasifier are the
drying and the pyrolysis respectively. After this the reduction and then the oxidation
takes place. This is just the opposite for these two processes in comparison with the
downdraft gasifier.
The major advantage of an updraft gasifier is its simple design and the high efficiencies
because of the low producer gas exit temperature. Before the producer gas exits the
gasifier it internally exchanges its heat with the biomass feedstock, which causes this low
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exit temperature. In this process it also dries the biomass feedstock. Other advantages are
low biomass requirements like moisture content (wetbase < 60%) and variation in fuel
size and biomass species. The major disadvantage of the updraft gasifier is the high tar
content of the producer gas. This is significantly higher than that of the downdraft
gasifier and causes it to be less suitable for higher end applications like utilisation in an
IC engine. (Knoef, 2005)

Figure 4.3: updraft gasifier (Knoef, 2005)

Common problems with biomass gasification
The main problems that Knoef (2005)
recognises in fixed biomass gasification are in
fourfold. First there is a problem with the tar
content in the producer gas. Although the tar
production in downdraft gasifiers is low, it
cannot be utilised in an IC engine without
filtering. In addition, the amount of tar can
rise to high levels because of fluctuations in
the biomass feedstock or other factors. For
other end use applications high tar content can
also be undesired. If the tar in the producer
gas condensates in pipes for instance this
causes major maintenance work. Second,
there are some explosion risks that can be
hazardous for employees and damage the
equipment. Third, fuel blockages that occur in
the reactor are problematic. This causes
irregular fuel flow which is the root for other
problems and will finally lead to shutdown.
The fourth problem encountered in the
biomass gasifier is corrosion. The gasifier is
exposed to high temperatures and is therefore
sensitive to corrosion.

Producer gas conditioning
Depending on the gas requirements of the end use applications the producer gas needs to
be cleaned and/or cooled. Cyclones are generally used to filter ash and other small
particles in the first stage of the cleaning. If cooling and additional cleaning is required9
additional devices are essential. A common way to cool the gas is to use water scrubbers.
These devices spray chilled or ambient temperature water over the flowing producer gas
that consist of a higher temperature and therefore cool the gas down. In addition they
remove small particles like tar and ash/dust from the gas. For gas cleaning sometimes
sawdust or sand filters are utilised. These filters remove tar from the producer gas as
well. For high end applications a fabric filter is placed to remove the last particles from
the producer gas. This is placed at the end of the gas cleaning section. This causes a
pressure drop for the producer gas that has to be compensated by an air blower.
9

Cooling can be required to increase the density of the producer gas and therefore increase the calorific
value per m3. This higher calorific value is basically required in IC engines.
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4.5 Internal combustion engines
End use applications like burners for the combustion of producer gas are rather
straightforward and therefore not discussed. The utilisation of producer gas in IC engines
does need some further clarification. There are different kinds of techniques for the
combustion of producer gas applied in India. The simplest method is dual fuel
combustion where the producer gas together with diesel is combusted in a slightly
modified diesel engine. The dual fuel ratio is around 30% diesel and 70 % producer gas.
It is also possible to combust only producer gas in a spark ignition engine. However the
producer gas quality has to be higher and special engines need to be manufactured for
this purpose. Technologically this is more complex than the dual fuel method.
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5 History of the biomass gasifier in India
In this chapter the history of the biomass gasifier developments in India will be
discussed. Important experiments that were carried out will be highlighted. This will
create an overview of niche developments that can later be analysed in the niche analysis.
Gasifier technology dates back from the 19th century when the first experiments with the
gasification process and the use of this gas in IC engines were done in Europe. This
resulted in an updraft gasifier that was used for thermal and power generating
applications up till the 1920s.
Because of the unstable petroleum supply between the 1920s and the end of the Second
World War the gasifier technology was increasingly used in automotive applications. For
this a cleaner gas was required than in the earlier applications. The need for this cleaner
producer gas finally led to the development of the downdraft gasifier. After the war the
petroleum prices declined and the interest and use of gasifiers faded away. (Stassen and
Knoef, 1993)
During the late 1970s and early 1980s India picked up the interest in this gasification
technology again and funds were made available in order for it to gain momentum.
This chapter will present an overview of the activities about the development of biomass
gasification in India. It has been divided into four periods:
• Towards 1987 Initiation of experiments
This period is characterized by laboratory scale experiments and the creation of a first
design for experiments in the field.
• 1987 – 1993 Small scale rural applications
This period is characterized by the socio-technical experiments of large scale
implementation of gasifiers for irrigation application in rural India.
• 1993 - 2000 Diversifying applications
During this period the gasifiers got more diverse and were used in a wider range of
applications.
• 2000 – 2007 Up-scaling towards commercial systems
This period is characterized by a shift in the focus towards commercial systems and
experimentation with the commercial viability of the gasifier.
These eras will be discussed more elaborately in the next part.

5.1 Towards 1987: Initiation of experiments
The biomass gasifier technology in India goes back to the early 1980s when the first
experiments on gasification technology started. These experiments were laboratory setups
of the classical design that was used in the Second World War. The main aim was to
develop a prototype for large scale implementation. The classical design was basically a
gasifier with a throat and a closed top as displayed in figure 5.1 (Dasappa et al., 1989).
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Air nozzles

Throat

Figure 5.1: The classical design (Source: based on Srinivasa et al., 1984 in Dasappa et al., 1989)

At this time major development in gasifier technology was done at the IISc (Indian
Institute of Science) Bangalore, SPRERI (Sardar Patel Renewable Energy Research
Institute)10, IIT (Indian Institute of Technology) New Delhi, but there were also other
institutes involved.
Efforts of these institutes were mainly aimed at the basic principles of gasification and
the development of a small scale gasifier. The gasifier technology had to replace the
diesel pump sets and provide power for the electrical pump sets in the rural sector.
(Shukla, 1997). The systems were equipped with a dual fuel mode engine that was
operated on both the producer gas and a certain amount of diesel.
IISc
The IISc got actively involved in gasification technology since 1982. The main
discussion at that time was about the basic design; should it be an open or closed top
gasifier and should there be a throat? An open top gasifier gets its main oxygen supply
from the open top while the closed top gasifier receives its oxygen supply mainly from
the air nozzles that are placed on the height of the combustion zone in the reactor. When
this closed top gasifier is in operation the top is only removed to fuel the gasifier. Initially
developments were in the classical design; the small scale closed top downdraft gasifier
with the throat (the classical design fig. 5.1). Since the experimental results with this
design were not satisfactory because of inconsistent quality of the output gas, IISc started
to experiment with the throatless gasifier with an open top. (Mukunda et al., 1994;
Dasappa et al., 1989). The results of the experiments were considered as good as
mentioned in the following citation:
“The results of the latter [new design of open top gasifier] turned out to be so promising
that plans for batch production of the earlier design [classical design] were abandoned

10

During this time SPRERI (Sardar Patel Renewable Energy Research Institute) was known as Joyti Solar
Energy Institute (JSEI) at that time, but to reduce confusion this has been left out.
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and development of the throatless gasifier were taken up.” (Dasappa et al., 1989, pg.
187)
Globally, there were earlier designs that used the throatless principle by La Fontaine and
Regional office for Asia and the Pacific (RAPA)11, but these were never used for wood
gasification. (Dasappa et al., 1989, pg. 188)
When experiments started with this new open top throatless downdraft gasifier it was
shown that the results of this gasifier were significantly better than with the earlier model.
The moisture content of the fuel could be higher without affecting performance and the
woodchips did not stick to the walls, which improved the downward movement of the
fuel. Tar levels of the producer gas also decreased and diesel replacement increased. All
of this resulted in the selection of this new open top throatless gasifier as the standard
design for IISc and the continuation of developments on it. (Dasappa et al., 1989).
More incremental innovation like the introduction of air nozzles under a certain angle
optimised the BGS. In 1987 the first design was ready for implementation into the field.
IIT New Delhi and SPRERI
Under a joint project of two Indian organisations; the IIT New Delhi and SPRERI, and
two American organisations; University of California and MITRE Cooperation, an
attempt was made to design and run three gasifiers experiments. This three year
collaborative project was in the context of a bigger program of USAID with the aim to
reduce the dependency of developing countries on oil through the development and
implementation of alternative energy technologies. The experiments can be divided into:
• A small wood gasifier for the pumping of water (3.7 kW) (SPRERI)
• Agricultural waste gasifier for water pumping at capacities of 5 to 22 kW (IIT)
• A small agricultural waste gasifier for water pumping applications (3.7 kW) (IIT)
(Talib et al., 1989)
All the BGSs were used in a dual fuel system for either pumping or power generation at
all experiments. The SPRERI gasifier had a throat and a closed top and the producer gas
was cooled and cleaned by water scrubbers and a cotton filter respectively.
The IIT gasifiers use agricultural waste as feedstock like corncobs, peanut hulls, and
cotton refuse. These wastes first need to endure pyrolysis to be used in the gasifier, so
extensive pre-processing was necessary. Pyrolysis results in charcoal that is an ideal fuel
for any gasifier because the tar levels and small particles that come free while gasifying
this will be very low. This implies that gas cleaning does not have to be very extensive.
The gasifier design was a closed top downdraft principle with a throat. The main
difference between the SPRERI and IIT gasifiers are the different position of the air
nozzles and the bottom plate, but the basic principle that they utilize is similar.
During the collaboration the SPRERI gasifier was adjusted in order to make the design
more maintenance responsive and to reduce the costs of the system. The overall
performance of the system with 1000h of testing was satisfactory and after modifications
the system was exposed to testing conditions for another 70h after which it replaced the
11

This is the regional office of the Food and Agricultural Organisation of the United Nations (FAO) in Asia
headquartered in Bangkok
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previous model in the field. The final diesel replacement was around 70% after the
system reached its normal operating temperature. The engine of the IIT gasifier system
underwent some modifications to increase efficiency. An average diesel replacement of
around 60% was reached. To ensure that the models would operate after large scale
implementation a subsequent socio technical experiment was done with the same models
in the field. The outcome of the performance of these experiments was not substantially
different from that of the lab experiment. (Talib et al., 1989)
Summary
The period between the 1980 and 1987 is characterised by the initiation of lab scale
experiments in biomass gasification. R&D was done at several institutes in India to
develop a prototype that could be placed in rural India to address their energy problems.
The main institutes involved in the development of gasifiers were the IIT New Delhi,
SPRERI and the IISc. The IISc developed a prototype on its own. The IIT New Delhi and
SPRERI developed independently a rather similar design that both were reviewed in
cooperation with two American institutes. These designs were not similar to that of the
IISc. These developments at these institutes resulted in some biomass gasifier prototypes
that were perceived to be ready for introduction into the field.

5.2 1987 – 1993 Small scale rural applications
In 1987 the National Biomass Gasifier Programme (NBGP) was initiated by the
Department of Non-Conventional Energy Sources (DNES)12. Jain (2000) provides an
overview of the first part of the programme. The programme involved an enormous
financial incentive scheme on the investment costs of gasifier systems. At this phase of
the programme the gasifiers were placed in rural areas with the aim to provide the
farmers in the rural areas with equipment for irrigation. The programme resulted in the
implementation of a significant number of socio-technical experiments. According to
documents by the chief of DNES at that time 1370 gasifiers were installed with a total
capacity of 8472 kWe during the years 1987 to 1993 (Singh, 2000) of which many of
these were mainly for irrigation purposes.
The programme focussed on systems with certain specifications. There were 4 categories
BGSs included in the programme:
• BGS including engine for the direct driven pump (5 to 20 hp or 3.7 to 15 kW)
• BGS including engine and generator for power generation (3.7 to 15 kW)
• BGS for power generation (40 kW)
• BGS for power generation (100 kW)
These systems were supplied by three producers of which one was actually involved in
the development of these BGSs. The other two adopted a design from the research
institutes IISc and IIT New Delhi. (Jain, 2000) Initially the costs of the system were
completely covered by the governmental bodies. Later, 60% of the costs of the pump set
had to be covered by the user (Mukunda et al., 1994). The incentive scheme was
12

The DNES (Department of Non-Conventional Energy Sources) has been changed into a ministry with the
name MNES (Ministry of Non Conventional Energy Sources) in 1992. Currently the ministry has changed
its name to MNRE (Ministry of New and Renewable Energy).
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therefore generous and covered (nearly) all the costs of the system. The field performance
of these first NBGP experiments was never totality evaluated although some efforts have
been done to create an idea of partial programme achievements.
Dasappa et al. (1989) evaluated the field performance of the first gasifiers based on IISc
technology that were placed in the field. This analysis shows that the first generation
gasifier systems were not running very well. The life of a system was around 300 hours
with a maximum of 900 hours of operation for the systems due to technical problems
with reactor and air nozzles. This was considered to be economically unacceptable.
Operation was also problematic because of difficulties with the moisture content in the
wood chips, inefficient sizes of these woodchips, leaking producer gas, corrosion and
limited cooling due to high tar contents in the producer gas.
Other authors argued that the pumps would on average only be used for 400 to 800 hours
and that many users who required a diesel-generator set or diesel pumps purchased a
BGS for the engine system alone because of the high subsidy. (Jain, 2000) In a paper
published by Mukunda et al. (1994) it is argued that of the 30013 gasifiers that were
installed by the IISc over a period of 3 years, 40% of them were not working at all and
30% was only running on diesel. What the exact performance of the residual 30% or the
time span between installation and evaluation was is not mentioned by the source.
In 1990 the IISc also conducted an additional socio technical experiment at the Andaman
Islands, which was different from the mainstream BGSs at that time, of a larger scale.
This project involved an 80 kWe system for the direct power generation by means of a
dual fuel system. The reactor had the same principles as the smaller system. The goal of
this project was that the waste wood of sawmills would be used as a feedstock and then
generate power for captive power consumption. So the plant could (partially) generate its
own power and increase its self-sufficiency. (Baliga et al., 1993; Appendix 2c) This
experiment proved to be more successful than the earlier experiments. (Appendix 2c)
Summary
In the first phase of the programme 1370 gasifiers have been placed in India. The first
socio-technical experiments arose out of the NBGP that deployed many BGSs for
irrigation applications to the rural areas. These early BGSs appeared not to be very
successful with short live spans and poor utilisation. Later another experimental
application had more success. This application was aimed at captive power generation for
larger capacities with respect to those gasifiers for irrigation.

5.3 1993 – 2000 Diversifying applications
After 1993 some serious changes occurred in the NBGP. The subsidy levels dropped
significantly and were only issued for the gasifier itself and not for its periphery
equipment like the diesel engine. Gasifier manufacturers got more influence in the
industry. The government stopped pointing out users for the gasifiers and did not get
involved in the design of the gasifier anymore. This shift from the technology push to the
market pull approach was aimed at commercializing the gasifier industry in the long
term. A new subsidy regime gave on average 25 - 30% subsidies on the BGS for thermal
and power applications respectively (BUN, 1997a). (Jain, 2000)
13

Other sources say that there were not 300, but 250 gasifiers (Mukunda et al., unknown). What is relevant
for this study is that it is in this order of magnitude.
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This approach resulted in a strong reduction of the BGSs for irrigation and a total
reduction in the number of gasifiers that were sold. The gasifier system got much more
diverse with thermal and power applications that were now much more prevalent.
During this period around 330 new projects were erected with a total capacity of 27
MW14. This represents an average system capacity of around 80 kW while before 1993
this was only 6 kW15. The applications of these projects are of a wide range including;
industrial applications like captive power generation, thermal applications like the drying
of marigold (flower), rural applications like village electrification. Not much of the
economic or technical performance details of these installations are published by
independent sources, but manufacturers and the involved research institutes did publish
or discuss some of their results.
IISc
Table 5.1 shows some of the socio technical experiments in the biomass gasifier niche
that were using IISc technology.
Year

Location / plant owners

Gasifier rating and application

Operating Hours

1995

Chatel St Denis, Switzerland.
Centre De Competence, C.C.C.
(Test plant).
Orchha, Tikamgarh, M.P., India

60 kWe connected to a gas engine to run on
Single Fuel mode
Fuel : Pine chips
80 kWe – to meet the energy demand of a
hand made paper industry
Fuel : Ipomea weed

About 1600

1997

Hanumanth Nagar & Hosahalli,
Tumkur, Karnataka
ASTRA

8000

1998

Roorkee, U.P., India. Central
Building Research Institute.

Initially for 3.7 kWe and later to 20 kWe for
drinking and irrigation water pumping and
illumination
Fuel : wood and mulberry sticks
800 kWth – a project to evaluate the feasibility
of using in brick kilns
Fuel : Wood chips and cotton stalks

1998

Ramnagaram, Dist. Bangalore,
Karnataka, India.
Senapathi Whitely Ltd.

500 kWe – to meet the captive power of an
industry ;
connecting to 2 X 275 kVA engine
Fuel : Coconut shells

1500

1998

Gollahalli, Tumkur, Karnataka,
India.
Jawahar Navodaya Vidyalaya
Agro Bio-chem - Davanagere

100 kWe
Fuel : Wood chips

800+

800 kWth to meet the energy requirement for
drying marigold
Fuel : Wood chips

3600

1996

1998

About 12000

About 500

Table 5.1: List of socio technical experiments in the biomass gasifier niche conducted in cooperation with
the IISc 1993 - 2000. Source: In house publications on the IISc-cgpl website

The installations mentioned in this table contain the prestige gasifiers of the IISc that
were erected during this time frame. The applications visible in the table show that there
is a much more diverse range of applications that are employed compared to the situation
before 1993. A well known rural gasifier experiment of this time is that of Hosahalli
14

This can be derived from the numbers as presented by Jain (2000) and Singh (2000). The cumulative
number of gasifiers installed with their capacity in 2000 (which is 1700) minus the cumulative number of
gasifiers and capacity installed in 1993 (which is 1370). 1700 – 1370 = 330 gasifier with a capacity of 35
MW – 8 MW = 27 MW
15
This can be derived out of the numbers as calculated at 17 from Jain (2000) and Singh (2000)
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village. The first gasifier was placed in 1988 with the aim to electrify the village, but
because of a lack of capacity to meet the rising demands of the villagers the first 3.75 kW
dual fuel gasifier system was replaced by a larger 20 kW gasifier system in 1997. The
project was under the coordination of ASTRA16 and got extensive monitoring. ASTRA
spent a lot of effort and funds in guiding the villagers to cultivate their biomass, provide
infrastructure for power as well as irrigation, provide end-use equipment that runs on
electricity, the training of operators, and also the social task to assign a committee to take
the responsibility in the project. Evaluation after the installation of the 20 kW gasifier
system revealed that the gasifier was operated regularly, but problems were also there.
The main problems were the insufficient supply of biomass, and technological failures. In
the total evaluation of 6 years there were 158 days that technical problems led to repair or
replacement of gasifier components and 98 days that maintenance problems with the
gasifier occurred. The problem that no suitable biomass was available for operating the
biomass gasifier was encountered on 297 days in the 6 year period. This problem was not
primarily because of the non availability of biomass, but because of the not-in-time
preparation of this biomass. (Ravindranath et al., 2004) Operation of the gasifier was
terminated in 2006. At this time grid power was available in Hosahalli and the villagers
preferred this cheaper grid power over the more expensive power generated by the BGS.
(Visser, 2007)
An 80 kWe dual fuel gasifier system was installed in Orchha in 1996 for the generation
of captive power for a hand-make paper unit. There was no grid supply at the location
and the system ran on Ipomea weed. The unit has performed well during this period. The
plant generated around 500.000 kWh during this period, and the average operating time
was around 2200 hours annually. The specific fuel consumption of the gasifier was
around 0.1 liter of diesel and 1 kg of biomass for the generation of 1 kWh. The average
diesel-producer gas ratio was around 70%. (Dasappa et al., 2004)
The plant load factor of the system was remarkably low (around 35%)17. Nothing has
been reported about the technical difficulties that were encountered or the economic
performance of the system.
In general the results of all these experiments show that the technology improved during
the 1990s and that the reactor life had expanded significantly. On the other hand new
problems arose that needed to be addressed. (Appendix 2c)
Ankur
In the period of 1993 to 1995 Ankur was busy with the development of the rice husk
gasifier. This type of gasifier would have great potential in India because of the large
quantities of relative cheap and large quantity of rice husk with a production of 18 to 22
million tons of rice husk annually. This has the potential to generate 1200 MW of energy
(Bharadwaj et al., 2004) and can therefore be considered as a huge source of energy for
rural India. The main technical problem with the biomass gasifier that had to be
overcome was the clogging of the throat of the gasifier. This problem was already
identified in some Asian countries that did experiments with open top downdraft gasifiers
for the gasification of rice husk in the 1980s. (Natarajan, 1998) After Ankur finished the
16

ASTRA is the Application of Science and Technology to Rural Areas of the IISc. ASTRA was recently
renamed as the Centre for Sustainable Technology (CST)
17
This can be derived from the material published by Dasappa (2004)
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development of their first rice husk gasifier they started with the production of it. Rice
husk could now been utilised to serve the farm or village of their own energy supply.
Although there have been no independent publications that cover the status of the rice
husk gasifier of that period this topic was discussed in an interview with Ankur.
According to this information the success of this gasifier was rather mixed. Some of the
gasifiers succeeded to live up to their expectations while others did not. (Appendix 1b)
TERI
The developments of BGSs at The Energy and Resources Institute (TERI) are discussed
in Mande et al. (2007) and provide a proper overview of its past activities in this field.
TERI identified several industries that could encounter potential benefits from the
technology. Industries that were identified are the silk reeling, cardamom curing, silk
dyeing, and salt extraction industry.
• For the silk reeling industry the development of a prototype was initiated in them
mid 1990s. After two rather successful socio-technical experiments the final
design was ready for large scale implementation. However, manufacturers could
not find the customers for the BGSs and wider deployment of the system failed.
• A natural draft gasifier was implemented in a design for an improved system for
the drying of cardamom in Sikkim. Traditionally the drying of cardamom is done
on a rather small scale by means of traditional wood ovens with a low efficiency
of 5 to 15%. The developments of a new system involved a gasifier and the initial
experimental design was built in 1996. The development of this BGS went stepby-step with participation of all actors involved including the user, just as the
development of the gasifier oven for the silk reeling. This finally resulted in the
large scale deployment of the small scale natural draft gasifier system to
cardamom farmers. Unfortunately, because of communication failures between
TERI and the bureaucratic government organisations an older model was brought
on the market. The status of these systems is unknown, but most probably not
very successful. 18
• TERI installed an updraft gasifier in a thermal large scale application of 500 kWth
for the salt extraction industry in 1997. This gasifier replaced a wood fired oven
with a very low thermal efficiency. This gasifier system performed so well that in
2003 a second gasifier system was installed. This system replaced a light diesel
oil (LDO) fired furnace and was installed because of good experiences with the
previous gasifier system. This gasifier could be installed without the benefits of
subsidies because responsible government agencies did not respond to its
applications according to Mande et al. (2007, pg 164). However, a bank was
willing to provide a loan to cover the investment costs.
• An application for the biomass gasifier in oven designs for dying and bleaching of
silk was developed as well. These gasifier systems could replace the mainstream
wood or petroleum based ovens. The savings were only marginal in case of the
replacement of wood ovens, but for the replacement of the petroleum based ovens
the savings were remarkably high. The first commercial gasifier was marketed in

18

Although this can be derived from the report, it is not explicitly mentioned
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2000. This was a success and in 2004 the number of these gasifier systems had
increased up to 22.
This overview of the socio-technical experiments from this period might present an over
optimistic view about the status of the technology. This is mainly because there is not
much published about the BGSs with appalling performance. In interviews with several
producers it came out that the systems were not performing well before 2000. There were
indeed some commercial viable systems for power generation, but there were no BGSs
that could compete with grid power. For the thermal systems the commercial viability
was better and the applications for these increased over time due to adjustments in
burners. (Appendix 1b) At the IISc they were also still experiencing problems with their
BGSs. The need to industrialise their systems was recognised and development in this
field became the focus for the future.
According to Jain (2000) the gasifier technology is not “fail safe”, “idiot proof” or very
“user friendly”. In an overview of the status of the technology he addresses the available
technological applications of the BGS at the end of the 1990s. These are manufactured by
a total number of 6 gasifier producers. These applications are:
• Small pump-sets (5 or 10 hp)
• Small power generator sets (for educational or training institutions, demonstration
projects, small village electrification)
• Gasifiers for thermal energy (15kW to 1500 kW for institutional cooking, micro
enterprises and industrial applications)
• Power generation (up to 500 kW for electrification, captive power supply for
industry, grid connected power supply for commercial power generation)
An objective evaluation study has been done in Haryana in 1998. This study showed that
from the 36 gasifiers that were installed in this particular state only one was in running
condition and many were even dismantled.
Additional to the rural applications of the gasifier there were some projects done in the
industrial setting. Some of these were performing better; there was one running plant, and
one plant that worked for many months was found. The residual of the industrial
applications of the gasifier systems were not working due to technical problems or the
unavailability of biomass. The thermal applications were generally more successful than
the power generation applications. (Kartha et al., 2005)
Summary
The biomass gasifier programme underwent radical changes due to a new wave of
subsidies issued for new biomass gasifier installations in the period between 1993 and
2000. This caused a significant reduction in the number of gasifiers that were installed,
but also caused a shift in applications for the technology. New applications that were
more aimed at electrical and thermal energy generation prevailed at a much higher rate
than before 1993. The results of the socio technical experiments that were conducted
were rather mixed. Some of the experiments got technological and economic success,
where others did not.
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5.4 2000 – 2007 Up-scaling towards commercial systems
During this period the use of BGSs got more popular. New entrepreneurs entered the
market to produce gasifiers and the total installed capacity of biomass gasifiers grew
rapidly as can be seen in figure 5.2. The average size of the system increased as well as
the diversity of applications.
Installed capacity of BGSs
30.00
Capacity [MW]

25.00
Biomass Gasifier

20.00
15.00

Accumulative installed
capacity since 2002

10.00
5.00
0.00
2002-03

2003-04

2004-05

2005-06

Year

Figure 5.2: total installed capacity of BGSs in India; Source: MNRE –achievement during the 10th five year
plan

Data for this last era has been collected through a field survey about the BGSs at several
users as presented in table 5.2. Actors like research institutes, users, governmental
organisations and producers have been interviewed and gasifier sites have been visited.
Name of user
Periyar Maniammai College of technology 1

Year of installation
2001

Capacity
100 kWe

Application
DF power generation

Arashi High Tech Bio Power

2002

1200 kWe (2 gasifiers)

DF power generation
DF power generation

VIT University

2002

100 kWe

Periyar Maniammai College of Technology 2

2004

200 kWe

PG power generation

PSG foundry

2004

100 kWe

PG power generation

Coimbatore 9kw rural project

2004 - 2007

9 kWe

PG power generation
Thermal

Crematorium Pondicherry

2004 - 2005

200 kWth*

ADI

2004

2000 kWth* (5 gasifiers)

Thermal

RV engineering college

2005

100 kWe

PG power generation
PG power generation

Kongu Polytechnic College

2006

100 kWe

Aakavi

2007

250 kWe

PG power generation

Bio-Energy for Rural India (BERI)

2007

500 kWe

PG power generation

Nithyanda Crematorium

2007

200 kWth*

Thermal

Table 5.2 represents the selection of BGSs in my sample, in chronological order of establishment
DF:
Dual fuel system
PG:
100% Producer gas system
*:
Estimated
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Because it is not possible to include all gasifiers that have been erected during this period,
a selection has been made. The selections of socio-technical experiments that have been
visited and subjected to this study are exclusively located in the southern part of India.
Experiment overview
To give an overview of the experiments used for this study I will discuss them briefly and
assign them to a specific user group. In this study 4 user groups are identified; the
educational institute, the industry, municipality and the rural area.
Several of the biomass gasifier systems in the sample were installed at educational
institutes. These are the institutes:
• Periyar Maniammai College of Technology (PMCT)
• VIT University (VITU)
• Kongu Polytechnic College (KPC)
• RV Engineering College (RVEC)
Biomass gasifier systems at these institutes are all used for the captive power generation.
Their aim is not only to just supply electricity but also to use the system for educational
purposes, perform some experiments on them and to create awareness about the existence
of the biomass gasifier.
Many BGSs are placed in the industry. The BGSs in the sample that are placed in the
industry are:
• PSG foundry
• Arashi High Tech Bio Power (Arashi)
• ADI (ADI)
• Aakavi Spinning Mills (Aakavi)
• Bio-Energy for Rural India (BERI)
The plant at PSG foundry is operated in collaboration with the PSG College of
Engineering. One can argue that this therefore installed by an educational institute, but
because the aim of the BGS was clear; provide electricity for the foundry it is considered
as an industrial user rather than an educational one. The industrial users have installed
their installations for commercial reasons, so the main objective of the BGS at these
locations is to save money in comparison to their conventional technology.
The user group municipality includes all municipalities, panchayats and other local
bodies in the urban area. Some of the urban communities that have installed a BGS are:
• Crematorium Pondicherry
• Nithyanda Crematorium
Both of these BGSs are crematoria applications. These applications are mainly installed
to increase the quality of living in a neighbourhood, because it reduces the odour that
comes free during cremations. Especially at urban locations this can affect many
surrounding residents of cremation grounds.
The last user group considered for BGS is that for the rural areas. The BERI power plant
could also be thought of as a plant for providing power to the rural areas, especially
because it has; “Bio-Energy for Rural India” as its name, but in principle it is a power
producer that sells all its power to the electricity board and therefore not focussed on only
the rural areas. BGSs that are considered as rural applications are those in the Gas 9
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project in the surroundings of Coimbatore. The direct objectives of the rural applications
are to have an independent power source and not to be dependent of the unreliable grid
power and to have cheap electricity. For many BGSs in the rural setting the main
objective is to electrify villages that are very remote and do not have access to the grid,
but for the biomass gasifier systems in my sample this was not the case, because all
villages were electrified by grid power.
The performance of the BGSs will be discussed according to these user groups.

Name of user

Rs per kWh

Average current Rs per ton of
biomass

Capital investment BGS [Rs.
Million]

Producer

Weekly Operation (true) [h]

Commercially viable according
to interviewee

Additional VA product

Educational institute user group
The first user group that will be discussed is that of the educational institute. In this
group the only technology that is applied is the gasifier in combination with an engine for
the generation of power. The performance of these systems at these educational institutes
is rather mixed. Table 5.3 presents an overview of the running hours of some of the
systems. The first of the BGSs installed at the PMCT that used a dual fuel engine to
generate power was only operated during grid power failure. The total number of hours
that this plant was operated was therefore very low. This marginal number of operating
hours will obviously have a negative effect on the economic viability of the system in
general. Other BGSs with a very low number of operating hours are the KPC and the
RVEC that on average were operated for 7 and 13 hours a week respectively.

PMCT 1

> 4.93

1150

3,5

AEW

NA

No

NA

VITU

5.20

2000

2,8

Netpro

63

No

PMCT 2

3.20

1150

7,0

Ankur

NA

Yes

NA

RVEC

4.00

2000

2,8

Netpro

13

uncertain

NA

KPC

3.50

2000

4,3

Energreen

7

uncertain

NA

Charcoal

Table 5.3: Performance data educational institute

In case of the KPC the system was installed in December 2006 and there were initial
problems with the start-up of the system. In addition, there was no training provided by
the manufacturer of the system that was promised. This obviously constrains the
operation of the BGS especially during the start-up phase of the system, when know-how
about how to operate the system is most crucial.
At the RVEC the gasifier was installed at 2005 by Netpro. In the start-up phase RVEC
was struggling with the BGS as well. At the moment of the interview the gasifier was
running and an operator of Netpro was there to help with the operation of the system. The
BGS had been chosen by Netpro to serve as their demonstration plant and therefore the
operator was there.
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The operation of the BGS at the VITU is relatively good with a total operation hours of
63 a week on average for a 3 year period19. At this location they are using a dual fuel
engine for the generation of power. The power that is generated at this BGS is not
profitable for the University, and the costs of generated power of Rs 5,20 are around that
of grid power for educational institutes. Still they maintain to operate the system because
it is a sustainable way to generate power and they can use the system for educational
purposes and for further experimentation. The system has been installed in 2002 by
Netpro.
The performance of the new BGS at PMTC that is installed in 2004 by Ankur is
unknown. This system has a total capacity of 200 kW and operates with a 100% producer
gas engine. According to their information the plant was running during the days when
the load is sufficient, so this would be around 60 hours a week excluding vacations for
their students on which the load would not be sufficient to operate the plant. (Appendix
3I) Some educational institutes received a subsidy that was higher than the common
subsidy. This was under the demonstration scheme and the subsidy under this scheme
was around 50% of the total capital costs. The common subsidy on the capital investment
for power generation applications was around 30% for producer gas systems and around
5% for dual fuel systems.

Rs per kWh

Average current Rs per ton of
biomass

Capital investment BGS [Rs.
million}

Producer

Weekly Operation (true) [h]

Commercially viable according to
interviewee

Arashi

2.60 + 0.50

2150

NA

Arrya

NA

Yes

PSG foundry
Aakavi
BERI

NA
3.50
NA

2400
2000
1000

3,5
10
40

Netpro
Energreen
Energreen/Netpro

4
100
NR

No
uncertain
NR

Additional VA product

Name of user

Industrial user group
The performances of the BGSs at the industrial user group are somewhat harder to
compare. This is because the end use applications are not similar. Most gasifiers are used
for the generation of electricity, while others are used for the generation of thermal
energy. The power generation applications of the industrial user group are presented in
table 5.4. I will first discuss the BGSs for power generation.

Active
carbon
NA
NA
Charcoal

Table 5.4: Performance data power applications in industrial user group

The system at Arashi was one of its kinds at the erection of the plant in 2002. The BGS
was with its 1.2 MWe the largest one of India and according to its owner and constructors
the largest one of its kind in the world. It operated on dual fuel engines because the
producer gas engines that were available at this time were not that reliable and the
19

This data is gathered by analysing the available log data of the BGS at VITU.
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manufacturer of these engines did not want to give any guarantees at all. This is why
there was a choice made at Arashi to wait with the installation of the producer gas
engines that would increase the economic performance for the system. After installation,
when the risk of installing these producer gas engines came down and the manufacturer
was confident in providing the guarantees with the engine, they switched over to the
producer gas engines. The power that is generated at the plant is sold to a final consumer
via wheeling. Wheeling is the purchase of power via the grid to third companies, where a
small amount has to be paid to the electricity boards for the transport of power. The
system is supposed to be operated around the clock for 7 days a week, but it is unknown
how much it really runs. According to them their plant is economically successful.
At the PSG Foundry a much smaller plant was installed in 2004. Because the plant was
placed for demonstration purposes it got a subsidy of 50% of the capital costs. The plant
has been operational for less than 600 hours in total, which is around the same as 4 hours
of operation a week. The main issues that caused this unsatisfactory performance are
several technical problems that arose during operation. In addition to these problems
there was also a lack of priority given to the BGS.20
At Aakavi Spinning Mills yarn is produced for 7 days a week 24 hours a day. A 250 kW
BGS is installed in 2006 by Energreen to supply the plant with power for own
consumption. The plant has partially been financed with a subsidy of 25 % of the total
costs, and the other part has been financed with a loan. Initially it was the idea to operate
the plant 24/7 to maximise the benefits of the investment, but the average running hours
since the beginning of its operation has been around 23 hours a week.
The BERI gasifier installation actually comprises 4 BGS. These are two 100 kWe
systems installed by Energreen and a 100 kWe and 200 kWe BGS installed by Netpro.
The reason why there was an additional producer chosen for the installation of these
BGSs is because of conflicts between the project management of BERI and the first
producer; Energreen. The total plant covers a capacity of 500 kWe that is sold to the EB.
The direct aim is not to supply power to the grid, but more focussed on creating
opportunities for the rural population in the surroundings of the plant like biomass
plantations and the operation of the BGS that create employment possibilities. In
addition, the generated electricity will supply the rural population with continuous power,
something that cannot be taken for granted in India’s rural areas. This continuous power
supply will create additional opportunities for the villagers. Because the plant was under
commissioning during the interview with the project manager no data about the actual
experiences with the biomass gasifier was gathered. According the latest news the
gasifier is not operational because the Karnataka EB cancelled their earlier signed
contract with BERI and refuses to pay for the power generated by their BGS (personal
communication with Anitha Sarkar, student at the TU/e).
I will now discuss the industrial BGSs in the selection for thermal use. All thermal
systems are presented in table 5.5. In 2002 ADI installed a gasifier to supply process heat
for the roasting and drying of Dahl, also known as pulses. This biomass gasifier replaced
20

At the moment of the interview at PSG Foundry the plant was not in operation. The ones in charge of the
plant were waiting for equipment that would solve some problems while starting up the plant in the case
that no grid power was available. The only problem at that time was that the plant could not be started up.
while there was no grid power available. They could apparently start up the plant when there is power
available, but this was not done because of reasons that remain unclear.
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4,5

Twallu
Group
AEW

0,8

Additional VA product

AEW

Commercial viable
according to interviewee

NA

Weekly Operation (true)
[h]

Rs 30 per
litre of diesel
600 kg per
body
600 kg per
body

Producer

4 kg of
wood/litre
150 kg
per body
125 kg
per body

Capital investment BGS
[Rs. million]

Nithyanda
Crematorium
Crematorium
Pondicherry

Operating costs
conventional

ADI (5 BGS)

operating costs

Name of user

one of the conventional High Speed Diesel (HSD) burners that were installed at this
location. The HSD burners were consuming around 40 litres per hour. The experiences of
the first BGS that was installed at ADI its facilities were so successful that at the time of
the interview four systems were already online and the fifth one was under construction.
All the former conventional burners that were operated on fossil fuels are replaced by
five BGS. Not only did the installation of these BGSs result in a significant reduction in
fuel cost, it also improved the quality in the production process of dahl drying as well.
Subsidies for these thermal BGSs are in general less than 5% of the total capital
investment. However, these users discussed here did not apply for the subsidy or it was
not granted (yet).

Depending on
production
150 cremations a
month of each 2 h
Not running

Yes

Charcoal

Yes

NA

Uncertain

NA

Table 5.5: Performance data thermal applications of both industry/municipality user groups

Municipality user group
The Nithyanda Crematorium was installed in the beginning of 2007 with the purpose to
generate thermal energy for the cremation of human corpses. Because the crematorium
was installed in an urban area the exhaust of the installation was cleaned and conducted
through a high chimney in order to reduce the smell of the cremation and to create a more
hygienic environment. In addition, the gasifier based crematoria reduces also the wood
consumption because of its higher efficiency compared to traditional cremations. This
reduction in wood consumption can be up to 6 times that of conventional combustion21.
In addition this implies a reduction in costs which can make these projects economically
viable. According to the manager of the crematorium the total costs of a cremation is
50% of that of a conventional cremation. For the Nithyanda Crematorium the total costs
of the project were covered under a companies’ social responsibility programme. To
speak with the words of the manager the crematorium is “super working”.
Of the 6 gasifier based crematoria that are placed in Pondicherry Union territory 5 of
them were placed by the Renewable Energy Agency Pondicherry (REAP) and 1 of them
by a municipality without the support of REAP. One of these gasifier based crematoria
that were placed by REAP was included in the selection. This gasifier will be referred to
as “Crematorium Pondicherry”. This crematorium was installed around 2004/2005 by
AEW and in the beginning operated around 45 bodies in 100 days. After this period the
AEW employees that were assigned to train the cremators finished this 3 month training
21

At conventional cremation in India a corpse is laid down on a pile of wood where it is cremated.
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period. So at this moment the cremators should have learned enough about the
technology and about how to operate the equipment. When I visited the facilities it did
not appear that any cremation did occur in the last year as could be inferred by the state
of the gasifier and cremation oven.
Rural user group
In the rural user group 4 BGSs from the same programme were included in the sample.
For this programme around 60 gasifiers have been installed in the Indian state Tamil
Nadu of which 28 in the Coimbatore district. The systems are mainly “Gas 9” systems
from Ankur with a capacity of 9 kW. Some actors that were interviewed did mention this
project during their interview22 and said that the performance of these systems was
generally poor. This is why I chose to visit 2 working BGSs and 2 that were not working.
This resulted in a visit and partial interview at the following locations:
• Nellithurai
• Odanthurai
• Chikarampalayam
• Kunnathur
These villages are all electrified and the purpose of the BGSs is therefore not to electrify
the village, but to provide cheaper continuous power. The generated power of these
systems is mainly used for water supply and cleaning, and in some cases for public
lighting. The BGSs at Nellithurai and Odanthurai were working on average for 15 and 27
hours per week respectively. There is not more power demand for the plants, so this is
about the maximum these plants will be operated. It is unknown if this is economically
viable, but with the total investment costs refunded by the government after 1000
operating hours this could be the case. Officially 90% of the total investment costs are
subsidised.23
The other two gasifiers Chikarampalayam and Kunnathur that were commissioned in
2004 and 2006 respectively were not operated longer than 100 hours at all. This implies
that the government did not refund their investment costs. Subsidies covered the total
costs of these rural BGSs if they were operated for 1000 hours or more.
Summary
For the period between 2000 and 2007 a sample of around 25 BGSs has been analysed,
because there was insufficient reliable data available. The sample includes a broad
variation of BGSs in a range of different applications and users. 4 users groups are
identified; the educational institute, the industry, municipality and the rural area. The
performance of the biomass gasifier is economically and technically good at some
experiments. For others it did not work out that well. Especially the larger scale BGSs
and the ones for thermal applications performed well. New developments of power
generation applications increased the economic viability of these systems.

22

These actors wanted to remain unknown
According to official documents about Central Finance Assistance (CFA) of the MNRE published in
2004

23
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5.5 Conclusions
The overview that is presented in this chapter can briefly be summarized as in figure 5.3.
This figure presents the application domains that have been fulfilled with the BGSs over
the period 1987 – 2007. The links between them indicate the evolutionary development
path. Before 1987 the developments in BGSs were based on lab scale experiments and
not directly aimed at applications in the field. After this lab development phases in 1987
the socio technical experiments in the field were starting to emerge. The first application
domain of the gasifier technology was the mechanical driven and small scale captive
power generation systems for irrigation applications. The BGSs that were manufactured
and disseminated fell under the nation wide NBGP. The BGSs in this programme had
disappointing results. After this period new application domains emerged. The BGSs for
irrigations applications slowly reduced in number after 1993 and some years later the
application domain totally faded away. Newly emerging applications were thermal
energy generation systems and larger scale power generation systems. These power
generation systems were for captive power supply in the industrial or educational institute
setting. Before these kinds of applications were applied in India they were utilised in
Europe and documented by SERI. That is why the basic captive power, mechanical drive
and thermal energy applications are not linked to one another.

Captive power
generation
- Small scale (rural) -

Mechanical drive
- Irrigation -

Time frame
1987 - 2007

Thermal energy
generation
Captive power
generation -Medium
scale (industrial) Small/medium burners
- Replace wood firing -

Industrial burners
- Replace fossil fuel -

Power generation
- Grid connected -

Figure 5.3: application domains of the BGSs between 1987 and 2007

The thermal energy generation application slowly began to differentiate and in the mid
1990s two applications domains started to emerge. These were the small and medium
burners that replaced wood firing applications like stoves, and the larger scale – mainly
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industrial – applications that replaced former fossil fuel burners. During the period
between 1993 and 2000 the results of the BGSs were mixed. After 2000 grid connected
power generation systems started to emerge.
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6. Analysis of niche dynamics
This chapter focuses on the analysis of the niche dynamics. For the analysis the niche
dynamics are divided in three separate concepts; the Shaping of expectations, Network
formation and Learning processes. How these concepts are interlinked with one another
will be described in the conclusion of this chapter.

6.1 Shaping of expectations
This paragraph is separated in the expectations before 2000 which are based on a
literature study and the expectation after 2000 which are mainly based on a field survey.

6.1.1 Period before 2000
During the early 1980s the BGSs were expected to be utilised in the rural sector. In this
sector irrigation proved to be an important part of the energy requirement. The biomass
that is required for gasification is a renewable resource that was perceived to be plentiful
available in the rural areas and therefore easily could be exploited. The biomass gasifier
was already a proven technology that could utilise this biomass and therefore could be
deployed to address the energy problems of that time
A citation in an article from the DNES (Dayal, 1989) describes the expectations of the
technology at that period:
“Amongst the variety of technologies based on biomass, gasification offers the most
promising avenue because it helps in conservation of diesel and saving of foreign
exchange needed for import of petroleum. Moreover, this technology can be employed
reliably and conveniently to energise even small engine-driven irrigation pump-sets in
the capacity range of 5-10 hp which are common to the small land holding of the average
Indian farmer. The pumps are widely scattered.
Gasification technology is more suitable for very remote areas separated from inhabited
areas by difficult terrain. These areas cannot be provided with power through the usual
commercial methods because of the high capital involved in laying power transmission
lines or transporting fuels to the areas. For such locations, this technology offers a
solution”
The expectations from the government about the technology were clearly very high
during the late 1980s since it was seen as the technology that would help in reducing the
amount of diesel consumption of farmers. The technology was also seen as reliable and
convenient, so implementation of this technology would not be that difficult. The subsidy
for the BGSs at that time was very high because it was thought that the BGSs would
replace the investment in electrification of a certain amount of rural India. Investing for
the government in the BGSs was expected to reduce the investment in the coal based
power plants and the installation of the grid lines. (Dayal, 1989)
These expectations clearly illustrate that the focus of the technology at that time was on
irrigation applications. This could be either by engine-pump sets or via engine-generator
sets and electrical pumps. It was estimated that if 1/5th of the waste lands was utilised for
the production of biomass, 48.000 MW of power could be generated with the equivalent
of providing power to 7 million people. (Dayal, 1989)
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A collaborative article by four research institutes; the IIT New Delhi and SPRERI
University of California and MITRE, was positive about the technology as well. They
concluded that their BGS design could independently be operated by a local farmer and
that the operation and maintenance does not require excessive time and effort of him.
However, there was argued that proper training of the farmer was required, and that a
socio-technical experiment of at least 25 BGSs was necessary to improve the design and
learn from social-economical and political impacts before large scale field deployment.
(Talib, 1989) These expectations are partially in line with those of the DNES, but do
contradict on certain issues. The collaborative article addresses the need for sociotechnical experiments before the large scale field deployment.
The high expectations of the DNES resulted in a large scale socio technical experiment
that consisted of around 1370 BGSs until 1993 placed in the rural areas, mainly for
irrigation purposes. (Singh, 2000) The results of this socio-technical experiment did not
meet its expectations. Only a few systems were operated on biomass and the life time of a
system was limited to a maximum of 1000 hours. This raises questions like; did this
unexpected result have an impact on the established expectations? And if so, how did
these results affect the expectations of the stakeholders?
The number of gasifier based pump-sets that were installed is around 1370 in the year
1993. After this period the installation of these pump-sets declined drastically and finally
the systems were no longer manufactured. The total amount of BGSs declined from 1370
in the period 1987 – 1993 to 330 in the period 1993 – 2000.
Shortly after the initiation of the NBGP one of the gasifier producers; Jain (1989) did a
micro and macro analysis of BGSs. He concluded that:
“.. the overall potential in terms of installed capacity could be as large as 10.000 to
20.000 MW by the year 2000, consisting of both small scale decentralised installations
for irrigation water pumping and village electrification as well as captive industrial
power generation and grid-fed power from energy plantations.”
These expectations were different from that of earlier stated expectations in the sense that
it additionally focussed on captive industrial power generation and grid fed power energy
plantations. This change in expectations was also carried by the IISc who at that time
conducted a new socio-technical experiment at the Andaman Islands with a BGS that was
utilised in a saw mill. In a publication regarding this experiment Baliga et al. (1993)
conclude after their economic analysis that:
“Economic considerations show that at power levels of about and more than 100 kW the
investment into gasifier-based power generation systems will be a commercially
attractive proposition.”
In addition, it was expected that users who required additional power sources because of
the insufficient grid power supply could have higher profits. (Baliga et al. 1993) This
change in expectations marked the era where the main focus of the technology became
wider. First this were mainly small scale BGSs for irrigation purposes but this focus
extended towards larger scale industrial applications.
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During the early 1990s a policy shift occurred for the technological development and
dissemination of the biomass gasifier. The “technology push” strategy pursued by the
government was abandoned and replaced by a “market pull” based approach. The market
was more emphasized than before and private firms got a bigger role. (Shukla, 1997)
Partially this occurred because of the failure of past programmes like the NBGP that was
partially caused by ineffective policy instruments. What these ineffective policy
instruments exactly include will be discussed in the paragraph learning processes.
From the 1990s onwards more socio-technical experiments for all kind of scales and
applications were implemented. New experiments with the gasifier explored several new
applications; like thermal systems ranging from small to large scale applications of 1500
kW, but also small and larger scale power generation experiments.
Mukunda et al. (1994) consider their past experiences and conclude the following:
“Economic considerations show that at power levels of the range considered in this
paper24 the investment in gasifier-based (a) thermal applications will pay back in about a
year or less, and (b) power generation systems will be a commercially attractive
proposition provided the system utilization per year is substantial.”
This citation presents higher expectations for thermal systems that have a higher
economic viability than power generation systems. Additionally, it expects all systems to
be economically viable options under the condition that power generation system are
utilised sufficiently. The same expectations are shared by Jorapur et al. (1995) who also
conclude that the thermal systems are economically superior to power generation
systems. According to him power generation systems can not be economically operated if
the utilisation is below 1000h annually.
Jain’s (1995) expectations of the technology were also affected after the deployment of
the small scale BGSs. He writes:
“While the initial emphasis was on irrigation pumping, gasifier systems for irrigation
pumping are now seen more as part of national strategic preparedness rather than an
immediate or attractive business area. This is in spite of the arguments about local and
cheap (or even free) availability of biomass ...”
Despite this citation Jain (1995) does still have some expectations in the power
generation systems in the rural areas, but these should have higher capacities and
therefore be shared among a group of farmers or villagers. Furthermore he writes:
“In market positioning and immediate business development for bioresource-based
energy production and conversion, we have placed increasingly greater emphasis on
power generation and thermal applications. The clientele has also been redefined as the
industrial and commercial sector, particularly relatively small and medium organisations
which were seen to be able to adapt to the introduction of this technology relatively
easily.”
24

These power levels were for thermal systems; 30 kW, 300 kW and 500 kW and for
electrical systems; 3.7 kW, 20 kW and 90 kW
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This citation implies the expectation that power generation and thermal applications for
the industrial and commercial sector have the highest potential for the technology.
Additionally, according to the citation power generation systems were expected to rise to
MW scale and become grid connected, however there were some constraining
government policies and tariff structures that prevented this around 1995.
In another publication of Jain (2000) he addresses the need for technological
development in engines and how this might affect the expansion of the technology:
“… it became clear that if compatibility of gasifiers with such [turbo charged] engines
could be established, attractive economics of such installations coupled with greater
financial strength of potential customers could result in major extension and expansion of
the technology …”
This citation implies that the financial strength of BGSs for captive power generation in
the late 1990s is not sufficient for the expansion of the technology.
Summarising
During the late 1980s and early 1990s a shift occurred in the plausible promise of the
technology. First it was expected that the pump-set based gasifier would increase the
irrigation capacity of farmers and therefore increase his yields. However, BGSs for
irrigation that were provided by the Indian government did not seem a good option and
the experiment did not meet its expectations. While the experiment was in progress
researchers and producers started to acknowledge that the experiment did not fulfil its
expectations. In addition, the market got more emphasised which resulted in a change of
potential clients. The plausible promise of the technology shifted from BGSs for
irrigation to commercial thermal and power generation applications. Especially the
thermal systems were expected to be commercially feasible options because they could
replace diesel and LPG burners. Expectations of power generation systems were also
positive although these systems needed to be operated for long hours in order to become
commercially attractive. In the late 1990s it was expected that the utilisation of turbo
charged engines would improve the financial strength of BGSs.

6.1.2 Period after 2000
Before 2000 there were some assumptions about the use of engines in combination with
the biomass gasifier. Until then it was thought that the only suitable engine were diesel
engines in dual fuel mode. Utilising Spark Ignition (SI) producer gas engines requires a
continuous high quality producer gas with limited tar and particulate matter. This, and the
de-rating of engine power that was a know phenomenon for producer gas engines led to
the preference for dual fuel systems. However, development in the field of SI engines and
gas conditioning increased the compatibility of this engine with the biomass gasifier. The
widely recognised economic benefit of utilising these engines is the elimination of the
rather expensive diesel consumption that was known in dual fuel systems. (Sridhar et al.,
2001; Sridhar et al., 2005)
In 2005 a group of researchers from the IISc concluded:
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“.. it is possible to operate commercially available gas engines .. on low energy density
producer gas by employing suitably designed gas carburetor. This study therefore paves
path for the possibility of adapting commercially available gas engine for large scale
power generation application, albeit loss of power to an extent of 20-30%.”
(Sridhar et al., 2005)
These developments led to a change in the expectations about the biomass gasifier
technology for power generation applications from the early 2000s onwards. The earlier
assumptions about the technology were abandoned and it was soon recognised that
producer gas engines were economically superior to the dual fuel systems.
The expectations that are derived out of the interviews will be discussed according to the
application domain of the BGS. This is done because expectations of involved actors are
in many cases addressed to these application domains.
The power generation application domains
This part will discuss the expectations of users about the power generation application
domain. Expectations about this domain will be discussed according to actors.
Users
In the educational institute user group all users had one or more BGSs for captive power
generation. These users expressed several expectations about the technology (appendix
3g,i,k,l). These expectations of each of the educational institutes are summarised in table
6.1 and will be discussed more elaborately here. The primary expectation that was
explicitly mentioned by all educational institutes was that the BGS could generate power
at lower costs than the grid supplied power. So the technology was expected to be
economically desirable before the experiments were initiated. Additionally it was
expected that the educational institutes would make a contribution to the technology with
some experiments conducted from their side. This could either be experiments done by
students or by researchers at these institutes. At some institutes it was expected that the
BGS would therefore make a contribution to their education, because students could
embed this technology in their research.

Educational contribution

X

Contribution to the development of biomass gasification
technology

X

Economic benefits

X

Further plans with biomass gasification
Change of these expectations because of instable wood price

X

VITU

RVEC

PMCT

KPC

Expectations

X
X

X

X

X

X

X

X

X
X

Table 6.1: Expectations by users of educational institutes

Expectations about the BGS were also about future plans with the technology. Two of the
institutes in the sample were busy with plans to place some gasifiers in surrounding
villages. It was acknowledged by these institutes that gaining knowledge about the
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biomass gasifier technology was a prerequisite for successfully working out these plans.
It is unknown if the institutes had these plans prior their decision to install the BGS or
that they came up with these ideas after installation.
The users of the industrial user group that had a BGS for power generation had other
expectations which were relevant. These were implicitly or explicitly derived from the
interviews with these users (appendix 3a,b,d,j). The primary expectation was about the
profitability of the technology. Although this expectation is also carried by the
educational institutes it is more emphasised in the industry, possibly because of its
commercial character. Arashi, one of the industrial users, was at the installation of its
plant in 2002 Indian largest BGS for power production with its 1.2 MWe capacity.
During the first years of its operation they started to develop some new practices to
improve their process. Because of its large scale it was feasible to apply some new
features at their BGS. Two of these new features are the installation of a water cooling
system that utilises the waste heat of the BGS and raw biomass treatment facilities. It was
expected that these kinds of developments would lead to improvement of the economic
viability of the system. At the BERI experiment it was expected that the power would go
to the people both literally as well as figuratively. Literally, because the power that was
generated at the BGSs would be supplied to the local rural population that would have
access to continuous grid power, and figuratively in the sense that the population would
operate the BGS and supply it with biomass. This would result in more economic activity
for these local villagers.
In the rural area user group (Appendix 3e) the users of the BGS had a specific objective
for it that was shared by the rural community. This could be power generation for water
pumping or cleaning but could also be used for street lighting. It was expected by these
communities or users of the technology that the BGS would fulfil this objective. The
BGS would supply power when it was necessary which would be cheaper than grid
power.
The primary expectation of these users clearly is about the economics of their power
supply. Next to this, the educational institutes expect that they can contribute to the
development of the BGSs.
Producers
The expectations of the producers are derived from interviews summarised in appendix 1.
Producers have in general high expectations about BGSs. This is why they started their
activities with the technology in the first place. However, some producers focus only on
specific application domains, which imply higher expectations for these domains. Other
producers even openly criticise applications of the BGSs and express their worries about
the desirability of these applications. Expectations other than the high expectations about
BGS in general will be discussed by interviewed firm.
AEW does not have high expectations about the power generation applications. However
a small number of dual fuel systems for power generations are manufactured within
AEW. There are plans within AEW to start with BGS that run on rice husk as its
feedstock in order to produce power or heat. This gasifier can utilise the cheap and
abundant available rice husk as the biomass feedstock. AEW’s expectations about the
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power generating systems that utilise producer gas engines are generally low. According
to AEW the majority of these systems are not operational, even at the present time. The
main problem with these systems is the unreliable quality of the producer gas that causes
tremendous maintenance efforts and damage to the engine.
At Ankur expectations are high for most applications. Ankur is market leader in BGSs
and manufactures systems for all application domains. For the power generation they
have two biomass gasifier designs; the FBG that is suitable for rice husk gasification and
the WBG that is suitable for wood gasification. Both gasifier designs can be embedded in
a BGS for both thermal and power generation applications. However, the FBG can only
be used in combination with a dual fuel system because of the insufficient producer gas
quality with respect to SI engines. For small scale captive power generation applications
that are utilised in the rural areas the expectations are less high. Past unsatisfactory
experiences with these small scale rural BGSs changed Ankur’s view on how to
implement them. They now argue for a different approach for the implementation of
these BGSs in rural areas.
At Arrya High-tech Energy (AHE) they produce systems with capacities between 100
kW and 1.5 MW. This implies higher expectations for larger scale applications than for
small scale applications. However this is not explicitly mentioned by AHE.
Aruna Electrical Works is a company that is focussing on small scale gasifiers for rural
applications. Aruna has high expectations for these small scale BGSs. This is in contrast
with the general expectations
Energreen power has high expectations for larger scale BGSs that are connected to the
grid. With these larger scales the BGS can be operated more efficiently. E.g. waste heat
can be utilised for water cooling and biomass drying that is required for these systems. In
addition, Energreen has high expectations on cooling applications for fruit and vegetables
in rural areas. These are now powered by the grid, but frequent grid blackouts cause a
poor quality of the cooling systems. This causes a big part of the crops to be wasted.
BGSs could deliver continuous cooling, and therefore solve this problem. Energreen’s
expectations about the small scale rural BGSs are very low. According to Krishnaswamy,
the director of Energreen, these systems can simply never work. The main problem with
these systems is the lack of trained personnel that is required to operate and maintain a
BGS. In addition, it is economically not possible to send a trained technician to one of
these sites in the rural area to solve their problems, because the roads are often
inaccessible and distances are huge in most occasions. This implies high service costs
that cannot be covered by the project benefits. In the few cases where these smaller scale
BGSs were successful the users of these systems got extensive guidance. This result
would never have been accomplished without constant monitoring and interference when
something goes wrong.
These expectations are summarised in table 6.2. There seems to be a general preference
for power generation systems of larger scales by the BGS producers. However two firms
do not explicitly mention this preference. The expectations of small scale power
generation for rural areas are in general perceived as less positive.
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Expectations

AEW associated engineering
works

Ankur Scientific Energy
Technologies

Arrya Hi Tech Energy

Aruna Electrical Works

Energreen Power Ltd.

Netpro Renewable Energy

Small scale (rural) applications

-

o

o

+

-

o

Systems of larger scale

+

+

+

o

+

o

Table 6.2: Expectations of producers regarding the desired scale of the BGSs
+: High expectations mentioned
o: No specific expectations mentioned
-: Low expectations mentioned

Research institutes
Research institutes were mixed in their expectations about biomass gasification. At the
Ana University in Chennai some researchers were involved in biomass gasification
research. One of them had remarks about the small scale rural BGSs that are currently
installed in India. He was involved in an evaluation research about these systems and
concluded that out of the 20 BGSs included in this research only one of them was in
running condition. These 20 BGSs were installed in Tamil Nadu in the period 2003-2005.
(Appendix 2a) One could argue that the expectations in the small scale rural BGSs were
not high at all when this research was conducted. Because the study was under the
commission of TEDA I could not examine the report any further.
At the IISc expectations about BGSs are generally high. The fossil fuel prices are high at
the moment and are expected to rise even more. This will have a positive effect on the
diffusion of the BGSs. The electricity costs for the industry are very high in India
compared to the rest of the world. In addition, the quality of grid power is not that high.
This is beneficial for the technology as well, because grid power is an obvious competing
alternative of BGSs for power generation. (Appendix 2c)
Government organisations
TEDA has high expectations about the BGSs. According to them the main constraint of
this renewable energy technology is the maintenance that is required for proper operation.
If BGSs become larger than 1 to 2 MWe other technologies like the direct combustion in
combination with a steam cycle is a good option.
REAP has also high expectations about BGS. Crematoria applications have been installed
at 6 different locations in Pondicherry Union Territory. The expectations about these
systems are still high.
The MNRE has made it its mission to reduce the dependence of oil imports of foreign
countries and therefore increase India’s energy security. In addition, they want to increase
the share of clean power, make energy easier available, accessible, and affordable and
increase per capita energy consumption towards the global standard in a sustainable way.
The vision of the MNRE to achieve its mission is to develop new and renewable energy
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technologies. With respect to BGS they focus on village electrification and power
generation applications for captive use as well as grid connected by providing subsidies
for these applications. For the producer gas systems this has been Rs. 1,5 million25 per
installed 100 kWe and for dual fuel prices this has been around Rs. 0,15 million per
installed 100 kWe over the last period from 2000 – 2007.26 Why there is a difference
between subsidies per technology is not mentioned in publications of the MNRE.
Thermal application domains
This part will discuss the expectations of users about the thermal energy application
domain. Expectations about this domain will be discussed according to actors.
Users
At ADI (Appendix 3c) the main expectation of the technology was that the installation of
the first biomass gasifier would result in cost reduction compared to the conventional
diesel burners. In addition, it was expected that BGSs were environmentally sound since
they are CO2 neutral. This would contribute to a socially responsible image of the
company and also might result in additional financial benefits such as those embedded in
the Clean Development Mechanism (CDM). This financial opportunity known as carbon
credits can increase profits of the BGSs in comparison to the conventional systems even
more. After the installation of the first BGS at ADI expectations increased significantly
which led to the installation of four additional gasifiers. All required process heat is now
supplied by means of BGSs for ADI.
In the municipality group the BGSs for cremation applications are considered (appendix
3f,h). Main expectations in this group are that BGS for cremation applications can reduce
the odour that is emitted during a cremation and increase the hygienic conditions of
cremations. This is because the BGSs for cremations are equipped with a high chimney
and the combustion process is more efficient.
Governmental organisations
Expectations of the state government in Tamil Nadu about the biomass gasifier based
crematoria are high as well. A newspaper article of the Hindu27 argued that the
Commissionerate of Municipal Administration28 of Tamil Nadu released funds for 52
municipalities. This commissionerate expects that the BGS based crematoria will reduce
the amount of wood consumption for cremations with a factor four. The funds that are
provided will cover around half of the total costs of the BGS.
The national concerned Ministry (MNRE) promotes thermal BGSs but far less than
power generation applications.

25

In this document prices are mentioned in the Indian currency rupees (Rs). To convert this into Euros (€)
divide by 55 (conversion factor 2007)
26
This information has been derived out of several Central Financial Assistance documents of the MNRE.
The subsidies do deviate for some years and some documents provide contradicting data but overall these
numbers can be assumed.
27
Newspaper article of the Hindu; Eco-friendly crematoria in 52 urban local bodies; Date: 01/05/2007;
URL: http://www.thehindu.com/2007/05/01/stories/2007050113590400.htm
28
The Commissionerate of Municipal Administration is part of the state government of Tamil Nadu, India
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Producers
All producers agree that thermal applications can currently be utilised in an economically
sound manner. (Appendix 1) At AEW the main focus is on the BGSs in the industrial
burner application domain. In this domain the technology has to compete with fossil fuels
based technologies. AEW has high expectations for these applications, because of the low
complexity of the required BGSs and the high investment rates of return that are
calculated to be less than one year. Besides these industrial burners there are also
small/medium scale burner applications manufactured by AEW such as the gasifier based
crematoria. Having said this, AEW exercises restraint to let the BGSs compete with
traditional fire wood based applications, because the economic benefits of these gasifiers
are considered to be far less. (appendix 1a)
Research institutes
A researcher from Anna University did a lab scale experiment about a BGS based cooling
system for cold storage of fruit, fish and vegetables in the rural areas. The main problem
with the present cold storage systems are the power blackouts that cause malfunctioning
of current power systems which in many occasions result in a quality reduction of the
stored products. The experiment was designed in such a way that a heat exchanger would
provide the required cooling. There was no need to generate power which reduces the
technological and operational problems significantly. This experiment led to the
expectation that this could be an economically preferred option compared to present cold
storage systems. The implementation of this new technology will also cause a reduction
in CO2 emission. (Anbazhaghan et al., 2005; Appendix 2a)

6.1.3 Conclusion
This paragraph has revealed the dynamics of expectations carried by several actors in the
biomass gasifier network29. Three changes in the expectations can be identified. The first
change in the expectations happened during and after the first socio-technical
experiments with the BGSs for irrigation. This initial phase of socio-technical
development was driven by the government of India that utilised research institutes to
develop the technology. The government’s expectations about technology were so high
that they wanted to start the NBGP without further socio-technical experimentation.
Initially the expectations of the government were based on results that were obtained 40
years ago in Europe. Some of the researchers that were busy with technical experiments
in biomass gasification urged the need for additional experiments of 25 gasifiers before
the launch of the NBGP. This was however ignored by the DNES and the NBGP got
initiated. Poor results of these experiments urged actors to change their expectations
drastically and to start focussing on other application domains. New expectations started
to be directed more towards applications for industry such as captive electricity
generation and thermal applications. Thermal applications were expected to be
economically effective while power generation applications were only expected to be
effective if they were utilised substantially. The second change in expectations occurred
around the mid 1990s. These changes involved expectations in power generation
applications. BGSs of higher capacities were expected to increase the economical
29

The biomass gasifier network includes all actors involved in biomass gasification
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viability. This involved increasing the capacity of engines that resulted in additional
expectations about the utilisation of turbo charged duel fuel engines. During the early
2000s a third change in expectation occurred. Developments in the SI engines for the
combustion of exclusively producer gas were expected to increase the economic viability
of the BGS for power generation. In addition, it was generally expected that increasing
the scale of BGSs would improve the economics of the systems. Producers’ general
expectations of the smaller scale rural applications are not that high although there are
some producers that still focus on these applications.
Expectations in the initial phase of the BGS development changed very rapidly. New
application domains were explored and old ones were abandoned with relative simplicity.
Later expectations were more incremental of its nature and somewhat harder to
implement.

6.2 Social network formation
This section will discuss the role of actors towards the development of the biomass
gasifier technology.
Research institutes
In the early development stage it were the research institutes that were pushing the
development of the BGSs funded by the government. The main research institutes that
were involved during the early 1980s were IIT New Delhi, SPRERI and the IISc. These
institutes developed BGSs which were developed independently, however the IIT New
Delhi and SPRERI cooperated together and with two US institutes in order to perform a
review about their systems. These US institutes were the MITRE cooperation and the
University of California and were involved in these reviews on behalf of a larger aid
programme of the US with the objective to reduce the dependency of developing
countries on oil. (Talib et al., 1989) Other institutes that were active in biomass
gasification were Punjab Agricultural University, IIT Bombay, Nimbkar Agriculture
Research Institute (NARI) and Madurai Kamaraj University (MKU). (BUN, 1996)
When the IIT New Delhi, IISc and SPRERI finished the designs for the NBGP these were
implemented into the field. During this programme in the mid 1990s the Indian
government assigned four Action Research Centres (ARCs) in the field of biomass
gasification. These were institutes with expertise about gasification and they were
stimulated to enhance biomass gasifier development. Institutes that were assigned as
ARCs were: IIT New Delhi, IIT Bombay, IISc and MKU.
In 1996 the Biomass Users Network – India – was created by Mukunda who managed the
research group involved in gasification at the IISc during those days. The objective of
this network was to share experiences and discuss the lessons learned from these
experiences on an international and national level about biomass projects. In practice, a
lot of gasification experiments were discussed. A newsletter was circulated every three
months where actors could post their experiences and comment on other articles.
Although the name of the network might suggest the involvement of the actual users, it
was mainly aimed at discussions between research institutes, government and producers.
The main technology discussed in this network was the biomass gasifier technology, but
also other biomass related issues were discussed. Interaction between the earlier
mentioned actors was high in the beginning but slowly reduced. The newsletter was
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abandoned in the late 1990s, probably because of the lack of support and/or
contributions. (BUN, 1996a, 1996b, 1997a, 1997b, 1998)
Users
Users of BGSs have been involved in biomass gasification since the beginning of the
National Biomass Gasifier Programme (NBGP) in the late 1980s. The first users of the
technology were farmers of rural India. These farmers did not use their BGS as expected.
During the first phase of the NBGP they sometimes purchased the gasifiers against low
prices because of the high subsidy and then only utilised the diesel engine that was part of
the system and operated it on diesel alone. Later, new users appeared from other sectors.
In the early and mid 1990s industrial users started to experiment with the BGSs. First
these were specific users that could have some kind of advantage with the biomass
gasifier technology like a sawmill factory with insufficient power supply and the surplus
of waste wood suitable for gasification. (Baliga et al., 1993) Or a hand made paper unit in
an area without power supply that normally generated its electricity with diesel generator
sets. (Dasappa et al., 2004, pg. 913-914) There still remain users in the rural setting,
however the number of these users were diminishing as discussed in previous chapter.
The range of users got wider; this could be rural users or industrial ones. After 2000
many educational institutes and municipalities got involved in BGSs which implies an
even wider user base.
Producers
Ankur has been involved with biomass gasification since it was founded in 1986.
(Appendix 1b) It is the only company that has developed their own design for the BGS
for irrigation purposes. The design was probably adapted from the SPRERI design
because the founder of Ankur previously worked for this institute. AEW was initially
involved in merely the manufacturing of the SPRERI design that involved BGSs for
irrigation purposes, but after they gained some experiences with gasification they started
to develop their own systems. (Appendix 1a) The IISc also involved a producer for the
manufacturing of their system. However, this manufacturer did not continue its
involvement in the technology. Basically there were more manufacturers who initially
wanted to get involved in the gasifier industry, but the conditions that were imposed by
the government resulted in their withdrawal from this business. (Jain, 2000) In 1994
Netpro was founded to manufacture biomass gasifiers with the IISc design. The firm
works in close collaboration with the IISc and is not involved in R&D unlike AEW and
Ankur.
From 2000 onwards many new gasifier manufacturers entered the market. Some of these
use IISc licences in order to make their gasifier design like Energreen Power Ltd., Aruna
Electrical Works, Arrya Hi-Tech Energy and others. All together there are seven gasifier
manufacturers that are licensed to use the IISc technology in India. These are connected
with one another through the Advanced Bioresidue Energy Technology Society
(ABETS), an organisation from the IISc. (ABETS, 2006) There are also firms that
designed their own BGSs like Cosmo Powertech Pvt. Ltd. This gasifier manufacturer
even designed a totally different gasifier design from the main design; the updraft

- 50 -

gasifier30. The present market leader in biomass gasification is Ankur with a turnover in
2005-2006 of Rs. 150 million. (Appendix 1b)
In addition to producers of BGSs, producers of IC engines embedded in these systems are
also involved in the development of the technology. Involvement of the engine
manufacturers can enhance engine-gasifier compatibility which is crucial for proper
operation and system reliability. The IISc and Cummins India Ltd. have signed an
agreement in 2006 to commercialise BGSs for power generation.31 The output capacity of
these producer gas engines are suitable for power plants ranging from 20 kW – 300 kW
(Cummins, 2006, pg. 27) but this capacity can be extended by implementing multiple
engines. Cummins India is a big player in the field of generator sets and engine
manufacturing with a total turnover of Rs. 5312 million. (Cummins, 2006) The IISc and
Cummins agreed to cooperate with the development of a power generation system for the
IISc’s gasifier design. Ankur is currently in collaboration with Guascar Engines Pvt. Ltd.
for the manufacturing of a producer gas engine with a capacity of 700 kW. This is much
larger than other available producer gas engines. (Appendix 1b)
Governmental organisations
As mentioned earlier the MNRE is an active player that gives subsidies for all kinds of
new renewable energy technologies. First this organisation was actually a department and
in 1992 it was changed into a ministry. The ministry has made it its main aim to increase
energy self-sufficiency in order to improve the country’s energy security. The biomass
gasifier is one of the technologies the ministry promotes with respect to this objective.
The NBGP promotes the use of biomass gasifiers through subsidies. In the early days
these subsidies covered the total investment costs of the BGS. Later 60% was covered by
the programme (Mukunda et al., 1994; Jain, 2000) with the exception of thermal systems
that were issued a subsidy of 30% of the total investment costs (Jain, 2000; BUN, 1997a).
Later this dropped to less than 5% of the total investment costs. Besides the subsidies the
MRNE organised technical meetings between technology developers and policy makers
and conferences to provide the necessary forums for interaction and discussion between
these parties, users, producers and NGOs. (Jain, 1995, BUN, 1997a) How frequent these
meetings occurred is unknown. No evidence about meeting from after 2000 was found.
The MNRE is supported by the state nodal agencies (SNA) that disseminate information
and are involved in the development and promotion of new and renewable energy
technologies.
Other governmental organisations that have increasingly been involved in biomass
gasifier power plants are the State Electricity Boards (SEBs). During the early 2000s
BGSs for power generation were increasingly grid connected and therefore agreements
between the independent power producers and the SEBs were required. These agreements
were mainly about buy back rates of the produced power or about wheeling charges for
the transport rates of electricity to third parties or sister companies.
NGOs
30

The information regarding Cosmo Powertech has been collected on the companies’ website
http://cosmogasifiers.com
31
Newspaper article of Hindu Business line: Cummins India, IISc tie up for biomass-based power systems;
Date: 09/09/2006; http://www.thehindubusinessline.com/2006/09/09/stories/2006090902860300.htm
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NGOs have mainly been interested in biomass gasification because of the benefits of the
technology with respect to the environment and the social benefits that energy can have
for the poor, especially for the rural areas. Some of the NGOs that are involved in
biomass gasification are Decentralised Energy Systems India (DESI), Global
Environment Facility (GEF) through the UNDP, India Canada Environment Facility
(ICEF), etc.32 DESI power has focussed itself on biomass gasifiers as a means to create a
self sustainable centralised electricity supply on a commercial basis.
Financial institutes
Banks can provide loans for users of BGSs in order to help them finance their investment.
In general these banks are reluctant in financing experiments that involve high risks.
There have been some BGS experiments where banks did provide loans that covered
(part of) the investment costs. The TERI gasifier that was installed for the salt extraction
industry during the late 1990s was financed with a loan. Because of the absence of a
response from the government about the subsidy application which was issued by the
user, he applied for a loan. This loan was issued by the bank so the subsidy was no longer
required. (Mande et al., 2007, pg. 164) The PMCT did also get a loan for 50% of their
gasifier while the additional 50% was provided by subsidies.
The Indian Renewable Energy Development Agency (IREDA) is an organisation under
the administrative control of the MNRE with the function to provide loans for innovative
and commercially attractive renewable energy technologies or energy saving
technologies that contribute to sustainable development. It has provided loans for
biomass projects however this excludes the utilisation of the BGSs as they are known
today.33 (IREDA, 2005)
Actor Interaction
Although there are several actors that are identified on the total biomass gasifier network
the interaction between them remains unclear.
Although the MNRE has a record of the total installed capacity of BGSs, there is no
organisation monitoring the actual status of the BGS. Lessons that are learned are
therefore only known by the producers that have a mutual relation between user and
producer. Some users from educational institutes have been in discussion with R&D
institutes in order to give feedback. (Appendix 3g) However no group discussion or
systematic user feedback has been reported by users included in the field survey.
TERI has undertaken efforts to include all relevant actors such as users, producers,
governmental bodies in the development of BGSs. TERI and to some extent ASTRA
during the Hosahalli project are the only known institutes that actively involved users in
the design criteria of their system. (Mande et al. 2007; Ravindranath et al., 2004)
Attempts to setup a biomass user network have been attempted, however it has not been
sustained. Generally, relations between actors are not organised and interaction is not
frequent.

32

This is derived from several information sources published by Bio Energy for Rural India (BERI) like
folders and the BERI website.
33
Projects are exclusively eligible to loans from the IREDA if they are based on a certain boiler pressure
which implies that exclusively steam cycles based technologies are considered. (IREDA, 2005)
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Cooperation in experimentation among actors is scarce. Experiments that were included
in the field survey were mainly based on a user and producer relation. Biomass suppliers
were not actively involved in the experiment but occasionally R&D institutes like the
IISc were involved in the experiment.
Conclusion
In the 1980s the network consisted mainly of research institutes, farmers and the
government. The government played a crucial role in the early days of the gasifier
developments by funding technological developments and highly subsidising deployment
of the BGSs. The network in the late 1980s was small although the government efforts
contributed to its expansion. The deployment of the pump-set gasifiers had to be
manufactured so a number of producers entered the network. In addition, the government
formed a number of Action Research Centres (ARCs) that were specialised research
institutes in the field of biomass gasification. During the late 1990s and early 2000s more
producers started to get involved in the manufacturing of BGSs. On some occasions
financial institutes were willing to provide loans for the installation of BGSs. NGOs were
interested in the technology because of the environmentally sound character of the
technology and its opportunities to contribute to socio-economic development for the
poor. Recently, big industrial players have entered the network with the aim to supply
suitable gas engines.
Two leading players in the BGS network that have played and still play a huge role in the
network are the IISc and Ankur. These players have been involved in gasification from
the 1980s. The IISc has made a design that it has licensed to seven Indian manufacturers
and Ankur is the market leader of BGSs.
The interaction of actors in the biomass gasifier network has been irregular and no
relevant structured networks to exchange information have been created over time.

6.3 Learning
This paragraph is separated in the learning before 2000 which are based on a literature
study and the learning after 2000 which are mainly based on a field survey.

6.3.1 Period before 2000
When the development of the BGSs got off the ground in the early 1980s prior
knowledge about this technology came from Europe. This knowledge was generated
before and during the Second World War when oil scarcity was high and developments in
fixed bed gasification flourished. (Stassen and Knoef, 1993) A translation of the Swedish
book about the developments in gasification during this period by Solar Energy Research
Institute (SERI) functioned as the starting point for Indian researchers. The findings in
this publication were used in the development of the first designs. (Dasappa, 1989;
Vyarawalla et al.; 1984) Early technological experiments by the IISc proved that this first
design had some disadvantages and therefore led to experiments with another design.
This other design was the open top downdraft gasifier, and initial experiments were
significantly better with this design than with the earlier design which resulted in the
rejection of it and the selection of the open top downdraft gasifier for further experiments
by the IISc. At other institutes that were involved in gasification at that time, like
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SPRERI and IIT New Delhi no shift to the open top gasifier was made. Experimentation
with the first closed top design continued there.
At the IISc learning was going on about the length-width dimensions of the reactor, what
materials to use, the place of air nozzles for additional air and the gas conditioning
system and other technical details. (Dasappa, 1989) At the IIT New Delhi it was learned
to construct a gasifier and gas conditioning system that could convert pre-processed
agricultural residues into a producer gas that was suitable for combustion in a converted
diesel engine. Over 100 hours of field testing was conduced with this setup and the
performance was evaluated. At SPRERI it was learned how modifications in the classical
design could optimise the total system performance. (Talib et al., 1989)
After the take off of the NBGP the BGSs were extensively utilised by its users who were
basically farmers of rural India. The programme resulted in learning about several issues.
The main learning about this NBGP can be summarized as follows:
• The total life span of the BGSs was short with an average of 300 hours (Dasappa,
1989)
• There were problems with the operation because of unsuitable biomass feedstock
or technical problems (Dasappa, 1989)
• The BGSs were economically unviable because of the short life span of the
system (Dasappa, 1989) and the low annual operation that is required for
irrigation (Jain, 1995, 2000)
• The price for energy for the particular target group was low due to high subsidies
on energy. This reduced the economic benefits of the technology (Jain, 1995,
2000)
• Insufficient programme management that subsidised the investment for a BGS including diesel pump-set - to the extent that it was less costly for farmers than a
pump-set alone. This caused farmers to purchase the total system merely for the
diesel pump-set. (Jain, 1995, 2000; appendix 2c)
• Insufficient programme management in the sense that simple pre-conditions for
operation like the availability of water for irrigation could not be met. (Mukunda,
1994)
Another socio-technical experiment that was initiated in 1990 was at the Andaman
Islands and involved a larger scale system in the industrial setting. From this experiment
it was learned that the economics of larger scale power generation systems were better
than that of smaller scale systems especially when the grid power was not available.
When grid power is unavailable the BGSs has to compete with the diesel generator that is
operated on diesel and therefore expensive in operation. The economic benefits are
therefore higher for BGSs if grid power is unavailable. (Baliga et al., 1993; Appendix 2c)
In addition to this, technological learning about reactor life occurred. The experiment
revealed that the reactor got damaged because of operation temperatures and had to be
repaired after 1000 hours of operation. (Appendix 2c) This technical problem was
addressed in several follow up experiments. (Mukunda et al., year of publication
unknown)
From 1993 onwards BGSs became more diverse in its applications. Lessons that were
learned from the earlier period gave rise to explorative experiments with new application
domains such as the earlier mentioned Andaman Islands experiment for power
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generation. In addition, experiments with electrification in rural areas were undertaken at
Hosahalli, Karnataka. This experiment involved a small scale BGS with a capacity of
3,75 kW that was replaced by a 20 kW BGS in 1997. The upscaling of the systems was
done because of an increasing demand for energy by the villagers. The experiment
basically gave rise to the lesson that it is possible to utilise a BGS in the rural setting and
operate it to enhance socio-economic development. However, economic viable operation
without external funds remains unproven. (Ravindranath et al., 2004) It should be noted
that the operation was possible in Hosahalli under the conditions of extensive guidance of
the experiment coordinators. (Appendix 1e; Ravindranath et al., 2004)
In a handmade paper unit in Orchha an additional experiment was undertaken. This
experiment learned that it is possible to operate a BGS commercial and continuously for
captive power generation with an average annual operation of 2200 hours. (Dasappa et
al., 2004)
At Ankur efforts to develop a gasifier for the gasification of rice husk were initiated in
1993. Gasifying rice husk is technologically challenging because the characteristics of
rice husk are very different from that of wood. This resulted in a BGS for the commercial
gasification of rice husk that could be utilised for the generation of electrical or thermal
energy at e.g. rice mills. The actual field results of the rice husk gasifier were however
mixed. (Appendix 1b)
At TERI several experiments about BGSs for Small and Micro Enterprises (SMiE) were
conducted. Mande et al. (2007) provide an overview about these experiments and the
main lessons that can be derived from these experiments. The project management of the
development of the BGSs aimed to address technical issues in cooperation with the user
and other stakeholders. With the BGS for silk reeling some unexpected lessons were
learned. The BGSs did not only lead to fuel saving in comparison with the traditional
wood ovens, but they also increased silk yields. The unexpected savings of the higher silk
yield were more than those of the fuel reduction. During the developments of the final
marketable model the system became more user-friendly and cost-effective. The silk
reeling BGS was expected to be paid back in around 4 months but when the device was
marketed around 2000 no silk reeler was interested. The manufacturers even tried to
provide the reelers with a banking scheme but it would not help. There were many
problems identified that could be the reason for this lack of interest, but the main problem
was the subsidy culture that was present among reelers. The government created this
culture because of the subsidies on a large part of the equipment over the past years. In
addition, the government started to issue a subsidy for the installation of the ‘multi-end
reeling machine’. It was impossible for the manufacturers of the BGS for silk reeling to
compete with this virtually free machine.
A BGS for cardamom drying had comparable results. The BGS was developed for SMiEs
and was economically superior to the traditional wood ovens for cardamom drying.
However, a communication failure between TERI and the Indian government led to the
marketing and manufacturing of the wrong design. The immature model was deployed
but this did not have the desired take-off effect.
Two other experiments performed better. In one case a 500 kWth BGS replaced a wood
fired oven for salt extraction that had a low thermal efficiency. This was so successful
that the owner of the salt extraction unit replaced a second oven that was running on light
diesel oil by a BGS in 2003. A BGS for drying and bleaching of silk has proved to be
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successful too. The BGS could replace ovens that were operated on wood or on
petroleum based fuel. The savings of BGSs were remarkable high for the replacement of
the petroleum based ovens. The BGS for silk dying and bleaching expanded since the
placement of its first commercial design in 2000 to a total number of 22 BGSs in 2004.
Previous discussion provides an overview about local learning about some interesting
experiments but fails to discuss the broad learning processes that occur in the global
network. Jain (2000) provides an overview about was has been learned from the
experiences of the 1990s in India. He argues that past experiences have resulted in
tremendous learning about several aspects of the technology. Some practical but
important learning topics are discussed:
• One important aspect is the required fuel specifications of the biomass feedstock.
If these requirements are not adhered to the BGSs can suffer damage to crucial
components. It is therefore vital that users adhere to the Operation and
Maintenance (O&M) requirements about fuel specifications.
• Following O&M is also strict when it comes to operating procedures and
maintenance intervals. If these are not adhered to the system can get seriously
damaged. The technology is also not “fail safe” and therefore it is crucial for
operators to meet the operation procedures.
• Complementary to this is that the technology is not “user friendly” in terms of
operation, biomass feeding and maintenance. Operation is seen as messy and
laborious where at some procedures charcoal has to be extracted by hand and
“poking” in the reactor is required for the desired flow through of biomass by
some manufacturers.
• The technology is not “idiot proof” and requires operation and maintenance by
well trained and experienced employees. This is sometimes not acknowledged by
superiors of these operators which can result in a frequent change of these
employees. Operation of the BGS with untrained personnel is undesired and can
be the root of all earlier mentioned problems. In addition, manufacturers should
deliver standard training programmes for newly installed BGSs. This includes on
the job training where well trained operators transfer their knowledge to future
operators.
• Information distribution can sometimes be constrained because of the need for
protection of intellectual property by the producer. This is not only limited to the
BGS producers but affects many industries.
• Learning about engine development has also been important for BGSs. In the past
only naturally aspired engines appeared on the Indian market, however towards
the year 2000 this changed towards turbo charged engines especially for higher
capacities. It used to be thought that gasifiers could not be operated with turbo
charged engines but experiments learned that it is possible to operate a BGS with
a modified turbo charged engine. Turbo chargers are sensitive to tar and
particulate matter in the producer gas. However, they generally increase
efficiency and are environmentally cleaner than the natural aspired engine.
Producer gas standards at that time were not sufficient to meet the fuel
requirements of turbo charged engines and therefore needed to be improved. This
led to co-evolutionary developments in the gas conditioning to reduce tar and
particulate matter.
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6.3.2 Period after 2000
After 2000 the main aim for actors in the network of the BGS was to commercialise the
technology. It has elaborately been discussed in the paragraph “expectations” that the
main expectation for almost all application domains was to operate the systems on an
economically sound basis. The economic performance of all BGSs is indicated in table
6.3.
Name of user

Application

Economic
performance

PMCT 1

DF power generation

--

Arashi

PG power generation

+

VITU

DF power generation

0

PMCT 2

PG power generation

0

PSG foundry

PG power generation

--

Coimbatore 9kw rural projects

PG power generation

--

Crematorium Pondicherry

Thermal

--

ADI

Thermal

++

RVEC

PG power generation

+

KPC

PG power generation

-

Aakavi

PG power generation

0

BERI

PG power generation

--

Nithyanda Crematorium

Thermal

++

Table 6.3: The estimated economical performance of BGSs in the field study sample; Source: based on
operating hours of the BGSs, the costs of biomass and the respondents own opinions (Appendix 3)
DF:
Dual fuel system
PG:
100% Producer gas system

The indicator has been chosen on the basis of several factors that are derived from the
interviews. (Appendix 3) Especially the operating hours of the BGSs, the costs of
biomass and the respondents own opinion has been used to estimate this measure. These
first two were required because most interviewees stated that their system was doing
economically well while it only had been operated for a few hours or so. As presented the
rate of economical performance of the systems was varying considerably.
In addition to the field data sample as presented in table 6.3, more BGS users were
contacted for interviews. Many of the installed BGSs were not in operation when I
approached the user for an interview or the interview was not approved. After asking
around in the biomass gasifier network, some actors were aware of the problems at other
plants and willing to share their information. Other interviewed actors monitor these
BGSs. Although this information is not as strong as the first hand data of the experiments
in the sample, the data can be useful in the analysis of the performance of the BGS.
Table 6.4 presents the status of some of the experiments installed after 2000 that were no
longer in operation, and were not visited because of reasons mentioned earlier. The
reasons why the BGSs were relocated or why they were not operational were not always
mentioned by the source. Because of this and because of the rather unreliability or
incompleteness of that data these reasons will not be discussed. The data is shown here to
reflect on the current status of the technology and implies that many gasifiers are
currently not operational.
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BGS user

Status

Source of information

Hatsun Agro products, Kancheepuram

BGS relocated

IISc

Dev Power Corporation, Hosur

BGS closed down

IISc

Tamil Nadu Heat Treating & Fettling Services Pvt. Ltd.,
Hosur

Not operational

User

Bagavathi Biopower Pvt. Ltd., Erode

Not operational

Kongu College

M. Vishveswaraiah Institute of Technology (MVIT) - I,
Karnataka

BGS relocated

Netpro

M. Vishveswaraiah Institute of Technology (MVIT) - II,
Karnataka

BGS relocated

Netpro

G. B. Food Oils, Trichy

BGS relocated

PMCT

Tanfac Industries Ltd., Cuddalore

Currently not
operational

Energreen

Table 6.4: Additional experiments and their status. Source of information is provided in the table.

This information recalls questions like; why did some of these experiments lead to good
economical performance and others not? And, why are a respectable number of BGSs not
in operational at all? This implicates lessons that were learned to be of importance for
proper operation of the gasifier. This but also learning about complementary matters are
prearranged in subjects were actors in the gasifier network learned about. These subjects
will be discussed in the next section.
Scale of the system
The scale of the BGSs is as with many technologies important to be cost effective. This
was also acknowledged in the 1990s when a trend occurred to upscale BGSs as
mentioned earlier. It also got apparent that the expectations of several gasifier producers
were aimed at large scale systems rather than small scale ones. I have not discussed yet
why these producers came to these expectations. It can however be noted that many
producers have good experiences with there larger scale applications, where other have
bad experiences with smaller scale systems. A good example for this is the case of Arashi
Power Plant that has a total capacity of around 1.2 MWe. This plant has been called the
largest biomass gasifier power plant in India at the time of its establishment and the
general performance has been considerable. (Appendix 3b) Other examples of BGSs that
were installed by Energreen and are of a considerable scale were a thermal system at
TANFAC and at Sri Gomathy Spinning Mils. These were also functioning properly.
(Appendix 1e) Efforts at the IISc and at Ankur also indicate the drive to upscale their
installations as can be learned from resent cooperation with engine manufacturers to
manufacture larger scale engines. In addition, BERI investigated several options on how
to design the BGS in such a way that it would be beneficial for their application.34 They
learned that a large scale BGS is the best way of utilising the technology for rural
applications and not to have several smaller systems. (Appendix 3d) This learning reveals
good arguments for the trend of increasing capacity per gasifier unit and justifies the
expectations for them.
There are also limits to the maximum capacity of the BGSs. According to Energreen
there limits to the capacity of BGSs for power generation because at larger systems other
technologies like steam powered turbines reveal to be more cost effective. Many of these
34

Research to the most suitable path has been done by a consultancy firm and is documented in ITCOT
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biomass based power plants between a range of 5 and 20 MWe have already been
established.
Specific application
The specific application domain of the BGS does affect many other factors in some way.
This is mainly because of the difference between thermal and power applications. It was
addressed by AEW that operating BGSs for heat applications is relatively simple in
comparison to BGSs for power generation applications. These power generating
applications have an additional engine that needs to be driven which involves more
procedures in operation. This requires more labour and more complex labour which
results in more and higher skilled employees. (Appendix 1a)
Another difference that appeared to be crucial between thermal and power generation
applications is the alternative technology it replaces. It has been addressed by several
actors that if the BGSs replace alternative technologies that consume petroleum based
products like diesel, LPG and kerosene the benefits of the gasifier are considerable.
These benefits have increased significantly during the last decade. (Appendix 1-3)
Gasifier technology
The differences in the basic design that has been developed by the IISc and other firms
like Ankur and AEW have remained during the past three decades. However, during the
1990s Ankur has developed a gasifier for the gasification of rice husk. The present design
of the rice husk gasifier known as the FBG series has used the open top design.
Nevertheless they still utilise the closed top WBG series as the gasifier for wood
gasification. (Appendix 1b)
Nothing considerable has been learned about the desirability of either “open top” gasifier
technology as used by the IISc or closed top gasifier technology as used by the remaining
manufacturers. According to Ankur the open top design is more suitable for the
gasification of small particles like rice husk. That the open top gasifier is more suitable
for the gasification of rice husk has also been confirmed by others (Dasappa, 1989).
Although the open top and closed top BGSs are both downdraft gasifiers there are also
updraft gasifier produced in India by a producer knows as Cosmo. What the results of the
updraft gasifiers are is not included in this research.
Load Management
Load management appears to be an important factor in the performance of the BGSs for
power generation. Operating the biomass gasifier on the highest plant load factor (PLF) is
economically desired, but this is technically not always possible. The higher the PLF the
lower the load fluctuation the BGS can handle. In dual fuel systems the diesel can
compensate for increasing power demands, however if the systems is exclusively
operated on producer gas it cannot be compensated and the producer gas quality will
drop. If load fluctuations are frequent and substantial it is better to operate the system on
a lower PLF in order to be able to cope with the load. E.g. to be able to handle an
increase in captive load of 15% a producer gas system should be operated at PLF of 50%.
(Ankur, 2007)
Load fluctuations are a problem for electricity generation where the load can increase
very fast in a short period of time. If the load increase in relation to the total capacity of
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the system is too high (e.g. a 5 kW engine is started in a 9 kW BSG) the system can fail
or the voltage of the generator will drop below the desired limit. This will obviously have
a negative effect on the operation of the system. There were various users that had
problems dealing with the load management. (E.g. Appendix 3a,e,g,i) Many producers
also address the problem and give solutions how to manage the load. (Appendix 1a,b,c)
For captive power generation these problems are the most genuine. The total load for
these plants can at most BGSs be varied by switching between load points. So load can
be in- or decreased by switching between these loads points. The more of these load
points exists the better it is for the optimisation of the PLF. This can be done either
manually or automatically. However, although more load points and automation are
technically preferred there are constraining factors to apply this. The installation of
different load points and an automated system is expensive. Placing your BGS in a
central point where power supply can be on a short distance will decrease the costs of
adding load points. Automation is in general only effective for the larger scales of BGSs.
The economic performance of BGSs is better if it is operated for many hours. This
requires a load that can fulfil this requirement. So, it is best that the load is steady and
continuous for longer periods. (Appendix 1a,b,c and 3g,i,l) At BERI the project
management first wanted to install several smaller BGSs for captive power generation.
The project management later changed this to one larger plant connected to the grid. This
was mainly because it was learned that load management that is less complex for grid
connected systems. (Appendix 3d)
To reduce the load problem additional solutions are available. By producing power for
the grid or by wheeling35 as BERI planned to do creates a relatively constant load.
Grid Connection
Power Purchase Agreements (PPAs) are agreements for the purchase of power to the
SEBs. The tariff for the generated electricity differs among states. This is also the case
with the wheeling charges that have to be paid by the independent power producer to the
SEB for the transmission. It has to be noted that the SEBs learned not always to follow
the tariffs that were provided by themselves. An example of this is the case of BERI
where the SEB cancelled an earlier signed contract that said to agree on buying the power
from the power generating company concerned (Private communication with Anitha
Sarkar, student at the TU/e).
Biomass feedstock market
It was learned that the price of biomass was strongly dependent on the location of the
plant. If the plant is located in an area that is covered with forests it is obvious that
biomass is less expensive than in the urban areas were biomass is scarce. Even in the
rural areas the availability of suitable biomass can be problematic, especially when roads
are impassable and there is no biomass easily accessible. It has been observed that the
price of biomass was Rs. 300 per ton for a rural user in Odanthurai (Appendix 3e) and at
ADI ready to use biomass was purchased against Rs. 3400 (Appendix 3c). Basically
prices are between the Rs. 1000 and Rs. 2000 for a ton of unprepared wood.
Users of the BGSs learned that the prices of biomass were rising over time:
35

Wheeling is the transportation of electrical power over transmission lines and the purchase of this power
to third parties or sister concerns.
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VIT biomass prices rose from Rs. 850 in 2002 towards Rs. 2000 in 2007.
PSG College of Engineering prices rose from Rs. 1200 in 2004 to Rs. 2400 in
2007
• KPC prices rose from Rs. 600 in 2003 to Rs. 2000 in 2007
(Appendix 3l,j,g resp.)
•
•

Arashi witnessed a price hike for their biomass to Rs. 4000 which caused them to shift
from the use of coconut shells as their main source of biomass towards wood for some
time. Later when the price of coconut shell fell again they continued to utilise this
biomass. (Appendix 3b)
Many actors addressed the problem of these rising biomass prices. Many users also noted
the importance of the price for the economical viability of the system since biomass is the
primary input of the BGS.
Another common problem with the supply of biomass was that many users learned that
the prices of the biomass were also variable throughout the year. To avoid paying high
prices they learned that increasing the storage of biomass and only to buy much of it if
prices are low reduces the overall costs of biomass for them. (Appendix 3i)
Additionally I checked during all interviews if the biomass was producted sustainable or
not. However, many users were not aware about the term “sustainable or renewable”.
After some explanation of these terms most users could assure me that when the wood
was harvested it would grow back again. Most of the biomass used is Juliflora or other
kind of bush wood species that can be cut back where after they grow back again36.
(Appendix 3)
At Arashi they learned that if coconut shells are used as a biomass feedstock the residual
of the gasification process which is normally charcoal, is from a superior quality. This
charcoal can be processed to activated carbon which is a valuable by-product without
major effort and therefore generates additional income for the plant. (Appendix 3b)
Biomass preparation
Biomass preparation always has been important for proper operation of the biomass
gasifier. Moreover with the arrival of turbo charged diesel engines and later spark
ignition producer gas engines the quality of the producer gas had to be improved,
particularly in terms of tar content. During technical oriented experiments at the IISc they
learned that smooth operation of commercial available gas engines was possible (Sridhar
et al., 2005). However, during the implementation of these engines in the field many
users that applied these producer gas engines ran into problems. (Appendix 3e,g,i,j,k)
Operation of the producer gas engines was not as straightforward as the operation of the
former dual fuel systems. Users slowly started to learn that the biomass requirements
were important for proper operation of the BGSs. Many users started to install devices to
prepare their biomass. These were specially designed saws and sieves, but even more
important were the ovens to dry the biomass and reduce its moisture content. Utilising
this additional machinery learned to improve the biomass characteristics and therefore
enhance BGS operation. There are now several users that have installed or planned to
install these ovens for drying the biomass in order to reduce the moisture content of the
36

To investigate if the wood is grown in a true sustainable manner is beyond the scope of my research but
would be an interesting topic for further research.
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biomass, particularly during the monsoons when natural drying is not sufficient to obtain
the desired moisture content. (Appendix 3b,k,l) The recently established BGSs have
included these ovens in the installation package (Appendix 3a,d). Non of the BGS for
thermal applications (Appendix 3c,f,d) have installed ovens to dry the biomass most
probably since their producer gas - and therefore biomass requirements are not that high.
Producers also started to learn that they should put more effort in the preparation of
biomass. (Appendix 1c,f) It was already mentioned that before 2000 the biomass
preparation was not sufficient in many cases. However, as it is discussed here these
problems remained for BGS installed in the mid 2000s.
So learning about biomass preparation has been important during the 2000s for the
operation of BGSs for power generation. Developments in IC engines even intensified
the need for biomass preparation.
Additional Value Added products
Some users and producers learned that besides the direct benefits of the BGS like heat or
power additional benefits can be utilised to increase efficiency or profits. Some of these
Value Added (VA) products have already been discussed earlier like the processing of
charcoal into activated carbon at Arashi and ovens for biomass drying. These ovens are
fuelled by the waste heat of the engine exhaust and therefore no additional energy is
required. Other VA by products that were learned to increase the efficiency of BGSs
were the utilisation of waste heat for the cooling of water required for producer gas
cleaning. This can be done by an electric water cooler, but also more efficiently with a
heat exchanger that utilises the waste heat. Arashi has applied one of these water coolers
and despite some technical problems they argue that they would do it again if they had
the opportunity. (Appendix 3b)
Producer service
Service of the producer is an important aspect in the biomass gasifier niche. Because of
the novelty of the technology there is considerable service and repair work required. This
service can only be done by some specialised and skilled workers that are scarce. The
service of the producer includes services like the training of manpower for the operation
and maintenance of the system, taking over some part of the maintenance of the BGS and
repair work of the installation whenever necessary.
Training of operators is a crucial aspect for the performance of the BGSs. If the producer
does not give any training it is hard or even impossible for the user to operate the system,
particularly for the more complex power generation systems. (Appendix 1) Users
acknowledged that in the initial stage of BGS operation was difficult and training of their
operators was required. At Aakavi the plant was not operated because one month of
training was not sufficient for the knowledge transfer from the trained operators to their
follow-ups. At KPC they encountered various difficulties in operation of their system
because the producer failed to provide him with the required operators for the training,
although this was initially arranged. The supervisor of the BGSs argued that automation
of the plant would significantly reduce the required skills of the operators.
For the training of manpower in the rural areas Ankur argued that these trained men leave
because they can have a better future in the urban areas and therefore migrate to these
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regions. This “brain drain” causes some producers to be reluctant to train and invest in
these people. (Appendix 1b)
Technical failures of BGSs are common according to the case studies in my sample, but
also according to additional information of producers, researchers and government staff.
Technical problems are in many situations caused by structural errors in operation like
the utilisation of unsuitable biomass (e.g. high moisture content, incorrect fuel size, etc.)
but also because of design errors like the utilisation of unsuitable materials (Appendix
3j). Then there are the technical failures that end up in the “blame game” between the
producer and user. The user blames the producer that the system is not designed properly
and the producer blames the users that he did not operated the system according the
O&M manual. (Appendix 3e,j and also Jain, 2000)
At Energreen there was argued that producers are in general more willing to provide
services for larger scale BGSs. For the smaller systems servicing the plants can be
problematic, because of the huge distances between the user and the producer and
because of the impassable roads in the rural areas of India. This makes it very expensive
to service the BGS and because of the low absolute profits of the smaller scale BGS this
is economically not attractive. (Appendix 1e) Ankur acknowledges these problems, but
also gives a solution. They argue that if rural BGSs are clustered and collectively agree to
sign a service contract, servicing them will reduce the problem. (Appendix 1b)
Engine developments
While the end of the 1990s was characterised by the introduction of turbo charged diesel
engines that could be coupled to the gasifiers for dual fuel combustion, new experiments
were going on to utilise a spark ignition (SI) engine for the combustion of producer gas
exclusively. This way no diesel was required for operation of the BGSs. The first
experiments to utilise SI engines for the combustion of producer gas were conducted
during World War II. (Sridhar et al., 2001) However, developments in the utilisation of
producer gas engines have only been picked up by the IISc in the early 2000s.
Experiments to learn if it is possible to operate both a modified diesel37 - and a natural
gas engine on producer gas were performed with three different engines. To obtain the
best fuel-oxygen mixture a carburettor was designed. From the experiments it was
learned that it is possible to operate these engines on producer gas with only minor
deterioration of output power. In addition, extensive learning occurred about
configuration parameters to optimise engine performance. The amount of toxic gases like
NOx and SOx got reduced and the system can be operated CO2 neutral. The results were
so satisfactory that the engines were tested in the field by socio-technical experiments.
(Sridhar et al., 2005)
The negative effects producer gas engines had on the quality requirements of the
producer gas and the load management has already been discussed and will therefore not
be mentioned again. Despite these negative effects it was learned that in general producer
gas engines do have a positive effect on the economic performance in comparison to the
dual fuel systems. The producer gas engines do not require any diesel and are therefore
much cheaper in operation. A good example for this is the case of PMCT, where both a
gasifier with dual fuel and a producer gas engine were installed. The duel fuel system was
37

Modifications to the diesel engine included the implementation of spark ignition system (Sridhar et al.,
2005)
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no longer in operation while the 100% producer gas system was. Over time the dual fuel
system got economical unattractive to operate and was therefore only operated during
power blackouts. (Appendix 3i) Most producers and R&D institutes do agree that the
producer gas systems are economically superior although technically more complex to
operate. (Appendix 1-2)
BGS based crematoria
It was learned that crematoria are after brick making the largest industrial consumer of
wood with an annual consumption of 4 MT. The biomass gasifier technology could
reduce the amount of wood that is consumed by conventional combustion by a factor of
four. (Mande et al, 2007) So if all crematoria would be replaced with gasifiers the
reduction in wood consumption would be 3 MT annually. It was also learned that the
technology reduces the odour and hygiene problems as discussed earlier. (Mande et al.,
2007; Appendix 3h)
A lot was learned at the two gasifiers included in the field survey. The crematorium in
Pondicherry was not in operation. This was mainly because of the lack of suitable
operators at the facilities. At the moment of arriving at the plant I met the operators
which were two drunks. These could never seriously operate or maintain the BGS. In
India only the lowest caste of the society called “Untouchables” or “Dalits” can touch
dead bodies and therefore it is mainly these people that work at cremation grounds. This
caste is characterised by a low or non existing educational background and they are
basically illiterate. Operation of the BGSs cannot be done by uneducated employees that
cannot read or understand the O&M manual as provided by the manufacturer. Even if
these employees did not have an additional drinking problem it would be almost
impossible to operate the BGS at their cremation ground. (Appendix 1a, 3f)
At the Nithyanda Crematorium operation was well organised. A manager of the
crematorium coordinated all activities and 150 bodies were cremated on a monthly basis.
According to the manager the system is “super working”; the economic performance is
good, the hygienic conditions are better than of traditional cremation, and the odour has
been reduced significantly. (Appendix 3h)
Development efforts by users
As mentioned earlier, the educational institutes had expectations that they could make a
contribution to the development of BGSs. After installation of their BGS it was learned
that these educational institutes could make a contribution to this development. Efforts at
the institutes were mainly aimed at experimenting with several biomass species and
biomass preparation. (Appendix 3) At the VITU the BGS in dual fuel mode was
occasionally operated with vegetable oil in stead of diesel together with the producer gas.
This way the dual fuel system can be operated in a way that is GHG neutral. (Appendix
3l) Not only did educational institutes made a contribution to the development of the
BGSs, but also other users have done this. In general it can be argued that in this stage of
socio-technical development all users contribute to the technological development
because they simply utilise the new technology and therefore contribute to the sociotechnical learning processes as argued in SNM. However some users did more than this.
As mentioned earlier, Arashi contributed because of the implementation of technology to
utilize waste products in an efficient manner and ADI contributed by installing pipelines
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over long distances for the transportation of producer gas in close collaboration with the
manufacturer and has installed automation devices. These examples show that
development efforts by users of the technology do make a contribution to the
development of the BGS, however this contribution remains incremental.
Some educational institutes like RVEC and the PMCT are utilising the BGS to learn
about the operation and maintenance of it. Experiences with biomass gasification so far
have to some extent resulted in the development of future plans for the implementation of
the BGSs in neighbouring villages. However, these plans are not in a tangible phase at
the moment of interviewing.
Rural applications
In addition to information that was provided in the analysis of the economic performance
of the BGSs in general, there are supplementary lessons that were learned with respect to
the rural installations. The general expectations of the rural communities included in the
survey were to generate power for some specific objective like water pumping/treatment
or street lighting. In order to fulfil these expectations the BGSs has to be in running
condition. Learning about the four BGSs in the field data sample concluded that 50% of
the BGSs of the GAS 9 project in the surroundings of Coimbatore are not in running
condition. Complementary data about additional BGSs in the Coimbatore surroundings is
presented in table 6.5.
No

Name of Panchayat

Date of erection

Status

1

Odanthurai

15-10-2003

Running

2

Semmipalayam

18-5-2004

Running

3

Nellithurai

5-4-2004

Running

4

Chikarampalayam

30-4-2004

Engine problems

5

Malumichampatti

1-1-2005

Running

6

Kalangal

1-4-2004

Engine problems, BGS shifted to new shed

7

Devarayapuram

1-4-2005

Engine problems, no load connected

8

Karaipudur

1-1-2005

Engine problems

9

Arumuthampalayam

1-1-2005

Engine problems

10

Poomalur

1-1-2005

Engine problems

11

Cheyur

1-4-2005

Engine problems

12

Periakottai

1-1-2005

Running

13

Vavipalayam

N/A

Running

14

Arasur

2-9-2005

Load not connected

15

Chinniyampalayam

N/A

Engine problems

16

Kadathur

N/A

Insufficient biomass supply

17

Kannakkampalayam

N/A

Erected, trial run to be given

18

Theethipalayam

N/A

Erected, trial run to be given

19

Zamin Kottampatti

N/A

Erected, trial run to be given

20

Chikkarayapuram

N/A

Erected, trial run to be given

21

Singanallur

N/A

Erected, trial run to be given
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22

Kovilpalayam

N/A

Running

23

Kattur

N/A

Erected, trial run to be given

24

Pungamuthur

N/A

Erected, trial run to be given

25

Kunnathur

1-7-2006

Insufficient biomass supply

26

Kattampatti

N/A

Insufficient biomass supply

27

Veelanpandi

Not erected

28

Marudur

N/A

Gasifier used for replacement at Nellithurai

Table 6.5: Installations under the GAS 9 project and their status on May 2007. Source: personal contact
with TEDA staff

The data that is presented in this table comes forth out of discussions with a TEDA agent
who frequently visited these GAS 9 systems. As can be concluded from the table; many
of these plants were not in operational condition. Of the 28 gasifiers that initially should
be installed, only seven of them were in running condition. All BGSs were supplied
before July 2005, but as is presented above, 8 of the installations had not been
commissioned by May 200738. Many of the BGS suffer from problems with the producer
gas engine that is not operating well on producer gas. The first BGSs were equipped with
a Dipco engine all had these problems. This engine has now been replaced by a better
one.
The TEDA officer argued that the experiences with these systems learned that there are
problems with the supply of suitable biomass and the load demand of the systems.
(Appendix 4b) The TEDA agent elaborated on this and argued that some loads were
higher than the maximum capacity of the system which caused the generator to overheat
and finally break down. Other loads were only for a very short period and therefore
reduced the economic performance of the system. Some of the systems did not even have
their loads connected. The unavailability of suitable biomass caused some systems to be
non operational. The main criticism that the TEDA agent uttered was that no previous
assessment to find suitable sites for these BGSs was performed. This would reduce some
of the problems like; insufficient load and the unavailability of suitable biomass.
(Appendix 4b)
Besides the GAS 9 BGSs in Coimbatore there were more of these systems in Tamil
Nadu. With respect to the total project in Tamil Nadu that accounts for around 60 BGSs
additional information was gathered as well. An anonymous source had information
about the results of an evaluation of the GAS 9 project. The document of this evaluation
discusses the status of BGS in the GAS 9 project. In this study 20 BGS that were
included in the project were investigated and only one of them was found in operational
condition. The main problems according to this study were:
• The application was not properly designed
• Not commercially viable: the operating costs alone were sometimes Rs 11/kWh
Ankur who manufactured the GAS 9 BGSs acknowledged the problems related to these
systems for rural applications. At Ankur they learned that the main problems are about
the lack of trained operators and the lack of suitable implementation models. No efforts
38

Commissioning is only possible after a trial run has been done. In 7 of the 8 cases this is not been done
yet.
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are made to see if the BGS actually is desirable for each and every rural application. In
addition are there no funds to sustain the system. (Appendix 1b)
From this information it can be learned that number of operational BGSs in the GAS 9
project is poor. The main problems that were acknowledged by the involved actors were
the poor or lack of preliminary investigation about the desirability of the gasifiers. This
focuses on issues like: the availability of sufficient load and biomass.
What is remarkable is the lack of transparency of TEDA regarding the status of these
systems. Withholding information like the earlier mentioned TEDA report does not
enhance learning in the global network.

6.3.3 Conclusion
Learning before the initiation of the NBGP is characterised by its technological nature.
The technology was tested in the field but not extensively utilised by its intended user. In
the first stage of the NBGP during the late 1980s and early 1990s tremendous learning
occurred.
In the 1990s more application domains began to be explored. This implies parallel
development of the application domains which involves broader learning. Lessons
learned in one application domain can in many instances be extended to other domains.
Because the new application domains focus on another societal group additional sociotechnical lessons are learned.
The period after 2000 is characterised by the need to commercialise BGSs. Learning in
this period is application specific. BGSs for electricity generation have encountered
coevolution between the engine development and the conditioning of producer gas. There
were two shifts in the choice of engine that would basically be most suitable for the
BGSs. The first shift from diesel to turbo charged diesel engine occurred because of
changes in the availability of diesel engines39. The second shift from turbo charged diesel
to SI producer gas engines occurred because of the need to reduce diesel consumption for
the BGSs and is therefore analytically considered as niche external. Particularly this
second shift in engine development required a more profound producer gas conditioning
system. In addition, biomass requirements got stricter to meet the new producer gas
requirements. This initiated the demand for ovens in order to reduce the moisture content.
For thermal applications learning is focused on finding more specific applications that
suit the BGS. Some applications do not seem appropriate for the biomass gasifiers while
others seem better. Some specific applications e.g. the gasifier based crematoria have
learned specific lessons. These crematoria learned to have better hygienic characteristics
and to significantly reduce the appalling odour compared to the traditional way of
cremating.
In general it can be concluded that learning in the 2000s is more incremental in nature
and is about best practices for operation and maintenance, finding the appropriate scale
and applications of the BGSs, etc.
I would like to note that not all lessons that were learned during past experiments were
utilised in new experiments. There are a couple of examples that come to mind:
39

Although this issue comes forward out of the regime dynamics it is not further elaborated upon in the
regime dynamics due to brevity
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•

•

•

The first NBGP which established over 1000 gasifier during the period 1987 –
1993 learned among other things that some BGS were installed at locations
unsuitable for its application. No preliminary research about the desirability of the
BGS was performed. However the same has been learned again from the GAS 9
experiments in the Coimbatore district.
In 2000 it was argued by Jain (2000) that users did not meet the biomass
requirements as presented in O&M manual. Although these requirements have
been intensified this problem still remains. Some users have installed ovens to
reduce moisture content, but this has not been done by all users.
Incremental innovations like the water cooler that was installed in 2004 at Arashi
have not been applied at other BGSs.

Besides this there are many past experiments that were never evaluated. No literature of
these experiments is available and it could be concluded that lessons learned during these
experiments are lost. Literature that has been published has for a large part been about
success stories and excluded more problematic experiments. However these are the most
important ones to analyse because of the valuable lessons one can obtain from them.
In addition, some respondents have been withholding information during interviews.
Some examples:
• TEDA did not wanted to present an evaluation document about the GAS 9
systems in Tamil Nadu
• Some producers did not want me to visit some BGSs because of miscellaneous
questionable reasons. However, most of these systems were in fact just not
operational.
• Some users did not tell the truth about past operation data as could be confirmed
by measurement equipment.
These and other examples point out the lack of transparency of actors in the biomass
gasifier network. This lack of transparency poses resistance to the learning processes.
Another remarkable issue in the learning processes is the fundamentally technological
differences in the design of the biomass gasifiers of different producers. A group of
producers are using technology that has been developed by the IISc since the 1980s. This
technology is the open top downdraft technology. Other producers that build forth on the
initial design, as described in the publication of SERI, use a different technology that is
called closed top downdraft. The design is fundamentally different from the open top
downdraft gasifier. Then there is also a producer that produces updraft gasifiers for
thermal applications that do not even use the downdraft principle. The downdraft
gasifiers have also been applied by some producers for the gasification of rice husk were
it would have better properties than the closed top according the concerning producer. It
is remarkable that after all this time of experimentation and learning no consensus in the
basic design has been come out, but that more designs have been developed parallel to
each other for over 20 years. However this is possible if the results of these BGS have
been comparable.
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6.4 Conclusions
In chapter 2 several concepts concerning Shaping of expectations, Social network
formation and Learning were identified. General conclusions about these internal niche
processes are already discussed earlier, but conclusions regarding the underlying
concepts are not yet discussed. This is done because insights in other niche processes are
occasionally required. E.g. to investigate if expectations are based on tangible results the
learning processes are required too. This enables insights in the tangibility of the results
that are not exclusively discussed in “Shaping of expectations”.

6.4.1 Shaping of expectations
Converging of expectations
The first socio-technical experiment that involved gasifier based pump sets was mainly
based on the expectations of the DNES. Other actors like Indian and foreign research
institutes were more reluctant about the maturity of the design and recommend more field
experimentation before large scale deployment. During and after this experiment the
expectations shifted towards other applications. The expectations in other applications
were shared more broadly in the network. Expectations about up-scaling of the gasifier
capacities to increase economic viability were widely shared among actors. In addition,
expectations about the potentially strong economic viability of particularly thermal and to
some extend power applications were also shared widely.
In the late 1990s and early 2000s engine developments were expected to enhance
economic viability of power generation systems. First it was increasingly expected that
the utilisation of larger scale engines would increase the efficiency and therefore the
economic viability. Commercial available engines of these scales were only turbo
charged and technologically challenging to implement. Later, expectations focussed on
the utilisation of producer gas engines. This implies that no more diesel is required for the
generation of power which is expected to result in a significant enhancement in the
economic viability of the BGSs for power generation.
The main expectation mentioned by the interviewed actors was about the economic
viability of the BGSs. It was argued that most users purchased a BGS in order to save
money compared to conventional technologies. This expectation was also mentioned by
research institutes, producers and other actors. Additional expectations were specifically
aimed at an application domain. E.g. in the power generation domain the general
expectation was to utilise larger capacities and for gasifier based crematoria it was
expected to reduce odour and enhance the hygienic conditions.
This implies the increasing converging of actors’ expectations over time. In addition,
expectations become more specific and only focus on a specific application domain or are
shared by a specific group of actors.
Although the expectation have converged over time there remains variation in visions
about the desirability about certain applications but also within these applications about
design heuristics and best practices. Especially for power generation applications there is
are many actors that have expectations deviant to the general one. This is important in the
analysis since this implies that expectations did not fully converge.
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Expectations based on tangible results
The expectations in the early 1980s about the BGSs were high as stated by the Indian
government. These expectations come forth out of experiences with the gasifier
technology before and during the 2nd World War that were collected and discussed in a
publication. However, no “hands on” experience with gasifiers was available in India.
Therefore these expectations of Indian government were not based on tangible results.
The first lab experiments created more tangible lessons to come to more realistic
expectations, although these related mainly to technical matters. The experiments with
the gasifier based pump-sets led to tangible socio-technical results which caused
expectations to be less optimistic about this particular application. New applications were
explored and experiments provided lessons that further strengthened and guided further
expectations during the 1990s. In the early 2000s more producers got involved in the
manufacturing of BGSs and the number of experiments increased. This led to significant
tangible results of these experiments which provide a good foundation for the
expectations and therefore strengthen them.

6.4.2 Social network formation
Network composition
The analysis of the social network formation has clearly revealed that the network has
become broader over time. More relevant actors have entered the network and made their
contribution to BGS development. Particularly the entrance of large industrial actors from
the captive power generation regime e.g. the gas engine manufacturers is positive for the
niche developments.
Network alignment
Alignment of the network has increased over time. The expectations and strategies of the
actors have been aligned to a certain extent. Most of the actors share their beliefs about
the best scale and application domain of BGSs, although some still think differently. Still,
remarkable differences in practices and beliefs remain. Controversies about the best
gasifier design were never solved and one branch of the manufacturers is utilising an
open top gasifier and another branch the closed top gasifier. No consensus about the best
design has been established yet.
No actors in the network have made true efforts to stimulate learning at the global
network. The lessons that were learned in the local projects have therefore not
sufficiently been transferred to the global network. Besides the attempt to initiate the
BUN publications no organised niche activities have been launched. These organised
activities are crucial to for the aggregate learning processes. They stimulate interaction
and create a forum to facilitate discussions that contribute to the alignment of rules in the
network. This forum is the main issue that is absent in the biomass gasifier network and
what could have made a significant contribution to the alignment of rules about design
and user preferences, local practises, desirability of certain applications, but also to
combine forces in order to resist the pressure of current competing regimes.
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6.4.3. Learning
Broadness of learning
Learning in the biomass gasifier niche has in the beginning been very technically in its
nature. Later when socio-technical experiment got initiated in the BGSs for irrigation
learning got broader. Many unexpected technical, social and economical matters were
learned by involved actors. Later experiments were more differentiated in several
application domains which resulted in broader learning.
Although there is an increasing trend in the broadness of learning there could have been
broader learning. Something that has been neglected in the learning process is the user
preferences. There are many users that have problems with the BGSs even until today
and still they remain. This reflects the lack of learning about these user preferences40.
Reflexive learning
During the first experiments with the BGS for irrigation learning was very reflexive of its
nature. The experiments learned that the application was not successful due to several
reasons and new routes for the technology were to be found that previously were assumed
to be none problematic. It appeared to be that the irrigation applications were failing on a
large scale and therefore took action to experiment in other applications. This led to
reflexive learning about strategies on how to implement experiments although there could
also be external influences for this.41 Later experiments in power generation resulted in
more reflexive learning. It was learned that scales needed to be increased and that these
larger power generation facilities should be grid connected. While previous applications
were with small capacities and only for captive use, external developments in the price of
oil learned in various experiments that the system needed to be more efficient. This again
led to engine developments in two phases of which the first phase is characterised by
reflexive learning. For the first phase in engine development it was generally assumed
that turbo charged engines were unsuited for producer gas. After some experimentation it
was learned that these assumptions were false and that is was possible to operate these
engines on the producer gas. For thermal systems less reflexive learning has been
encountered. This can partially be because these systems could in many occasions use
lessons learned from developments in power generation applications. Exceptions to this
are the thermal systems developed by TERI. These were developed under critical
evaluations and in dialogue with involved actors which for them resulted in reflexive
learning about these systems.42
Systems in rural areas had reflexive learning in the sense that many systems were not in
operation due to the lack of biomass, inappropriate design and to high operating costs.
This will (hopefully) lead to changes in the implementation strategies of future projects
like those that Ankur is already advocating.
Although there occurred significant reflexive learning in the biomass gasifier niche this
could have been much more. At the local experiments much more was learned that never
40

Although this is the case for almost all producers and research institutes it has to be addressed that TERI
has made serious efforts to involve users in the design process.
41
These external influences are discussed in the regime dynamics
42
This has been the case for TERI exclusively
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was communicated to the global network. Many users had assumptions about best
practices that at other experiments learned not to be correct. New solutions were learned
to pursue better practices, but these were never or to slow being applied in new
experiments. In addition, publications about lessons learned in the past are not common
especially those that could generate a negative perspective on experiments. This implies
that the mechanism that the knowledge that is generated at the local networks and then
communicated through the global network was not working correctly. This constrains the
aggregation learning processes in the niche.
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7 Regime dynamics
Niche dynamics can either come from developments within the niche or from factors that
are external to it. External influences come from changes in landscape and the regime as
discussed in Chapter 2. This chapter cannot discuss all regimes that had an affect on the
niche because of the wide range of applications that implies an additional wide range of
involved regimes. To keep it brief I will discuss only those regimes and their dynamics
that had the most profound effects on the niche. Instability in the regimes which can be
caused by landscape changes will be discussed because this can be of influence on the
niche dynamics as argued in SNM. In the niche-regime interaction the factors that have
affected the niche developments will be discussed.

7.1 Irrigation regime
With the beginning of the green revolution in the 1960s in India irrigation was
emphasized more than ever before. Irrigation was one of the crucial elements to gain
more yields. The total increase in irrigation was 45.3 million hectares of land between
1950 and 1985 of which 10.7 million hectares by either electric or diesel driven pumpsets. (Sampath, 1990) Table 7.1 provides data about the total installed pump-sets during
various five year plans. The table clearly indicates a trend that electrical pumps became
more popular over the years, however the number of diesel pumps is growing as well.
2nd plan

3rd and 4th plan

5th plan

6th plan

1956-1961

1961-1974

1974-1979

1979-1985

Electric pumps

19890

108880

396583

573273

Diesel pumps

22990

72160

265365

355365

Table 7.1: Installed pump sets for irrigation purposes at various 5 year plan; Source: derived from
Meinzen-Dick and Svendsen, 1991

Landscape effects
With the rising petroleum prices due to the first and second oil crisis in the 1970s and the
increasing demand for petroleum based products, the Indian government wanted to
decrease its dependency on petroleum products43. In rural India a true energy crisis was
taking place in the 1970s. This was because of the increased prices for petroleum
products as mentioned earlier, but also the increasing population and the depletion of
wood and deforestation due to unsustainable practices. Many farmers had pump-sets
operating on diesel and cooking was in many families done on kerosene or LPG fired
burners. There was a huge demand in the rural sector that comprises more than 70% of
the total Indian population. (Shukla, 1997)
Regime instability
In the late 1980s around 36% of the agricultural land is irrigated. This irrigation has
proved to enhance the agricultural output for the past years. Although not all land is
suitable for irrigation there is still a vast potential of irrigable land by means of pumpsets. An estimated 4.5 million electrical and 3.5 million diesel pump-sets were in
43

More details can be found in chapter 1
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operation for irrigation purposes. The supply of electricity is problematic since
transportation lines to small remote rural villages are expensive. This is why in many
locations diesel pump-sets are used in stead of electrical pumps. However the supply of
diesel to remote villages is also not that straightforward. In addition, India has limited
petroleum fuel reserves like oil and gas. This implies that most of their petroleum based
products have to be imported from abroad. The amount of diesel consumption is rather
high and constitutes for 40-45% for stationary equipment like irrigation pumps. The ever
increasing number of installed pump-sets contributed to the significantly increasing
demand of diesel. (Dayal et al., 1989)
Niche regime interactions
In order to reduce the dependency of petrol products on the foreign world and to solve the
rural energy crisis India started to explore non conventional energy sources in the 1980s.
Biomass was recognised as a locally accessible and renewable energy source with the
potential to address the oil dependency problem as well as the rural energy crisis. In the
long term India wanted to enhance the efficiency of the use of biomass, increase the
supply of biomass and to introduce new technologies to increase the services that could
be gained out of biomass. The biomass gasification technology was one of the promising
technologies that had to be implemented. (Shukla, 1997)
During the implementation of the gasifier based pump-sets global oil prices dropped
again to normal rates. This had an affect on the diesel prices at that time which were
relatively low, compared to earlier rates. This low diesel price reduced the benefits of the
gasifier based pump-sets and did not compensate for the additional work required by the
gasifier based pump-sets in comparison to the diesel pump-set alone. (Jain, 2000)

7.2 Power production regime
The power production regime in India has encountered various changes during the last
four decades. In this section we will discus some of the relevant changes and evaluate the
interaction between this regime and the biomass gasifier niche.
The power production and supply in India is coordinated at state level and represented by
several SEBs since 1948. The total annual power production expanded from 5.1 TWh in
1950 to 380.1 TWh in 1995 as is presented in figure 7.1.
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Figure 7.1: Annual electricity production in India 1950-1995; Source Arun and Nixon, 1998, pg. 418
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The evolution of the means for the power production can be visualised by figure 7.2. This
figure clearly shows that the main source of power production is by means of coal power
plants. Large scale hydro plants played a role in the 1970s and 1980s but as the total
demand for electricity is rising the relative fraction of hydro power is diminishing. Coal
based power plants are representing an ever growing part of the total amount of power
generated. The use of renewable energy sources in this figure can almost be ignored since
it is only visible for those with a very sharp eye. Having said this, there is a rising trend
of power production by means of renewables initiated during the 1990s.

Figure 7.2: Evolution of electricity generation by fuel in India from 1971 to 2004; source: IEA statistics

Large scale coal power plants previously were, and currently still are the main source of
electricity for India. Globally, the mainstream power production plants of the 1980s
required to be large in order to supply competing tariffs for power. Therefore, the main
trend was increasing economies of scale of power production plants towards the 1980s.
(Dubash, 2001) In India the power production regime introduced decentral power
generation units. During the 1970s and the 1980s decentral energy generation occurred in
two situations; First there were the households that installed diesel generator sets. Second
there were companies that consumed a great deal of power and chose to install a captive
power plant. The introduction of these alternative ways to produce power arose out of the
dissatisfaction on the current regime. This dissatisfaction was created by an unstable
power supply with frequent blackouts and variable voltages. After 1985 it was perceived
that decentral power production in some cases reduces the investment risk that large scale
implementations bring. Furthermore it reduces the transportation costs and peak load
shortages can be addressed. The problem of transportation costs is especially valid for
remote areas where transport costs are high due to the long transmission lines that are
required. For these cases decentral energy production can be utilised to reduce the
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transportation costs. Decentral power generation can be done by fossil fuel technologies
but also by renewable energy sources. (Gokak, 2003) Still the vast majority of the power
that is generated in India comes from the mainstream large coal power plants.
The government of India has always been actively involved in the provision of power to
the poor. However during 9th five year plan (1997-2002) the number of electrified
villages was reduced significantly. At the end of this period a remaining 80000 villages
are yet to be electrified. However, in 2003 the Ministry of Power launched a programme
with the objective to electrify all these villages by 2012. Decentral power generation and
grid connection are identified as the paths to achieve this goal. In cases were grid
electrification is not viable decentral generation of electricity can be utilised. (Chaurey et
al., 2003; Bhattacharyya, 2006)
Privatisation of the power sector
The landscape was undergoing some changes during the 1980s and 1990s not only in
India but on a global scale. A huge political trend towards liberalisation initiated
structural change policies that were profoundly advocated by the World Bank and the
IMF. India, among many others, implemented structural change policies and during the
early 1990s this gained momentum. This landscape shift towards the liberal economy had
some drastic effects on the power regime at that time.
The most relevant aspects of the reforms in the power sectors will be discussed according
to an article of Dossani (2004) who provides a good overview about these reforms.
Before the 1990s both the distribution and production of power was in the hands of the
government of India with as coordinating organisation the Ministry of Power. The
reforms in the power sector implied separation of the power distribution, transmission
and production and privatisation of certain activities. Before the reforms, the SEBs were
responsible for generation, distribution, and transmission of power on the state level.
These SEBs fell under the jurisdiction of the Ministry of Power.
The main objective for the Indian government to start the privatisation in the power
sector was the shortage of investment capital within the SEBs to supply enough power for
the total electricity demand in India. A law was implemented in the regime that the
private sector could participate in the production of power. This authorized private
producers to supply electricity and even to distribute power in a given area and sell any
surplus to the SEBs. This was arranged with Power Purchase Agreements (PPA) that
offered a guaranteed return on equity of 16%. The complex web of regulation and
financial risks because of the lack of transparency of the SEBs did not attract many
investors to the power sector. In 1996 the malfunction of the liberalisation process got
apparent and additional reforms were implemented in 1997. This included long term
PPAs based on the compensation on the generated power instead of the earlier off-take
compensation. SEBs were now obligated to invite competitive biddings for power
producers. One year later (1998) the government decided to implement state electricity
regulatory commissions (SERC) for the regulation of the power sector. After the erection
of the SERCs that supposed to be independent, private firms argued that these
organisations were heavily influenced by politicians that wanted subsidised power for the
rural users. (Dossani, 2004)
The new electricity act of 2003 was the last breakthrough for the reforms in the power
sector. This electricity act provided a much better environment for investors in the power
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sector because it removes the administrative obstacles (Singh, 2006). The act says about
the generation of electricity that:
“Any generating company may establish, operate, and maintain a generating station,
without obtaining a licence under this Act, provided it complies with the technical
standards regarding connectivity with the grid….” (Electricity Act 2003, Section 7)
This goes for conventional as well as renewable electricity generation plants. Tariffs and
wheeling charges will be determined by the SERC. The SERC has as one of its objectives
to promote the use of renewable electricity generation by providing appropriate measures
for grid connections and sales of power. In addition the SERC has to make sure that some
amount of the total electricity produced has to come from renewables. (TERI, 2004)
In 2006 a meagre 10% of the total generated power comes from private companies. (Lal,
2006) This implies that not many investors are attracted to invest in the Indian power
sectors yet. Reasons for this are the arbitrary interference of Indian government bodies
which are unpredictable and therefore increase the risk of potential investors (Singh,
2006, pg. 2480).
Regime instability
The power production regime in India is suffering from instability at the moment. The
SEBs that coordinate the power production, distribution and transmission on a state level
are seen by Ruet (2006) as inefficient organisations. They are characterized by a poor
financial health, corruption at all levels, bureaucracy and a non profit seeking. In
addition, maintenance on the power distribution system has long been neglected. Sharma
et al. (2005) confirm that the SEBs are inefficient and add that they are operating at huge
commercial losses. Because of this the Indian consumer has to deal with a poor power
supply in both qualitative and quantitative terms. The total supplied electricity in India is
not meeting the demand for some time now and this gap is ever expanding. The inability
of resources for the expansion and upgrade of the current electricity utilities and the
irrational trading of energy like the pricing of power and the metering are seen as
important reasons for the electricity crises in India.
For the rural consumers the price for power is low or even for free because of
government subsidies. Free power was initiated in the 1970s by politicians as a way to
gain votes for their party. The urban population saw this free power as an inducement for
farmers to irrigate their lands which would lead to self-sufficiency in food production for
the nation. Currently, the government is locked-in because undoing these political
measures could be politically harmful. (Lal, 2006) The free power that is provided to the
rural areas is of poor quality. Voltage fluctuation and frequent power blackouts are very
common especially in rural India. Three phase power is only supplied on a scheduled
supply basis; it is only there for a few hours a day. (World Bank, 2001) In addition,
power theft and technical losses hamper the power sector. The actual numbers for power
theft are only estimates but according to Ruet (2006) it encompasses more than one third
of the total generated power.
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Niche regime interaction
In the case of biomass gasifier niche resent developments in the power production regime
has offered opportunities. First of all the tariffs for electricity are substantially high44 in
India because of the inefficient operation in the power production regime. This provides
opportunities for private power generation companies that can make use of alternative
energy sources. However, there are risks involved for private investors in dealing with
the unpredictable interference of government bodies.
During the ongoing process of privatisation initiated in the 1990s, it got easier to connect
a private electricity production facility to the grid. During the early and mid 1990s it was
only possible to produce electricity for captive use. Connecting a BGS for power
production to the grid has some advantages compared to captive power generation. The
biggest advantage is the load management. Because the load is basically constant for a
grid connected BGS the PLF can be much higher. The disadvantage of the grid
connection is the additional capital investment it requires because of the actual
connection, safety – and quality control equipment. In addition a Power Purchase
Agreement (PPA) with the concerned SEB is required. As mentioned previously this can
be problematic.
The Electricity Act 2003 included some favourable policies for the establishment of new
renewable energy projects. The most favourable was that all the SERCs should promote
renewable energy projects for the generation of electricity by providing suitable measures
for connecting these power generation facilities to the grid and to let them sell their
power to any potential consumer. In addition the SERCs should specify a percentage of
the power that has to be purchased from renewables.45 The latter resulted in the utilisation
of the Renewable Portfolio Standard (RPS) that has been obligated by the SERC and
includes that every state has to generate a certain amount of their electricity from
renewable energy sources. So these objectives have been (or will be) set on a state level.
(Singh, 2007)
Other favourable policies in this act are:
• Independent Power Producers should be able to establish renewable energy plants
for third party sale, power trading companies, captive use and for own
transmission.
• The Central Government should prepare a national electricity tariff policy for
renewable energy based generated electricity
The overview of current (2007) state wise rates for grid interaction is presented in
appendix 5. It can be concluded that connecting IPPs to the grid - especially for
renewable energy based power plants - has come a far way from impossible during the
early 1990s to less and less complicated over the last decade. However, there are still
constraints with the application of PPA with several SEBs. In the case of the earlier
discussed BERI project the Karnataka EB cancelled the contract to purchase the produced
power from the BGS after it was established.
With respect to the objectives set by the Indian government to provide power to all by
2012, RETs like BGSs have the opportunity to generate decentralised electricity for the
remote rural hamlets that cannot be electrified by the grid. However under the current
44
45

Prices range from free to Rs. 6,- (€0,11) for industrial users
Electricity Act 2003, 86, 1e
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rules in the regime this is difficult since users in the rural areas do not or only very little
for their power. The morality under the rural users for actually paying the energy
consumption is therefore very low.
Placing these RETs like the BGSs in rural areas that are already electrified remains very
difficult, if not impossible. Although power from these decentralised plants can be
supplied much more reliable than with grid power, competing against (almost) free power
is a difficult task.
Mainstream technologies like those for the combustion of coal and gas have been
developed to mature technologies in India and around the world. This and the abundance
of coal make it hard for new technologies to compete with these mainstream
technologies.
It can be concluded from this analysis that instability in the regime can cause
opportunities for biomass gasifier niche to make the transition to the regime but that it
also can create constraint for this transition e.g. the financial health of SEBs with all its
earlier mentioned consequences. In addition, the power production regime is still relying
on coal and gas based power production facilities that have been utilised for decades.
These technologies can produce power against relatively low costs and are therefore still
perceived as preferable options in the power production regime.

7.3 Heat production regime
The heat production regime is broad and includes many technologies to produce heat.
This can be heat production for e.g. large scale steel production facilities, but also heat
production for small units e.g. medical waste incinerators. These smaller scale units are
of main interest for this study because they have been competing with the BGS for heat
production and therefore relevant for the niche-regime interactions. The focus of this
analysis of the heat production regime will therefore be on small scale heat production
units.
Resources that are utilised for the production of heat on smaller scales are application
specific. For rural heat production applications mainly depend on wood as the basic fuel,
where industrial applications are more depending on fossil fuels.
For efficient wood conversion there are basically two technologies that can be utilised.
The first is the steam cycle where wood is burned to fire a boiler. The second is
gasification. Boilers generally have higher efficiencies if properly designed. Gasifiers are
more efficient in smaller scale applications and are less complex in their design. A less
efficient way to utilise the energy out of wood is direct burning. However, this is the most
common way which the wood is utilised. (Mande et al., 2007) Table 7.2 presents several
industries that require wood as feedstock for the production of heat with their estimated
fuel wood consumption.
The lion's share of biomass consumption for heat production is not in the industrial sector
but for cooking purposes. An estimated 88% (NCAER, 1985 in Sudha and Ravindranath,
1997) of the total biomass consumption is utilised for cooking alone.
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Industry

Specific estimated fuel wood
consumption

Total estimated fuel
wood consumption per
annum [million tons]

Brick making

0.3–1.5 kg per brick

9

Cremations

300–500 kg per body

4

Dyeing and fabric printing of saris and cloth

0.2 kg per metre of cloth

1.87

Vanaspati ghee

0.67 kg per kg ghee

0.63

Distilleries

0.2 kg per litre

0.6

Tea drying

1–2 kg per kg dry tea

0.5

Tobacco leaf curing

4–10 kg per kg cured tobacco

0.4

Road tarring

23 tonnes per km

0.37

Ceramic tiles

0.5 kg per tile

0.2

Silk reeling

17–25 kg per kg silk

0.15

Small cardamom curing

14–16 kg per kg dry cardamom

0.1

Rubber sheet smoking

1 kg per kg fresh latex

0.06

Large cardamom curing

7–10 kg per kg dry cardamom

0.05

Fish smoking

0.2–1.6 kg per kg fish

0.02

Table 7.2: Fuel wood using industries in India; source Kishore 2002 as presented in Mande et al. 2007

Biomass that is utilised in the heat production regime basically exists out of wood. Other
biomasses like wastes and agricultural residues can also be utilised but not in all
applications. It is therefore important that enough wood is available for a continuous
supply. Ravindranath and Hall (1995) argue that the demand and production of fuel wood
is imbalanced and therefore the cause of forest depletion during the late 1980s. During
the late 1990 the total forest cover has expanded although at some states’ total forest
cover declined. (SFR, 1999) Foster and Rosenzweig (2003) even argue that the total
forest cover has expanded over the last two decades based on aggregate time series
evidence on forest growth rates. This implies that the demand and production of fuel
wood has been stabilised over the years.
This trend of expanding forest cover does not imply that no problems exist in the fuel
wood supply. Prices of wood at local markets have generally been rising over the past
years as can be concluded out of the available survey data. However this is very location
specific and does not have to concern all locations in India. According to predictions of
Shukla (1997) the total demand for fuel wood will expand because of the increasing
utilisation of bio-energy. According to his predictions 80 million hectares of land will be
required to supply India to keep up with the demand. This equals the surface of nearly a
quarter of India’s land mass. Although these numbers are merely predictions they do
indicate the significant increase of fuel wood demand if bioenergy resources are
increasingly utilised.

- 80 -

Figure 7.3: The relative retail prices of petrol based products in Delhi from 1989-2007; Source:
Petroleum Planning and Analysis Cell (PPAC) of the Ministry of Petroleum and Natural Gas

For both small and large industries fossil fuel based technologies have been the primary
source of thermal energy during the last two decades. There are many small industries
that require around 100 litres of liquid fuel per hour for their thermal energy demand.
Because of these common thermal energy demands several efficient combustion devices
have been developed during the 1990s. These developments were aimed to meet the
efficiency and emission standards that were set in India. Another trend that occurred in
the heat production regime is the replacement of devices based on solid fuel to devices
based on petroleum fuels. This because of the availability and compactness of these
petroleum based technologies. So industries have become more dependent on the
petroleum based products for their heat requirements. With increasing petroleum prices
of the last years as presented in figure 7.3 the economics of operating these petroleum
based technologies have seriously been affected. In addition, the environmental damage
of utilisation of fossil fuels leads to the emission of pollutants like particulates, SO2,
NOx, CO and Green House Gasses (mainly CO2). (Dasappa et al., 2003)
Regime instability
Increasing petroleum retail prices in India caused instability in the heat production
regime. The economics of operating petroleum based heat producing technologies are
becoming less viable because of these rising retail prices. Sources for these rising
petroleum prices were influences from the landscape like international oil price
developments, but also national developments affected the market for petroleum
products.
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One national development that affected the oil prices was the abolishing of the
Administered Pricing Mechanism (APM) in the backdrop of structural liberalisation
reforms as discussed earlier. During the late 1990s the APM which India had employed
since the mid 1970s slowly got abolished. Under the APM prices of petroleum products
were regulated. With the abolishing of the APM over the period 1997 to 2002 the
petroleum market got more deregulated and the retail prices of most of these products
were set to the import prices. (Huchet and Ruet, 2006) Under the APM prices of e.g. high
speed diesel were subsidised anywhere between 40 and 60%. This subsidy got slowly
removed during the late 1990s and the prices rose by almost 70% towards 2000. (Jain,
2000) As is clearly visible in figure 7.3 the price of petroleum products kept on rising
with all its consequences for the economic viability of petroleum based technologies.
Although the APM has been abolished continuous political interference causes fuels like
LPG and kerosene to still be subsidized. For motor spirit and diesel the government is in
practice still “guiding” the prices. (Huchet and Ruet, 2006)
Because of the rising retail prices for fuel wood the benefits for more efficient
technologies are enhanced.
Niche-regime interactions
Instability caused by increasing petroleum based products provided opportunities for
other technologies that were based on alternative energy sources. The biomass gasifier
was recognised as a technology that could be applied to address problems that came forth
out of these increasing prices. In some situations this technology proved to be
economically superior in comparison to conventional methods of heat generation.
Although the same goes for technologies that applied biomass for the generation of heat,
this is to a lesser extent. Biomass gasification technology proved to be more efficient and
therefore reduced the amount of fuel required for the generation of a unit of heat,
however economically the benefits of this technology were significantly less and in many
situations these benefits could not make up for the investment.
Wood demand during the last two decades has been able to meet the supply on ecological
grounds. However supply of biomass has led to some amount of instability in the heat
production regime. The price of fuel wood has been increased in the last decade as can be
concluded out of empirical data from the interviews. This price increase causes higher
benefits for replacement of wood based technologies on smaller scales. For larger scales
other bioenergy technologies like boilers are generally seen as superior.
The increase of the price of fuel wood did have not have a significant negative impact on
the replacement of fossil fuel based technologies. This caused a small decrease in the
benefits of the BGSs but this is extremely small compared to the benefits replacing the
surging prices of petroleum based fuels. BGSs for power production were much more
affected by of the rising wood prices because of the relative lower benefits than most
BGSs for heat production. The rising wood prices additionally had an effect on the use of
other biomass feedstocks. Sources like coconut shells and rice husk where now seen to be
more attractive.
Although high oil prices are generally beneficial for thermal applications they were not
beneficial for power generation applications. The increasing diesel price has proved to
increase the price of power generating systems for dual fuel systems. With these systems
approximately 30% of the fuel exists out of diesel and this generally represents the
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primary costs in operation of such systems since biomass is much cheaper. The rising
diesel price has stimulated developments in an engine that could be operated on the
producer gas exclusively. This therefore resulted in power generation applications that
are independent from fluctuation in the diesel price and that can be operated against much
lower costs.

7.4 Cremation regime
The cremation regime has a significant overlap with the heat production regime.
However it is discussed as an additional regime due to the significant effect of the regime
on the developments of the biomass gasifier niche.
The majority of the Indian population are Hindus who are known to cremate their
deceased. The traditional way of Indian cremation is to burn a body on a stack of wood
and cow dung. This method has been applied over centuries. However in the recent
decades some landscape developments have caused instability in the cremation regime.
This again caused the introduction of new technologies into the cremation regime.
Pollution of rivers caused by several waste discharges was one of these landscape
developments. The pollution of rivers posed direct serious public health hazards and
therefore the Indian government undertook the Ganges Action Plan (GAP) to reduce the
pollution of one important river; the Ganges. During the first phase of the GAP (19851990) several methods to reduce the pollution of the Ganga were introduced. One of them
was the introduction of 28 new electrical crematoria that utilised power for the cremation
in stead of wood like in traditional cremations. (Lacy, 2006) These electric crematoria
cremate bodies totally while at traditional cremations some parts of the body remain
unburned and are then dumped into the river with all its consequences.
Another landscape development that led to instability was the increasing urbanisation of
the Indian population. This caused cremation grounds to be located in the urban areas
while they previously were located outside these urban areas. Air pollution and
unpleasant odour that comes free during traditional cremations were the reason for protest
of societal groups. This caused municipalities to implement solutions to address these
problems. (Appendix 4c) Electrical crematoria were therefore placed in urban areas and
are even mentioned under the “legitimate municipality functions” of urban municipalities
(Mohanty, 2005). So during the last decade there were two new cremation technologies
besides the most common traditional way of cremation. These were the electric
crematoria but also the less common one; the diesel crematoria (Mande et al., 2007).
Niche regime interaction
As mentioned earlier, new crematoria in urban areas were required to address some of
their exiting problems. They needed to reduce the odour and pollution that they were
spreading. In addition, traditional methods did sometime not result in the cremation of the
entire corpse. After cremation is was the general practice to dumping the uncremated
body parts in the river. This contributed to a large degree to the already heavily pollution
of rivers. Although new technologies like electric crematoria were applied to reduce the
pollution some criticism on these technologies remained. One of the problems with the
electrical crematoria was high power requirements for a cremation. In addition, heating
up the cremation oven was a time-consuming process and power blackouts might
interrupt the cremation. According to a prominent Indian newspaper some electric
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crematoria lack public acceptance and are therefore underutilised.46 In another case
protest groups have initiated actions against the establishment of an electric crematorium
because it would emit smoke that would be disturbing.47
The instability caused by these problems gave opportunities for the gasifier based
crematoria. During the introduction of these crematoria it has been perceived well as
argued by Indian newspapers. The biomass gasifier is known to emit less pollution,
increase speed of the cremation from two to one hour and save 70% of the operating
costs. 48 49 50

Figure 7.4: BGS based crematorium in comparison with competing technology options; Source: Mande et
al., 2007

Although there were also public protest about the potential pollution that the
establishment gasifier based crematoria would possibly cause, some public authorities
argued that the emissions of these crematoria are less than the electric crematoria and
comply with the operation and emission standards set by the Union Ministry of
Environment of biomedical waste incinerators.51 This was later confirmed by the High
Court.52
From an economical point of view the gasifier based crematoria is attractive as is
presented in figure 7.4. This figure clearly shows how the technology is economically
46

Newspaper article of the Hindu; Electric crematorium to be converted into gasifier unit; Date:
10/02/2006; URL: http://www.thehindu.com/2006/02/10/stories/2006021023280300.htm
47
Newspaper article in the Indian Express; Residents of Cuffe Parade dead against electric crematorium;
Date: 19/01/1999; URL: http://www.indianexpress.com
48
Newspaper article in the Hindu; City to have biomass gasifier crematorium; Date: 25/02/2005; URL:
http://www.thehindu.com/2005/02/25/stories/2005022515800300.htm
49
Newspaper article in the Hindu; Gasifier crematorium to come up in Vellore; Date: 26/09/2007 URL:
http://www.thehindu.com/2007/09/26/stories/2007092651640300.htm
50
Newspaper article of the Hindu; Gasifier-based crematorium commissioned; Date: 16/03/2006 URL:
http://www.thehindu.com/2006/03/16/stories/2006031617380300.htm
51
Newspaper article in the Hindu; Are gasifier crematoria the right choice for city?; Date: 27/03/2006
URL: http://www.thehindu.com/2006/03/27/stories/2006032707530300.htm
52
Newspaper article in the Hindu; "Crematorium conforms to norms"; Date:14/04/2006 URL:
http://www.thehindu.com/2006/04/14/stories/2006041408631000.htm
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superior with respect to its alternatives, especially in comparison to the diesel and
electrical based cremation ovens. The former two have comparable social benefits; they
reduce the odour and pollution that comes free while cremating and improve hygienic
conditions of the cremation grounds. Compared to traditional cremations the internal rate
of return of the gasifier is two years. However this is dependent on the price of fuel wood
and the higher the price of wood, the shorter the internal rate of return. (Mande et al,
2007)

7.5 Conclusions
Changes in the landscape such as fluctuations in the global oil price and the political
trend to liberalise the economy had significant effects on the biomass gasifier niche. The
rising national oil price initiated in the 1990s was driven by the global oil price and later
rose even faster due to the partial liberalisation of the Indian petroleum market. The
combination of these landscape changes had a significant effect on the economic viability
of the BGSs. This effect was positive for those applications that could replace petroleum
based fuels like thermal applications but also for power generation systems that replaced
diesel driven generator-sets. The increasing oil price had negative effects on the dual fuel
power generation applications that were competing with grid power. The rising diesel
price increased the operation costs of these systems significantly. The rising petroleum
price was therefore the main impulse in the development of the producer gas engine.
With the introduction of these producer gas engines the rising prices for fossil fuels were
reversed to have merely a favourable effect on these BGSs.
Oil price developments of the 1970s were the main driver for the Indian government to
explore alternative options to supply their country with its increasing energy demand. In
addition there was a need to increase the irrigation of agricultural land. This combination
led to the development of BGSs for irrigation. Because of the declining global oil prices
in the 1980s and the high subsidies on fuel the economic impulse for farmer to operate
these systems was relaxed. This partially contributed to the disappointing results of the
BGSs for irrigation.
Landscape changes such as the liberalisation trend affected also the power regime.
Although this liberalisation process is still in progress it already resulted in many changes
in the power production regime. This created opportunities because with the arrival of the
electricity act 2003 new regulation was adopted to encourage the use of renewable energy
technologies and distributed power generation.
Although these landscape developments and their accompanying regime instability
mainly resulted in opportunities there still remains a lot of resistance of current regimes
towards the biomass gasifier niche. One important one is the huge power subsidies for the
rural population that make electricity in these areas (virtually) for free. The government is
currently locked-in in this policy structure which makes removing these subsidies on the
short term nearly impossible because the political consequences. Competing against free
power is impossible for any electricity generation technology and therefore these
subsidies are a huge obstacle for BGS applications that focus on power generation in the
rural areas. This is obviously not valid for those rural areas that have not been electrified
and will not be in the near future. Other resistance comes from the currently operated
large scale and mature power generation technologies that can generate power against
relatively low costs. These power plants generate the power centralised and utilise the
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already installed grid to supply the power to their users. The privatisation process that has
been already been initiated in the 1990s it is far from being completed with 90% of the
sector still in the hands of the government. Dealing with the bureaucratic and inefficient
public authorities can be a burden for entrepreneurs that want to enter the power
production regime with technologies such as the BGS.
During the last two decades modern technologies have entered the cremation regime.
This was mainly to address problems that were arising in the urban areas like the spread
of unpleasant odour and the unhygienic conditions. Although these technologies partially
solved these problems there still exists public resistance against them. This has created a
great potential for BGSs in the urban areas, since they proved to emit less pollution if
designed properly and reduce the costs of a cremation significantly, even compared to
tradition cremations.
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8. Conclusions, discussion and recommendations
In this chapter the main research questions will be answered. Most of the sub research
questions have been answered in the previous chapters however there remains one sub
research question that has not been answered. This question is:
How did the interaction of both the internal niche developments and the exogenous
influences affected the biomass gasifier niche?
Although this research question has partially been answered in the niche-regime
interactions for each regime in previous chapter, a concluding overview of the past nicheregime interaction has not been provided. This chapter will begin with this concluding
overview. If all sub questions have been answered the main research questions can be
answered. Looking back these were:
The first research question:
To what extent have viable niche markets been developed for the biomass gasifier
technology in India?
The second research question is:
If the technology is desirable, what are the main remaining obstacles that can be
identified in the development process of this niche?
After these research questions have been answered the main recommendations will be
given. The end of this chapter will comprise a recap of this research.

8.1 Niche-regime interaction
Landscape developments like the surging oil price during the 1970s gave a significant
impulse for the renewed interest in biomass gasification. Because of the lack of sufficient
oil reserves these rising prices increased India’s total import expenditure. To avoid this
India started to search for alternative sources to supply its growing population with their
rising energy demand. Biomass was seen as a useful source that combined with
gasification technology could make a contribution to the energy supply and therefore
address India’s energy problem. Initial developments in the biomass gasifier niche
occurred through internal niche developments while later developments mainly occurred
against the background of regime dynamics. The internal niche development that led to
serious dynamics was the failure of the BGSs for irrigation purposes. This turned out to
give an impulse for new rules within the niche. Later regime dynamics in the irrigation
regime, the power production regime, the heat production regime and the cremation
regime provide the main impulses that generated changes in the rules of the niche. Table
8.1 provides a summery of the most important niche-regime interaction.

Regime dynamics

1987-1993

1993-2000

2000-2007

Instability in the irrigation
regime - growing number of
diesel fuelled pump sets

Instability in the heat production
regime - increasing prices for
petroleum based products

Enhancement of privatisation
policies in the power regime

Power production regime
Instability in the power production
Instability in the cremation
unable to supply power to all regime - instable power supply, high regime - the need for cleaner
villages
power costs for industrial users and cremation technologies
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unelectrified areas

Effect of regime
dynamics on niche
development

Effect of niche
development on
regime dynamics

Opportunity to replace diesel
pump sets with BGSs and
therefore reduce the
consumption of petroleum
based fuels

-

Opportunities for BGSs in power
production in several areas and
application domains such as; rural
areas and industrial applications

Opportunities for BGSs for
power generation to get grid
connected

Opportunities for BGSs in thermal
energy production, particularly in
replacing fossil fuel based
technologies

Opportunities for BGSs in the
cremation regime

-

Contribution to the
implementation of favourable
regulation for the introduction
of renewable energy
technologies for power
generation

Table 8.1: Summary of most important niche-regime interaction

8.2 Development patterns of the niche
This paragraph will discuss the five development patterns of the niche that will be used to
analyse if niche markets have been developed.
Parallel development
Expectations about the BGSs were high during the 1980s when the first developments for
gasification were performed in laboratories. During the first six years of the NBGP 1370
systems were deployed in the rural setting of India. The results of this experiment led to a
change in expectations about BGSs. Expectations about the first application domain,
irrigation pump-sets declined while expectations about new application domains started
to emerge. This marks the point were niche branching occurred from exclusively BGSs
for irrigation purposes to new application domains like thermal energy and power
generation applications.
This implies that the initial developments were characterised by sequential development
where the developments focussed exclusively on one application domain; the BGS for
irrigation. Later other application domains were explored and niche branching started to
occur. This implies the initiation of parallel development of the BGSs. Figure 5.3 gives
an impression of the parallel development over time.
Continuous development
Developments in biomass gasification before the Second World War functioned as the
basis for the expectations of the government of India about the technology. It was more
or less perceived as a proven technology and experiences of these days were stored in
literature. However, 40 years of discontinuity in the development and utilisation of the
technology led to dramatic losses in knowledge which cannot be embodied in literature.
In addition, coevolution of biomass gasifiers and complementary technologies such as
engines was not possible.
After the initiation of the NBGP socio-technical experiments in gasification continued
again. When the developments in BGSs for irrigation appeared to discontinue, other
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applications emerged which led to the continuation of the development process. The ever
increasing applications and overall rise of experiments have guaranteed continuous
development in gasification until today.
Increasing stability
Stability of rules in the niche has increased over time. Initially rules like design heuristic,
user preferences, local practices were derived out of 40 year old literature and therefore
vague and unverified in the Indian context. Gradually these rules changed and got more
aligned among a growing group of actors. Initially this group of actors was small, but
over time as experiments got more divers and lucrative, it expanded significantly. Rules
changed in the sense that some existing rules were rejected or got refined and new rules
were adopted. This changing of rules got apparent after the elaborately discussed gasifier
experiments for irrigation that did not meet its previous expectations. After these
experiments no radical changes occurred anymore in the biomass gasifier niche and
stability increased again. New application trajectories were explored and rules in these
application trajectories got more refined and aligned. Further alignment of rules mainly
aimed at applications domains like the power generation domain where new rules about
engines design heuristics dominated. Changes in these rules were positively driven by the
rising diesel price of the late 1990s and 2000s. Rising prices for petroleum based fuels led
particularity for thermal systems to increasing stability. These rising prices for petroleum
based fuels did also have a negative effect on the dual fuel power generation systems and
therefore led to instability. New developments in engines that could be operated on
producer gas exclusively resulted in new rules about design heuristics, economics, and
environmental benefits that got more stable after experimentation. Stability was
particularly restrained by power generation applications because of the relatively low
number of operational systems. This led to doubts by some actors.
Although generally stabilisation gradually increased it has been constraint by the lack of
interaction and discussion at between stakeholders at the global network. This would
have resulted in sharing of experiment results, ideas, and vision among actors. Enhancing
this would have spurred the alignment of the rules in the biomass gasifier niche. This will
be discussed in more detail later.
Decreasing protection
During the take off of the NBGP subsidies covered nearly the total expenses of the BGS.
Later this appeared not an attractive option and subsidies got reduced to prevent misuse.
After 1993 the protection of the technology got reduced to almost 30% of the system
costs. After 2000 this subsidy did not change much for power generation systems.
However, during the introduction of producer gas engine technology changes in the
programme were made. Subsidies for the conventional dual fuel systems reduced
significantly to one tenth of that of the producer gas systems. Some of the BGSs for
producer gas engines got a subsidy of 50% under the demonstration scheme. For rural
electrification projects the subsidies are around 90% of the capital costs. Subsidies for
thermal systems reduced significantly and were even less than that of the dual fuel
systems. Over the total period funds have been made available for R&D projects. Figure
8.1 combines the protection and the stability in the niche and gives a good representation
of the niche development pattern.
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Technological niche

High Protection

1987-1993

1993-2000

1993-2000

1993-1995

2000-2007

1990-1993
High stabilisation

Low stabilisation

2000-2007
BGSs for irrigation

Niche market

BGSs for power generation

Low Protection

BGSs for thermal energy

Figure 8.1: Niche development pattern for biomass gasification (figure concept from Raven, 2005)

Increasing diffusion
Figure 8.2 presents the total installed capacity and the total number of installed BGSs.
During the early NBGP many BGSs for irrigation were placed in the field and the actual
number of installed gasifiers has never been that high ever since. Although the actual
number of placed gasifiers during the last period is unknown it can be estimated on the
basis of the installed capacity during that period that the maximum number of installed
systems would be somewhere near 500.

49

Number of BGSs

50

1200
40

1000
27

30

800
600

20
330

400

8

Number of installed BGSs

1400

Installed capacity in MW

1370

10

Installed capacity

1600

60

200

0

0
1987-1993

1993-2000

2000-2006

Time period

Figure 8.2: Deployment and installed capacity of BGSs over specified periods; Source: various numbers
mentioned elsewhere in this document; note that the number of installed BGSs for the period 2000-2006 is
missing.
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Looking at the total capacity of the systems installed it can be concluded that this is
clearly growing over the years. These numbers represent the total installed capacity
which is registered by the MNRE. These numbers could actually be higher due to the
users that renounce the subsidy and therefore are not taken into account by the MNRE.
This is particularly the case for BGSs that are subjected to marginal subsidies (e.g.
thermal systems).

8.3.1 Irrigation applications
Because the irrigation systems are no longer being used I think it is rather straight
forward to conclude that currently no niche market is present for this application.
However if I analyse the era when the developments with these irrigation systems were at
its peak other conclusions might arise.
During the experiments with the irrigation systems developments can be characterised by
sequential development. Developments were not continuous and the irrigation systems
were actually the first socio-technical gasifier experiments in India. Stability with respect
to this application domain was low since there was no prior knowledge on best practices
for the Indian context. There are a few places where designs were developed independent
from one another and therefore there has been no collective set of rules concerning these
designs. The Indian government was rather confident that the technology would be a
success and therefore pushed the diffusion process by means of high subsidies for these
systems. This implies the initial high protection which got slowly reduced because of
misuse of the subsidies. In addition, these subsidies increased the diffusion process
significantly. These last two criteria are seen to be of less importance since they are not
actually affected by technological development, but more by the government intention to
push the technology.
Taking these criteria into account it can be concluded that for the irrigation application
domain no niche market has been developed.

8.3.2 Thermal applications
To analyse if thermal applications have been developed into market niches is more
complex because this application can be divided in some underlying ones. These are
applications for smaller scales that replace wood firing technologies and there are larger
scale industrial systems that replace petroleum based fuels.
Typical systems of smaller scales that replace wood firing technologies are for cooking,
drying of fruits, and crematoria. These first two applications have not thoroughly been
discussed in this report which makes the analysis if market niches have been developed
less robust. However, the crematoria applications have been treated rather extensively
and will therefore be analysed. For the larger scale industrial applications that replace
petroleum based fuels all applications in this research have been BGS that provide
process heat in the industrial setting.
The development of the gasification technology for thermal systems can be characterised
as being parallel and continuous. Parallel, because besides developments in this
application domain complementary developments in power generation were done. This
was favourable for the development of thermal applications because they could profit
from developments in the technologically more complex gasifiers for power generation
and its peripheral equipment. It was continuous because there was no intermission in the
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development trajectory. The stability in thermal systems has increased steadily during its
development as has been visualised in figure 8.1. Rules about the public acceptance of
BGS based crematoria were considered to be improved compared to other modern
cremation technology. In general, rules about the commercial feasibility of the thermal
systems were considered as good. These proved to be the best for applications that
replaced petroleum based fuels that were frequently applied in the industrial setting.
Initially, the protection for the thermal systems was equal to other biomass gasifier
applications. However, after 2000 subsidies for the technology dropped from 25-30% to
less than 5%. So the protection of the technology has been reduced over time. Gasifiers
for cremation applications are mainly being purchased by municipalities that are
subsidised by government bodies that want to address the problems with the present
crematoria. This is therefore not considered as protection for the technology, but as an
impulse for municipalities to change to a technology with positive externalities that
address current regime problems. While the protection was decreasing the actual number
of thermal gasifiers that have been diffused has been increasing. Exact numbers remain
unknown but there seems to be no doubt about the trend of increasing numbers and
overall capacity of these systems. With respect to the gasifiers for thermal applications
the number are rising significantly at the moment.
Taking these criteria into account it can be concluded that for the thermal application
domain niche markets have been developed for both crematoria and in the industrial
setting.
Irrigation
Criteria

Power generation

Heat generation

Rural

Industrial

Grid connected Crematoria

Large scale

Parallel development

-

+

+

+

+

Continuous development

--

+

+

+

+

+

Stability

-

-

o

+

+

+

Decreasing protection

o

o

o

o

+

+

Increasing diffusion

o

o

+

+

++

+

+

Table 8.2: Criteria in the assessment of niche markets per applications domain

8.3.3 Power generation applications
In the analyses whether market niches for power generation applications have been
developed three underlying applications are of interest. These are the captive power
generation application in the rural setting that are of small scales, the captive power
generation applications in the industrial setting that of a medium scale and the larger
scale power generation applications that are grid connected.
It has already been concluded in the former paragraph that parallel development occurred
between applications in thermal and power generation. Developments were also
continuous because of the fast succession of experiments. Stabilisation of rules in power
generation applications has increased over time. Rules about design criteria of gasifier,
engines and gas conditioning system got more aligned over time. Additionally, rules in
the power generation regime caused opportunities for a new application; the grid
connected systems that were generally of larger scales. Experimentation with smaller
scale rural systems led to the lack of alignment of rules for these applications, where
some argue that there remains a great opportunity in providing continuous power to the
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rural areas, and others that commercially operating and maintaining a gasifier in the rural
areas is impossible. Captive power supply in the industrial setting has been on the verge
of economic viability. Depending on various factors such as system size, biomass price
and choice of technique systems can be economically attractive or not. Therefore are
rules about these systems not as aligned as those of thermal applications. Rules about the
grid connected systems remain more positive. Economic viability in these applications is
very likely to be possible. Past experiences by BERI has shown that dealing with the
bureaucratic government bodies can be problematic. In general it can be concluded that
the failure of a relatively high number of experiments in power generation applications
constrained the alignment of rules.
Protection of the power generation applications has been as high as the thermal
generation applications during the 1990s. After this decade this protection in terms of
subsidies remained the same for systems that used a producer gas engine. For dual fuel
systems the protection dropped significantly. Diffusion of the technology has increased
over time. There are no exact numbers of the actual diffused gasifiers in these
applications, but just as thermal applications there remains no doubt that the number of
systems and its total capacity increased. It can therefore be concluded that diffusion of
the BGS for power generation has increased during the last two decades.
Combining these criteria it can be concluded that for the captive power generation
applications in the rural setting no niche market has been established. In fact the results of
many experiments that have been analysed in this study have been disappointing. For
captive power generation applications in the industrial setting it still remains a marginal
case. However it can be concluded that due to the lacking stability no niche market has
been established. The grid connected power generating applications domain can be
considered as a niche market.

8.4 Remaining obstacles in the development process
To reflect on the second research question I can conclude that there have been
applications were the technology proved to be socially desired. I will therefore continue
with the analysis to find the remaining obstacles in the development process of the
biomass gasifier niche. Each of these obstacles are discussed in this paragraph.

8.4.1 Learning
The lack of evaluation from past experiments has been constraining learning processes in
the biomass gasifier niche. Knowledge that was already generated at the local level about
the technology, biomass generation and preparation, operation and maintenance, etc. has
not being absorbed by the actors in the global network. This implies that knowledge
carried by the users of the technology is not utilised sufficiently to learn from. The users
are currently more seen as the consumer and not as an active participant in the
experiments. This has been one of the primary causes that slowed down developments in
the biomass gasifier niche. In addition, the vast majority of the experiments that were
done were never evaluated. No objective evaluation efforts about the irrigation systems
have ever been conducted. While it has been clear that the initial results of the NBGP
were disappointing, no serious efforts have been made to analyse what went wrong and
how to prevent this in the future. These lessons could have been useful for other
programmes like the gasifier programme in Tamil Nadu were around 60 small scale
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gasifiers were placed in the rural setting for power generation applications. Evaluating
this and other experiment would most likely have resulted in a significant knowledge
surplus that would have had a positive influence on niche developments.
In the biomass gasifier niche no organisations have been established to facilitate the
aggregated learning processes. This would increase the interaction between actors on the
global level in order to share one another’s visions, expectations, and results of
experiments.

8.4.2 Interaction between actors
The dissemination of knowledge has been problematic in the biomass gasifier niche.
Some initiatives to disseminate knowledge have been initiated in the past but these were
discontinued quickly.
Knowledge dissemination and the interaction of actors in the network can enhance
insights in gasification, generate plausible promises that are shared among actors and lead
to cooperation. Interaction between users can create or strengthen certain views about
user preferences that contribute to the development of BGSs. Interaction between users,
producers and research institutes can be used to discuss field experiences and to
investigate potential changes. Interaction between research institutes and producers
restrains actors’ double research efforts and contributes to one another’s insights.
Institutional mechanisms can enhance interactions between these actors. This can be in
the form of conferences or meetings among research institutes and producers, forums for
users, feedback meetings between users, producers and research institutes, etc. These can
be organised by responsible government bodies or by actors like research institutes or
producers that play a significant role in the network.

8.4.3 Transparency
The lack of transparency among actors involved in biomass gasification has been
constraining this research to some extent because some - not all - did not want to discuss
any issues that could potentially let them “lose face”. This has not only restricted my
research but I think that this is related to the earlier mentioned obstacles. Learning and
knowledge dissemination are also constrained due to the lack of transparency of actors in
the network. Arguments for this conclusion come from experiences with actors like a
small number of users and one government organisation that were deliberately giving
false information53 about matters that could result in losing face. Others were very
reluctant in providing information. Some producers did not want to provide information
about installed BGSs, some research institutes were reluctant to provide information
about past experiments. Although I think that this is mainly a cultural issue I still want to
address this in my conclusion because it does have an affect on the developments of the
niche.

8.4.4 Protection
Protection is now provided by a subsidy on the total investment of the BGSs. This
stimulates potential users of biomass gasifiers to purchase a BGS but not to operate it.
Operation will finally provide income to finance the residual of the investment costs. The
53

That this information was false could later be verified
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low amount of operational BGSs reflects the lack of impulses to operate the BGS,
although there are more constraints to the low amount of operational BGSs. Therefore I
think that it is better to provide subsidies for the total generated power produced and
therefore stimulate operation of the BGSs in stead of the acquisition.
Recently the subsidy scheme has been slightly changed in order to stimulate operation.
This was done by dividing the total subsidy in three instalments of which the last one was
provided after 1000 hours of operation.54 This is a start to stimulate operation but it is not
sufficient since it is only of for a period of 1000 hours and about an instalment of 30% of
the total subsidy.

8.4.5 Financing capital investment
Financing the capital investment of experiments is a general problem for many renewable
energy technologies. Financing BGSs has in some cases been done by loans that were
provided by commercial banks. However, this has only been observed in a small number
of occasions. Easier access to loans would positively influence the diffusion process of
the BGSs. In addition, the provision of the loan for the BGSs would lead to a better
impulse in operating the BGSs optimally in order to pay off the loan, in comparison with
a subsidy to cover part of the capital costs.

8.4.6 Bureaucracy
My research has revealed some cases where bureaucracy from the side of the government
of India was constraining the developments in the biomass gasifier niche. This were the
case of BERI were the SEB annulled an earlier signed contract. In addition, there were
many cases where the subsidies were not issued in time or not provided at all because of
various reasons. The NBGP is not the only programme criticized on its bureaucratic and
cumbersome organisation. Kartha et al. (2005) evaluate a number of Indian sustainable
energy programmes and conclude that: “In the target-driven, bureaucracy-heavy
programs, there is an elaborate and complicated structure for disbursal of subsidies and
dissemination of systems, and a diffused responsibility among the various institutional
partners.” In recent publication of The Economist (2008) it is argued that the entire
public sector is an obstacle in the socio-economic development of India. Although it is
widely acknowledged I still would like to emphasize that the bureaucratic processes of
the government of Indian constrains development in the biomass gasifier niche.

8.4.7 Energy subsidies
High subsidies both on the electricity supply to the rural areas and to a lesser extent
subsidies on fuel prices like LPG and kerosene are constraining the diffusion of BGSs.
Subsidies on the electricity supply are used as a political tool to raise votes, however it is
constraining the deployment of private initiatives to electrify villages by means of
decentralised power generation options such as BGSs. Subsidies on LPG and kerosene
are decreasing the cost for these fuels and therefore provide stability for established
regimes. This forms an obstacle for alternative technologies like the BGSs to compete
against these regimes although there are more desirable.
54

This information has been provided by the MNRE in several documents concerning central finance
assistance for the period 2006 - 2007
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8.4.8 Infrastructure
Infrastructural issues that are currently problematic in the biomass gasifier niche are the
infrastructure for a stable biomass supply and the infrastructure for service facilitation.
While the biomass is currently mainly being supplied by users who purchase their
unprepared biomass on the market it would be more desirable to supply it as a ready to
use feedstock. This would reduce the burden of biomass preparation of the user and
address current problems that the gasifier niche is facing with. Service facilitation by
producers has also been identified to be problematic, especially in rural areas.

8.4.9 Ability to reject applications
This study has revealed that the small scale rural applications that have been placed in the
rural setting had disappointing results since the first attempts with the irrigation systems.
The main constrains with these applications are the skilled labour involved in operating
these systems, the high service costs compared to the total capital costs, and the
subsidised energy that makes competing with current regimes almost impossible
particularly for power generating systems. Although free power is not available in the
unelectrified locations larger scale gasifiers have a higher change on success. However
taking these conclusions in mind it is strange that still some actors have high expectations
about these small scale rural systems. This brings me to my following conclusion that the
biomass gasifier niche is constrained in the ability to reject undesired applications. The
main reason for this can be explained best with the technological trajectory mechanism as
presented in figure 2.1. I already discussed the lack of aggregation learning at the global
level as constraining factor in the biomass gasifier niche. This is known to be crucial in
the formulation of rules that will shape the path for the technological trajectory. However
as the results of local projects in the last two decades have been disappointing with regard
to the small scale rural applications something has gone wrong. The failing mechanism of
aggregation learning in the global network has not been working properly in order to
generate rules to select the most desired technological trajectory on the basis of past
experiments. The main actor that is to blame in this matter is the government who is still
heavily subsidising the small scale rural applications.

8.5 Recommendations
This analysis gives rise to some important recommendations regarding to the biomass
gasifier niche. These will be presented in this section.

8.5.1 Institutionalize learning processes
I would like to start with recommendations to enhance the learning processes since this
appeared to be the main constraining factor in the development process of the biomass
gasifier niche. To enhance learning processes local projects should be subjected much
more to evaluations - preferably conducted by independent institutes - and made available
to at least all actors in the global network. This role of independent evaluating
organisation can easily be fulfilled by independent research institutes. Also the
organisation of frequent interaction between actors in the form of conferences for
producers, research institutes, government and other experts, forums for the interaction of
technology users, newsletters and a central website would spur the learning processes.
These activities should preferably be organised by a biomass gasifier organisation that
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can sustain these activities on a regular basis. Members of this organisation should be
representatives from various stakeholders in the gasifier network. Parallel to this the
organisation of meetings, conferences, forums and newsletters can also be organised by
individual actors in the network.
These activities will institutionalise (aggregation) learning activities and therefore make a
significant contribution to the reduction of the various socio-technical problems that were
identified in this research.

8.5.2 Protection
The subsidy structure that is currently applied in the biomass gasifier niche is not
functioning correctly as mentioned earlier. It would be preferable to provide an incentive
on generated unit of electricity or heat and therefore stimulate users to operate their
system. This would result in a higher barrier to install a BGSs and therefore in a better
appraisal of the costs and benefits before installation. In addition, this subsidy structure
will stimulate efficient operation of the BGS. It will have a direct beneficial effect on the
government objectives to improve India’s self sufficiency in energy.
The barrier to install a BGS can be reduced by providing a loan for the (partial) capital
costs of the system. If this subsidy method can be applied for thermal systems is
unknown since measuring the total amount of producer gas is technologically challenging
and might not be possible.

8.5.3 Rejection of undesired applications
This study has revealed that the small scale rural applications that have been installed in
India have not been functioning properly. Therefore I recommend to not waste anymore
time, effort and resources at these systems and to focus on other applications. This
recommendation is mainly directed towards the government who has been maintaining
these small scale rural systems for irrigation and electrification by issuing high subsidies
for these systems. These subsidies act as an impulse for producers to manufacture these
small gasifiers and for users to install them.
Concerning electrification of villages the gasifier at the BERI project has proved to be a
promising option. Increasing scale of these systems makes it feasible for the
manufacturer to service the plant when required and provide skilled workers that can
operate and maintain the systems properly.

8.5.4 Remove power subsidies
The subsidy scheme to provide power against marginal or no costs that is currently
present in the electricity regime is constraining the development of renewable energy
technologies like the BGSs. Although I already mentioned that the government is
politically locked-in into this subsidy scheme, removing it is essential for the further
dissemination of these renewable energy technologies in the rural area. I think that there
remain possibilities to gradually decline the subsidies on the electricity and compensate
the poor with alternative and more effective measures.

8.6 Reflecting on Ghosh et al.
As mentioned in the introduction Ghosh et al. (2004 and 2006) did a similar study to find
the barriers and constrains in scaling up the biomass gasifier use in India. My study has
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been done parallel to theirs and it would therefore be interesting to compare the main
findings of these studies.
The main generic findings of both studies are comparable however there remain some
matters on which I would like to reflect. Both our studies argue that the interaction
between actors and the aggregation learning from socio-technical experiments should be
improved. However the conclusions from my study go much further. I conclude that this
has been the source of many other barriers like the inability to recognize and respond to
various socio-technical problems. In addition, in my study the lack of aggregation
learning resulted in the failure to reject unsuccessful applications of the technology.
A point on which I disagree is where Ghosh et al. (2006) claim that the establishment of
guidelines and performance standards will enhance the technological development in
biomass gasification. They do not define the character for these guidelines and standards
and for clarity reasons I will therefore assume that these are intended to be obligatory for
producers of biomass gasifiers. Concerning the guidelines and standard setting I agree
that there are currently various problems that occur because of the utilisation of
unsuitable materials, something that can be eradicated by setting standards. However, the
technology has not reached the stage where setting standards and guidelines will be
beneficial. This study has shown that some applications have reached the stage of niche
markets and where others have not. Even at the stage of niche markets the technology
should be open for technological changes in order to improve and to be developed
further. Fixing the technology by setting standards and guidelines would close some of
the paths in the technological development process. Standards and guidelines would
merely be beneficial when the technology has become more mature and is taken up for
mass production. Although Ghosh et al. propose these measures they do not elaborate on
how to establish them. It would be extremely undesirable if the government would be the
facilitator of these guidelines because this will result in an enormous bureaucratic process
that already proved to constrain developments. I think that creating a forum for these
design issues, performance standards would result in a general consensus about best
practices that could have the desired effects. However the barrier to deviate from this
should not be too high and therefore not be embedded in regulative rules of the niche.

8.7 Implications of SNM
Because this study can also be viewed upon as an experiment within SNM itself especially since it is not frequently applied for the developing world - I would like to
reflect on it and discuss my learning experiences.

8.7.1 Implications of SNM for developing countries
SNM has particularly been applied for sustainable technologies in the developed world.
In this context it is assumed that the introduction of new sustainable technologies is
desirable and an urgent matter that needs to be directed.
In past diffusion of innovation literature, arguments arise that focus on the desirability of
the innovation. In this body of literature it is also assumed that the innovation is
desirable. Nevertheless, this assumption is also seen as the main weakness of the
diffusion of innovation studies because it is acknowledged that not all introductions of
new technologies are desirable. This is what Roger (2003) calls the pro-innovation bias.
In SNM literature it is assumed that because of the sustainable character of the
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technology it therefore is desirable to introduce it. While the pro-innovation bias might be
the non-existing in the context of many developed countries there are some point of
views from the developing countries that can provide additional insights:
• Developing countries do not need to deal with the burden that is mainly caused by
the developed world (e.g. emission of GHG)
• Besides sustainability there more urgent challenges developing countries are
facing in comparison to the developed world (e.g. medical care, stable food
supply, stable energy supply, poverty reduction)
This does not mean that the introduction of sustainable technologies is undesired for the
developing world. It does imply that these arguments should not be neglected within
SNM. This could lead to changes in sources for instruments required for the introduction
of the technology. These instruments should not only be carried by a nation exclusively
but also internationally. As shown in this study there are internationally financed NGOs
that experiment with the technology and therefore partially provide instruments for this
introduction of sustainable technologies. In addition, CDM is getting a bigger role at the
moment although this is mainly suitable for larger projects since applying for it is a
cumbersome and therefore expensive process.
Also the main objective of developing countries’ introduction of renewable energy
technologies does not have to be related to its sustainable character. In the case of India
the main objective is to find alternative sources for a stable energy supply. In the
developed world the main motive for wind turbines is to generate environmentally sound
or green electricity whereas in India the main motive for the BGSs is to generate cheaper
energy that does not have to be imported.
The elementary approach of SNM where it takes the evolutionary perspective as its
foundation made the analytical framework easy in its application in a completely
different setting. This therefore did for me not result in any other implications with
respect to the difference of applying it for the developing world.

8.7.2 Practical implications of SNM
During my research some practical implications arose that I would like to discuss. The
main implications are regarding the interviews which were required for my research.
During these interviews it was difficult to find out about expectations before the actual
experiment. Especially for users it was difficult to trace back their expectations. These
were in most occasions biased by the results of the experiment. If the experiment had
disappointing results in terms of generated output this generally had its effect on the
expectations mentioned during the interviews. No written documents were available that
gave more insight in the previous expectations of the experiment.
In addition, it was hard to find out what exactly was learned by actors. Learning can be in
various dimensions and especially during the first interviews, when not all common
problems were known these dimensions could not all be discussed.

8.7.3 General implications of SNM as a research tool
Global vs. Local network
The recognition of the local and global network and its interaction has been essential in
this study to identify the main obstacles in the biomass gasifier niche. These concepts
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would seem to be less useful for networks that are involved in a small number of pilot
projects because of the large overlap between the local and global network. However, if
the network expands and increases its activities the analytical divide between the local
and global network concepts becomes more apparent. Additionally, aggregation learning
becomes increasingly important because actors in the global network cannot be involved
in all local activities.
The biomass gasifier network is characterised as a large network were the analytical
distinction between the global and local network is evident. Knowledge that was
generated in the local projects did however not result in sufficient aggregation learning
in the global network. The failing mechanism has been recognised as one of the main
obstacles in the biomass gasifier niche.
Niche development patterns
The five selected niche development patterns have been applied efficiently as criteria to
analyse if market niches have been established. Increasing stabilisation can be identified
as the most comprehensive but also most important pattern in this analysis. The
continuous – and parallel development patterns are also important but in the perspective
of this study to a lesser degree. Because this study analyses several application domains
in one niche it was mostly identical. These patterns are therefore still important to
indicate the correct development pattern but they do not provide insights in the difference
between the development patterns of each application. The two new development
patterns that I introduced in this thesis did also contribute to the analysis. However
decreasing protection has to be applied with precaution because this can also indicate
technology rejection. Nevertheless if the protection is gradually declining this generally
indicates that the niche is developing positively. Increasing diffusion is a development
pattern that in other literature bodies has been used as the main indicator to evaluate
innovations. However in the SNM literature high protection can also be the cause of
increasing diffusion. In this study the gasifiers for irrigation applications have diffused
rather rapidly because of the high protection by the government. This did not indicate
positive niche development. In all other case the high diffusion rates did point at positive
niche development. Combining these five niche development pattern enhances insights in
the total development pattern.
The major drawback in identifying niche markets is that these development patterns point
out the desired route, but do not specify when niche markets exactly are developed. There
remains a lack of formal rules about the actual formation of niche markets. This leaves
space for personal interpretation in the analysis which is undesired. Comparing the results
of different technologies in similar SNM studies is therefore difficult.
Competition with other niches
Competition of niches with current regimes is elaborately worked out in recent SNM
literature. However the competition between niches has not been included in the
framework. Emerging sustainable technologies that address the same niche markets or
regimes can influence each other. This absent mechanism within SNM could lead to
biased conclusions.
During my study another niche was identified that is competing in large scale grid or
captive power generation application domains. Therefore this emerging technology
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competes with the gasification technology. The current mechanisms within SNM do not
take these other niches into account and therefore this is excluded in this research.
Additional research is therefore required for the analysis of influences arising from other
niches.
Window dressing phenomenon
The formation of expectations is within SNM seen as one of the three important internal
niche processes. Expectations act in the initial phase of development as a guide for
further research and therefore make a significant contribution in the construction of the
early technological trajectory. In addition, they provide resources for the protection of the
niche and the introduction of new actors.
It could be argued that expectations serve as the foundation for its continued existence.
Expectations that can be supported by tangible results from past experiments therefore
provide the basis for researchers’ funds for R&D and future experiments. Negative
information about a new technology causes expectations from certain actors to drop with
all its consequences for available funds. To prevent this, actors can filter out negative
information to the global network where policy makers and funding actors are part of.
Producers of the new technology will also be reluctant to diffuse negative information.
Negative publicity will destroy the potential market for the new technology and could
have a negative effect on subsidies. This strategic behaviour of withholding information
to create an enhanced image of the actual situation is what I like to call the window
dressing phenomenon. This phenomenon could contribute in the understanding of the
lacking information about past experiments that had disappointing results. The main
literature about biomass gasifiers in India is rather reluctant about discussing and
reflecting on past results which were disappointing.

8.8 Discussion: Innovation for developing countries
I would like to end this thesis with a discussion about the implications of innovation in
developing countries. As mentioned in the introduction the typical role of developing
counties is to focus on imitation of products and by doing so climb the technological
ladder and catch up with the developed world. This study assesses a new technology that
totally misfits this typical role of socio-economic development. The biomass gasifier
technology is seen as a new technology that has been developed by and for a developing
county. This raises the question: What are the implications of innovation for the socioeconomic development of developing countries?
This study alone does obviously not provide the sufficient evidence to answer this
question, but some insights that come forth out of this study will be discussed.
Some of the applications of the BGSs that are discussed in this research can be
considered as innovations since they have been developed into niche markets. The
technology is exported to the developed as well as the developing world by a few firms.
Especially for the developing countries the export potential is enormous. This is mainly
because of the labour intensive character of the technology that makes it not very suitable
for the developed world where labour is relatively expensive. In addition, the Indian
market entails an enormous potential for the technology particularly when markets for the
power generation applications will grow out of its adolescence.
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The technology is beneficial for India, but also for many other developing countries since
it addresses some of the key problems of its economy. These are problems like the
dependence on unstable OPEC countries, lacking electrification in the rural areas, the
need to participate in the globally advocated sustainable energy generation, increasing
employment, etc. These problems that are prevailing in the Indian context are generally
different than those of the developed world. Simply transferring technologies from the
west could therefore lead to misfit of the technology. Utilising technologies that do
address the specific requirements of these countries would therefore in some cases be
preferable - in stead of obtaining technology from the developed world - even though this
means that these countries need to innovate.
Another implication is that experimenting with the development and introduction of
innovation today will provide useful insights for the future. Currently, a country like
India has limited experiences with the introduction of new technologies. Learning from
experiments will therefore enhance this competence. If experiences are utilised efficiently
this will improve the country’s technological capabilities.
Seen in the context of the biomass gasifier in India innovation for developing countries
can definitely prosper socio-economical development.

- 102 -

References
ABETS, Advanced Bioresidue Energy Technology Society; Newsletter 1.0; In house
publication of the Indian Institute of Technology, Combustion, Gasification and
Propulsion Laboratory, 2006
Ankur; Variable Load Response Capability; Internal document from Ankur Scientific
Energy Technologies received by email in 2007
Arun T.G. and Nixon F. I.; The reform of the power sector in India: 1991 – 1997; Journal
of International Development 10, pg. 417-426, 1998
Baliga, B.N., Dasappa, S., Srinivasa, U. and Mukunda, H.S.; Gasifier based power
generation: Technology and economics; Sadhana, Vol. 18, Part l, March 1993, pp. 57-75.
Bharadwaj A., Wang Y., Sridhar S. and Arunachalam V. S.; Pyrolysis of rice husk;
Current Science, VOL. 87, NO. 7, October 2004
BUN; BUN-India Newsletter Vol. 1.1; August 1996(a)
BUN; BUN-India Newsletter Vol. 1.2; December 1996(b)
BUN; BUN-India Newsletter Vol. 1.4; June 1997(a)
BUN; BUN-India Newsletter Vol. 2.1; September 1997(b)
BUN; BUN-India Newsletter Vol. 2.3; March 1998
Burt R.S.; Structural Holes vs. Network Closure as Social Capital; Chapter in Social
Capital: Theory and Research; 2000
Chaurey A., Ranganathan M. and Mohanty P.; Electricity access for geographically
disadvantaged rural communities—technology and policy insights; Energy Policy
Volume 32, Issue 15, Pg. 1693-1705, October 2004
Coleman J.S.; Social capital in the creation of human capital; The American journal of
sociology, Volume 94, 1988
Cummins; Annual Report Cummins India Ltd., 2006
Dasappa S., Paul P.J., Mukunda H.S., Rajan N.K.S., Sridhar G. and Sridhar H.V.;
Biomass gasification technology – a route to meet energy needs; Current Science, Vol.
87, No. 7, October 2004
Dasappa S., Sridhar H.V., Sridhar G., Paul P.J., Mukunda H.S.; Biomass gasification: a
substitute to fossil fuel for heat application; Biomass and Bioenergy 25, pg. 637-649,
2003

- 103 -

Dasappa, S., Srinivasa, U., Baliga, B.N. and Mukunda, H.S.; 5 kW wood gasifier
technology: evolution and field experience. Sadhana, Vol 14, part 3, December 1989
Dayal, M., Vimal, O. E and Singh, K.K.; Biomass Gasification in India -- DNES
Activities, Department of Non-Conventional Energy Sources (DNES), Biomass vol. 18,
pg 197-204, 1989
Dossani, R.; Reorganization of the power distribution sector in India; Energy Policy Vol.
32, pg. 1277–1289, 2004
Douthwaite B.; Enabling Innovation; Zed Books Ltd. ISBN 1856499723, 2002
Dubash, N. K.; THE PUBLIC BENEFITS AGENDA IN POWER SECTOR REFORM;
Submitted to Energy for Sustainable Development on January 31, 2001
Economist (the); What’s holding India back?; The Economist, March 6th, 2008
Ernst D., Ganiatsos T., Mytelka L., (edited by); Technological Capabilities and Export
Success in Asia; ISBN: 0-415-15854-0; Routledge, 1998
Foster A.D. and Rosenzweig M.R.; Economic growth and the rise of forests; The
Quarterly Journal of Economics, May 2003
Geels F.W. and Raven R.P.J.M.; Non-linearity and Expectations in Niche-Development
Trajectories: Ups and Downs in Dutch Biogas Development (1973–2003); Technology
Analysis & Strategic Management, Vol. 18, pg. 375–392, 2006
Geels F.W.; From Sectoral Systems of Innovation to Socio-Technical Systems: Insights
about dynamics and change from sociology and institutional theory; Research Policy 33,
pg. 897–920, 2004
Geels F.W.; Processes and patterns in transitions and system innovations: Refining the
co-evolutionary multi-level perspective; Technological Forecasting & Social Change,
Volume 72, pg. 681–696, 2005
Geels F.W.; Technological transitions as evolutionary reconfiguration processes: a multilevel perspective and a case-study; Research Policy, Volume 31, pg.1257-1274, 2002
Ghosh, D., Sagar, A.D., Kishore, V.V.N.; Scaling up biomass gasifier use: an
application-specific approach; Energy Policy 34 pg. 1566–1582, 2006
Ghosh, D., Sagar, A.D., Kishore, V.V.N.; Scaling Up Biomass Gasifier Use:
Applications, Barriers and Interventions; World Bank, Working Paper, November 2004
Gokak Committee; Gokak Committee Report on Distributed Generation; Submitted to
the Ministry of Power, Government of India; available at www.powermin.nic.in; 2003

- 104 -

Hippel (von) E.; Sources of Innovation; Oxford University Press; ISBN 0-19-504085-6;
1988
Hobday M.; Innovation in East Asia: the challenge to Japan; ISBN: 1-85898-601-X;
Edward Elgar Publishing Ltd., 1995
Hoogma R., Kemp R., Schot J. and Truffer B.; Experimenting with sustainable transport:
The approach of Strategic Niche Management; Taylor & Francis, ISBN 0415271169,
2002
Huchet J.F. and Ruet J.; Globalisation and Opening Markets in Developing Countries and
Impact on National Firms and Public Governance: The Case of India; Project Cofinanced by the European Union under the EU-India Small Projects Facility Programme,
2006
IEA; Key World Energy Statistics; International Energy Agency, 2006
Intergovernmental Panel on Climate Change (IPCC); Climate Change 2007: The Physical
Science Basis: Summary for Policymakers, February 2007
IREDA; Biomass Power & Cogeneration Programme: Guidelines for loan assistance;
Effective from 2005
ITCOT; The performance of Biomass Gasifier based power generation systems in
Southern India and Sunderbunds in West Bengal; Document published on the BERI
website, Year of publication unknown
Jain, B.C., Commercialising biomass gasifiers: Indian experience, Energy for Sustainable
Development, Volume IV, No. 3, October 2000
Jomo K.S., Felker G., Rasiah, R. (edited by); Industrial development in Malaysia:
Industry and firm studies; ISBN: 0-415-19766-X; Routledge, 1999
Jorapur R. M. and Rajvanshi A.K.; Development of a sugarcane leaf gasifier for
electricity generation; Biomass and bioenergy, Vol. 8 No. 2, pg. 91-98, 1995
Kartha S., Leach G., Rajan S.C.; Advancing Bioenergy for Sustainable Development Guideline for Policymakers and Investors - Volumes I, II, and III, Stockholm
Environment Institute, April 2005
Kemp R.; Schot J; Hoogma R.; Regime shifts to sustainability through processes of niche
formation: The approach of strategic niche management; Technology Analysis and
Strategic Management, Vol. 10, No. 2, pg. 175 – 198, 1998

- 105 -

Kim L. and Nelson R.R. (edited by); Technology, Learning & Innovation: Experiences of
Newly Industrializing Economies; ISBN: 0-521-77003-3; Cambridge University Press,
2000
Kim L.; Imitation to Innovation: The Dynamics of Korea's Technological Learning;
Harvard Business School Press, 1997
Knoef, H.; Handbook of biomass gasification; Biomass Technology Group, Enschede,
The Netherlands, ISBN 90-810068-1-9, 2005
Laak (van der) W.W.M., Raven R.P.J.M. and Verbong G.P.J.; Strategic niche
management for biofuels: Analysing past experiments for developing new biofuel
policies; Energy Policy 35, pg. 3213–3225, 2007
Lacy S.; Modelling the Efficacy of the Ganga Action Plan's Restoration of the Ganga
River, India; Graduation Thesis at the Natural Resources and Environment at the
University of Michigan, August 2006
Lal S.; Can Good Economics Ever Be Good Politics?: Case Study of India’s Power
Sector; World Bank publication; ISBN-10: 0-8213-6680-7; Washington DC, 2006
Lall S.; Learning from the Asian Tigers: Studies in technology and Industrial Policy;
ISBN: 0-333-67411-1; Macmillan Press Ltd., 1996
Mande S. and Kishore V.V.N.; Towards Cleaner Technologies: a process story on
biomass gasifiers for heat applications in small and micro enterprises; New Delhi: The
Energy and Resources Institute. 280 pp., 2007
McKendry P.; Energy production from biomass (part 3): gasification technologies;
Bioresource Technology Vol. 83 pg. 55–63, 2002
Meinzen-Dick R. and Svendsen M.; Future directions for Indian irrigation: Research and
policy issues; International Food Policy Research Institite IFPRI, ISBN: 0-89629-316-5,
Washington D.C., January 1991
Mohanty P.K.; Urban Sector Reform Agenda: Financing Civic Services and
Development; Centre for Good Governance, Government of India, April 2005
Mukhopadhyay K.; An assessment of a biomass gasification based power plant in the
Sunderbans; Biomass and Bioenergy 27, pg. 153-264, 2004
Mukunda, H.S., Dasappa, S., Paul, P.J., Rajan, N.K.S. and Shrinivasa, U.; Gasifiers and
combustors for biomass: technology and field studies; Energy for Sustainable
Development, Volume I, No. 3, September 1994
Mukunda, H.S., Dasappa, S., Paul, P.J., Rajan, N.K.S., Sridhar, G., Sridhar H.V., and
Shrinivasa U.; Thermo-chemical Conversion of Biomass a Retrospective and a

- 106 -

Prospective; Rural Technology, A 25 years Retrospective, Volume II.; An in house
publication of centre for sustainable technologies, ASTRA, IISc, Year of publication
unknown)
Mukunda, H.S., Paul, P.J., Shrinivasa, U. and Rajan, N.K.S.; Proc. 20th symposium on
Combustion at the Philadelphia Combustion Institute, 1984
Muneer T., Asif M. and Munawwar S.; Sustainable production of solar electricity with
particular reference to the Indian economy; Renewable and Sustainable Energy Reviews;
Vol. 9, Issue 5, Pg 444-473, October 2005
Natarajan E., Nordin A. and Rao A.N.; Overview of combustion and gasification of rice
husk in fluidized bed reactors; Biomass and Bioenergy, Volume 14, Issues 5-6, 1998, Pg.
533-546
Pandian S.; The political economy of trans-Pakistan gas pipeline project: assessing the
political and economic risks for India; Energy Policy, Vol. 33, Issue 5, pg. 659 – 670,
March 2005
R. K. Sampath; On Some Aspects of Irrigation Distribution in India; Land Economics,
Vol. 66, No. 4., pp. 448-463, 1990
Rajvanshi, A.K.; Alternative Energy in Agriculture; Chapter 4: Biomass gasification (pp.
83-102); Vol. II, Ed. D. Yogi Goswami, CRC Press, 1986
Raven R.P.J.M; Strategic Niche Management for Biomass: A comparative study on the
experimental introduction of bioenergy technologies in the Netherlands and Denmark;
PhD thesis at the Technische Universiteit Eindhoven; ISBN 90-386-0285-5; 2005
Ravindranath N.H., Hall D.O; Biomass, Energy, and Environment: A Developing
Country Perspective from India; Oxford Press, 1995
Ravindranath N.H., Somashekar H.I., Dasappa S. and Jayasheela Reddy C.N.;
Sustainable biomass power for rural India: Case study of biomass gasifier for village
electrification; Current Science, Vol. 87, No. 7, October 2004
Rogers E.M.; Diffusion of Innovations, 5th Edition; New York, NY: Free Press; ISBN 07432-2209-1; 2003
Ruet J.; Cost-effectiveness of alternative investment strategies for the power sector in
India: A retrospective account of the period 1997-2002; Utilities Policy 14, pg. 114-125,
2006
Shukla, P.R.; Biomass Energy in India: Policies and Prospects, Paper presented at the
workshop on Biomass Energy: Key Issues and Priority Needs; International Energy
Agency (IEA), 1997

- 107 -

Singh A.; A market for renewable energy credits in the Indian power sector; Renewable
and Sustainable Energy Reviews, Available online November 2007
Singh N.P.; Wood Energy Conversion Technologies Programmes and policies; Part II of
Wood fuel production and marketing in India; Workshop paper FAO, Thailand;
Published in 2000
Sivan Kartha, Gerald Leach, Sudhir Chella Rajan; Advancing Bioenergy for Sustainable
Development - Guideline for Policymakers and Investors - Volumes I, II, and III,
Stockholm Environment Institute, April 2005
Sridhar G.-, Paul P.J., Mukunda H.S.; Biomass derived producer gas as a reciprocating
engine fuel — an experimental analysis; Biomass and Bioenergy 21, pg. 61–72, 2001
Sridhar G., Sridhar H.V., Dasappa S., Paul, P.J., Rajan N.K.S. and Mukunda H.S.;
Development of producer gas engines; Proceedings of the Institution of Mechanical
Engineers, Part D: Journal of Automobile Engineering 219(3), pg. 423-438, 2005
Stassen, H.E.; Small-Scale Biomass Gasifiers for Heat and Power: A Global Review;
World Bank technical paper No 296, Energy series, ISSN 0253-7494; 1995
Stassen, H.E.M. and Knoef H.A.M.; UNDP/World Bank Small Scale Gasifier Monitoring
Report, Volume 1 - Findings, Biomass Technology Group, The Netherlands, 1993
Sudha P. and Ravindranath N. H.; Land availability and biomass production potential in
India; Biomass and Bioenergy 16, Issue 3, Pg. 207-221, March 1999
Talib, A., Goss, J.R., Flanigan, V.J., Grover, P.D., Mathur, H.B. and Durgaprasad, M.B.;
Development and Field Testing of Small Biomass Gasifier-Engine Systems in India: A
Joint Project by an American and Indian Team, Biomass 19 pg. 99-122, 1989
TERI; Electricity Act 2003 vs. additionally for grid connected renewable energy projects;
Under the national strategy study for CDM implementation in India. Estimated year of
publication around 2004 (the exact year of publication is not provided by TERI)
Tichy G.; The over-optimism among experts in assessment and foresight; Technological
Forecasting and Social Change, Volume 71, Issue 4, pg. 341-363, 2004
Visser (de) N.L.; Design and implementation of biomass energy systems in rural India;
M.Sc. thesis Technology & Policy, Technical University Eindhoven, 2007
Vyarawalla F., Parikh P.P., Dak H.C., Jain B.C.; Utilisation of Biomass for Motive
Power Generation - Gasifier Engine System; Biomass 5, pg. 227-242, 1984

- 108 -

Windrum P. & Birchenhall C.; Technological diffusion, welfare and growth:
technological succession in the presence of network externalities; MERIT-Infonomics
Research Memorandum series; 2002
World Bank; India - Power Supply to Agriculture, volume 1; World Bank publication,
Washington DC, 2001

- 109 -

Appendixes
All interviews that were conducted with respect to this thesis are summarized in these
appendixes.
Contents of appendixes:
Appendix 1 - the producers............................................................................................. 111
1a AEW associated engineering works....................................................................... 112
1b Ankur Scientific Energy Technologies.................................................................. 123
1c Arrya Hi Tech Energy............................................................................................ 130
1d Aruna Electrical Works.......................................................................................... 134
1e Energreen Power Ltd.............................................................................................. 137
1f Netpro Renewable Energy...................................................................................... 141
Appendix 2 - Research and development institutes........................................................ 146
2a Anna university ...................................................................................................... 147
2b Gandigram University............................................................................................ 151
2c Indian Institute of Science...................................................................................... 152
2d Periyar Maniammai College of technology ........................................................... 155
Appendix 3 - Gasifier Users ........................................................................................... 160
3a Aakavi spinning mills ............................................................................................ 161
3b Arashi High Tech Bio Power................................................................................. 164
3c Asian Dahl Industries............................................................................................. 166
3d BERI Bio-Energy for Rural India .......................................................................... 169
3e Coimbatore 9kw rural project ................................................................................ 174
3f Crematorium Pondicherry ...................................................................................... 179
3g Kongu Polytechnic College of Engineering .......................................................... 181
3h Nithyanda Crematorium......................................................................................... 185
3i Periyar Maniammai College of Technology for Women ....................................... 187
3j PSG foundery.......................................................................................................... 188
3k RV engineering college.......................................................................................... 191
3l VIT University........................................................................................................ 193
Appendix 4 - Government agencies................................................................................ 198
4a Tamil Nadu Energy Development Agency (TEDA) headquarters Chennai.......... 199
4b TEDA Coimbatore ................................................................................................. 201
4c REAP (Renewable Energy Agency Pondicherry).................................................. 202
Appendix 5 - State Electricity Boards pricing guidelines............................................... 206
Appendix 6 - Example of question list ........................................................................... 208

- 110 -

Appendix 1 - the producers
1a
1b
1c
1d
1e
1f

AEW associated engineering works
Ankur
Arrya Hi Tech Energy
Aruna Electricals
Energreen
Netpro
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1a AEW associated engineering works
Interview with Mr. Satyanarayana of AEW Associated engineering works

Practicalities:
Name contact person: Mr G.M. Satyanarayana
Function: Managing director
The company
Founded in the year: 1979
Products besides gasifiers: The Company initially made machine items
Turnover of the company: around Rs. 1 crore
Core business: At the moment the company only fabricates gasifiers
Involved with the biomass gasifier since: 15 years from now (1992)
About the products
The gasifiers that AEW produces are downdraft gasifiers with a closed top and a throat.
The air is supplied via a nozzle straight into the centre of the reactor in the combustion
zone. The reactor basically has a shape like this:

Foto’s of examples of the gasifiers are available.
For the dual fuel mode gasifiers no forced air is supplied to the gasifier. This application
used the suction of the engine to create the airflow that is necessary for the system to run.
The company mainly produces gasifiers for thermal applications. This is the area where it
is focussing on. They also can manufacture systems for the generation of power but this
is limited to the dual fuel systems only. This is mainly because there are almost no
systems running on producer gas engines. Satya Narayana has not heard of users who
were 100% satisfied with the producer gas systems. This because of the technical
difficulties that come with the producer gas engines and the difficulties it has with the tar
levels in the gas.
The gasifiers can run an all kinds of biomass that have a diameter of at least 2,5 (1 cm
inch).
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The cleaning of the gas is without the use of water for most thermal applications. This is
less complex because this cleaning/cooling water does not have to be cleaned. After the
gas is passing trough the cyclone the gas can be fired in the burner. For thermal
application it is in most cases not desired to remove the small particles and tar in the
producer gas, because this contains energy that better can be utilised at the burners. The
desirability of the gas is strongly depending on the specific application. For some
applications the tar levels need to be reduced more and this requires additional cleaning.
The burners that are used by AEW are open type burner and these do not get choked
easily.
The gasifiers are sealed with water. This is the easiest way of sealing the reactor. So if the
pressure is too high the seal let the gas out trough the water.
For the dual fuel applications this additional cleaning and cooling of the gas is required.
There are several ways that AEW can remove the particles and tar in the producer gas
like water scrubbers. These water scrubbers remove the tar and cool the gas to increase its
density.
The cleaning of the water is lot a lot of work and is not easy. This is the main problem of
the dual fuel systems.
The ranges of output of the systems that are produced by AEW are currently between 50
and 200 kW. They used to also install smaller scales for power generation like 10 and 20
kWe systems. At the moment they are planning to produce larger thermal systems up to
500 kWth.
Costs of the systems
The costs of the systems are roughly as follows:
For thermal systems
Rs. 6 lakhs for 50 kW
Rs. 15 lakhs for 200 kW
For power systems
4 lakhs for 10 kWe
6 lakhs for 20 kWe
Consumers
The main consumers of the gasifiers are mainly industries that make use of the thermal
applications. The industries that the gasifiers have been applied to are:
•
•
•
•
•

Rubber drying
Coconut drying. After drying of the coconut oil can be extracted out of the
coconut flesh
Dahl / pulse drying or roasting
Crematoria (big consumer application)
Heat treatment furnaces in the steel industry
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•

Calcining furnace (chemical reaction that is heating (a substance) to a high
temperature but below the melting or fusing point, causing loss of moisture,
reduction or oxidation, and the decomposition of carbonates and other
compounds.)

Now research is going on to make a gasifier that runs on rice husk. The first one is
supplied now but not used for commercial use. For this application capacities of 200 kW
and more are better. Below this capacity it is not good. For this application there is an
immense potential.
The maximum temperature that can be reached by means of the producer gas is around
1150 oC. This has been measured and is probably the maximum.
Applications that already run on wood cannot be improved much by a gasifier. In case of
efficient boilers the maximum savings of wood will be around 20%. This is not sufficient
to go for gasifier technology. These boilers are already well designed systems and it is
not good to compete with this as a less mature technology.
Satya Narayana does not want to install systems that according to him are not viable and
can create problems. This, because failure of these systems will be bad for the name of
AEW and the gasifier technology. This will finally be not good for propagation of the
technology.
Quality
There are no standards for the gasifier yet.
In general the tar content should be less than 50 mg per m3, but there is no quantitative
way of measuring this.
The guarantee that is provided by AEW is around 1 or 2 years depending on the
customer. For the crematoria it is always for 2 years. After this period AEW will do
service for their systems and charge money for this.
Operation and service
The training that AEW provides to the operators of the gasifier systems is around 15 days
to one month depending on the customers’ wishes. This is on the job training at the
location of the newly installed gasifier. This is for thermal applications which are much
easier to operate than power generating applications. This is normally sufficient, but
problems arise when there are no fixed operators. For power applications it is crucial that
a fixed operator does the job, because this is much more complex and a lot of sequences
in the operation are required to be followed.
For service to far away areas AEW sends service personnel to do the job.
The small scale gasifiers for rural areas that AEW produced in the early 90s were not
successful. These systems were placed in the field and it was a failure according to Satya
Narayana. This system involved a gasifier that ran an engine which was used for direct
water pumping.
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Maintenance
Maintenance of the gasifiers has to be done every 20 days (500h) during 24/7 operation.
This maintenance involves emptying of gasifier and remove all material inside the
reactor. The grate and the sides of the reactor need to be released of clinkers can get stuck
there. This takes up to around 3 to 4 hours of work.
Research and Development
AEW is involved in research and development in the field of gasifier systems since 1995.
The amount of money spend on R&D is annually around Rs. 5 lakhs. In practice there are
no funds from the government to support AEW in this research.
The first design of AEW was an open top downdraft gasifier system for a thermal
applications. This was not very successful. After this they tried the closed top model
which worked better and they continued with this design.
According to Satya Narayana the close top design is still better than the open top design.
The gas flow of the closed top model is more stable and the tar content is lower.
There is no IPR in the field of gasification yet, but one patent is pending. This patent is in
the rice husk gasifier. The total time to get an Indian patent issued is 7 years.
Some basic experimentation that AEW that can be identified are:
•
•
•
•
•
•

Gasifier based crematorium in 1999
Incinerator for hospital waste 2002
A 500 kW rice husk gasifier. This experiment has been discarded.
A 300 – 500 kW gasifier thermal system to investigate larger capacity systems
A 200 kW rice husk gasifier that is still under development
Wood cutter for high capacity (500 kg per hour)

AEW receives no subsidy from the government for R&D purposes. AEW issued for
subsidy for some projects, but no subsidy is given so far.
The close top technology that AEW used is different because the air supply is blown into
the reactor. This is different for the open top reactor where the air supply is sucked into
the reactor by a blower after the gas cleaning system.
IISc
Satya Narayana does not have a good opinion about IISc. This institute is a government
institute and but does not do research in the good areas where the population of India
would benefit from. Not research with the aim to make profits. The knowledge that is
generated out of the government funded research should be disseminated to the people
and not only to a small amount of producers that pay money for this. So basically
government institutes should not have the aim to make money. Than, there is no
difference between a professor and the commercial person. They directly involved in
companies.
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Most of the gasifiers for power generations that are supplied are not running. This is even
today, but still they charge huge amounts of money for them. There will always be
someone that is not aware of the technology which they can use as a skateboard for
selling a gasifier. This is not good because the technology is not mature enough. The IISc
should see to it that the plant will run and not get out after installation. They should have
ethics and not behave like some commercial firm.
There are links between the MNRE and IISc. The top managers of the MNRE are
promoted by a panel. This panel exists out of some experts that evaluate these managers.
There are always some professors in this panel and some of these are from the IISc. So to
have mutual benefits the MNRE managers on the high positions approve IISc projects
and the IISc professors put in a good worth for these same managers. They go hand in
hand.
It is not about the research proposal that you write that depends on how much funds you
will get, but it is about whom you are and what your institute is. So the big research
institutes get the big amount of the pie and the small companies get the crumbles. An
example are the funds that IIT Bombay got for there research. This were crores of Rs. and
there was no output. There always should be some output of projects that are funded by
this amount.
There is a system between Bangalore and Mysore called Ramnagar and this system is still
not running. The system is around 500 kW.
Cooperation
AEW also cooperates with research institutes for the development of their systems.
Presently there is cooperation going on with VIT University to make a coating that can
resists high temperatures and that might replace the ceramics in the reactor wall. This
might lead to a reduction in space and material of the system as a whole.
Opportunities and constraints
Satya Narayana can identify the following constraints of the gasifier technology:
•

•

•

The preparation of woodchips. The biomass material has to be prepared to a
certain size and the moisture content has to be low enough. The moisture content
is a problem in the rainy season.
Automation of the technology is not really possible. Precise controlling the
temperature is not possible because there too many variables to take into account
like grate movement and fuelling the reactor. These can cause fluctuations in the
quality and quantity of producer gas which affects the final output heat.
The length of the gas line. If the piping from the gasifier to the burner is too long
this will create tar problems. The tar will in this case condensate to the inner side
of the pipe. This is not desirable and removing the tar is very labour intensive.
The longest line so far is 100m but this one needs a lot of maintenance. Heating
the pipes is a solution, so the tar will not condensates in the pipes.
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•

•

•

•

Space of the gasifier. The space needed to install a gasifier basically more than
conventional system like gas or oil burners, and replacing them can therefore be
problematic. This is especially the case in industries.
Load management. If the load of the system will come down to 40% it will
decrease the quality of the producer gas. If the load of the system will go up to
more than 110% the system can get damaged and will wear-off much faster. So
the load of the system has to be maintained between 40% and 110%.
Awareness creation. There is not much awareness of gasifier systems and this has
to be increased. If industries do not now about a certain application or are
unaware of its potential there will never go for these systems. The government has
to take the responsibility to make these people aware of these systems. AEW
cannot afford to install demo plants because this involves too much capital and
the risk of zero return is too big. This should also be given in industry because
they take this more serious. AEW cannot give a gasifier as a demonstration model
to the industry because he has no guarantee to get it back again. So the risk is to
big for AEW.
Increase in effort. To run a gasifier system it involved more effort to run the
system that with conventional power or thermal systems. Is users are willing to do
this that they can make profit out of this. So more labour is necessary.

The availability of biomass is not so much considered constraining the technology
because the price might be high for some areas but this is mostly not high enough to
make the investment not economically viable. This wood price is in most cases much
cheaper than the competing fuel which is fossil fuel.
The opportunities that can be identified are:
•

•
•

There is a huge market for the technology. Roughly 1 in the 20 applications that
use fossil fuels for thermal applications can be replaced by gasifier technology.
The main reasons for fossil fuel applications that cannot be replaced by gasifier
technology is given as the “constrains” in the section above.
Rising oil prices. This needs no further comments.
The calcining furnace is a perfect heat application

It is not very important that the gasifiers are renewable. The most users are only
interested in the economics and not in the environment and an ordinary person in India
does not understand the importance of the renewable technology.
There is one user who used the biomass gasifier because the neighbours of this plant were
complaining because of the smell and the smoke of the plant. There plant was actually
stopped because they were burning coconut shell and this created too much
inconvenience for the neighbours. Because this is in the state Kerala which has a very
social government these neighbours finally managed to shutdown the plant. This caused
the plant to search for alternative solution that caused less inconvenience to the
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neighbourhood. This led them to use the gasifier technology that finally solved the
problems. This plant was commissioned in 2001 and still running at the moment.
CDM
It is complicated to issue for CDM but there are consultants who can do this application
work for them.

Subsidies
The AEW systems in Salem are already running for 2 year 24/7. They still are waiting for
their CFA and this is after 2 years still not given.
AEW now makes systems with CBA that are not based on subsidies.
Economics
Some examples of CBAs that were made in cooperation with specific users:
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ASSOCIATED ENGINEERING WORKS, TANUKU (A.P)
OPERATIONAL ECONOMICS FOR
THERMAL MODE WOOD GASIFIER FOR REPLACING OIL BURNER
CONSUMING 25 LTRS OF FURNACE OIL PER HOUR
MODEL : GT-600
ASSUMPTIONS
COST OF FURNACE OIL
:
COST OF WOOD CHIPS
:
OPERATIONAL HOURS PER YEAR
:
F O CONSUMPTION WITH BURNER
:
WOOD CHIPS CONSUMPTION WITH GASIFIER:

RS.17-00 PER LTR
RS.3000-00 PER TON
6000 HOURS
25 LTRS PER HR.(AVERAGE)
95 KGS/HR.(AVERAGE)

CONSUMABLES CALCULATIONS
CONSUMABLES COST PER YEAR WITH F O BURNER OPERATION
: 25 LTR /H X RS.17-00 PER LTR X 6000 HRS PER YEAR
: RS. 25,50,000-00
CONSUMABLES COST PER YEAR WITH GASIFIER OPERATION:
95 KGS WOOD X Rs. 3-00 PER KG X 6000 HOURS
: RS. 16,20,000-00
PLANT COST PARTICULARS
GASIFIER PLANT COST

: RS.

9,00,000-00

PAY BACK PERIOD
COST OF CONSUMABLES PER YEAR WITH GASIFIER
INTEREST ON INVESTMENT
OPERATOR WAGES PER YEAR
(1/Shift x 3 Shifts x Rs.3000 PM x 12)
TOTAL EXPENSES PER YEAR
COST OF F O BURNER OPERATION PER YEAR
SAVINGS ACHIEVABLE PER YEAR BY GASIFIER
IN COMPARISION WITH FO BURNING OPERATION

: RS. 16,20,000-00
: RS. 1,08,000-00
: RS. 1,08,000-00
: RS. 18,36,000-00
: RS. 25,50,000-00
: RS.

7,14,000-00

PAY BACK PERIOD : 15 MONTHS
IN ADDITION,IF 80% INCOME TAX DEPRECIATION BENIFIT IS ALSO AVAILED
ON THE INVESTMENT OF GASIFIER, THEN THE PAYBACK WILL BE 11
MONTHS ONLY.
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ASSOCIATED ENGINEERING WORKS-TANUKU (A.P)
OPERATIONAL ECONOMICS FOR
THERMAL MODE WOOD GASIFIER FOR REPLACING LPG BURNER
CONSUMING 15 KGS OF LPG PER HOUR
MODEL : GT-550-S
ASSUMPTIONS

COST OF LPG
: RS.42-00 PER KG
COST OF WOOD CHIPS
: RS.3.00 PER KG
OPERATIONAL HOURS PER YEAR
: 10 HOURS/DAY
LPG CONSUMPTION WITH BURNER
: 15 KGS/HOUR (3000/Yr)
WOOD CHIPS CONSUMPTION WITH GASIFIER: 60 KGS/HOUR(AVERAGE)

CONSUMABLES CALCULATIONS
CONSUMABLES COST PER YEAR WITH LPG BURNER OPERATION:
15 KG /HR X RS.42-00 PER KG X 3000 HRS PER YEAR
: RS. 18,90,000-00
CONSUMABLES COST PER YEAR WITH GASIFIER OPERATION:
60 KGS WOODCHIPS PER Hr X Rs. 3-00 PER KG X 3000 HOURS:RS.

5.40,000-00

PLANT COST PARTICULARS
GASIFIER PLANT COST

: RS. 8,00,000-00
PAY BACK PERIOD

COST OF CONSUMABLES PER YEAR WITH GASIFIER
INTEREST ON INVESTMENT
OPERATOR WAGES PER YEAR
(1/Shift x 2 Shifts x Rs.3500 PM x 12)
TOTAL EXPENSES PER YEAR
SAVINGS ACHIEVABLE PER YEAR BY GASIFIER IN
COMPARISION WITH LPG BURNING OPERATION
PAY BACK PERIOD :

: RS. 5,40,000-00
: RS. 96,000-00
: RS. 84,000-00
: RS. 7,20,000-00
: RS. 11,70,000-00

8.2 MONTHS

IN ADDITION, IF 80% INCOME TAX DEPRECIATION BENIFIT IS ALSO
AVAILED ON THE INVESTMENT OF GASIFIER,THEN THE PAYBACK WILL BE
6 MONTHS ONLY.
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ASSOCIATED ENGINEERING WORKS, TANUKU (A.P)
OPERATIONAL ECONOMICS FOR
THERMAL MODE WOOD GASIFIER FOR REPLACING OIL BURNER
CONSUMING 25 LTRS OF FURNACE OIL PER HOUR
MODEL : GT-600
ASSUMPTIONS
COST OF FURNACE OIL
: RS.20-00 PER LTR
COST OF WOOD CHIPS
: RS.2500-00 PER TON
OPERATIONAL HOURS PER YEAR
: 6000 HOURS
F O CONSUMPTION WITH BURNER
: 25 LTRS PER HOUR(AVERAGE)
WOOD CHIPS CONSUMPTION WITH GASIFIER:100 KGS/HOUR(AVERAGE)
CONSUMABLES CALCULATIONS
CONSUMABLES COST PER YEAR WITH F O BURNER OPERATION:
25 LTR /H X RS.20-00 PER LTR X 6000 HRS PER YEAR
: RS.30,00,000-00

CONSUMABLES COST PER YEAR WITH GASIFIER OPERATION:
100 KGS WOOD X Rs. 2-50 PER KG X 6000 HOURS
: RS.15,00,000-00
PLANT COST PARTICULARS
GASIFIER PLANT COST

: RS. 9,00,000-00
PAY BACK PERIOD

COST OF CONSUMABLES PER YEAR WITH GASIFIER
INTEREST ON INVESTMENT
OPERATOR WAGES PER YEAR
(1/Shift x 3 Shifts x Rs.2500 PM x 12)
YEARLY RUN DOWN COST @ 10%
TOTAL EXPENSES PER YEAR
COST OF F O BURNER OPERATION PER YEAR
SAVINGS ACHIEVABLE PER YEAR BY GASIFIER
IN COMPARISION WITH FO BURNING OPERATION

PAY BACK PERIOD :

: RS. 15,00,000-00
: RS. 1,08,000-00
: RS.
90,000-00
: RS. 90,000-00
: RS. 17,88,000-00
:RS. 30,00,000-00
: RS. 12,12,000-00

9 MONTHS

IN ADDITION,IF 80% INCOME TAX DEPRECIATION BENIFIT IS ALSO AVAILED
ON THE INVESTMENT OF GASIFIER,THEN THE PAYBACK WILL BE 7 MONTHS
ONLY.
* IN CASE OF SUBSTITUTING LDO/HSD/KEROSENE OIL THE SAVINGS WILL BE
STILL MORE COMPARED TO F.O.
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ASSOCIATED ENGINEERING WORKS, TANUKU (A.P)
OPERATIONAL ECONOMICS FOR
THERMAL MODE WOOD GASIFIER FOR REPLACING DIESEL BURNER
CONSUMING 22 LTRS OF DIESEL PER HOUR
MODEL : GT-600
ASSUMPTIONS
COST OF DIESEL OIL
: RS.33-00 PER LTR
COST OF WOOD CHIPS
: RS.3000-00 PER TON
OPERATIONAL HOURS PER YEAR
: 7000 HOURS
DIESEL CONSUMPTION WITH BURNER
: 22 LTRS PER HOUR(AVERAGE)
WOOD CHIPS CONSUMPTION WITH GASIFIER : 100 KGS/HOUR(AVERAGE)
CONSUMABLES CALCULATIONS
CONSUMABLES COST PER YEAR WITH DIESEL BURNER OPERATION:
22 LTR /Hr X RS.33-00 PER LTR X 7000 HRS PER YEAR
: RS. 50,82,000
CONSUMABLES COST PER YEAR WITH GASIFIER OPERATION:
100 KGS WOOD /Hr X Rs. 3-00 PER KG X 7000 HOURS
: RS. 21,00,000
PLANT COST PARTICULARS
GASIFIER PLANT COST

: RS.10,00,000
PAY BACK PERIOD

COST OF CONSUMABLES PER YEAR WITH GASIFIER
INTEREST ON INVESTMENT
OPERATORS WAGES PER YEAR
(2/Shift x 3 Shifts x Rs.3500 PM x 12 Months)
TOTAL EXPENSES PER YEAR
COST OF DIESEL BURNER OPERATION PER YEAR
SAVINGS ACHIEVABLE PER YEAR BY GASIFIER
IN COMPARISION WITH DIESEL BURNING OPERATION

: RS. 21,00,000
: RS. 1,20,000
: RS. 2,52,000
: RS. 24,72,000
: RS. 50,82,000
:RS. 26,10,000

PAY BACK PERIOD : 5 MONTHS
IN ADDITION,IF 80% INCOME TAX DEPRECIATION BENIFIT IS ALSO AVAILED
ON THE INVESTMENT OF GASIFIER,THEN THE PAYBACK WILL BE 4 MONTHS
ONLY.
NS: Please note the rates mentioned above are as Prevailing at many places.
Please insert the actual rates as prevailing at your place.
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1b Ankur Scientific Energy Technologies
Interview Ankur Scientific Energy Technologies Pvt. Ltd. (a.k.a. Ankur) with Mr
Yogesh Jadhav
Practicalities:
Date: 1-8-2007
Name contact person: Yogesh Jadhav
Function: Sr. Manager – Business development
The company
Ankur was founded by Dr. BC Jain who had enjoyed and education at the MIT in the US
and who had worked for Jyoti, an Indian firm that was working with renewable energy
technologies such as the biomass gasifier. Dr. BC Jain saw great potential in the
technology and started his own company in 1986.
For the year 2005-06 the turnover was Rs 15 crores. The trend is that the turnover grows
over the years.

About the products
Ankur produces gasifiers from the small scale gasifiers of 5kWe to the large scale
gasifiers of 2000 kWe.
The main types of gasifier systems that you produce are:
WBG series 5kW – 2000 kW for the use of fire wood for dual fuel and producer gas
engines as well as thermal applications
FBG series 40 kW – 600 kW for the use of rice husk for dual fuel engines as well as
thermal applications but not for the use of and producer gas engine because the quality of
the producer gas is not reliable.
The gasifiers that are produced by Ankur are different from other gasifiers in the sense
that they apply stainless steel for all parts that are heated or come in contact with the gas.
The WBG series is equipped with a closed top. The ash extraction system can be
equipped as a wet or dry extraction while the competition only uses wet ash extraction
systems.
The automation of the Ankur gasifier is much more advanced than those of its
competition.
The biomass consumption per unit of output is higher than that of the competition. The
conversion of 1.3 kg of wood for the production of a kW with an Indian made Cummins
engine and a conversion of 1.1 kg of wood if a high performance GE Janbacker engine is
applied with a higher efficiency. This GE Janbacker engine needs to be imported and is
much more expensive than the Cummins engine.
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The main technological details of the 2 gasifier series that Ankur produces are:
Gasifier –
o downdraft, with the closed top for the WBG series and the open top for the
FBG series
o The WBG gasifiers are equipped with a throat or cone and the FBG series
gasifiers do not have this throat.
o Specific kind(s) of Biomass
o The WBG series are not equipped with air nozzles (it is closed top) while
the FBG series do have air nozzles at the sides.
•

•

Engines that are available for the electrical systems
o Fieldmarshal (small systems)
o Prakash (small systems)
o Ashok Leyland (dual fuel systems)
o Cummins (producer gas system)
o GE Janbacker (producer gas system)
o Etc.
The gas cleaning system is depending on application and exists of components
such as water scrubbers with ambient water as well as cooled water, cyclone,
fabric filters and woodchips and sawdust filters. For producer gas systems that
drive an engine it is necessary to install a chilled water scrubber to remove the tar
and small particles from the producer gas.

•
The basic costs of gasifier systems (incl. gasifier, gas cleaning system, excl. engine, and
water chilling plant) are as follows:
Confidential and therefore not published

Quality and service
The quality of the producer gas is on average the following:
• 600 mg / nm3 for hot gas mode
• 200 mg / nm3 for scrub gas mode
• 20 mg / nm3 for ultra clean gas
The standards for internal combustion engines demand for a gas with maximum of 150
mg / nm3
The products of Ankur are protected with a guarantee for the duration of one year. The
guarantee includes manufacturing defects as well as a guarantee on the performance of
the system.
The maintenance of the systems is estimated around 5 to 6% of the capital costs of the
system annually. For the first year the maintenance of the system is for free because it
falls under the guarantee period. After this a service contract can be negotiated.
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For service in remote areas there will be some place that Ankur can use as a basis to store
an inventory of spare parts like the most central gasifier site in a group of 6 other gasifier
sites (e.g. at villages). So the Ankur service employee can travel to this place and work
from there.
If the gasifiers are located in a group and they are willing to conclude an annual
maintenance contract this is possible. If this is not the case the response time will be
much more. This is especially for the very remote villages that are not that easy to reach.
There are also possibilities to outsource the service to 3rd parties. Ankur used
entrepreneurs outside Ankur to provide service to some gasifiers.
Maintenance intervals
Because of the high temperatures in the combustion zone the connection between the
throat and the combustion chamber have to be welded back together after every 1500 –
2000 h of operation.
The filters need to be cleaned and oil of the engine needs to be refreshed.
The training of employees is not up to the mark yet. There are colleges and universities
that train people in IC engines and other mainstream technologies, but there is no
education in the field of biomass gasifiers.
There also is another problem that if employees in the remote areas get a broad and
extensive training they see this as a way out of the rural setting and migrate to the urban
areas where educated people have more possibilities.
Training is identified as one of the big challenges for the technologies.
The training of operators contains three days in-house training and 5 days on the gasifier
site. So in total this is 8 days of training. According to Mr Yogesh this is sufficient for
smaller systems. For larger systems the training is extended to 15 days.
Ankur would like to give more training in order to overcome technical problems, but
because of the problems mentioned earlier this is not possible.
Consumers
The main sector were Ankur is focussing on is the industry. In this sector the following
industries are of importance:
ALUMINIUM INDUSTRY
ZINC MELTING
CHEMICAL INDUSTRY
MOULDING INDUSTRY
DAL DRYING INDUSTRY
PLASTIC WATER TANK INDUSTRY
BAKERY INDUSTRY
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INDUSTRIES MAKING CERAMIC INSULATION SHEETS
CAPTIVE POWER
A list of the mayor gasifiers that have been installed during the last years have been
included by Ankur. This is not the total list of gasifiers since Ankur has installed more
than 700 gasifiers at present.
Research and Development
Ankur is involved in research and development of gasifier systems since the founding of
the firm. The annual amount spend on R&D is unknown.
Ankur does have a patent (in the Indian patent system) for their producer gas filtration
systems.
The basic design of the gasifier as it was during the founding of Ankur came from
Europe. After this the design further developed to the design as it is now.
Experiments
Some of the main experiments that can be identified during the development of the
biomass gasifier system are:
-Experiment 1: Small scale (<25 hp) pump set driven by a diesel engine in dual fuel mode
with a gasifier that runs on wood (1978 - 88)
The users started to use the systems because they were for a large part funded by
the government. The prices of the diesel were not high enough to make the gasifier
interesting for these users.
-Experiment 2: BG to generate power with a diesel engine by wood of less than 100 kW.
(1990-95)
Expectations: commercialising the gasifier for the industry
Results: These expectations were realised for some projects but for the majority of
the projects this was not realised.
This experiment increased the awareness of the technology and the potential to be
economically viable
-Experiment 3: Rice husk gasifier (1993 - 95)
Expectations: utilise the rice husk waste for the independent generation of cheap
power (also power supply in unelectrified villages).
Results: some of these projects succeeded to live up to the expectations where
others did not.
-Experiment 4: Diesel engines with turbo charger (1995 – 2000) (this arose from the
mainstream IC engines that started to adopt turbo chargers as well)
Expectations: Increasing the efficiency of the system and therefore the
economically viability of the system.
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Results: There was a good response to these systems and because of the rising oil
prices the system became economically viable for independent power supply.
-Experiment 5: Producer gas engines (and the total system) of less than 100 kW (2000 –
2003)
Expectations: Because of increasing diesel prices the dual fuel prices became less
attractive for the generation of power compared to grid power. The new PG engine
should change this.
Results: competition with the grid power was now possible

-Experiment 6: Producer gas engines of more that 100 kW and even more than 1MW
(2005 – now)
Ankur is now in collaboration with the Guascor to build an engine of 700 kW. This is
much larger than the largest engine on the market at the moment (Cummins 250 kW)
Expectations: Up scaling the technology to have higher returns
Results: not available yet
About these experiments
The biomass gasifier got commercially viable after 2000. Although there were some
cases before 2000 of commercially viable systems the gasifier could only compete with
grid power after this period.
Thermal applications
Thermal applications were always economically viable towards fossil fuels (at least for
some cases) and the number of applications increased. This is because of the
improvement in burners and furnaces and the automation in the biomass gasifiers.

Some of the unexpected issues that came to light were:
• Load fluctuations. If the load fluctuations are higher that certain levels the gasifier
cannot handle the load.
• Biomass quality. Some customers use biomass with a low quality that is not
suitable for gasification.

Firms or institutes that Ankur cooperated with are:
•
•

MNRE who sponsored almost all the R&D at Ankur
IIT Bombay for several projects during the mid 90s

Subsidies and policies
Initially the subsidies were very high. In 1988 the subsidy was around 70 % of the capital
costs. At the moment this is around 25% of the capital costs and for the non-electrified
villages this is around 75%.
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The trend is that the subsidies are decreasing and will further decrease in the future.

How policy changes influenced the development of gasifier:
• Liberalisation of the electricity market caused an emerging market for
independent power plants (IPP). Although in practice it took towards 2003 before
it was possible because of the bureaucracy of the government.
• Subsidies on petrol products slowly reduced over time. This is favourable for the
gasifiers
• Subsidies on electricity for the rural population reduced which is favourable for
the gasifier because competition with grid power is easier when this is not
subsidised.
• The high import duties cause that foreign technology is expensive to import. For
engines the import duty is 22%.
• The movement of biomass is not free. The wood cannot cross state borders
without permission of the government.
• Areas owned by the forest department cannot be utilised for wood production. In
many cases this are just waste lands that have no direct purpose and this is a waste
of resources.
Specific questions
Cosmo gasifiers are still involved in the gasifier industry, but they only produce 10
gasifiers annually. They produce gasifiers with the updraft design that are only used for
thermal applications.

Many of the gas 9 gasifier systems in the Coimbatore district are not running. The
reasons for this are according to Mr Yogesh are:
• Lack of trained operators
• There is no business model for the operation of the gasifiers. They are running it
for only 5 or 6 hours which is not sufficient to make it economically viable
• There are no funds for sustaining the system
The government has a very ambiguous program to electrify villages in rural India. This
includes around 30 to 40 small scale gasifier projects. The small scale rural projects can
have a bright future in India, but something needs to be changed in order to achieve this.
The projects need to be backed up by a business model so the investment can be earned
back again. The government is now giving the gasifier away (75% subsidy for
unelectrified villages) and this causes no serious effort of the users to earn the investment
back again. The government does not care about their investment in these projects. There
are monitoring agencies for this, but they do not function properly.
There is now a new model that in the eyes of Mr Yogesh will work better. This model is
called the public private partnership model and it involves firms to invest in the social
wellbeing of the poor in society. In this model industrialists like TATA will invest as a
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sign of social responsibility. They have the knowledge and engineering competence to
support these projects. So the project will be coordinated by firms who have the capacity
to do this and the support will committed. This public private partnership model will be
more successful.
There are now projects are being contracted to parties who can identify villages that need
electrification and to make a business model for them that is funded by the government.
This way these projects will have more change to succeed.
Final question
There is already a niche market for the biomass gasifier in India. To make the biomass
gasifier commercially more attractive the following should be improved:
•
•

Automation
Checks and monitoring systems to make the gasifier “idiot proof”

The constraints of the biomass gasifier so far are:
•

The biomass management and logistics

Opportunities that now arise for the biomass gasifier:
•
•

Carbon credits
The price increase of the fossil fuels
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1c Arrya Hi Tech Energy
Interview with V. Chandramohan of Arrya hi-tech energy
Contact details:
Name contact: V. Chandramohan
Function:
Adviser at Arrya hi-tech energy and Arashi Biopower
Arrya is a producer that spin-of out of the Arashi Biopower plant. The experiences that
were gained at the Arashi plant are being used in order to make new systems. Arashi
power plant was build under its own commission.
About the products
Arrya produces gasifiers for both power - as thermal applications. With downdraft open
top gasifiers with IISc technology. With both dual fuel as well as gas engines.
Cummins engines are the only engines that Arrya uses and it has no experience with the
older sand bed filters. According to Chandramohan Dual fuel system are not
economically viable anymore.
The amount of diesel that is used by a dual fuel system is depending on the load
fluctuation. If the load increases there is not enough producer gas for the systems and the
diesel will take over, so diesel consumption increases. In constant load applications diesel
consumption of only 15 % can be reached.
A typical price for a biomass gasifier plant of 1 MW capacity is 5.5 crows (Rs
550.000.000) under Indian conditions. This includes the complete gasifier system with
gas cleaning and engine. Also training and maintenance are included.
The price of the same system for costumers abroad will be higher. Training and transport
costs are more expensive.
The range in which Arrya producers gasifier systems is between 100 kW and 1.5 MWe.
So far three systems have been produced by Arrya including Arashi:
Completed
• Arashi Hitech Bio-power (P) Ltd., Tamil Nadu, India - 1.2 MWe
These are two gasifiers with a capacity of 600 kW
Grid connected power generation
Installed in 2002
•

M/s Beach Minerals Company Pvt. Ltd., Tamil Nadu, India – 1.5 MWe
Captive power generation
Supply their own wood for the plant (the have 3000 ha of Juliflora)
- Kuttam, Distt. Tirunelveli, Tamil Nadu. Insets show control panels (top) and
100% producer gas engine – (source MNRE 2006 - 2007)
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•

M/s Kandasamy Metals, Palakad, Kerala India – 300 kWth
Thermal application for aluminium melting
Biomass feedstock coconut shell

Under implementation
• M/s Veemec Green Energy (P) Ltd., Tamil Nadu India – 750 kW
• M/s. Giri Bio-Power (P) ltd
Quality
Tar levels of the producer gas are somewhere in between 10 ppm and 15 ppm. The
experience with Arashi learned Arrya that the biomass preparation is very important for
the quality of the producer gas. Arashi is now using a sieving system to clear the coconut
shell from small particles that influence the gasification process negatively. Also a drying
system has been installed to dry the biomass when the weather conditions are not
sufficient for natural drying like in the rainy season. Then forced drying can be done to
decrease the moisture content to the desired level.
As the standard maintenance intervals Arrya advices to do an oil check and filter check
and/or filter cleaning every 500 hours. The system can run continuously for 2000+ hours
without stopping and after this period a three day service period is required. In general
the system can run for 7000 h a year with a plant load factor (PLF) of 80.
Tar quantity used to be a lot more. There was a frequent choking of the filters and
frequent choking of the turbo chargers. This could be because of water temperature of the
chilled water cooler is not cool enough (less that 100 degrees centigrade). Also the
quality of the feedstock was a problem that caused tar formation.
Load problems
For captive power generation Arrya uses load banks to solve the load fluctuation
problems. This load bank will act as a buffer for the load and fluctuation of 25% are
possible without a problem.

Research and development
Arrya has no R&D facilities and it mainly uses the technology that is provided by the
IISc in Bangalore. IISc has some patents in gasification technology and licensed a
number of firms to use this technology where Arrya is one of them.
There is cooperation between IISc and Arrya because Arrya has a lot of experience
working with the biggest biomass gasifier plant and IISc has a lot of basic knowledge of
gasification technology.
Thermax installed a water cooling plant at Arashi that uses the waste heat for shilling the
water for the chilled water scrubber. Arashi was the first plant were this was installed and
even though it is not new because the principle is very standard it is new for installing it
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at a biomass gasifier plant. Although they now have some problems with this chilling
plant Arrya declared to do it again if they got the chance.
Experiments
Arrya has performed a number of experiments with the Arashi power plant. At the time
of the installation of this plant the technology was very new and experiments with some
wood species and coconut shell was performed. Also raw material treatment like coconut
shell refining and feedstock drying was first implemented at Arashi. Initially this was not
implemented but after some experience with the gasifier system a coconut shell sieve was
installed that removed the smaller particles from the feedstock. Also feedstock drying
equipment was installed to dry the biomass when weather conditions were to poor to dry
it.
As mentioned before there was also an experiment to chill the water for one of the
scrubbers at Arashi. This was the installation of water cooling equipment that used the
waste heat of the gasifier system in 2004. This decreased the auxiliary power
consumption of the plant and therefore increased efficiency. Currently this water shilling
plant is not working properly because of technical problems and therefore the plant is
only running at less than half its capacity. The plant is now down for one month now due
to a breakdown which they have not been able to solve up till now.
Learning
Especially the Arashi power plant revealed a lot of problems where Arrya but also
institutes like IISc could learn their lessons from. This is mainly in the field of biomass
preparation, maintenance of the plant and water chilling.

Subsidy
The subsidy for new plant is around 15 percent of the total capital.
The costs for generating power with the biomass plant are around Rs 3.50
In case of the Arashi plant the subsidy was helpful but not crucial in the decision to start
the project.
Price of power for supplying to the grid is higher than for non renewable energy sources
for biomass gasification it is Rs. 3.15 according to Chandra Mohan
Other favourable policy
Independent power projects are exempt from income tax for a period of 9 years
Gasification plants are entitled to accelerated depreciation.

Opportunities and constrains
The main constrain of the biomass gasifier is the availability of biomass feedstock within
limited range of the plant. If the distance to the feedstock is to far the price of it will rise
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which eventually will rise the unit price. This is undesirable so the biomass has to be
obtained within a short distance of the plant. The availability of biomass also affects the
maximum scale of the biomass plant. So depending on the availability of suitable
biomass this would maximum be around 1 to 1.5MW according to Chandra Mohan.
Therefore he thinks that 50 to 200 kW installations have an advantage because they need
less biomass feedstock. They will be economically better viable.
One opportunity for the technology that Chandra Mohan sees is municipal solid waste as
a fuel for the biomass gasifier. Currently work at the IISc is going on in this field, but this
is still in the early state of development. The first experiment has already been performed
but the exact results of this experiment are unknown.
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1d Aruna Electrical Works
Interview with S Adhaven, Administrative Director of Aruna Electrical Works
Practicalities:
Name firm:
Aruna Electrical Works (P) Ltd.
Name contact person: S Adhaven
Function:
Administrative Director
About the company:
Core business of Aruna is rewinding of hydro turbo power generators. They have been
doing this for last 40 years. Since 15 years they are involved in biomass gasifiers of
which the last 5 years commercially. The 10 years before this they were only
experimenting with gasifiers.
Up till now they have placed around 60 gasifiers. This are mainly small scale gasifiers of
10 and 12 kW that are installed in the rural setting such as in villages.
The range of output they produce is in between 10 and 100 kWe. Also 2 thermal
applications have been commissioned, both of the capacity of 4 MWth. Both of these
systems exist out of 2 gasifiers of both a capacity of 1 MWth.
The systems have the same design as the gasifiers used for power generation but the
engine will be removed and replaced by burners.
A list of all these gasifiers is included.
Applications of gasifier
The gasifiers are used for the following purposes:
The 4 MW systems are used for the paper industry for fuelling the lime mud reburn kiln
and they are installed in Assam. Here they use the bamboo residue that remains and
cannot be used for fabrication of paper in the gasifier. These residues are briquetted
before use.
The small scale systems of mainly 10 and 12 kW are used for rural applications such as
the pumping of water and home and street lighting. The same applications are there for 4
x 20 kW and a 40kW system. There are also 2 gasifiers of 50 and 100 kW that are used
for cooking purposes.
The 100 kW gasifier for captive power use. This one is installed at the factory of Aruna
and is used for generation of electricity and the R&D. At the moment that I visited the
plant it was not running. According to Mr Adhaven this was because of a broken power
generator. This was also observed.
R&D
Aruna uses IISc technology for the basic design of the gasifier. They have added some
modifications to it like ash extraction system and the replacement of the chilled water
scrubber for the sand filter. The replacement of this chilled water cooling system is only
needed in applications that use a producer gas engine with a turbo charger. The smaller
engines do not have this turbo charger and can therefore take higher tar levels. So the
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chilled water cooler is therefore not needed for small scale application below 100 kW
because there are no turbo chargers available for this application.
Aruna modifies diesel engines with IISc knowledge to engines that can run on the
producer gas.
Aruna is focussing on the smaller scale projects at least for both power and thermal
applications. These are good in the rural setting.
Maintenance:
The cleaning of the filters is needed every week. The engine needs some minor
maintenance every 2500 hours and every 5000h mayor maintenance is needed. This
involves cleaning everything of the system.
Operation
The operators of the gasifier systems in the rural areas are trained for one week. This is
sufficient according to Adhavan. The same goes for the bigger systems where a week of
training is more than enough.
Costs
The costs of a gasifier system are around Rs 55000 to Rs 60000 per single kW capacity
as a power generation application. The costs for thermal systems are around Rs 35000 per
input kg per hour of fuel.
Biomass
The biomass used is a woody biomass or agricultural residues as a briquetted fuel.
Future applications for the biomass gasifier
The drying of fish and fruit is a good application for smaller scales.
All the systems of Aruna are currently in operation (according to Adhaven) although a
few are not ran because of social problems in the communities. Non of the systems do not
run because of technical problems.
In combined cycle the gasifier his heat and power are used. In combined cycles the waste
energy can be utilised for cooling purposes. In the rural setting this cooling could be used
for the storage of limited storage life products like fruit and vegetables. A lot of these
products are now being wasted in India because of non existing or non efficient cold
storage systems. This would require systems of around 100 kW.
Service
Providing service to customers is not a problem for Aruna. They have a central service
point in the North of India that takes care of this region. The outsourcing of service to
others is not possible because of the early state of development of the technology.
Subsidy
The subsidy is needed for both rural as industrial applications.
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Cooperation with others
There is no cooperation going on between Aruna and other companies. There is some
cooperation with IISc but this is limited.
Gas engines
Aruna is the only manufacturer of gasifiers that converted diesel engines to producer gas
engines. Brands of engines that are converted are: Simpson, Mahendra, Greaws and
Leyand. This last one is used in the rural applications of Aruna.
There are electronic governors (speed regulator) that keep the speed constant on every
engine in stead of mechanical ones.
The modifications are adapted from the IISc research in converting the diesel engines in
producer gas engines and basically this involves an alternative carburettor.
Barriers
The main barrier of the technology is the awareness of the people. People are not aware
of the existents of the biomass gasifier. This awareness should be encouraged by the
government.
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1e Energreen Power Ltd.
Interview with Mr. Krishnaswamy, director of Energreen Power Ltd.
Date: 4/5/2007
Contact:
Name contact person: T.R. Krishnaswamy
Function: Director
Products
The gasifiers that Energreen produces are open top downdraft reburn gasifiers from IISc
technology in Bangalore. The biomass that they use is any biomass with a bulk density of
250-300 kg per m3 and a moister content is less then 10%.
The main engines that are used are Cummins producer gas engines but also European
engines are used for dual fuel mode.
Energreen has experience in gasification for 6 to 7 years now. In total 16 systems have
been placed so far India of the total capacity is around 7 MW. There is also one system
exported.
As gas cleaning sand bed filters are not used anymore. The main idea is just the same as
the IISc technology.
The cost of the system is confidential. This is also depending on the requirements of the
system.
The costs for generation electricity are around 3.5 – 4 eurocents per unit.
The price for selling the power to the grid is 4.5 eurocents per unit.
The price for selling the power to third parties is 5.5 to 6 eurocents per unit (wheeling).
Another value added by-product for gasification is charcoal.
Quality
The tar level can be reduced to 1 ppm.
The time intervals of maintenance is once a week for 2 hours. The engine needs
maintenance for 2000-3000 hours. Maintenance for fabric filters does not need shutdown
of the system. There are 2 gas filters and it is possible to switch from one gas filter to the
other.

Research and Development
Energreen is not involved in R&D. It uses the license of IISc who does the research for
them.
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They are now looking at creating ether ethanol as a fuel for cars or cooking fuel.
Innovative products that Energreen has installed:
1) TANFAC 1000kg per hour biomass gasifier for thermal applications. Installed in 2004.
This plant has run for 3000h non stop from the start of the plant.
2) 1.25 MWe Arashi power plant with power supply to the grid
3) 1.5 MWe dual fuel system for textile industry Sri Gomathy Spinning Mils Ltd. For
captive consumption. The waste heat is used for drying the biomass and for cooling the
water for the chilled water scrubbers. The plant has just been commissioned. There was
chosen to run a dual fuel engine because they wanted reliability. The engine is a Belgium
ABC engine that has been specially designed has a diesel producer gas ration of 90%.
Smaller less ambitious projects have also been implemented in the last years but these
projects are representing the innovative ones.
According to Mr Krishnaswamy there is a trend towards larger scale projects. This is also
where Energreen is focussing at.
Expectations
Energreen expected that it would be very tough in this branch because the technology is
totally new. There are no subsidies for the producers that fabricate the plants in India.
The awareness of green energy is not really valuable in India and therefore this
technology has to compete with the present technology as coil plants. This means that
Energreen is operating on commercial basis.
Certain issues did arise:
•
•
•

Costs of biomass are increasing slightly which make decrease the economics
benefits of the biomass plants
Availability of biomass is an issue at some locations
Getting trained manpower is a problem. They are trained for a period of 2 months
but this still is problematic

Learning
Energreen learned a lot from the technology. This could be improvements from
customers or improvements within the plant.
Technological learning for Energreen was mainly in:
• Sizing of the reactor (this is now solved)
• Cleaning the gas for engine applications (this is now solved)
• Adaptation of plant requirements. Because each plant is unique the requirements
also differ.
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Government should subsidize the production of green energy because it is eco friendly.
This is not done at the moment. Also energy efficiency benefits provided in India and
abroad but this is not done for the gasifier technology.
Subsidy
The subsidy is not crucial in the decision to install gasifiers. In fact, this is not taken into
account in the CBA for projects. The analysis is totally done on a commercial basis.
The subsidy is made available after 1000 operating hours.
Consumers
The main industries that are interesting for Energreen are industries that have high energy
costs in both power and/or thermal applications.
Problems between BERI and Energreen
Mr Krishnaswamy acknowledged the problems between BERI and Energreen. All other
suppliers of BERI had commercial disputes (such as Netpro, electrical contractor, biogas
plant). This is because there is no project responsibility. Funds for the project did not get
released and Energreen did not get his money. There have been about 4 CEOs in the last
years. There were a number of discussions Energreen and BERI but according to
Krishnaswami BERI was run more as a “democratic exercise rather than with project
management”. This was because the people at BERI where scared to make decisions.
Energreen did not react anymore on the 2nd tender of BERI to install the rest of the
gasifiers because they had enough of them.
Future Expectation
Mr Krishnaswamy sees a bright future for the gasifier industry. This will be for the larger
capacities from around 5MW that are connected to the grid. The waste heat can than be
used for cooling. There is a huge sector in India for the export of fruit and vegetables.
Cooled storage of these products is a problem because of power blackouts and 40% of the
fruit is lost every season. The waste heat of the large scale gasifiers could be used for the
cooling of these storage tanks. This would reduce the dependency on the EB and fewer
products would get lost.
Rural applications
According to Krishnaswamy the gasifier technology is not “idiot proof” yet. So “small
scale rural applications just won’t work”. There will always be problems like:
• No good manpower to operate them
• Problems because of improper maintenance
This has happened in many locations. If there are problems with the gasifier only the
transport costs for servicing will be enormous and cannot be covered by the costs of the
system. Sometimes the villages are not connected by road and this makes transport even
more expensive. This cannot be covered by the costs of the project.
The government is throwing a lot of money over the balcony with the installation of these
small scale rural gasifiers.
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For the larger scale projects like BERI the concept is good. These projects with grid
connection are better. Mr Krishnaswamy also had this discussion with governmental
officers but they just won’t listen.
Access to electricity is not good in the rural areas. Many electrified villages still have a
lot of households who just are not grid connected.
Energreen has now discussions with some NGOs to start projects in talukas of 5 MW
gasifiers where the biomass for the gasifiers has to be brought in by the villagers, so this
creates opportunities for them. The biomass in these talukas should be sufficient for this.
The villagers get credit for the biomass that they supply and this can be traded for
electricity again. So you pay with biomass. Also the cold storage is involved in this
scheme.
A lot of manufacturers are supplying the small scale gasifier are only in for the quick
money. They don’t supply good maintenance for these gasifiers. Energreen is not into
this because it just won’t work.
The villages that were successful with a small scale gasifier have had a lot of guidance. In
case of 2 rural gasifier projects IISc was “holding the hands” of some villages for three
year and those projects succeeded. Without this close monitoring and interference when it
went wrong this would probably not have happened.
Free power
The concept of free power for rural areas is destroying the market. Competition with this
free power is not possible because nobody can produce power for free. The EB see these
rural areas as the last resort for their power. The will first supply the power to the urban
and industrial clients that pay the most for it and when enough power is available they
will supply it to the villages. This is only about 6 hours a day but strongly depending on
location. In some seasons there is not enough power for the farmers to irrigate their field.
If they still want to irrigate they have to use diesel generators that are much more
expensive operate than the electrical pumps with the regular price for power. So in the
end they are worse off then if they had to pay for their power. So the subsidy is constrains
the agricultural sector in India.
Krishnaswamy even knows people in the rural areas that asked to pay for the electricity
so the power supply is more reliable.

- 140 -

1f Netpro Renewable Energy
Interview Netpro with a) Ramachandra (chief engineer) and b) Rajan Norman
(General Manager)
Practicalities:
Name contact person: K. Ramachandra
Function:
Chief engineer
About the products
A list of the products that are manufactured by Netpro has been included.
No
1

Name of plant
Chatel St Denis, Switzerland

Year

Capacity kg/h Type(s)

1995

80

1 x 50 PG

2

DesiPower Orchha (P) Ltd., M.P.

1996 - DF
2004 - PG

120

2 x 50 DF
1 X 50 PG

3

IIT Delhi

1999

20

1 x 12 DF

4

Dewan Estate, Karnataka

2000

65

1 x 20 DF + 1 x 15 PG

5

DESI Power Mahanadi, Orissa

2001

120

1 x 36 DF

6

Dev Power Corporation, Tamil Nadu

2001

135

1 x 100 DF

7

DESI Power Baharbari, Bihar

2001

65

1 x 24 DF + 1 x 50 DF

8

G. B. Engineering Enterprises, Tamil Nadu

2002

135

2 x 50 DF

9

M. Vishveswaraiah Institute of Technology – I, 2002
Karnataka
M. Vishveshwaraiah Institute of Technology – II,
2002
Karnataka

135

2 x 50 DF

135

1 x 100 DF

10
11

WSD, Varlakonda, Karnataka

2002

65

1 x 50 DF

12

G. B Food Oils, Tamil Nadu

2002

135

1 x 100 DF

13

Vellore Institute of Technology., Tamil Nadu

1 x 100 DF

14

Assembo Bay Project, Kenya

2002
135
Dispatched
in
65
December 2002

15

Enerec, Switzerland

2000

Working Model

16

North Carolina, USA

2002

Working Model

17

PSG College of Technology, Tamil Nadu

2004

135

1 x 100 PG

18

R V College of Engineering, Bangalore

2005

135

1 x 100 PG

19

KPCL, Khusalnagar, Madikeri

2004

135

1 x 100 PG

20

BERI, Tumkur

2006

1 x 135 +
1 x 300

1 x 100 PG +
1 x 200 PG

21

Venkatewwara Flour Mill, Hubli

2005

135

1 x 100 PG

22.

Sankalp Society, Rajasthan

2006

35

1 x 30 DF
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1 x 50 DF

23.

Woodpower, Switzerland

2006

1 x 425

1 x 350 PG

DF = Dual fuel system
PG = Producer gas system
Research and development
IISc does all the research and development and Netpro is one of the licensees for using
their technology.
Netpro solves field problems but normally in cooperation with IISc. They told that there
is no need to reinvent the wheel. So if IISc has already a solution for a field problem they
will help in solving it. If this is not the case Netpro will solve it.
Netpro is therefore not involved in hardcore R&D, but there are plans to set up R&D
facilities in the near future. There are funds available for improving their products, but
this are not separate funds.
There are no patent applications done by Netpro.
Experiments
Producer Gas engine, +/- 2003
Open top downdraft gasifier
Screw conveyor +/- 2002
Gas cleaning system
Various types of biomass
These developments came forth out of research conducted by the IISc and the first
experiments were also conducted at this institute. The new technology is then transferred
to Netpro who implements these technologies in the field.
The basic design of the gasifier has not been changed in the last years. The changes are
mainly some gradual improvements of the technology.
• Some improvements in the gas cleaning
• Some improvements in the ash and charcoal extracting system for online
extraction
The main reason for the experiments with the producer gas engine was because of the
gasifiers economics. The earlier dual fuel engine consumes still 20% diesel which is to
expensive for competing with grid power electricity. The investment costs are also higher
but this is compensated by both the subsidy and the running costs without the high diesel
expenses.
Mr Ramachandra was not involved in the development of the producer gas engine, but
according to him these engines are now running without any problems.
IISc developed the producer gas engine. This is modifications to a normal gas engine.
These modifications exist of developing a new carburettor for the engine to have the
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correct mixing of producer gas and air in the right proportions to have a good combustion
in the engine.
Netpro tested the first producer gas engine in the field. This was a 50 kW engine.
The only firm or institute where Netpro is cooperating with is IISc. They have a licence
agreement to use their technology.
The technology is promoted by the government by means of subsidies. Mr Ramachandra
is not aware of any other favourable policy from the government. There are also carbon
credits that are given by NGOs and other funds for research and development in this
technology.
The subsidy is not crucial for the technology to survive but it is a good promotion to
motivate the people. The technology is capable to stand on its own. Ramachandra; “the
technology today is matured like any other commercial system”. There are gasifier
systems in the field that are running for 24 hours round the clock operation.
It is unknown for how long the subsidy that is given at this moment will continue in the
near future.
The subsidy is still essential for rural applications because in these settings there is no
investment capacity.
Ramachandra sees a rising demand for renewables because of the dependence on other
countries in oil. Other renewable energy sources like hydro power are very dependent of
rainfall and wind energy is dependent on the wind. Ramachandra agrees that biomass is
also dependent on rainfall but to a lesser extent. Threes can also be harvested when there
is no or not enough rainfall for some period he says.
For solar energy the investment costs are too high.
Deforestation is not really a problem because waste can be used as a biomass. There is
also a lot of waste land available. The availability of biomass in rural areas is not a
problem at all.
The main reason of the new gas cleaning system was mainly because of a demand for a
higher gas quality with lower tar content. The new producer gas engine (especially with
the turbo charger) could not withstand the tar content in the producer gas that the dual
fuel engine could withstand. So the gas needed to be cleaned better.
This also decreased the time intervals of maintenance from 2000h to 5000h. So the
gasifier system could run for a longer period without stopping for maintenance.
Quality
The tar content cannot be measured in the field because it is too expensive. Normally it is
only done in the experimental setup in laboratories. So when the gasifier is in the field the
tar levels cannot be checked anymore.
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The maintenance of the gasifier system differs from application to application, where in
some situation it is desired for 24 hours and in others only in the peak hours.
Obviously unexpected breakdowns happen regularly.
Consumers
Industrial applications for the biomass gasifier:
Flour mill
Grid power
Educational institutions
Grid power
Future expectations
Fossil fuels are not an unlimited power source
Interview Rajan Norman
Practicalities:
Name contact person: Rajan Norman
Function:
General Manager (site and operation)
Biomass
Size of the biomass should be uniform and the moisture content should less than 15%.
The size of the biomass feedstock is depending on the size of the biomass gasifier. The
moisture will cause tar problems. The tar has to be separated form the producer gas. Even
for thermal applications the tar will cause problems like choking the air nozzles.
Technical details
The gas that comes out of the gasifier has a temperature of 450 – 600 oC and it includes
hot particles. These have to be removed first. This happens by means of a cyclone. After
this the gas needs to be cooled by spaying ambient temperature water on it from the top.
This is called scrubbing. This also removes the last small particles but the tar still
remains. After this there is a chilled water scrubber that removes that tar particles from
the producer gas. The temperature from the chilled water is critical for the tar removal
process. If the temperature from the producer gas is not low enough problems in the
engine will occur. Than there is a blower that controls the fuel input for the engine. After
this there is a fabric filter. If there is tar in the gas the filters will be chocked immediately.
Crucial elements in gasification systems are:
• Chilled water scrubber (specific to the correct water temperature)
• Feedstock moisture content and particle size
If the moisture content of the feedstock rises than the system needs to be shutdown and
the tar needs to be removed.
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Every hour or half an hour you have to take out the around 10% of the inflow of the
biomass.
If you take out only 8 percent or less the charcoal the ash might get inside the reactor and
the consumption of the gasifier is not good. This might effect the quality (calorific value)
and quantity (gas flow might be hindered) of the producer gas. If the extraction of the ash
and charcoal is too much (12 or 13 %) than the fuel consumption will be more. So the
input of biomass needs to be weighed so you know what to extract.
Sometimes clinker formation can form and this will block the flow of the feedstock. This
cannot be solved by opening the gasifier because oxygen will come inside the reactor and
the feedstock will burn. So the system needs to be shutdown. Also forwarding and
reversing the screw conveyor is an option to solve this clinker formation. Clinker
formation can be reduced to a minimum by good preparation of the biomass. The
biomass can for instance be dried by the hot flue gas from the gasifier system.
Mr Rajan Norman has had a lot of experience of operation gasifier systems because he
worked for Arashi power plant for some time when they started operation. This gasifier
was the biggest gasifier in the world at the time of commissioning.
Netpro exported one of their gasifiers to Switzerland and they were operating the gasifier
with non-uniform feedstock sizes. This decreased the quality of the producer gas, but
they were still able to run their engine for 100% load on this producer gas because they
can change the pressure in the cylinder. With the Indian engines it is not possible to run
on this low quality producer gas.
BERI
The villagers benefit because they will now have 24 hours in stead of the normal 8 hours
electricity per day.
BERI project uses Juliflora as the gasifier feedstock. Juliflora is a good for gasification
because it has a thin bark. The thicker the bark the higher the ash will be more.
Operation
For operation of a 100kW gasifier system there are 3 people necessary per shift. For a
total of 3 shifts per day this means like around 10 people
Arashi details
Power generation by biomass gasifiers on 100% producer gas mode. They use wheeling.
Wheeling: supply power to the grid at the site and consume the same amount somewhere
else.
This company uses 5 lakhs units and use 3 lakhs units that are produced by the Arashi
power plant and use around 2 lakhs units from the EB.
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Appendix 2 - Research and development institutes
2a
2b
2c
2d

Anna university
Gandigram University
IISc
Periyar Maniammai College of technology
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2a Anna university
Interview Anna University with a) Mr R. Saravanan & b) M. Venkata Ramanan
At the Anna University research is going on in the field of biomass gasifiers. They have
two gasifiers at the site that were used for research purposes and not for end use
purposes. On both gasifiers other research scholars were working. First the interview with
R. Saravanan will be discussed and afterwards the interview with M. Venkata Ramanan.
Experiment 1
Contact details:
Institute: Anna University,
Department: Institute for energy studies
Name contact person: R. Saravanan
Function: Research scholar
The gasifier
The gasifier is a closed top downdraft gasifier with a capacity of 10 to 12 kg of firewood
per hours input and 30 kWth output. The gasifier is suitable for thermal applications and
is installed in 2002 by the producer; AEW from AP. This producer has also designed the
gasifier. The government funded the total project.
The gasifier is operating on Casuarina wood.
Experiment details
Biomass gasifier for cooling application
Experiment date: 2003-2004
The government funded the whole project.
The biomass gasifier is used in combination with a heat exchanger and will provide
energy for a cooling system for the cold storage of vegetables, fruit or fish in rural areas.
In the conventional applications for cold storage a lot of these stored products are lost
because of power cuts. The gasifier can run for 24 hours continuously and will therefore
make continuous cooling of the products possible. This will decrease the amount of fresh
products that are wasted each year.
It is also possible to add an ice storage tank that can serve as a buffer of around 8 hours
so that cooling can continue without the gasifier in use. This is mainly for maintenance
purposes.
Implementation
The experiment led to the implementation of a combustion system that generated heat for
a cooling system. No implementations with this cooling system for gasifier technology
were implemented yet. The issue that there was chosen for conventional combustion
technology was that there is no need and requirements for fuel preparation and because of
the problems with gasifier operation. Also pollution control problems are constraining the
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biomass gasifier, because water cleaning and other cleaning systems are needed to get rid
of the pollution like tar and other things. So with gasifiers there is a need for all these
operators while for conventional combustion just a normal boiler operator is sufficient.
Also this conventional combustion technology is allowed to receive CDM.
Expectations and results
Initially they thought they could operate the system at 20 to 22 hours a day at 20 kW per
hour but in the end this turned out to be 18 hours.
The calorific value and the flow rate of the producer gas are not constant if some changes
in the feedstock are there. This can be a change in the moisture content. This implies heat
exchanger efficiency decreases and that there are more heat losses to keep cooling
constant.
This initiated the idea to install a producer gas engine with generator and use the power
for a conventional compression cooling system. After calculation of the economics of this
conventional cooling system, the direct cooling application was still superior even with
the lower efficiency.
This resulted in the over sizing of the heat exchanger of which the efficiency is less but
that still works. The temperature of the outlet gas has to be high because it can not be
lower that dew point of the tar and other things. This high output flew gas can be utilised
for drying the feedstock.
Expected efficiency was around 0.8 to 0.9 and finally this was 0.65 to 0.7. This was due
to the fluctuations of the producer gas but also due to other issues such as choking of the
burner nozzles because of the tar.
The experiments really improved the insight in this system. There were a lot of
unexpected issues learned from these experiments.
Next experiments will be in:
• Increasing the efficiency
• Utilising waste heat in heat recovering system
• Generating power with the gasifier system for the peripheral equipment. This will
result in a total independent system.
The project is economically sustainable if there are no investment costs because the
government would give the total funds for it.
The costs of the system would be around:
Gasifier 20 kWth
Cooling system
Total investment

2 lakhs
5 lakhs
7 lakhs

Savings compared to conventional compression cooling: around Rs 75,- per hour
(given that: feedstock @ 4700 Kcal/kg, Rs 1100 per ton of feedstock, 70% efficiency and
Rs 0,055 per kWh)
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This results in an IRR or around 10.000 hours operation.
There was chosen to use the AEW gasifier because they had the best price and could
deliver faster than other manufacturers.
The total project costs was around 9.52 lakhs and where funded by the government.
According to Mr. Saravanan there is a clear niche market for this. If one would start with
this technology it would be highly beneficial. Though there should be sufficient biomass
availability.
According to Mr. Saravanan the range of economically viable gasifiers is around 100 kW
and above.
Thermal applications are less problematic than the power applications. For power
applications there are a lot of plants that have difficulties to run, but he is not able to give
names of these plants.
Operating experiences with the gasifier
The gasifier was run 14 hours a day for 3 months continuously. Weekly the gasifier was
maintained. This involves cleaning of the system and is done by one of the operators.
There is one operator needed to run the gasifier and there are two shifts that they work in
so in total there are 2 operators involved in operating and maintaining the gasifier for this
testing period. This operator is now employed at Periyar Maniammai College of
technology for women.
Experiment 2
Contact details:
Institute: Anna University,
Department: Institute for energy studies
Name contact person: M. Venkata Ramanan
Function: Lecturer
The experiment that Mr. Venkata Ramanan conducted was about using alternative fuels
like cashew shells. The experiment was done in 2005 – 2006 and there was specifically
looked at variables like:
• Air supply
• Changed combustion zone
• Residence time in the gasifier
• Pressure drops
Cashew nuts are one of the agricultural products in India and therefore the cashew nuts
are widely available. The price of this by-product is around Rs 1000 per ton.
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The cashew nuts contain a high amount of oil which creates a high tar content in the
producer gas after gasification. This makes combustion of the producer gas difficult and
extensive gas cleaning is therefore necessary. In this project there was looked another
way to solve the gas cleaning. This was by preparing the biomass that is fed in to the
gasifier in such a way that the tar problem would be solved. This involved a pyrolysis
stage where the feedstock was first indirectly heated by a temperature of max 210 oC so
that pyrolysis would take place. By this process the cashew nut would get carbonized.
This carbonized fuel could then be used for the gasification process where no gas
cleaning was needed for the removal of the tar when the producer gas was combusted in a
dual fuel engine. This still involves the producer gas cooling stage to compress the gas so
that it becomes suitable for combustion in the engine.
This application would not be suitable for commercial applications, but it could be
suitable for power generation at rural unelectrified villages because no gas cleaning is
necessary.
TEDA report
There are now projects going on about small scale biomass gasifier for rural applications
for the pumping of drinking water. There was a study conducted by the Anna University
under the authority of TEDA for these projects that were executed in the period of 2003
to 2005. Mr. Venkata Ramanan could not provide us with the report because he would
need permission of TEDA, but he would say something about the conclusions of the
report. The conclusion was that only one of the 20 gasifiers that were investigated was
running. The main problems that were encountered were:
• The application was not properly designed
• Not commercial viable: the operating costs alone were sometimes Rs 11/kWh.
Mr. Venkata Ramanan could not provide me with more information and he directed me
to TEDA where the report is available. Mr. Murali who is one of the authors of the report
when he worked at Anna University is now employed by TEDA and should have a lot of
information.
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2b Gandigram University
Interview at the Ghandigram (Deemed) University
Contact details:
Name head of rural energy centre: Dr David Ravindran
At the Ghandigram University research is going on in the development of a gasifier that
runs on poultry litter as its feedstock. Mr Kirbakaran is now almost finished with his PhD
in this subject and he has built a scale model prototype of an output of 5 kWe. The main
difference of this gasifier compared to other gasifiers is that this one has a screw
conveyor that moves the biomass around at low speed (around 1 or 2 rpm). This way the
chicken litter keeps in motion.
According to Mr Kirbakaran there are also chicken litter gasifiers in the UK but they are
located at sites with huge poultry farms and therefore a tremendous supply of litter. In
India poultry farms are in a much smaller scale and therefore the scale of the gasifiers
need to be smaller too. Long distance transport of the poultry litter is economically not
interesting because this will increase costs of the litter.
Mr Kirbakaran was not able to show its model because this was classified until he got his
degree.
Small scale downdraft gasifier
At the university there was a small scale biomass gasifier available of a capacity of 3.7
kW for direct water pumping. This gasifier was installed in the 90s and used for project
work for the students at the university. The gasifier has getting rusty for some years now
and therefore operation is no longer possible without repairing works. There was nobody
at the university that had sufficient experience about the gasifier or knew about its
performance anymore.
Shriram group of companies biomass power plant
In a small village Sempatti near the Ghandigram University the Shriram biomass based
power plant is located. This biomass plant does not uses gasification technology to
generate power but instead it used conventional steam cycle like in ordinary coal based
power plants. The capacity of the power plant is 7.5 MW and the biomass that is used is
coconut husk. The biomass is fired in a moving grate bed where the heat for the steam
cycle is generated. The plant is grid connected. When visiting the plant it was being
commissioned. Trail runs have already been performed.
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2c Indian Institute of Science
Interview with Prof. P.J. Paul and H.V. Sridhar of the IISc
Practicalities:
Name contact person: Prof. P.J. Paul and H.V. Sridhar
Function: Chief Executive and Fellow of ABETS resp.
Experiments
The IISc is involved in research on biomass gasifiers since 1982. In the beginning (198284) gasifier developments were on a small scale closed top downdraft gasifier. The
results of the experiments shown that the quality of the producer gas was inconsistent.
Some times it performs well and sometimes it performs badly. There were no experiment
conducted in the field with this gasifier.
When some time later experiments started with an open top downdraft gasifier it was
shown that the results of this gasifier were significant better than with the closed top
gasifier. This resulted in the choice to continue with developments on the open top
downdraft gasifier. This first open top gasifier was only a tube.
1986-87 Nozzles were introduced in the open top gasifier. This was done to create the
proper conditions for the reduction of tar and the consumption of tar to optimize the
producer gas.
87-88 program initiated by the government to implement the gasifiers on a large scale
(300 gasifiers all over India). This was not aimed at electricity generation but a direct
connection to a water pump by means of a diesel engine. The capacity of this system was
3.7 kW. The configuration was essentially for irrigation purposes for the rural areas.
The oil crisis in the late 70s created a shortage in diesel that resulted in high diesel prices
and therefore the program was initiated.
The experiments of this period were rather mixed. Some people were efficient in running
the engine. One problem according to Paul was that the gasifiers were placed for free so
there was no real pressure on people to keep on running it. The diesel prices were also not
so high anymore as during the oil crisis so getting diesel was not a problem anymore. At
this moment none of these gasifiers is still running.
After this field experiment another experiment was done at the Andaman Islands (198990). This was financed by the MNES and this involved using the wood waste. This
involved a scale up of 3.7 kW to 80 kW for direct electricity generation. This had a sand
bed filter for gas cleaning. The main aim was to utilize the wood waste at these islands.
Electricity was already available at the Andaman Islands.
The reason of choosing these Islands is because the Indian government has some extra
attentions to remote and underdeveloped regions like these islands.
This was the first experience for the application for electricity generation by means of a
gasifier. The expectations were that the wood processing industry who produced the
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wood waste could run on the electricity generated by the gasifier so the sawmills could
become self sufficient.
The experiment was good at first sight but after some time the metal reactor got damaged.
The heat inside the reactor was so high that after 1000 h of running it burned trough the
skin of the reactor. This was not expected in the beginning. So this field experiment
resulted in learning of the reactor design.
The gasifiers at the Andaman Islands were repaired for 2 or 3 times but after this time the
stopped repairing it and the experiment stopped.
This experiment initiated new experiments with a new design of reactor using ceramics.
In the first experiments ceramics with a rough surface were used. This resulted in ash that
got stuck to the wall that created some flow problems for the feedstock.
The first experiments learned that the ceramic wall had to be very smooth. So, new
experiments were conducted with these new kinds of ceramics.
First experiment was done in Switzerland in 1994/95 and in Orchha, Tikamgath, M.P in
India in 1996. These were 100 kWe gasifiers with the purpose of captive power supply.
Also field experiments in the rural setting were performed. These experiments were
gasifiers in Hosahalli and Hanmanthnagara in Karnataka with 20 kWe gasifiers for
Irrigation/Lighting/Drinking water/flour mill.
Results of these experiments:
The heat problem with the reactor heat was now solved but new problems arise. The main
problems they were now facing were about:
Particle size of the feedstock
Ash attraction system
Automations system
Scale up of the systems
These problems that they were trying to solve (from 2000 onwards) are mainly to
industrialize the system and to create a total package solution for consumers.
The rising diesel prices were also a problem for the future of the gasifier. The dual fuel
engine that was always used up to 2000 has a lot of operation costs due to the 20% diesel
consumption of this system. To solve this, a new engine needed to be developed that
could run on producer gas only.
Now IISc has placed gasifiers with a scale from 10kW up to 1.5 MWe.
The large scale gasifiers are running good at the moment although there were some
problems in the past. These problems were not related to tar formation, but with ash that
is sticks into the walls of the reactor and this slowly build up and creates problems for the
solid fuel flow.
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The reason of the problem has been identified and it has been solved now.
Cooperation with other actors
The technology is licensed to several gasifier manufacturers with who IISc cooperates.
For field experiments to test under landscape conditions other Universities, Government,
NGOs and their licensed manufactures were cooperated with.
Some fair amount of experiments around 1994 - 95were done in Switzerland.
Performance of the gasifier so far has been mixed. But it is a new technology and
obviously it has had its problems.
Future expectations
Paul thinks that there is a good future for the technology. The fuel prices are increasing
and the technology is developing. The biomass price will increase but the price for fossil
fuels will increase even more.
Niche markets:
Places with biomass waste
Electricity costs in India are high for industry (probably higher than in the rest of the
world)
Reliability for grid electricity is not very high, also in industry.
There is a fair amount of scope for firms to use the gasifiers as a solution for the
unreliable grid power
Examples in TN are available and IISc can arrange a visit to the firms that have applied
these gasifiers.
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2d Periyar Maniammai College of technology
Interview with R. Nalini and P.K. Srividhya of Periyar Maniammai College of
Technology for Women
Date: 4-26-2007
Contact details:
Name institution: Periyar Maniammai College of technology for women
Name contact person 1: R. Nalini
Function: Dean Planning and Development
Name of contact 2: P.K. Srividhya
Function: Manager of biomass gasifier
About the gasifier 1:
Type of gasifier: Downdraft gasifier with an open top
Application: Captive power generation
Capacity: 100 KWe
Installed since: Jan 2001
Manufacturer: Associated engineering works (AEW)
Costs of the gasifier system: 35 lakhs
Operation
Operating hours: The gasifier is at this moment only operated in case of a power
breakdown. It used to run on an average of 10 hours a day. The operating time was
mainly because of the load of the gasifier. This load is only sufficient during the college
peak hours.
Maintenance intervals: 1 in the 15 days the water filters need to be cleaned. This takes
one day of work. Every 500 operating hours the engines need some maintenance which is
around half a days work (changing oil and some check ups). The reactor is cleaned every
6 months. This takes 1 or 2 days of work. The whole system is cleaned on a yearly basis.
Number of operators: In total there are 6 members for the two power plants working in 2
shifts. Two of them are for the 100 kW plant. The cutting of the biomass is not included
in the work of the operators.
In case of application for electricity generation:
Kind of fuel engine: Dual fuel engine
Ration of producer gas / diesel: 70-75 % producer gas and 1.25 kg of biomass feedstock
(which represents the rest of the fuel).
Biomass
Biomass feedstock: Locally available wood (mainly Juliflora and sometimes Eucalyptus
or other types of wood).
Source of the biomass: The biomass is gathered in nearby villages.
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The price of biomass: The price of biomass fluctuates between Rs 800 and Rs 1500 per
ton of fresh wood. The price of wood fluctuates during the season. Wood is purchased
when the price is low and it can be stored at the site. When the price is high only the
necessary wood is purchased.
Sustainability of the wood: The wood can grow without irrigation on land that cannot be
used for crops. The bushes like Juliflora grow back after trimming them down. So this is
done in a sustainable way.
Biomass drying: The biomass is dried naturally for more than 10 days. The moisture
content is less that 20%. This is dry enough for the gasifier to operate on.
The wood is also used for other purposes such as paper production industry and as
conventional fire wood.
Expectations
No education institute had purchased the biomass gasifier at this moment, so they were
the first that installed it.
Initially a lot of criticism arose:
• The use of biomass will contribute to the deforestation
• The technology is economically not viable
• How can this gasifier substantiate for you own power supply
Discarding the criticism the gasifier was still installed.
Initially the gasifier was operated for 24 hours a day. This involved a lot less maintenance
because the start up and stopping creates high moisture content that absorbs in the filters
and other equipment. In continuous mode this can be avoided. Initially the gasifier was
economically performing well but nowadays this is not the case anymore.
Research
Research was performed in the following fields:
Size of pallets
Types of biomass and how it affects the quality of the producer gas
Juliflora was recognised as the best biomass feedstock because it is cheap and available
and the performance is good as well as the rate of gasification (less residual)
The diameter should between 1,5 and 2 inch for optimal performance for the gasifier as
they are at Periyar College. This is not the universal size because it is depending on the
size of the gasifier. Bigger gasifiers need bigger diameter sizes in feedstock.
Breakdowns
If the periodic maintenance is done breakdowns occur rarely.

- 156 -

At the moment the gasifier is not running because of economic reasons (these are
generally known for dual fuel systems). The gasifier is only operated at grid failures. This
happens frequently in the period of March to August.
Learning
The economics of the gasifier in dual fuel mode are not sufficient to run it. The price of a
unit that is generated by this gasifier with dual fuel mode is the same as the grid power
(for educational institutions it is Rs 4.8 per unit).
With their own experience they gained knowledge on how to operate the gasifier. If they
have mayor problems that they can call the supplier AEW but it takes some time for them
to come.
This is a model plant for others to see how it works and to ask them how their
experiences are with this biomass gasifier. It is also used for study purposes, so students
can do their projects about this technology.
Subsidy
During 2001 no subsidy was available for installing a biomass gasifier. The whole project
was funded by the college management. Also no R&D funds were used for the funding
the project.
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About the gasifier 2:
Type of gasifier: Downdraft gasifier with an open top
Application: Captive power generation
Capacity: 200 KWe
Installed: 2004
Manufacturer: Ankur
Costs of the gasifier system: Rs. 70 lakhs
Operating hours: 10 hours a day for 6 days a week
Number of operators: In total there are 6 members for the two power plants working in 2
shifts. Four of them are for the 200 kW plant. The cutting of the biomass is not included
in the work of the operators.
Breakdowns: There are more frequent breakdowns with this gasifier in comparison with
the 100kWe gasifier. Crucial components are fabric filters, sawdust filters and engines.
During the rainy season the moisture content of the biomass is too high which causes
these problems. These are problems like filters that get choked and problem with the
engine because of the tar formation.
Engine:
Kind of fuel engine: Modified Cummins petrol engine suitable for producer gas
Biomass
Same biomass as gasifier 1
In the rainy season the natural drying is a minimum for 25 days
Expectations
The economics of this gasifier with producer gas engine should be better.
Performance
The price per unit would be Rs 3.20 compared to the EB price of Rs 4.80 per unit. There
were some problems in the beginning, but after some trail and error learning more
experience is gained on how to operate and maintain the system.
At this moment the gasifier was not running due to yearly maintenance. No maintenance
or signs of maintenance was going on when the plant was visited.
Load
The load for the power plant was regulated by contacting people who than switched
certain load point either on or off depending on the required load. In total there were
eight of these load points.
Learning
Also a lot of learning in maintaining and proper operation with this 2nd gasifier was done.
This also took some time of trail and error learning.
Subsidy
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The subsidy for this 2nd gasifier is 50% of the total costs. Without this subsidy they would
never have started this project. The rest of the costs were covered by a loan from the
bank.

Gasifier 3 and 4
There were 2 more gasifiers at the Periyar College that was used for cooking in the hostel
kitchen. In this application the output gas was combusted in a burner that heated a huge
pot for cooking sambar (or any other dish) for the students at the college. One of these
gasifiers was installed by AEW (model is GT 400) and the other one was designed at the
college itself (and copied from the AEW design).
The capacity of the gasifiers was 20 kW and one of the gasifiers was installed at January
2001. The installation date of the other one is unknown but should be around 1 or 2 years
later.
When this gasifier was visited it was in operation. The system involves a closed top
gasifier were the air is fed in at the top of the gasifier by means of a blower. Then the
output gas is fed through the water to cool it on order to remove tar and to remove the ash
and other particles from the gas. Also some air is supplied to the gas to get the correct
oxygen/fuel mixture that creates the best combustion.
The gasifier uses the same kind of wood as the other gasifiers at the college.
It is not known if these gasifiers are used on a daily basis.
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Appendix 3 - Gasifier Users
3a
3b
3c
3d
3e
3f
3g
3h
3i
3j
3k
3l

Aakavi spinning mills
Arashi High Tech Bio Power
Asian Dahl Industries
BERI Bio-Energy for Rural India
Coimbatore 9kw rural project
Crematorium Pondicherry
Kongu Polytechnic College of Engineering
Nithyanda Crematorium (Coimbatoire)
Periyar Maniammai College of technology
PSG College of technology
RV engineering college
VIT University
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3a Aakavi spinning mills
Interview with R. Selvaraj director of Aakavi Spinning Mills Pvt. Ltd.
Practicalities:
Date: 5/5/2007
Name firm: Aakavi Spinning Mills Pvt. Ltd.
Name contact person: R. Selvaraj
Function: Director
Industry: Yarn production, 75 tons of yarn of viscose stable fibre a month, 150 employees
and 24/7 production in three shifts
About the gasifier design:
Type of gasifier: Downdraft open top gasifier (IISc design)
Application: Captive power generation for plant
Installed Capacity: 250 kW
Installed since: March, 2006 - first run in April 2006
Firm(s) that installed the gasifier: Energreen
Costs of the gasifier system: 1 crore (Rs 1.000.00.000)
Other participants (government / research institutes / wood suppliers / other firms):
Operating hours per month/week: 24/7 operation
Maintains interval and hours: 1 day a month
Number of employees that maintain the gasifier: 21 members of which 2 trained by
Energreen for a period of 3 months
Number of unexpected breakdowns: not much, some troubles with the reactor and engine
In case of application for electricity generation:
Kind of fuel engine: Cummins producer gas engine
Running hours until now: 1002 h (observed from engine operating hours measurement
device)
Estimate of the monthly biomass/wood use: around 200 tons
Biomass
Biomass in use: Both coconut shell and wood (Juliflora)
Source of biomass: The biomass is bought from ferments via vendors
The price of biomass: Varies between Rs 1500 and 2000 a ton for wood and around 2000
for coconut shell
Stability of the biomass supply: There is enough wood
Sustainability of biomass: Juliflora is cut down it will automatically grow back after
some time.

- 161 -

Drying of the biomass: The wood is dried naturally, and if the moisture content is too
high it can be dried in a specially prepared oven that uses waste heat for drying (exhaust
heat of engine)
Expectations and experiences
Before the installation was purchased 3 other gasifiers were visited:
• Bavagaty power plant, Coimbatore, Tamil Nadu
• Arashi power plant, Coimbatore, Tamil Nadu
• Hatsun Agro products, Kancheepuram, Tamil Nadu
This convinced Aakavi to start the gasifier project.
At the moment the plant is not running. This is because the only 2 technicians that keep
the plant online went on leave to their native place.
They started operation in June 2006 running for 24 hours a day and around 26-27 days a
month. No mayor problems were encountered only minor problems.
The plant has not been running for one month now because of the reason mentioned
earlier. It will start again in June when the technicians are back.
Energreen has trained the technicians for a period of three months. And without the help
of these two technicians it is not possible to operate the plant.
The price of power from the EB is Rs 4.70 + 5% tax = Rs 4.93 per unit (kW/h)
The price of power from Gasifier is Rs 3.5
The power is not stable during the summer time and breakdowns occur daily during this
period.
Subsidy
The subsidy that Aakavi got from MNES was Rs 10 Lakhs (Rs 10.00.000,-) per 100kW,
so in total this is 25 lakhs (for 250 kW capacity)
Aakavi also got a special loan via the government for financing their own investment in
the project. Most probably given via one of the MNES programs.
If the spinning mill plant is running it consumes around 250 kW which is around the
same as the maximum of the power plant.
Problems for the load of the gasifier are happening. Aakavi is planning to reduce the load
problem.
In June Aakavi is willing to provide me with the log data of the gasifier.
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Observed data
The following data is gathered by obtaining data of the measurement equipment of
the gasifier itself.
Running hours engine (and therefore the whole system): 1002 h
kWh meter: 1318 * 80 (multiply factor meter): 105440
PLF: 1045440 / 1002 / 250kW = 42,1 %
Months of operation according to Aakavi: June 2006 – April 2007: 10 months
Average hours of operation per month: 1002/10 = 100 h per month
This observation is not in line with the information that was provided by Aakavi.
Communication was difficult due to language problems so no direct comments were
made on this issue during the visit.
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3b Arashi High Tech Bio Power
Interview with V. Chandramohan associate of Arashi High Tech Bio-power
About the gasifier:
Type of gasifier: downdraft with IISc technology
Application: Wheeling: Power supply to its parent company Karur KCP Packaging Ltd.
via the grid. The plant is therefore grid connected. Waste energy is used for water cooling
Capacity: 1.2 MWe
Installed since: 2002
Firm(s) that installed the gasifier: Under own commissioning
Costs of the gasifier system: n/a
Operating hours per month/week: 24/7 operation
Maintains interval and hours: 500h engine oil check and filter check, 2000h 3 days
maintenance period. The engine can run for 12000h before any big maintenance has to be
done.
Number of employees that maintain the gasifier: Around 21 operators and 5 at the office
In case of application for electricity generation:
Kind of fuel engine: At the beginning they used dual fuel engines because the supplier of
the producer gas engines could not give any guarantees on engine performance. After
improvements with the producer gas engines Arashi purchased and installed these PG
engines.
Capacity and average output capacity: Max 1.25 MW average somewhere around 1.1
MW (exact data of this varies with all sources)
Monthly biomass/wood use: N/A
In case of application for heat generation:
A heat exchanger is applied for cooling the water used for gas cleaning.
Biomass
Biomass: Mainly coconut shell. If this is not available than wood can be applied
Where is the biomass coming from: Coconut shell is available from local coconut
processing firms.
Biomass price: Coconut shell is Rs 2000 - 2300 a ton. The advantage of using coconut
shell is that the residual of the gasification process – the charcoal/ activated carbon - is of
excellent quality and therefore valuable
The plant had to run on wood for 1.5 years because the price of coconut shell raised to Rs
4000 Arashi stopped with using this feedstock and when for cheaper options. Now they
have arrangements for the regular supply of coconut shell. This implies that the prices of
the biomass are not very stable.
Sustainability of feedstock: the coconut shell is a by-product of the coconut processing
industry that gets its coconuts from plantations.
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Biomass drying: Coconut shells do not need much drying, but natural drying is available.
When the weather conditions are not sufficient to dry the biomass naturally the drying
system can be used.
Experiments
At the time of the installation of Arashi the technology was very new and experiments
with some wood species and coconut shell was performed. Also raw material treatment
like coconut shell refining and feedstock drying was first implemented at Arashi. Initially
this was not implemented but after some experience with the gasifier system a coconut
shell sieve was installed that removed the smaller particles from the feedstock. Also
feedstock drying equipment was installed to dry the biomass when weather conditions
were to poor to dry it.
Another experiment that was done at Arashi was the installation of water cooling
equipment that used the waste heat of the gasifier system in 2004. This decreased the
auxiliary power consumption of the plant and therefore increased efficiency. Currently
this water cooling system is not working properly because of technical problems and
therefore the plant is only running at less than half its capacity. Despite the fact that of
these problems they would do it again if they were given the change.
Learning
Especially the Arashi power plant revealed a lot of problems where Arrya but also
institutes like IISc could learn their lessons from. This is mainly in the field of biomass
preparation, maintenance of the plant and water chilling.
A leak proof arrangement is very important for a plant to perform efficiently.
Subsidy
Subsidy is 15% of the total investment. It was helpful for starting up the plant but it was
not crucial.
At this moment the subsidy can be seen as a bonus for the plant.
CBA
Price of power generation at the Arashi power plant is Rs 2.60 including interest.
Cost of transportation is Rs 0.50 per unit to get the power to the mother concern.
Other agreements Rs 4.20
Mr. Chandramohan would send performance data of the gasifier by email.
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3c Asian Dahl Industries
Interview with M. Arjunan Executive, Technical Director of M/s Asian Health &
Nutri Foods Ltd.
Practicalities:
Name firm: M/s Asian Health & Nutri Foods Ltd.
Name contact person: Arjunan, M.
Function: Executive Technical Director
Company profile
Asian Health & Nutri Foods Ltd. activities are the drying and roasting of pulses. The total
turnover of the enterprise is about Rs. 100 crore.
About the gasifier:
Type and quantity of gasifiers: The design is a downdraft gasifier with a closed top. Four
of these gasifiers have been erected and one is currently being installed.
Application: The gasifiers are used for drying and roasting of the pulses (also knows as
dahl). Formerly this was done by burners that worked with fossil fuels.
Capacity: Input is 160 kg/h. Output is unknown (never measured) but it replaces 40 l of
HSD (high speed diesel) or FO (furnace oil)
The gasifier installations are erected since:
1) 2004
2) Exact date unavailable 2004-2006
3) Exact date unavailable 2004-2006
4) June 2007
5) Installation under progress at the moment
Firm(s) that installed the gasifier: AEW Associated Engineering works
Costs of the gasifier system: Classified

Operating and maintenance
Operating hours per month/week: The gasifiers can at maximum be operated for 20h a
day each. The average operation is around 18h a day, but this is depending on the
production hours.
Maintains interval and hours: Monthly 100h maintenance is needed. Ones in the 3 months
the pipelines need to be cleaned from tar.
Number of employees that maintain the gasifier: 10 – 12 operators are busy with the
operation and maintenance of the four gasifiers that are installed now.
Number of unexpected breakdowns: No unexpected breakdowns so far.
Former installation that was replaced:
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Kind of burner: Furnace oil burner
Fuel of the burner: FO and HSD
Monthly fuel use: 40 litres per burner an hour (total 5)
Biomass
Wood used: Juliflora
Supply of biomass: The biomass comes from local supplier within a radius of 300 km.
These suppliers have been trained and supply – ready to use – fuel that is cut wood chips
that are dried.
Price of fuel: This is between Rs 3 and 4 per kg for the dried and cut wood
Stability of the wood supply stable (quality and quantity): There are no problems with the
wood supply. Only the price of wood has gone up from Rs 3 to 4
Sustainable of wood: The Juliflora bushes are cut down where after they grow back
again.
Biomass preparation: The biomass is dried and prepared by the wood supplier
Expectations of the gasifier
Expectations of the gasifier before installation:
Cost reduction and environmentally sound technology.
Perceived advantages from the biomass gasifier compared to the former installation:
• The primary advantage is the cost reduction of the fuel prices. This leads to a
significant overall costs reduction.
• Secondary advantage is the environmental benefits of the technology (co2
neutral). The company encourages this because of its corporate responsibility.
This implies that carbon credits can be applied. The company is investigation on
how to get this benefit.
Other advantages:
• Social benefits like the development of waste land and the additional jobs that the
cultivation of wood creates.
• The operation is more efficient; the distribution of heat is more uniform with the
producer gas burner than with the oil burner.
• The peripheral equipment is less power demanding and therefore there is an
overall reduction of power use.
• There are no moving parts with the gasifier technology which reduces the
breakdown risk.
• The charcoal that comes out of the gasifier can be sold and is therefore a value
added by- product.
Disadvantages:
The main disadvantage is that the technology consumes more effort to operate. The oil
burner is much less work demanding that the gasifier.
The tar causes problems in the piping because it can oxidise against the inner walls. This
creates more maintenance.
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Learning of the experiment
The main issues that were learned after the installation of the gasifier were the transport
of the producer gas. In short distances this normally without any problems but if the
distances become to far problems with tar condensation occur. Because of longer
distances that were needed to be bridged the pipelines were insulated to prevent the
oxidation. This insulation was really important for the transportation of the producer gas.
Also there was more confidence to successfully install these additional gasifiers.
The skills of the operators improved during the installation of the first plant because of
the learning by doing of the operator. The efficiency of the gasifier also increased and is
now stable at the ratio of 4 kg of wood to 1 litre of FO.
AEW provides a guarantee of 18 months on the equipment they provided.
Financial incentives
The subsidy was applied for but they have not received any funds yet. First all gasifiers
need to be installed before the government will pay any money.
The subsidy was not crucial in the decision to start with the use of these gasifiers.
Main topic that can improve the gasifier to become more commercially attractive:
• Financial assistance for the technology
• More educating programs in the field of gasification technology are needed.
Commercially the gasifier is really attractive. The IIR is confidential.
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3d BERI Bio-Energy for Rural India
Interview Mr. Swaminath, project coordinator of BERI
Mr Swaminath is project leader of the Biomass Energy for Rural India BERI project.
This project was started in 2002 with the aim to provide the rural sector of India with
electricity. The
The first plan of the project was to use small scale gasifiers of 40 kWe to provide
electricity to separate villages. The electricity would then be generated
Economics for electricity for rural India (Karnataka)
Price of domestic lighting use 1 Rs/kWh
Industry Rs 4/kWh
Irrigation Rs .40
Production costs around Rs 3
Loss for production for rural India is more that 1 Rs
Economically not interesting!
Financial support of UNDP/GEF with the aim of sustainable rural/agriculture
development and sustainable energy provision for India.
Barriers for the project
Mainly financial
Biomass has to be generated to meet the demand for the plants. This has to be done in
areas where the rainfall is very low.
Biomass production (already implemented to generate the biomass for the project)
BERI uses a good ecological model that is also used sustainable Here the land does not
lose its fertility status and the energy that is generated can be used for irrigation of the
land which increases the production and income of the farmers and therefore more
savings and good practices. The project also aims at efficient water and energy use
(instead of floating the land use drip irrigation this will decrease the water use for the
same amount of water that is fed to the crops. This is more efficient in terms of water as
well as energy usage.)
In the old irrigation system the farmers used 10 mm of water for the irrigation while only
1 mm is efficient
So the new irrigation system reduced the water use from 500 units/week to 100
units/week. This results in saving from Rs 1000 to Rs 10000
This implies that the rural people can now pay for there electricity.
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People who grow trees (eucalyptus) are replacing the forest plants with trees which
decrease the soil moisture continuation. People that work for growing the trees get shares
in the project. They get paid for work, maintenance and harvest. Also leaves and tweaks
are composted and sold by the villagers. This increase the cattle who produce cow dung
that is used in for generation of biogas that in its turn is used for cooking (replacement of
fossil fuels (kerosene)).
4000 ha of trees already planted for the project.
Start interview
First installation of the total project of a total of 5 gasifier plants.
The gasifier producer that was hired is chosen by means of a public tender. First a
gasifier producer from Chennai was involved in the installation This firm is Energreen.
After they almost completely had installed two 100 kWe gasifiers they refused to
complete their job because of a financial conflict between them and BERI. After this a
new firm from Bangalore called Netpro installed the other two gasifiers of 100 and 200
kWe which they were commissioning at the time this interview was taken. It had already
run for a short period but it was still not connected to the grid because of minor technical
issues.
Mr Swaminath’s experiences so far with these producers he described as “very bad”.
Lots of delays (small contractors with not enough investment possibilities for these scales
of implementations)
Lack of capacity
Technological problems
• Fuel efficiency
• Servicing not available
• Many components that all can breakdown. If one breaks down the whole plant
will stop.
Energreen’s plant is already there for 2 years
2002 green power started with the plans for installation of gasifier systems.

Initial plans for the project:
The initial plans for the project were to install 1200 kWe by 30 plants each of 40kWe
gasifiers in 20 villages in island mode (no grid connections) The problem the anticipated
by then was that there are no producer gas engines of 40 kWe available. So a new engine
design was necessary.
Then a village survey was conducted that concluded that the village demand would be
around 120 kWe for lighting, industry, irrigation, households. Therefore they decided to
put up 100 kWe for each village. These would also be placed in Island mode in clusters
of around 5 villages. This problem with this solution would be the load that is high during
the day and low during the night. This is why there was decided to use several gasifiers
so that they can be switched on when the load is high and they could be switched off
when there load is low. Therefore the supplied load can vary by increasing or decreasing

- 170 -

the amount of gasifiers systems in use. Also a diesel engine was used for start-up of the
system.
This plan would finally not solve the load problem and therefore the plant would be grid
connected. This way the load management will not be a problem because the grid can
provide for the extra power in peak hours and consume the surplus electricity that is
generated. The villages will continuously be connected to 3 phase power supply.
Economics
3.000.000 kWh/year power supply
1.700.000 kWh/year demand of the villages
Rest could be sold to the electricity board
The next problem was that collecting the electricity fees from the villagers is very
difficult. Estimated was that only 20 % will pay for their power use. Household and
farmers do not pay for the electricity. It takes to much effort to collect the energy fees.
This is financially not sufficient for the biomass plant to run. Therefore this problem had
to be solved.
They solved this problem by implementing power purchase agreement (PPA). This
means that you sell the power to the electricity board and they sell it again to the grid.
The price of the sold power is Rs 2.80 /kWe
Rs 40 lakhs go to the villagers
Rs 50 lakhs remain per year  profit
There are 4 more of these 500 kWe planned and it is planned by BERI that they hope to
finish within 6 months.
The biomass can be purchased for Rs 1000/ton wood.
In addition to the power charcoal is also seen as a value added product that they can sell
against Rs 60 per ton of charcoal. With an estimated 600 tons of charcoal per year (5% of
the total biomass input).
The investment costs for setting up the wood plantations (irrigation, organic farming) for
all 5 plants was Rs 14 crows (Rs 14.00.00.000) and was done in the beginning of the
project (2002). Now the first biomass power plant at 500 kWe has been constructed at a
cost of 4 crows.
The project is funded by the UNDP and GEF who funded the project. The total
sponsoring of the project is 40 crows. (20 mjn $)
The initial plan (in 2002) was to start the first biomass plant in 6 months. 3 of the 6 plants
will be designed as one 500 kWe gasifier and 2 of them will be 250 kWe because it is
now known in advance that the load is not a problem because the plant will be grid
connected with the PPA.
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The rural population in India does not pay for their electricity. Therefore the EB only
supplies them for a short period of time (8h for 3 phase supply and 16h for domestic 1
phase supply).
With the biomass gasifier producing directly to the grid in the surrounding of these
villages the EB cannot switch off the electricity for the villages because it is providing to
close to the villages. This means that the villages would now have access to free energy
24/7. This is prevented by providing the transformers with chipsets so they can be
switched off during for a certain period. Now the EB can supply when they want the
people to have power for either 3 phases or only 1 phase. This scheme is called RLMS
(Rural load management scheme).
The power supply of the urban areas is more important for the electricity company
because in this area 80% will pay there electricity bill whereas in the rural areas only
20% of the population pays for their electricity.
The IISc initiated the project.
There were a lot of questions in the beginning of the project like:
What if the technology would not work?
What should the scale of the technology be?
What type of engine is suitable for this application?
How will this work with the local conditions?

Experience/learning:
Technology developers gained a lot of experience with the gasifier technology.
How to reduce the costs of the gasifier
Hopefully the gasifiers will run in a few hours from the moment of the interview. This is
after the gasifiers has been synchronised with the grid (they were working on this during
the interview but in the end of the day this was not yet fixed)
Learning:
The technology was not good developed enough 6 years back.
So the infrastructure for the technology was not developed yet:
There were no service providers or manufacturers that were mature enough yet
The market has to be created. More investments have to be made; more demand has to
grow which will create an increase in manufacturers of the technology. In the future more
gasifiers can come but this mainly depends upon government policy. Villagers cannot
start these plants on their own.
For commercial use of the technology there is a great demand for electricity in India.
If you take the global perspective into account this technology has a mayor advantage.
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The technology has to be used by more and more people to become commercially more
attractive
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3e Coimbatore 9kw rural project
4 case studies of the 28 gas 9 projects in Coimbatore district
Tamilnadu Energy development Agency has initiated a project for implementing gasifiers
in the rural area in TN. This project has started around 2004 and in total there will be 60
gasifiers placed. These gasifiers are small scale with an average maximum capacity of
around 9 kW.
In Coimbatore district 28 of these gasifiers have been installed in different panchayats
(group of villages under one official body, the panchayat president). There is one person
responsible for servicing and repairing the gasifiers. This person –Raja- is well aware of
the location and the status of the gasifiers in the Coimbatore district and he was willing to
arrange a visit to 4 of these villages of which 2 of them where still working and 2 of them
were not in operation at the moment.
The four panchayats that were visited are:
•
•
•
•

Nellituray
Odanturai
Chikarampalayam
Kumnathur

The date of these visits is 4-5-2007
Interview with Mr D. Selvarai (TEDA responsible for Coimbatore district)
Finance
The financing of the projects was partly done by the government and partly by the
panchayats. The total project costs of the Gas 9 system are around 3.15 lakhs (Rs
315000) of which the government will refund some amount.
The costs of the operator are around Rs 50-100 per day and will be paid by the panchayat.
Initial training of the operators is done by the producer.
Main problems of the gasifiers
Raw material
Availability of biomass feedstock is sometimes not sufficient. If the feedstock is not
available in the near distance of the gasifier than operating it is economically not viable.
Load
Also load management is a problem for these projects. Sometimes the load is too much
for the gasifier to supply. In other occasions to load is only pumping water in a tank
which can be filled in only 2 hours. If the gasifiers is only operated for 2 hours day the
economics of the gasifier system will be not sufficient.
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Most of these 28 gasifier systems are not working due to these problems.
No biomass or load assessment studies have been performed for these executed projects.
This will be necessary for future projects in order for them to become successfully.
The observation of the 4 visits will be discussed in the next part
Nellituray
Date of plant commissioning: 5-5-2004
The gasifier in Nellituray was at the moment of arrival not working due to a technical
problem. The battery to start up the system was at the end of his life and the system was
already down for 10 days according to the technical engineer. The Panchayat president
was informed of our visit and work was in progress to replace the battery with a fresh
one. When the battery was replaced the system was up and running.
Normal operation at Nellituray is only during the evening/night. The system generates
electricity for water pump, water cleaning system and street lighting.
The gasifier that is installed in this village is –just as the systems in the other panchayatsthe gas 9 system of Ankur. The first system that was installed in this panchayat did not
work very well and the total system got replaced by a new one with an improved design.
The residues of the old gasifier were still visible at the site.
The gasifier system uses a woody biomass as feedstock. This is purchased from teak
wood processing factory not far from the panchayat. The wood that is used is therefore
waste wood and will cost Rs 700 per ton. The income that is generated by the gasifier is
Rs 30 Rs per month that the each household as to pay for drinking water (that is available
due to water treatment plant that uses the power of the gasifier). There are 210 villages in
the panchayat so this means revenue of Rs 6300 per month for both the water treatment
plant and the biomass gasifier.
Out of experiences it is shown that the system uses 1.5 kg of teak waste wood to generate
1 kWh of power. Daily consumption is around 130 kg of wood and the system is running
for around 10 hours. This is all done by one operator.
Observed data
Total power generated so far is: 16212 kW
Gasifier: WBG-15E / 006 good for 15 kW
Engine: Dipco 20HP at 1500 RPM
Generator: Dipco 10 kW
Odanturai
Date of plant commissioning: 31-10-2003
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The plant at Odanturai generates power for water pumping and water treatment. The
principal is similar than that of Nellituray. At the moment of arrival the plant was
running. One worker operates the plant and maintenance is done on a monthly basis.
The gasifier runs on the waste wood of a sawmill not far from the site.
The total costs of the plant were 3.10 Lakhs (Rs 310000) and 1.35 lakhs (Rs 135000)
have been subsidised by MNES. The remaining costs are paid for by the panchayat. At
the site a CBA is visualised to show the benefits of the plant. This is calculated as
follows:
No gasifier
EB bill:
Labour:
Maintenance:
Total:

3.500
0.446
0.071
4.017

with gasifier
1.5 kg per kW * Rs 0.3:
Labour
Maintenance
Total:

0.450
0.664
0.281
1.395

The investment costs of the installation itself is not taken into consideration but the price
of biomass (Rs 300 per ton) and efficiency of the gasifier (1.5 kg of wood per kW
generated) can be derived out of this analysis. Also maintenance costs and labour costs
are given.
Observed data
Total power generated so far is 18719 kW
Gasifier: WBG-15E / 002 good for 9 kW
Engine: Fieldmaster capacity: n/a
Generator: Crompton Greaves 15 kW
Average generated power for each day after commissioning = 18719 kW / 685 =27,33
kW a day. With an average power generation capacity of 7 kW (PLF of around 80% of
max capacity) this is operation for 3.9 hours a day.
Chikarampalayam
Date of plant commissioning: 31-10-2003
The plant at Chikarampalayam is used for pumping the water from the ground up to a
water tower which is installed near the plant. As was mentioned before going to the site
the plant was not working and we found it to be abandoned. According to the technical
engineer the plant has not operated for a year now because of problems with the
generator-set. According to the technical engineer the all Dipco producer gas engines that
make up these gen-sets are not working properly. The first 10 gas 9 systems that were
installed in the Coimbatore had these engines available, but at this moment all of them
are not working. There were also other technical problems in the first gas 9 system such
as insufficient capacity to provide 9 kW. In later gas 9 systems these problems have been
solved but the producer (Ankur) will not replace the old gen-sets with new ones. At
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Chikarampalayam the gen-set has been repaired ones, but the problem was not solved and
the same problem returned.

Observed data
Total power generated so far is 960 kW
Gasifier: WBG-15E/007 good for 15 kW
Engine: Dipco 20 hp = 15 kW
Generator: Dipco 10 kW
With an average capacity of 7 kW (PLF of around 80% of 9 kW) of power generation the
total system was operated for only (960 / 7 =) 137 hours.
Kumnathur
Date of commissioning:
The plant at Kumnathur is currently not working due to biomass feedstock is not
available. In this region the feedstock is scarce and costs will therefore be too high to run
the gasifier. It also came up that there were some problems with the elections of a new
panchayat president. The new president does not care about the gasifier that the old
president has implemented and therefore he will not run the plant. The plant only has had
a test run and no further power has been generated so far. The subsidy for the plant has
not been given because the plant has not been operated for 1000h which is obligated by
the MNES for the subsidy to be released.
Observed data
Total power generated so far is 8.3 kW
Gasifier: WBG-15E / 065 good for 15 kW
Engine: Fieldmaster capacity: 18.4 kW
Generator: Fieldmaster 15 kW
The Ankur Gas 9 system

Gasifier itself is a downdraft close top gasifier that gets its air supply trough the nozzles
at the hopper (upper top). The gasification takes place inside the reactor where the gas is
- 177 -

extracted in the bottom and then goes up again to the gas outlet. This functions like a
cyclone. The gas is then cooled in the water scrubber. After this the gas is filtered by a
course filter that removes tar, particles and moisture from the gas. The filter substance is
either rice husk or sawdust that is available for most applications. Then the gas passes a
cloth filter that that removes the small particles. After this these is a blower to provide
enough suction and an engine generator combination.
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3f Crematorium Pondicherry
Interview Renewable Energy Agency of Pondicherry, Mrs D Selvi
Practicalities:
Name organisation: Renewable Energy Agency of Pondicherry (REAP)
Name contact person: Mrs D. Selvi MSc.
Function: Project director
REAP and Gasifiers
The REAP has issued a number of gasifier project in the last years. These are:
One 100 kW gasifier for captive power generation at the Pondicherry engineering college
3 Crematoria in Pondicherry town
1 Crematorium in Karaikal
1 Crematorium in Wanam
These 5 crematoria fall under Pondicherry Union territory jurisdiction
Then there also is a crematorium in the rural area of Pondicherry that was installed
without support of the REAP. This crematorium was build by a municipality.
In total there are 6 gasifier based crematoria and one biomass gasifier for captive power
generation in Pondicherry Union territory.
About the crematorium gasifier design:
Type of gasifier: downdraft gasifier with a closed top
Application: Burner
Capacity [kW]: 100
All gasifiers have been installed in: 2004/2005
Firm(s) that installed the gasifier: Associated Engineering Works (AEW)
Costs of the gasifier system: Rs. 8 Lakhs for the system including cremation oven
Main contractor of the crematorium: AEW trough REAP
Other participants: REAP and AEW
Operating hours: average of 1.5 to 2 h per cremation
Number of bodies that are cremated each week: In the initial running period it was
around 40 to 45 bodies in 100 days
Amount of wood for the cremation of one body: This is around 100 to 150 kg of wood
per body (the larger the body the more wood needed)
Maintains interval and hours: System was cleaned after cremation
Number of employees: 2 for the operation of the gasifier
Operation and Service
Training for the operators: There was 3 months on the job training provided by AEW
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Servicing of the plant: The service is done by AEW and they give a 2 year guarantee on
their gasifier system.
According to the producer of the system Satya Narayana of AEW the system is not
properly maintained and they have some problems with providing clean water for the
system. Also the wood supply is not integrated correctly. (Source: interview with Satya
Natayana of AEW)
Biomass
Wood species to operate the gasifier: Any type of wood is good to run the gasifier.
Location of the biomass: The biomass is coming from fire wood supply shop in the
region.
Transport costs of the biomass: The transport costs of 500 kg of firewood is around Rs.
50 to Rs. 75. The wood is purchased in batches of 500 kg.
Price of biomass Rs/Kg: This is around Rs. 1.5 to Rs. 2 per Kg of wood.
Feedstock preparation: The wood is already dry when it is purchased.
Purpose of the gasifier based crematoria
The conventional crematoria in Pondicherry are basically assigned areas of land where
bodies can be cremated by burning them on a stack of wood. This causes some complains
in Pondicherry because this is accompanied with unpleasant odour. Also the costs of the
conventional cremation are high because a lot of wood is needed to cremate a body this
way. The gasifier based projects were initiated because of these problems with the
conventional crematoria. The main advantages of the gasifier based crematoria are that
the pollution and bad smell is decreased, the cremation is eco-friendly and the costs of the
cremation are brought down. The costs of a conventional cremation are around Rs. 2000
and this is decreased to Rs. 900 – Rs. 1000 for the gasifier based cremation. This is
basically because of the lower amount of wood that is needed for the cremation. The
chimney that is installed reduces the smell of the cremation.
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3g Kongu Polytechnic College of Engineering
Interview with Mr. Kasilingam of Kongu Polytechnic College of engineering
Practicalities:
Date: 05-05-07
Name Institute: Kongu Polytechnic College of Engineering
Principal: Thiru Dhamotharan
Name contact person: T. P. Kasilingam
Function: Sr. Lecturer / retired Superintending engineer TNEB
About the gasifier:
Type of gasifier: downdraft gasifier (IISc technology)
Application: Captive Power generation
Capacity [kW]: 100 kW net
Installed since: Commissioned in December 2006
Firm(s) that installed the gasifier: Energreen
Costs of the gasifier system: 43 lakhs excl. civil works (Only gasifier system)
Operating hours per month/week: 8 – 10 days now but this can change according to the
load demand. 6 days a week
Maintains interval and hours: There is a continuously need to check parameters. The
gasifier can run from 10 to 15 days without problems
Number of employees that maintain the gasifier:
1 operator. This operator is assisted by 3 people for loading biomass in the gasifier, and
extracting the ash and charcoal and other work.
The cutting of wood is not included. This is done at Kongu College by additional
workers.
Number of unexpected breakdowns: not really problem at this moment
In case of application for electricity generation:
Kind of fuel engine: Cummins producer gas engine
Capacity and average output capacity: 180 KVA
Biomass/wood use: 130 kg/h on full load
Wood used is around 100 – 110 kg an hours
Biomass
Biomass: Wood (Juliflora)
The biomass is coming from local suppliers. Some farmers cut it from waste lands and it
will automatically grow back
Price of biomass Rs/Kg: First it was Rs1500 and the price rose to Rs 2000 (current price)
Stability of the biomass supply (quality and quantity): There are some fluctuations in the
biomass price. They can order it and get it in a day or two.
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Biomass preparation: The biomass is normally dried naturally. If this is not sufficient due
to rains or some other natural factors the biomass will be dried in the oven that uses the
exhaust gasses of the motor.
Expectations and experiences
The main purpose of the gasifier installed at the college is to let students gain experiences
with the technology. So it is mainly for study purpose.
The project is funded from the Kongu Vellalar Institute of Technology Trust fund with
the aim to improve technology. They want expose the technology to their students.
The cheaper power is also important in the decision to start the project.
The economics:
TNEB rate for education institutions is Rs 4.93 per unit incl. tax
Electricity generated from diesel is Rs 12
Electricity generated with the biomass gasifier is around Rs 3.5
Initially start-up problems were expected because the technology is not well established
yet like diesel power generation. It is still in its development state.
The price of wood was only Rs 600 a ton when the proposal for the project was given in
2003. This has now risen to Rs 2000, so the benefits of the gasifier are a lot lower as was
initially expected.
The operator that is now working at the plant is not been trained for this purpose. Initially
Energreen should commission the plant and train the operators for 1000h of plant
operation. But because of financial problems at Energreen the plant was commissioned
by Kongu itself and there was no technical training.
So Mr. Kasilingam visited some other biomass gasifier plants in the region and asked
them to share their knowledge with them in order to gain some knowledge on how to
operate the plant. Also 2 operators were there for a week to gain experience on how to
operate the gasifier. This was done at UBL (United Bleachers Limited) also know as
Bhagavathi Biopower pvt ltd. There were some good contacts with this firm so this was
no problem.
This Bhagavathi Biopower has a somewhat similar gasifier also installed by Energreen.
The plant at Bhagavathi is not working at the moment according to Mr. Kasilingam. They
shifted the plant to a different location.
The power that is distributed to the rural areas in Tamil Nadu is for free for the less
wealthy people.
Subsidy

- 182 -

The subsidy of the government is around 15 lakhs per 100 kW. They get this in three
instalments:
1) Initially payment 30%
2) Commissioning 50%
3) After 1000 running hours 20%
50 lahks project costs
43 lahks Biomass gasifier
15 lahks MNES subsidy
35 lahks payed by earlier mentioned trust funds
The subsidy was not crucial in the decision to start the experiment because the trust fund
wanted the technology in their institution with or without subsidy.
Power cuts
Power cuts do happen especially in the summer. This year there were more problems than
in last year.
Load management
Kongu is now having 4 load points for supplying their power. It is planned to grow to 7
load points. The fluctuation load during day and night is a problem. The performance of
the gasifier would be much higher if the load would be constant at maximum capacity,
but this is not possible.
Kongu did a small investigation on the load consumption with respect to time. This
showed that there is much more electricity consumption during the day then during the
night.
It is possible to keep the load somewhat constant by switching among these load points
but then there is still fluctuation while switching.
Between 11 and 4 at night it is difficult to have sufficient load for the system.
IISc criticism
Mr. Kasilingam went to IISc because he had some problems operating the gasifier.
He wanted to know what the quality of the gas was while operating the engine. When you
want to startup the engine you should know what the quality and quantity of the gas is.
This is now done by checking the colour and size of the flame, but this is not a good
indicator for both quality and quantity. More measuring equipment for exact measuring is
necessary. It is not possible the run the engine blindly without knowing the quality and
quantity of the gas.
When these parameters are know the start-up can be much easier. If you do not have
enough quantity with sufficient quantity you do not know if it is enough to run the
engine.
Every stage should have been automated. This is the field where the college will be
working on. Mr. Kasilingam already has planned a project for having an automated
air/fuel mixer.
Observations during the gasifier visit
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Plant has not run for many hours as is visible because the plant looks new with some tar
here and there.
141 kW * 80 = 11280 kW generated in total
124 operating hours of engine and therefore the complete system
System is 100 kWe
Average PLF = 11280/124 = 90,96%
The total hours of plant operation per day since commission is very low. In March the
plant was operated for 61.75 hours and besides this the plant has only run for around the
same time. This reveals some serious troubles in running the plant at this moment.
Summery of datasheet with performance data
This datasheet is from operating the gasifier some days in February and March. The total
running hours that period is 61.75. It should be noted that the gasifier system is not
running on full capacity because of start-up difficulties like the lack of experience
operating the plant.
Out of this datasheet can be derived:
Net generated power output per hour: 78.07 kW
Gross generated power output per hour: 103.13 kW
Plant power consumption per hour: 25.06 kW
Net Biomass consumption per kW generated: 1.20 kg
Gross Biomass consumption per kW generated: 1.58 kg
Of the total period of 61.75 hours of operating the EB failed to supply power for 6.2
hours which is for more that 10% of the total operating time.
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3h Nithyanda Crematorium
Interview with V. Chandra Kunwy manager of the Nithyanda Crematorium
Date: 4-5-2007
Contact details:
Name firm: Nithyanda Crematorium
Name contact person: V. Chandra Kunwy
Function: Manager
About the gasifier design:
Type of gasifier: Downdraft gasifier with closed top. Air nozzles on the side for forced
air supply with blower. Producer gas supply can be regulated by controlling the air
supply into the gasifier by means of a valve.
Application: heat generation. The producer gas is combusted in an oven for the cremation
of human corpses.
Installed since: 3 months now
Firm(s) that installed the gasifier: Twallu Group, Thirumurugan
Costs of the gasifier system: 85 lakhs of which around 45 lakhs for the burning system
that includes the oven the gasifier, chimney, etc.
Operating hours per month/week: There are around 150 bodies cremated each month and
the time to cremate one body takes two hours.
Maintains interval and hours: The gasifier is maintained in the evening when there are no
cremations
Number of employees that maintain the gasifier: there are 3 operators that are involved
with the gasifier.
Number of unexpected breakdowns: This has happened only one time due to high
moisture content in the biomass feedstock. This high moisture content caused tar
problems.
Biomass
Biomass feedstock: Wood or coconut shell is used as a fuel for the biomass gasifier.
Source of the biomass: The biomass is coming from local vendors.
Price of this biomass Rs/ton: Rs 1700 for wood. The coconut shells are for free because
they are donated by someone.
Stability of the biomass supply: The biomass feedstock supply is not stable.
Biomass preparation: The biomass is dried naturally
Total biomass consumption: The total biomass consumption is 15 tons each month.
The total biomass consumption per cremated body is somewhere around 100 and 200 kg
of wood mainly depending on the initial temperature of the oven that is high in case of
preceding cremation. This is more efficient that the conventional cremation of a body
which consumes around 600 kg per body.
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Expectations
Initially the Biomass gasifier was installed to burn wood more efficient, but also to
decrease the emissions at the site. These emissions which at conventional cremation
(burning the wood directly in the oven) cause a bad smell and unhygienic environment
are significantly reduced by the gasifier installation. This was not only because of the use
of the gasifier but because of the whole installation. The main components of this
installation are the gasifier, the oven, the exhaust cleaning scrubber and the 100ft
chimney.
Results
The installation has only run for 3 months now (100 days) but according to the manager it
is “super working”. The savings of this gasifier based installation compared to the old
one is around 50% due to savings in wood consumption. Though, this is not backed up by
a structured CBA.
Subsidy
The gasifier (system) did not have any subsidy by governmental bodies. Though the
whole crematorium was part of a company’s social responsibility program. Premier
Instruments and Control Ltd., (PRICOL) which manufactures automotive instruments
was the company that sponsored the whole project. The total costs of the project where
85 lakhs.
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3i Periyar Maniammai College of Technology for Women
The Periyar Maniammai College of Technology for Women is both categorised as a user
and research institute. See therefore interview 2d for further information.
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3j PSG foundery
Interview with Mr S. Sivasubramaniam and P.S. Ragan of PSG
Date: 04-05-2007
Practicalities:
Name firm: PSG College of engineering and PSG foundry
Name contact persons: Mr S. Sivasubramaniam and P.S. Ragan
Function: Project engineer and biomass engineer resp.
The gasifier is placed at the PSG foundry to generate electricity but PSG College of
technology is mostly involved in upgrading the system.
About the gasifier design:
Type of gasifier: Downdraft open top gasifier with IISc technology
Application: Power generation
Capacity [kW]: 100
Installed since: Commissioned July 2004
Firm(s) that installed the gasifier: Netpro
Costs of the gasifier system: Rs 35 Lakhs (Rs 35,00,000)
Operating hours per month/week: initially the intention was to run it 24 hours 7 days a
week. This is not reached in practice.
Maintains interval and hours: 2 days a week
Number of employees that maintain/operate the gasifier: There are 3 shifts and 4 workers
that operate the gasifier. The workers that operate the gasifier also maintain it.
Number of unexpected breakdowns: around 10
In case of application for electricity generation:
Kind of fuel engine: Cummins producer gas engine
Capacity and average output capacity: generator is 140 KVA
Biomass
Feedstock for gasifier: Only Juliflora
Source of the biomass: Around 200 to 300 km from Coimbatore (Where PSG foundry is
located)
The price of this biomass: Rs 2.4 including transport costs for (Semi) fresh wood
Stability of the wood supply: The costs rose from Rs 1.2 per kg in 2004 to Rs 1.8 per kg
in 2006. Now (2007) the price raised to Rs 2.4 per kg.
Sustainability of the biomass: No trees are replanted after cutting them down (I don’t
think that he knows or understood the question)
Biomass preparation: The wood is dried naturally.
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Experiments
Experiments with coconut shells were performed with the gasifier. The results of this
experiment were that this was not possible.
Expectations
The gasifier was expected to run for 24 hours at 7 days a week and supply power for PSG
foundry. In the beginning they would start with one eight hour shift a day and then extend
this to 3 eight hours shifts and run the plant continuously.
The average load of the plant is around 80% (PLF) of the maximum (0.80 * 100 =
80kW).
Results
Many unexpected problems were encountered. The main problems at the plant are:
Size of the wood was problematic in the beginning. This has been solved by having some
standards for the size of the wood.
The fabric filter design is not correct. This is replaced by a new design by the producer
(Netpro).
There were some problems with the spray nozzles at the scrubbers that led to water in the
engine. This was solved by replacing these nozzles of 6 mm by new nozzles of 9 mm.
If the grid power fails it is not possible to start up the system because there is no power
for the auxiliary equipment (cooler, pumps etc.). If the system is run without cooling
water the piping after the water scrubber will melt because they are from PVC which has
a lower melting point than the steel pipes before the scrubber. This problem has been
acknowledged by TEDA who ordered all produces to replace these pipes, but the supplier
(Netpro) will not replace them because the one year guarantee has ended.
At the moment the plant does not function because they are waiting for stainless steel
pipes for replacement of the PVC ones.
Subsidy
The biomass gasifier is for 50% been subsidised by MNES (2004). This was for
promotion purposes. Without the subsidy PSG would not have been started this plant.
Suggested improvements
The technical support of the plant has not been sufficient. If this would be improved it
would be much better.
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CBA of the biomass gasifier at PSG:
Existing grid power detail for PSG foundry:
Yearly power consumption:
Unit costs:
Annual power costs:

10215 million kWh
Rs 6,00
613 lakhs (Rs 61300000)

Biomass power details:
Power generation a day:
Operating days per year:
Unit costs:
Annual power cost:
Investment:

1920 kWh
300 days
Rs 3.75
Rs 21.6 lakhs (Rs 2160000)
Rs 35 lahks (Rs 3500000)

Calculation unit costs:
Costs of biomass
Maintenance costs:
Man power costs:
Total unit costs:

Rs 3.12 per kWh
Rs 0.5 per kWh
Rs 0.125 per kWh
Rs 3.75

Specific Fuel consumption
Consumption of 100% producer gas engine is around1.3 kg / kWh (according to Netpro)
Cost of feedstock is Rs 2.4 per kg. Therefore the cost of the feedstock is Rs 3.12.
Manpower costs for four workers will be Rs 60 * 4 is Rs 240 a day. 240 / 1920 kWh
generated a day is Rs 0.125 per kWh.
Observations at the site
Running hours since commissioning:

597.7

Some conclusions
At this moment PSG can run the gasifier because the technical problems are only
problematic if there is no grid power at start up. They are waiting on the SS pipes that
should arrive in a few days.
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3k RV engineering college
Interview with Prof. T.N. Ramamurthy
Date: 27-03-07
Contact details:
Name: T.N. Ramamurthy
Function: Principal Coordinator
Institution: RV College of Engineering
The gasifier
100 kW gasifier with IISc technology and with a modified producer gas Cummins
engine. This is for the generation of electricity and is has been installed since 2005.
Operation time: the gasifier runs for 8 to 10 hours a day. This is because there is only
sufficient demand for power for this period. The gasifier has now almost run for 1000
hours.
Biomass
The biomass feedstock that is used comes from surrounding rural areas. The price is Rs 2
per kg. This price includes transportation. The maximum price Ramamurthy is willing to
pay is Rs 2.10 to keep the gasifier attractive. The feedstock that is used exists out of
several species of wood that are all suitable for gasification in his gasifier but eucalyptus
is the best. What is purchased is just what is available at the time.
The people that grow the biomass are trained by the IISc. The biomass is gathered from
commercial plantations. Some of these plantations are in villages called Kanakatura and
Kolar.
Maintenance
Maintenance is done by the operator that they have from Netpro. RV College’s operators
assist him in his work in order to learn about how to do the maintenance. There are three
people there that are hired from RV College itself.
Two employees are working for the preparation of the biomass and the feeding of it into
the gasifier. One will do the operation and the load management as well. If there is less
demand from one building he will include another building for power from the biomass
power plant. This is called load management. There are a number of buildings that can
use the biomass power. The capacity that can be used is around 80 to 90 kW. In the
evening the total demand is around 150 kW because the hostels are still consuming
power. The gasifier is not used at this time because the workers cannot work for more
than one shift. There still are some people needed to operate the gasifier for an extra shift.
The plans with this gasifier are to first run the gasifier and obtain experiences with it. If
they find that the gasifier is successful and when enough experiences are obtained they
can start projects in villages to provide them with power. The villagers then have to
supply the biomass for the gasifier.
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The main application of the gasifier is not to generate power but for educational
purposes. Also experimental work will be done to improve the technology.
In this project the RV engineering college worked together with IISc who were involved
in the experiment and with Netpro who installed and manufactured the plant. Also the
MNES was involved because they got financial support.
The gasifier has now almost run for 1000 hours. There were some problems in the
beginning of the project. These were problems because of extensive tar formation in the
producer gas. There were also some problems with the water chilled scrubber. This
caused tar to come into the engine so the engine got clogged. They now planned to install
an oven to reduce the moisture content in the biomass.
After these experiences the problems were solved and knowledge was gained to avoid
these problems in the future.
The engine that is now used for the combustion of the producer gas is a modified
Cummins natural gas engine. Cummins is now working on an engine specially made for
producer gas.
Subsidy
The subsidy that RV College got is round 15 Lakhs. This was not crucial for the project
but its there so you take it.
Total investment for the plant:
Civil works:
Total:

28 lakhs
12 lakhs
40 lakhs

Netpro is still supporting the plant because they want this plant to be their model plant.
So the support of the plant is no problem.
There was also 28 lakhs available for the research component. This is for scientists,
administrators, etc.
Building a second plant would cost only 40 lakhs.
Niche markets
There are already niche markets for the biomass gasifier. This is every application where
there is biomass as a waste material available.
CDM
They did some research in CDM and it will be an extra earning of Rs 0.5 per unit of
output. RV College is now applying for the CDM benefits.
The costs of generating power by means of the gasifier system is now Rs 4 per unit and
this can come down to Rs 3,5 with CDM benefits.
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3l VIT University
Interview with Prof. Natarajan of the Energy Centre at the VIT University
Practicalities:
Name firm: Vellore Institute of Technology (VIT) University
Name contact person: Natarajan
Function: Professor, Energy Centre
About the gasifier design:
Type of gasifier: Downdraft IISc gasifier
Application: Dual fuel power generation system
Capacity: 100 kWe
Installed since: July/august 2002
Firm that installed the gasifier: Netpro
Costs of the gasifier system: 28 lakhs after discount from the producer
Operating hours per month/week: On average the system runs for 8 hours a day. The
intention is to run it 24 hours a day but because of availability of spare parts and biomass
and maintenance this is less.
Maintains interval and hours: Every 20 days a small maintenance service of 1 day for
cleaning of turbo charger and every 2 months a big services that involves cleaning of all
the pipelines.
Number of employees that maintain the gasifier: 14 employees in 3 shifts
Number of unexpected breakdowns: One big engine problem, and twice the bricks in the
reactor broke lose and had to be rearranged.
Engine and generator
Kind of fuel engine: Diesel engine with turbo charger.
Capacity: 140 kVA generator output
Monthly diesel use: Monthly biomass/wood use: 0.98 kg/kWh
Ration of producer gas / diesel: The diesel replacement is around 85 to 90% with a load
of 60%
Sometimes the waste vegetable oil of the food facilities of VIT is used to replace the
diesel. But there is not a lot of this available, so this is only done when the supply of this
oil is sufficient.
Load
The load of the gasifier held at 60% because fluctuations in the load do exist. If these are
too high the gasifier is not able to supply sufficient producer gas and the engine will stop
running. If the load is kept at 60% of the maximum it can take higher load fluctuations
than on higher loads like 80 or 90%.
By managing the load (by switching between load points) this can partially be solved. In
the VIT this is not automated, but these possibilities do exist.
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Biomass
Biomass species for the operation of the gasifier: Mainly Juliflora
Source of biomass: Local Market
Price of the biomass Rs/Ton: It was Rs 850 in 2002 and Rs 2000 at this moment.
Stability of the supply: The price is steadily increasing.
Sustainability of the wood: It is grown sustainable, the bushes are cut down and grow
back to be cut down again.
Biomass preparation: Initially by solar drying and by pre-treatment in an oven that uses
the exhausted gasses of the engine.
Expectations
The primary expectation that VIT had before they started with the gasifier is to do
research and development with it. Because it is a learning institute they want to operate it
and collect data that was useful for scaling up the technology.
Secondary, the gasifier had to be used to generate power at lower costs than grid power
for the hostels at the VIT campus.
Results
Initially the operation of the gasifier was economically viable, but as the price of the
biomass and diesel increased (Rs 2000 per ton for raw Juliflora) this changed. At the
moment the power can be supplied for Rs 5,20 per kWh against Rs 5 for grid power (This
is the price for educational institutes).
The installation of the gasifier resulted in the training of manpower to operate the gasifier
and the demonstration of a decentral power plant.
Experiments with the gasifier were done in various fields:
•
•
•
•

The use of different wood species like Subabul, Casurena and Eucaliptus
Diesel replacement by vegetable oil
Variation with the scrubbers
Experimentation with the different kinds of cloth in the cloth filter

The results of these experiments did not result in pioneering work.
Although the gasifier is not profitable (because of the high biomass and diesel prices) the
plant is still run for environmental reasons and to promote renewable energy
technologies.
Subsidy
The subsidy VIT got from the national government was 1.5 lakh for the total system.
Other favourable policy:
For educational institutions there is no other incentives like accelerated depreciation. This
is only for commercial applications.
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The subsidy was not crucial in the decision to start the experiment
The issues that at the moment are constraining the biomass gasifier to develop itself to
become more commercially attractive are:
According to Natarajan the main problem at this moment is in the engine. The producer
gas engines that are on the market today are not performing satisfactorily.
• Problems with the tar condensation in the turbo chargers
• The penetration of small particles in the turbo charger
• Sodium in the producer gas causes corrosion in the cylinder walls
• There is NOx formation
• The temperatures in the combustion chamber are much higher that with the use of
regular fuels.
Load fluctuation is another problem that needs to be addressed.
Performance
Performance data is provided in an excel sheet and is derived from day to day log data
from the VIT University.
Date
dec-02
jan-03
feb-03
mrt-03
apr-03
mei-03
jun-03
jul-03
aug-03
sep-03
okt-03
nov-03
dec-03
jan-04
feb-04
mrt-04
apr-04
mei-04
jun-04
jul-04
aug-04
sep-04
okt-04
nov-04

running
hours

Biomass

HSD

kWh

Remark
Startup time no proper data available
Startup time no proper data available
Startup time no proper data available
Startup time no proper data available
Startup time no proper data available
Startup time no proper data available
Startup time no proper data available

176
138
264
146
303
204
419
514
468
390
475
429
219

8802
8561
15270
8541
16347
11137
21069
27795
24018
18012
20614
20260
10341

1004
928
1003
601
1194
577
1875
1928
1960
1505
1680
1349
839

10652
9160
16252
8600
16888
10984
20972
27852
22866
18228
20632
20528
8944

456
585
185

26392
29413
7787

3826
2526
876

30964
30304
7816

plant shutdown engine maintenance
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dec-04
jan-05
feb-05
mrt-05
apr-05
mei-05
jun-05
jul-05
aug-05
sep-05
okt-05
nov-05
dec-05
jan-06
feb-06
mrt-06
apr-06
mei-06
jun-06
jul-06
aug-06
sep-06
okt-06
nov-06
dec-06
jan-07
feb-07
mrt-07
apr-07
mei-07
jun-07

plant shutdown
plant shutdown
53
523
463
658
413

1921
25300
22142
29499
18739

540
1561
1000
1348
1026

2352
26292
22448
30416
18793
engine maintenance
engine maintenance
engine maintenance

304
352
474
284
351
216
253
287
219
381

14878
16236
21484
11661
13915
8907
9161
10853
8316
12583

728
941
1290
759
784
635
682
740
584
1162

14780
16132
21204
11284
13712
8192
8588
10399
7924
11740
engine maintenance
engine maintenance

222
266
480
11
442
407
184
86
311

11630
14309
24460
559
22173
20325
8767
2736
13525

791
784
1425
47
1071
777
517
231
516

13608
15724
26120
560
23215
20948
8836
1716
14224
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Performance data BG
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kWh
HSD
Wood
Running hours

Appendix 4 - Government agencies
4a
4b
4c

TEDA headquarters Chennai (Tamil Nadu Energy Development Agency)
TEDA Coimbatore
REAP (Renewable Energy Agency Pondicherry)
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4a Tamil Nadu Energy
headquarters Chennai

Development

Agency

(TEDA)

Interview with T. Jeyaseelan (General Manager) Mr Amarnath (Specialist biomass
gasification) of TEDA
Contact person:
Name contact person 1: T. Jeyaseelan
Function: General Manager
Name contact person 2: Mr Amarnath
Function: Specialist biomass gasification
Organisational
TEDA is an agency that stands between MNRE and the projects. It assigns subsidies and
evaluates the projects.
Gas 9 project
In 2004 MNRE started a project for rural applications of the biomass gasifier. The project
is still under implementation. This involves 65 small scale 9kW gasifiers that are installed
in villages to supply drinking water. The panchayats have to choose to install a gasifier.
According to Mr Amarnath the performance of these gasifiers is good. Few of these
gasifiers have some problems. These are not of a social kind. Some maintenance and
operating do exist but these operators are now being trained by the suppliers. The
supplies of the gasifiers are Ankur and Aruna Electrical Works.
No gasifiers have been installed to electrify total villages in Tamil Nadu.
Subsidy and history
MNRE gives out loans for non conventional energy projects. This loan is called IREDA.
The first subsidies for gasifier technology started around 1996.
TEDA is not able to provide an overview of the subsidies from the history. It is also
unaware of the underlying reasons why the subsidies in- or decrease.
MNRE also funds R&D. This can be for industries or institutions and funds are given a
case specific basis.
The subsidies are mainly submitted to promote the technology. If nobody knows about
the technology it will not be picked up. At the moment more and more projects are being
implemented.
TEDA makes distinctions different technologies or applications to judge the financial
incentive that will be applicable for this particular project. This is because the project
costs increase for producer gas engines. These engines tend to be much more expensive
than the regular diesel engines. That is why there are higher financial incentives
necessary for these kind of projects.
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Technology status
The weaknesses and opportunities of the gasifier technology compared to other
renewable energy technologies:
Solar involves high investment costs.
Wind power will be seasonal because of the uncertain availability of wind, and has
therefore no high plant load factor.
Maintenance is very important for the biomass gasifier. It this is not done properly the
plant will encounter a lot of problems. This is the mayor disadvantage of the biomass
gasifier technology.
If the capacity becomes higher than 1 or 2 MW other technologies like direct combustion
with a steam cycle are more efficient than gasification.
Policy making
Policy making is only done by the MNRE. They have special comities for this.
TEDA cooperates with several organisations and firms. They cooperate with universities
like Anna University. There are regular meetings where all promoters, officials, MNRE
officials and firms are there.
Report Anna University
According to M. Venkata Ramanan dep. Energy studies the gas 9 projects were not
performing very well. At his department a study for TEDA was done and the conclusion
was that many of the projects were no longer in operation. They were not able to give us
the report because the study was done under the authority of TEDA.
The report about the GAS 9 gasifiers in Tamil Nadu of Anna University is not available
for inspection for outsiders. But Mr Amarnath could say that in the conclusions of the
report was that most of the gasifiers were still working well although some minor
problems were there. This is in contradiction to the information that was gathered at the
Ana University.
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4b TEDA Coimbatore
Interview with Mr D. Selvarai (TEDA responsible for Coimbatore district)
Finance
The financing of the projects was partly done by the government and partly by the
panchayats. The total project costs of the Gas 9 system are around 3.15 lakhs (Rs
315000) of which the government will refund some amount.
The costs of the operator are around Rs 50-100 per day and will be paid by the panchayat.
Initial training of the operators is done by the producer.
Main problems of the gasifiers
Raw material
Availability of biomass feedstock is sometimes not sufficient. If the feedstock is not
available in the near distance of the gasifier than operating it is economically not viable.
Load
Also load management is a problem for these projects. Sometimes the load is too much
for the gasifier to supply. In other occasions to load is only pumping water in a tank
which can be filled in only 2 hours. If the gasifiers is only operated for 2 hours day the
economics of the gasifier system will be not sufficient.
The TEDA agent argued that most of these 28 gasifier systems are not working due to
these problems. There were also no biomass or load assessment studies have been
performed for these executed projects. This will be necessary for future projects in order
for them to become successfully.
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4c REAP (Renewable Energy Agency Pondicherry)
Interview with Mrs D Selvi of the Renewable Energy Agency of Pondicherry

Practicalities:
Name firm: Renewable Energy Agency of Pondicherry (REAP)
Name contact person: Mrs D. Selvi MSc.
Function: Project director
REAP and Gasifiers
The REAP has issued a number of gasifier projects in the last years. These are:
One 100 kW gasifier for captive power generation at the Pondicherry engineering college
3 Crematoria in Pondicherry town
1 Crematorium in Karaikal
1 Crematorium in Yanam
These last 2 crematoria fall under Pondicherry Union territory jurisdiction
Then there also is a crematorium in the rural area of Pondicherry that was installed
without support of the REAP. This crematorium was build by a municipality.
In total there are 6 gasifier based crematoria and one biomass gasifier for captive power
generation in Pondicherry Union territory.
About the crematorium gasifier design:
All gasifier based crematoria projects are equal and therefore all discussed in the
upcoming section
Type of gasifier: downdraft gasifier with a closed top
Application: Burner
Capacity [kW]: 100 kWth
All gasifiers have been installed in: 2004/2005
Firm(s) that installed the gasifier: Associated Engineering Works (AEW)
Costs of the gasifier system: Rs. 8 Lakhs for the system including cremation oven and
water tank. This excludes the building.
Main contractor of the crematorium: AEW
Other participants: REAP and AEW
Operating hours: average of 1.5 to 2 h per cremation
Number of bodies that are cremated each week: In the initial running period it was
around 40 to 45 bodies in 100 days
Amount of wood for the cremation of one body: This is around 100 to 150 kg of wood
per body (the larger the body the more wood needed)
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Maintains interval and hours: System was cleaned after cremation
Number of employees: 2 for the operation of the gasifier (these are also doing the
cremation)
Operation and Service
Training by the operators: There was 3 months (100 days) on the job training for the
operators of the crematoria provided by AEW. After this period the responsibility of the
gasifier was handed over to the respected municipality.
Servicing for the plant: service is done by AEW and they give a 2 year guarantee on their
gasifier system.
Alternative solutions
The conventional cremation like the burning of the body with cow dung and wood creates
a very bad smell.
Biomass
Biomass species: Any type of wood is good to run the gasifier. The preparation only
includes chopping of the wood branches and there is a machine at the site to do this
efficiently.
Source of biomass: This is coming from fire wood supply shop
Transportation of the biomass: The transport costs of 500 kg firewood are around Rs. 50
to Rs. 75. The wood is purchased in batches of 500 kg.
The price of biomass: This is around Rs. 1.5 to Rs. 2 per kg of wood.
Sustainability of the biomass: The trees are replanted after they are cut down
Biomass preparation: The wood is already dry when it is purchased.
Purpose and expectations of the gasifier based crematoria
The traditional method of cremating was to go outside the town do the cremation outside
the village. At many locations this is not possible anymore due to the expanding
population and expanding borders of the urban areas. But still some people like to do the
cremation only outside the town.
The conventional crematoria in Pondicherry are basically assigned areas of land where
bodies can be cremated by burning them on a stack of wood. This is normally done on
land that is located outside the town but because of the population and economic growth
that causes the expanding of the town, residential areas have been located around these
crematoria grounds. This causes some complains in Pondicherry because this cremation
is accompanied with a bad smell and this is unpleasant for the residents as well as the
people that attend the cremation.
Also the costs of the conventional cremation are high because a lot of wood is needed to
cremate a body this way. The gasifier based projects were initiated because of these
problems with the conventional crematoria. The main advantages of the gasifier based
crematoria are that the pollution and bad smell is decreased, the cremation is ecofriendly, the cremation time is decreased and the costs of the cremation are brought
down. The costs of a conventional cremation are around Rs. 2000 and this is decreased to
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Rs. 900 – Rs. 1000 for the gasifier based cremation. This is basically because of the
lower amount of wood that is needed for the cremation. The chimney that is installed
reduces the smell (literally Mrs Selvi says that the smell is totally removed) of the
cremation at the site. This chimney cannot be installed at the conventional cremations
that are mainly in the open air.
The crematorium is commercial viable if the initial costs of the installation are deducted.
The costs of the cremation are around 50% of the conventional cremation and this is
socially desirable. With these gasifiers based crematoria the lower class of Pondicherry
can now have a decent cremation at lower costs. The cremation is still fuelled by wood
like in the traditional customs so the difference of the gasifier based crematoria is not as
much as from crematoria that run on fossil fuels like oil or natural gas. There are also
some crematoria that run on electricity and one of these is also installed in Pondicherry
itself.
Results
Constrains
Some people still cremate their family on the traditional way outside the town and
without gasifier. This is because they are not aware of the new technology option -that is
better for the environment- of cremation and because people prefer the traditional way to
cremate their relatives. So the mindset of people has to be changed.
There are now awareness programs going on to change the mindset of people. There are
no rules and regulations that prevent cremations to be done outside the assigned areas
(either with or without gasifier) but these programs like drama will help to create the
awareness.
Technical problems
If there is a power cut the system cannot run. That is why a generator has been provided
to supply power in case of a power cut.
Project details
The crematoria projects are partly funded by the MNRE and partly by the state of
Pondicherry. The division is:
CFA of MNRE:
Funding of Pondicherry:
Total costs of the projects:

Rs. 1.25 lakhs
Rs. 6.75 lakhs
Rs. 8 lakhs

All the funding went trough REAP who coordinated the projects.
Observed information
Thengai Thittu Crematorium
Thengai Thittu Crematorium was visited in the outskirts of Pondicherry town. This was a
crematorium that has facilitations for conventional cremation and cremation in a gasifier
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based crematorium. The gasifiers based crematorium was not in running condition when I
arrived. The operator told me that the gasifier has not ran for 6 months because of
technical problems with the water tank. Mainly they were waiting for the generator to be
installed that has to provide electricity in case of a power blackout.
The equipment was already at the site and they were waiting for installation of this
equipment.
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Appendix 5 - State Electricity Boards pricing guidelines
Prices for wheeling and purchase of power of the EB on state level; Source: MNRE
website 2007
State

Participation

A.P.**

Pvt.

Chattishgarh
**

Pvt.

Wheeling

Banking

Buy Back

Third
Party
Sale

28.4% +
Rs.0.5/kwh

Allowed
at 2% for
8-12
months

Rs.2.63 per
unit, (05-06)
@1% for 5
years

Not
Allowed

--

Not
allowed

Rs.2.67 (0405)

Allowed

6%

Rs.3.00/unit,

Allowed

As to other
industry;
Electricity
Duty
Exempted
for 1st five
year
--

No
escalation
BM Rs.4.00/unit,
BC-3.74/unit

Allowed

--

--

Subsidy @
Rs.25
lakhs/MW
for co-gen.
only

Rs.2.71 (0506)
Gujarat**

Haryana **

Pvt.

Pvt.

4% of
energy

2% of
energy

Allowed
12
months
Allowed

(RPS-3%-0708)

Karnataka**

Kerala

Maharashtra**

Other
Incentives

2%
escalation
(base year0708)
Pvt.

5%
surcharge
Rs.1.13/unit

Allowed
at 2%
charge on
monthly
basis

Rs.2.74 per
unit,
(cogeneration)
@Rs.2.88 per
unit(04-05)
1% on base
year 10 yrs.
(Biomass)

Pvt.

5% of
energy

Allowed 4
months

Rs.2.80 per
unit, escalated
at 5% for five
years (200001)

Not
allowed

50% cost of
power
evacuation
line to be
borne by
KSEB.

Pvt./Coop.

7% of
energy

Allowed

Rs.3.05 per
unit (Comm
yr.) (Cogen)

Allowed

50% cost of
power
evacuation
line to be
borne by
MSEB.

@ Rs.3.04 3.43 (13 yrs.
) @1%
(biomass)
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M.P **

Pvt.

Yet to be
decided

Allowed

Rs.3.33 to
5.14 paise for
20 yrs. With
escl of 38paise

Allowed

--

Punjab

Pvt.

2% of
energy

Allowed
12
months

Rs.3.01 per
unit, escalated
at 3% for 5
years (01-02),
Rs.3.48
(maximum)
Rs.3.60 per
unit, (07-08)water cooled
and Rs.3.96air cooled

Allowed

As to other
industry

Rajasthan**

Pvt.

10% of
energy

Allowed
12
months

Allowed

--

Tamil Nadu

Pvt.

2% - 10%

Allowed
at 2%
charge

Rs.2.73 per
unit,***
escalated at
5% for 9 Years
(2000-01)

Not
Allowed

U.P **

Pvt.

12.5%*

Allowed
24
months

Rs.2.86 per
unit, for
existing and
2.98 for new
with escalated
at 4
paise/year

Allowed*

--

--

* Not allowed for Co-generation
** Policy announced by SERC in respective States.
Note: For details and upto date information concerned SERCs/State Govts website may be consulted.
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Appendix 6 - Example of question list
Question list AEW (Associated Engineering Works)
Practicalities:
Name contact person:
Function:
Email:
Tel nr:
The company
Founded in the year:
Products besides gasifiers:
Turnover of the company:
Core business:
Involved with the biomass gasifier since:
About the products
What are the main types of gasifier systems that you produce?
Specifically regarding to:
• Gasifier –
o Updraft, downdraft,
o Kind(s) of Biomass, wood/rice husk/ waste
• Engine –
• Gas cleaning system –
•

Range of output and quantities of these systems:

Costs of systems (small scale 30kW/ medium scale 100kW / large scale >500kW)
and IRR
________________________________________________________________________
________________________________________________________________________
•

Consumers
Who are your main consumers?
- 208 -

•

Industry / rural

•

What are the main industries you supply to? and what do you think are the
industries that have the best potential for the biomass gasifier?

Do you have a listing of all purchased gasifier systems (and contact details)? If you have
them could you please share them with me?
________________________________________________________________________
________________________________________________________________________
Quality
Do you have some kind of a quality standard within your company?
Tar levels of producer gas
Reliability of the product
Maintenance time of the gasifiers systems
________________________________________________________________________
________________________________________________________________________

Operation and service
Do you provide guarantee on all you products and how long is this?
What kind of training do you provide for operators of the gasifiers? Is this sufficient?
Are these operators also trained for maintenance?
Do you encounter difficulties in providing service to places that are far away?
________________________________________________________________________
________________________________________________________________________
Research and Development
Is your company itself involved in research and development in the field of gasifier
systems?
What is the annual amount your firm spends on R&D? and on total turnover?
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Does your firm own any IPR concerning gasifier systems?

Can you identify some of experiments that you have performed in the past regarding the
biomass gasifier system. New products or new specific applications that your firm has
manufactured are also seen as experiments.
-Experiment 1:
-Experiment 2
-Experiment 3
-Experiment 4
-Experiment 5
About the experiments
In case of more that one experiment with an experimental gasifier try to divide between
experiments and treat them one by one.
 Before the gasifier was setup what where your expectations about it? How did you
think this experiment would increase the performance with respect to the state of the art
in India at that time?

Do you have some kind of proposal with the cost benefit analysis of the initiation of the
experiment?
What where the final results of that experiment? Did they confirm your expectations?
 What did you learn of the experiment? Both on technological field as on economical
field.
Where there any unexpected issues that came to light? Some thing that you did not took
into account at the beginning of the experiment.
 Where there any other institutes or firms involved with the experiments ?
• Supply of wood
• Technical support

What was the subsidy that could be issued at the time of the experiment?
Is there other favourable policy towards the implementation of the biomass gasifier at
that time?
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Was this subsidy crucial in the decision to start the experiment?
________________________________________________________________________
________________________________________________________________________
Final question
What do you see as constrains (problems) and opportunities of the technology?

What do you think is necessary for the biomass gasifier to become a niche market? So it
becomes commercially attractive?

________________________________________________________________________
________________________________________________________________________
If you have any remarks whatsoever please do not hesitate to mention them:
_____________________________________________________________________

- 211 -

